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Life cycle assessment of greenhouse gas emissions from an arable farming 
system in Hokkaido, northern Japan:  

Assessing impacts of reducing tillage intensity 
 

Nobuhisa Koga 
 
Climate and Land-use Change Research Team, National Agricultural Research Center for Hokkaido Region 
(NARCH) Shinsei, Memuro, Kasai, Hokkaido 082-0081 Japan, E-mail: nkoga@affrc.go.jp 
 
Abstract 
Total greenhouse gas (mainly CO2, N2O and CH4) emissions from conventional and reduced tillage cropping 
systems in the Tokachi region of Hokkaido, northern Japan, were assessed based on life cycle inventory 
analysis. In this calculation, CO2 emissions from fossil fuel and material consumption and soil-related 
greenhouse gases (soil CO2 emissions resulting from soil carbon loss, direct and indirect N2O emissions and 
CH4 uptake) were taken in consideration. As a result, trade-offs existed between CT and RT production 
systems, but RT systems could reduce net greenhouse gas emissions by 18, 4 and 18 % for winter wheat, 
sugar beet and adzuki bean production, respectively. 

 
Keywords: arable farming, greenhouse gas, life cycle inventory, tillage system, trade-off 

 
Introduction      
The Tokachi region of Hokkaido is the central 
region of arable farming in Japan. In the arable 
farming system, significant emissions or absorption 
of greenhouse gases (CO2, N2O, CH4) from fossil 
fuel consumption and agricultural soils may occur 
(Koga et al., 2006). As a result of fossil fuel 
consumption for machine operations and indirect 
material consumption, CO2 is emitted to the 
atmosphere. In soils where arable crops such as 
winter wheat, potato, sugar beet and beans are 
cultivated, N2O emission from nitrogen application 
and residue incorporation and CH4 uptake take 
place. In addition, carbon exchange between 
atmosphere-plant-soil systems, which may 
influence on the soil organic carbon storage, occurs.  
These emissions and absorption of greenhouse 
gases in this agro-ecosystem are influenced by field 
management practices such as tillage and 
fertilization practices. As greenhouse gases were 
released from diverse processes, it is crucial to 

assess overall. 
In the Tokachi region, intensive tillage where 

soils are deeply tilled by plowing is implemented 
after harvesting. This commonly used tillage 
operation may increase CO2 emissions as a result of 
fossil fuel consumption for plowing. Moreover, 
plowing alters carbon exchange between 
atmosphere-plant-soil systems, and accelerates the 
decomposition of soil organic matter, resulting in 
increased CO2 emissions from soil to the 
atmosphere. Plowing is a basic soil management 
technique for higher productivity, but this may 
increase greenhouse gas emissions from this 
agro-ecosystems. In this context, reduced tillage 
where plowing after harvesting is omitted, and 
harrowing for soil preparation is simplified has 
attracted growing attentions for agricultural 
managers in Hokkaido. In general, however, 
altering field management practices may influence 
overall emissions or absorption of greenhouse gases.  
In this study, trade-offs between CO2, N2O, CH4 

Winter
wheat

Sugar
beet

Adzuki
bean

Winter
wheat Sugar beet Adzuki

bean

Tractor-based field operations 0.345 0.485 0.414 0.220 0.360 0.289

Hauling materials 0.007 0.007 0.004 0.008 0.007 0.005

Hauling farm products 0.012 0.091 0.006 0.012 0.091 0.006

Other fuel-consuming operationsa 0.462 0.023 0.462 0.023

Total 0.826 0.606 0.424 0.702 0.481 0.300
Data for winter wheat, sugar beet and adzuki bean from Koga et al. (2003).
a Grain drying and snow-melting material application by snowmobile.

CT RT
Operation

Table 1. On-farm CO2 emissions from fuel-consuming operations under CT and RT cropping systems (Mg CO2 ha-1 y-1)
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under Hokkaido’s conditions were assessed in terms 
of implementing reduced tillage practice for this 
region. 
 
Materials and methods 
The crops studied were winter wheat (Triticum 
æstivum L.), sugar beet (Beta vulgaris L. subsp. 
vulgaris), adzuki bean (Vigna angularis (Willd.) 
Ohwi & Ohashi), crops produced under a 
conventional crop rotation system in the Tokachi 
region of Hokkaido.  Two types of tillage systems 
(conventional tillage; CT and reduced tillage; RT) 
were compared in terms of greenhouse gas 
emissions.  In CT systems, soils were plowed by 
using moldboard plowing after harvesting at a depth 
of roughly 25 cm, and harrowed twice before 
sowing for soil preparation at a depth of roughly 12 
cm.  In RT systems, moldboard plowing after 
harvesting was omitted, and harrowing for soil 
preparation was conducted only once.  Therefore, 
crop residues were left on the ground surface during 
winter.  Under RT systems, extra-spraying of a 
non-selective herbicide was assumed because weed 
control after harvesting is a significant problem in 
RT. 
    

CO2 emissions from fossil fuel and material 
consumption 
On-farm CO2 emissions from fossil fuel (diesel fuel, 
gasoline, kerosene and electric energy) used for 
tractor operations, truck transportation and 
mechanical grain drying were calculated for each 
crop from total fuel consumption (Koga et al., 
2003; Koga et al., 2006).  Off-farm CO2 emissions 
from material consumption were computed using 
input-output tables from mean expenditures for 
fertilizers, biocides (insecticides, fungicides and 
herbicides) and agricultural machinery (Koga et al., 
2006).  The CO2 emission factors for chemical 
fertilizers, biocides and agricultural machines used 
in this study were 5.253, 3.119 and 3.743 g CO2 
yen-1, respectively (Nansai et al., 2002).     
 
Soil-associated greenhouse gas emissions 
Field experiments to quantify soil-associated 
greenhouse gases (CO2, N2O and CH4) emission 
were conducted in the experimental field of 
NARCH (42o53’N, 143o037E).  The soil type in 
the field was Low-humic Andosol, which is 
well-drained volcanic ash-derived soil. CO2 
emissions from CT and RT soils were calculated 
from total soil carbon (0-20cm depth) between 1981 

Winter
wheat Sugar beet Adzuki

bean Winter wheat Sugar beet Adzuki bean

Mean expenditurea (103 yen ha-1 y-1)
Chemical fertilizers 78.9 185.6 69.2 78.9 185.6 69.2
Biocidesb 50.0 102.4 63.4 55.5 107.9 68.9
Agricultural machines 61.4 114.8 115.3 61.4 114.8 115.3

Off-farm CO2 emission (Mg CO2 ha-1 y-1)
Chemical fertilizers 0.414 0.975 0.364 0.414 0.975 0.364
Biocides 0.156 0.319 0.198 0.173 0.337 0.215
Agricultural machines 0.230 0.430 0.432 0.230 0.430 0.432

Total 0.800 1.724 0.994 0.817 1.742 1.011
a Data from Obihiro Statistics and Information Center (1999-2001).
b The price of glyphosate used under RT systems was assumed to be 5500 yen ha-1.

CT RT

Table 2. Mean expenditures on chemical fertilizers, biocides and agricultural machines and off-farm CO2 emissions

Table 3. Annual CO2 emissions from CT and RT soils (0-20cm) at NARCH

1981a 2001

Mg C ha-1 y-1 Mg CO2 ha-1 y-1

CT 81.5 54.8 1.34 4.91

RT 81.5 60.7 1.04 3.81

Annual soil
CO2 emission

a  Total C in soil sampled from shallow tillage plot in 1981 was used as a basis for
calculation of soil CO2 emissions.

Total CTillage
treatment

Mg C ha-1

Total C loss
in a year
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and 2001 (Koga et al., 2006).  Annual N2O and 
CH4 fluxes under CT and RT systems were also 
determined at the experimental field in 2001 (Koga 
et al., 2004).  Indirect N2O emissions resulting 
from nitrogen leaching and run-off was calculated 
based on the Japan’s default factor (Sawamoto et al., 
2005).    
 
Assessing total greenhouse gas emissions from 
CT and RT systems 
To calculate total CO2-eqivalent greenhouse gas 
emissions from each crop production system, the 
global warming potentials of 1, 296 and 23 were 
used for CO2, N2O and CH4, respectively 
(Intergovernmental Panel on Climate Change, 
2001). 
 
Results and discussion 
CO2 emissions from fossil fuel and material 
consumption 
As presented in Table 1, on-farm CO2 emissions 
from winter wheat, sugar beet and adzuki bean 
production in this region were 0.826, 0.606 and 
0.424 Mg CO2 ha-1 y-1, respectively.  In contrast, 
the CO2 emissions under RT systems for winter 
wheat, sugar beet and adzuki bean production in the 
Tokachi region were 0.702, 0.481, and 0.300 Mg 
CO2 ha-1 y-1, representing 15, 21 and 29 % 
reductions, respectively, mainly as a result of fuel 
savings from no plowing. 

Off-farm CO2 emissions from material consumption 
under CT systems ranged from 0.800 Mg CO2 ha-1 
y-1 for winter wheat to 1.724 Mg CO2 ha-1 y-1 for 
sugar beet (Table 2).  These off-farm CO2 
emissions were greater than on-farm CO2 emissions, 
except for winter wheat, where fuel-consuming 
grain drying was the largest source of CO2 
emissions.  Higher off-farm CO2 emission rates in 
sugar beet and cabbage than in other crops were due 
principally to higher fertilizer application rates for 
these crops.  Given the requirements for 
non-selective herbicide application under RT 
systems, CO2 emissions from material consumption 
were slightly greater under RT systems than CT 
systems.  
 
Soil-associated greenhouse gas emissions 
In 1981, total soil C at the 0-20 cm depth was 81.5 
Mg C ha-1 (Table 3).  In contrast, the C contents of 
CT and RT soils in 2001 were clearly lower than 
those in 1981.  When the calculations of total C on 
a soil mass basis were done to eliminate the effects 
of changes in bulk densities, CT and RT soils in 
2001 had 54.8 Mg C ha-1 for 0-20.59 cm depth and 
60.7 Mg C ha-1 for 0-22.77 cm depth, equivalent to 
the 0-20 cm depth in 1981, of total C, respectively.  
Consequently, owing to a smaller reduction in total 
soil C in the RT soil, the annual CO2 emission from 
the RT soil (3.81 Mg CO2 ha-1 y-1) was lower than 
that from the CT soil (4.91 Mg CO2 ha-1 y-1). 

(kg N2O ha-1 y-1) (Mg CO2 ha-1 y-1) (kg CH4 ha-1 y-1) (Mg CO2 ha-1 y-1)
CT system

Winter wheat 0.88 0.261 0.85 0.020
Sugar beet 0.53 0.157 1.49 0.034

Adzuki bean 0.30 0.089 1.81 0.042

RT system

Winter wheat 0.83 0.246 2.49 0.057

Sugar beet 3.71 1.098 2.52 0.058
Adzuki bean 0.49 0.145 2.21 0.051
Data from Koga et al. (2004).

Direct N2O emission CH4 uptake

Table 4. Annual rates of direct N2O emission and CH4 uptake in CT and RT soils at NARCH

     

Table 5. Estimated indirect N2O emissions from each crop production

Crop N application rate

kg N ha-1 y-1 kg N2O ha-1 y-1 Mg CO2 ha-1 y-1

Winter wheat 110 0.643 0.190

Sugar beet 150 0.877 0.260

Adzuki bean 40 0.234 0.069
a Calculation of indirect N2O emissions is given in Koga et al. (2006).

Indirect N2O emissiona
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     On the field at NARCH, direct N2O emission 
rates under CT cropping systems were 0.88, 0.53 
and 0.30 kg N2O ha-1 y-1 for winter wheat, sugar 
beet and adzuki bean, respectively (Table 4).  
These emission rates were equivalent to 0.089 Mg 
CO2 ha-1 y-1 for adzuki bean to 0.261 Mg CO2 ha-1 
y-1 for winter wheat.  Under RT systems, annual 
N2O emission rates for winter wheat, sugar beet and 
adzuki bean were 0.83, 3.71 and 0.49 kg N2O ha-1 
y-1, respectively (Table 4).  Higher N2O emission 
rates under RT systems than under CT systems in 
sugar beet and adzuki bean were mainly attributed 
to vigorous N2O emissions occurring under RT 
systems when frozen soil thawed, and N-rich crop 
residues which had overwintered on the soil surface 
decomposed (Koga et al. 2004).  In case of winter 
wheat production, annual N2O emissions under CT 
and RT systems were similar, as similar 

thaw-induced N2O emissions were observed under 
both tillage treatments.  The quantity of CH4 taken 
up, expressed on a CO2 basis, was negligible, 
compared with emissions of CO2 and N2O  
     Indirect N2O emissions due to N leaching 
were estimated to be 0.234 kg N2O ha-1 y-1 (0.069 
Mg CO2 ha-1 y-1) for adzuki bean to 0.877 kg N2O 
ha-1 y-1 (0.260 Mg CO2 ha-1 y-1) for sugar beet 
(Table 5) 
 
Assessing trade-offs between CT and RT systems 
The implementation of RT systems significantly 
reduced on-farm CO2 emissions by 15-29% as a 
result of fuel savings on plowing (Table 1).  
Similarly, higher soil carbon sequestration rates in 
RT soils than CT soils were noted, and 0.90 Mg 
CO2 ha-1 was sequestered by RT system annually 
(Table 3). Conversely, RT systems increased 
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Fig. 1 CO2-equivalent annual greenhouse gas emissions from CT and RT 
crop production systems in the Tokachi region of Hokkaido 

     Figure 1. CO2-equivalent annual greenhouse gas emissions fro m CT and RT crop
production system in the Tokachi region of Hokkaido 

Tillage system Winter wheat Sugar beet Adzuki bean

CT 6.97 7.62 6.44

RT 5.71 7.33 5.28

Reduction by RT (%) 18 4 18

Table 6. Annual CO2-equivalent greenhouse gas emissions from CT and RT
crop production systems in the Tokachi region of Hokkaido (Mg CO2 ha-1 y-1)

     

PROCEEDINGS OF ICSA2008   4



off-farm CO2 emissions, given the requirements for 
additional non-herbicide spraying for weed control 
(Table 2).  In sugar beet and adzuki bean, larger 
annual N2O emissions under RT than CT practices 
occurred due to the enhanced thaw-induced N2O 
emissions as crop residues were left on the soil 
surface during winter (Table 4).  
   Taking into account the six sink/source 
categories of CO2, N2O and CH4, large quantities of 
greenhouse gases were emitted under arable land 
crop production in the Tokachi region of Hokkaido 
(Fig. 1).  Under CT cropping systems, total 
CO2-equivalent greenhouse gas emissions in a 
single year were 6.97, 7.62 and 6.44 Mg CO2 ha-1 
y-1 for winter wheat, sugar beet and adzuki bean 
production, respectively (Table 6).  Large portions 
(64 % for sugar beet to 76 % for adzuki bean) of the 
greenhouse gases were emitted as CO2 from the soil 
due to the decomposition of soil organic matter (Fig. 
1).  This illustrates the importance of soil 
management operations to decelerate soil organic 
matter decomposition or to enrich organic matter in 
soil in order to reduce net greenhouse gas emissions 
from arable land cropping systems.  
     The implementation of RT cropping systems 
for winter wheat, sugar beet and adzuki bean in this 
region could reduce total greenhouse gas emissions 
by 18, 4 and 18 %, respectively (Table 6).  
Although trade-offs exist between CT and RT 
production systems, RT systems can contributes 
significantly to reducing net greenhouse gas 
emissions from an agro-ecosystem in northern 
Japan 
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Abstract 
Atmospheric carbon dioxide ([CO2]) is increasing yearly. At high [CO2], most deciduous tree saplings, 
except alder, underwent physiological adjustment in their photosynthetic rate (i.e. down-regulation), possibly 
due to extra accumulation of starch in chloroplasts. In alder, no down regulated photosynthetic rate was 
found, because the symbiotic N2-fixer (Frankia sp.) is able to act as a sink of photosynthates; the host can 
receive nitrogen from Frankia sp. With increasing [CO2], the stomatal conductance (gs) decreased, reducing 
water flow in vessels. As a result, the specific gravity of xylem should increase, because vessel diameter 
and/or the proportion of vessels in xylem should be reduced in high [CO2]. To confirm this prediction, we 
established a Free Air CO2 Enrichment (FACE) in University Forest and cultivated 11 deciduous trees for 5 
years [CO2] treatment at 500ppmV. We used two soil types: brown forest soil (nutrient rich) and immature 
volcanic ash soil (nutrient poor). Although vessel diameter reduced slightly, no difference due to CO2 
enrichment was found in the specific gravity of xylem in most species. Except for alder, biomass increase 
was found in most early successional tree species grown in brown forest soil. Based on this 5 year FACE 
study, we expect CO2 fixation by deciduous trees only in fertile soil conditions. 
 
Keywords: elevated CO2, deciduous trees, FACE, immature volcanic ash soil, xylem structure 
 
Introduction 
The atmospheric carbon dioxide concentration 
([CO2]) has been increasing, and this may alter the 
production capacity of plants. Following the Kyoto 
protocol, forests are expected to become a major 
carbon sink (IGBP 1998). At high [CO2], the 
photosynthetic capacity of plants accelerates 
temporarily but soon becomes accustomed to 
changed [CO2] conditions (Saxe et al. 1998; Koike 
2006). For birch and fir grown at high [CO2] (Koike 
et al. 1996a; b; 1998), the photosynthetic rate 
measured at the growth [CO2] was almost 
unchanged, indicating photosynthetic adjustment or 
“homeostatic adjustment” as proposed by Tissue 
and Oechel (1987). The photosynthetic rate at light 
and CO2 saturation (Pmax) of birch grown at 
720ppm [CO2] is usually lower than that at 360ppm 
[CO2] (e.g. Koike et al. 1996a; Koike 2006a). We 
call this phenomenon as photosynthetic down 
regulation (or just down regulation). The question 
arises of how many plant species behave similarly 
at elevated [CO2]?  

Moreover, stomatal conductance decreases with 
increasing [CO2] (e.g. Morison 1987, Lei & Koike 
2005; Ainsworth & Rogers 2007). It therefore 
appears that the diameter or cross-section of vessels 
may be reduced at high [CO2], based on the 
Hagen-Poiseuille flow law. The specific gravity of 

xylem formed at high [CO2] may increase as a 
result (Telewski et al. 1999; Yazaki et al. 2005). In 
contrast, Roderick and Berry (2001) found that high 
[CO2], high nitrogen loading and low water 
temperature reduced the specific gravity of conifer 
wood. This is a difference between broadleaf and 
conifer species. These data are derived from several 
methodologies, such as phytotron studies, 
greenhouses and others, which may include various 
artifacts. It is therefore important to estimate the 
changes in specific gravity of woods raised under 
natural conditions, as in the Free Air CO2 
Enrichment (FACE) system. 

In this report, we study the physiological 
acclimation of woody species at high [CO2] and 
changes in wood structure. This work is aimed at 
furthering sustainable forest production in the 
world’s changing environment and need for carbon 
sinks. We cultured 11 deciduous-leaved tree species 
using a Free Air CO2 Enrichment (FACE) system 
for 5 years in our University Forest. We also 
analyzed the physiological and anatomical wood 
responses of the saplings to elevated [CO2]. 
 
Materials and Methods  
Plant Materials: Four early successional species 
(larch, alder, two birches), 3 late successional 
species (basswood, beech, maple) and 4 mid 
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successional species (elm, oak, kalopanax, ash) 
were cultivated in a FACE (diameter 7m and height 
6m) located in Sapporo Experiment Forest. Our 
FACE system is known as the Alpine FACE of 
WSL & Uni. Basel at Davos in Switzerland, and 
was set up in our forest by Hokkaido DALTON Co. 
Ltd. (conducted by T. Ueda) (Takagi et al. 2004; 
Eguchi et al. 2005).  
 
Treatments: Half of the FACE consisted of brown 
forest soil (BFS), and the other half was immature 
volcanic ash soil (VAS), which is typical in Japan. 
In the FACE, [CO2] was around 500ppmV, and for 
controls were 370ppmV. A target value of 500ppmV 
was chosen based on the Global Cycling Model 
(GCM), and is expected to be attained by the year 
2040 (Eguchi 2008). There were three replications 
for each [CO2] ring.  
 
Measurements: Photosynthetic capacity was 
measured with a LiCor-6400 (NE, USA), and leaf 
nitrogen was determined by a NC analyzer 
(Shimadzu NC-900, Kyoto). Seasonal changes in 
Leaf Area Index (LAI; m2 m-2) were measured 
using a LAI-2000 (LiCor, NE, USA) to integrate 
biomass production in the FACE. 
 
Results  
The net photosynthetic rate at light saturation (Psat) 
determined at growth [CO2] was slightly higher in 

saplings grown on brown forest soil than on 
volcanic ash soil after 5 years of CO2 treatment by 
the FACE. Photosynthetic adjustment was found in 
most species (down-regulation in photosynthesis 
was detected, particularly in VAS) (Fig. 1). Alder, 
elm, Monarch birch and larch at high [CO2] in both 
soil types did not undergo down-regulation of 
photosynthesis.  

The down regulated Psat of three species is not 
strongly related to source-sink activities in 
individuals. In fact, the activity of acetylene 
reductase of Frankia sp. associated with alder root 
was greater at elevated [CO2] than at ambient [CO2] 
(data not shown). The leaf area index (LAI) of the 
tree community FACE increased to 6.8 (m2 m-2) at 
high [CO2] and 6.0 (m2 m-2) at ambient [CO2], until 
3 years after CO2 treatment. Leaf area index (LAI) 
on brown forest soil was slightly larger (about 0.5 
m2 m-2) than on volcanic ash soil. From 4 years, 
there was no difference in LAI between the [CO2] 
treatments. The LAI on brown forest soil was about 
0.7 (m2 m-2) larger than on volcanic ash soil, as a 
result of shorter leaf life, due partly to grazing 
damage. 

With increasing [CO2], the stomatal 
conductance of 10 species, but not alder, decreased, 
which also reduced transpiration rate and size of 
vessels (data not shown)? Alder was dead by 2 
years after CO2 treatment due to grazing by leaf 
beetle. These trends were clear in the sunny crown 
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Figure1. Light saturated photosynthetic rate measured at the growth [CO2] in seedlings raised at two soil 
types (adopted from Eguchi 2008). 
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but not in the shade crown, as seen in Monarch 
birch and oak (Fig. 2). We also detected these 
physiological and anatomical changes in petioles 
and shoots, but not in stems. After 5 years of CO2 
treatment, the biomass per half- FACE increased 
only in brown forest soil, not in volcanic ash soil 
(data not shown).  
 
Discussion and Conclusion  
Even with the FACE (Free Air CO2 Enrichment; 
without no root restriction), photosynthetic 
adjustment (i.e. down-regulation) was found in 
some species. Photosynthetic down-regulation is 
usually caused by an imbalance between source and 
sink activities and nutrient deficiency, perhaps due 
to the limitation of root expansion (e.g. Poorter & 
Navas 2003; Koike 2006a; b).    

However, alder did not show photosynthetic 
down-regulation, because the symbiotic nitrogen 
fixer (Frankia sp.) is able to act as a sink for 
photosynthates of its host plant (Tobita et al. 2005; 
Koike et al. 1997; Koike 2006a; Eguchi 2008). Elm 
developed many shoots after intensive grazing by 
Lepidopteran larvae, which also acted as a strong 
sink. In contract, Monarch birch (Betula 
maximowicziana) had strong resistance against 
grazing damage by herbivores, because of the large 

and dense trichomes on its leaves (Matsuki et al. 
2003); these trichomes may also act as carbon sink. 
Larch also did not down-regulate its photosynthesis, 
because of an increase in mesophyll surface area in 
its needles (Eguchi et al. 2004). The other species 
grown at elevated [CO2] showed photosynthetic 
adjustment at high [CO2]. This physiological 
response is clearly a species specific trait. 

At high [CO2], the transpiration rate of all 
species decreased. We therefore expected a 
corresponding reduction in the diameter of vessels 
or tracheid that causes reduced water flow 
according to the Hagen-Poiseuille law (Yazaki et al. 
2005, Eguchi 2008). The specific gravity of xylem 
of tree saplings raised under elevated CO2 should 
also increase, because the proportion of vessels 
decreased at high [CO2]. However, we did not find 
any special increase in specific gravity. There were 
inconsistent results in the specific gravity of trees at 
high [CO2], which may be a species-specific trait. 
The structure of the cell wall or composition of 
xylem may change in elevated [CO2]. 

Biomass production of saplings is considered to 
be expressible as integration with respect to time of 
the product of LAI and photosynthetic rate. The 
yearly trend of LAI shows that it was greater at 
high [CO2] than at ambient [CO2] for only for 2 
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years in brown forest soil (BFS) and 3 years for 
volcanic ash soil (VAS). Subsequently, the rate of 
biomass increment was slower. These trends were 
also found in Duke FACE in loblolly pine 
plantations (Oren et al. 2001) and in a mature 
deciduous broadleaved forest mixed with Norway 
spruce (Koerner 2000). These authors pointed out 
that photosynthetic water use efficiency of trees 
treated with high [CO2] was always higher than at 
ambient [CO2]. However, very few studies suggest 
consistent changes in the specific gravity of xylem 
at high [CO2], as reviewed by Yazaki et al. (2005). 
Moreover, many FACE studies suggest that the CO2 
fixation capacity increases only in fertile soil 
conditions (Koerner 2000; Oren et al. 2001; Poorter 
& Navas 2003). It is believed that [CO2] acts as a 
kind of nutrient, such that the minimum law of 
nutrition regulates plant growth. 

In conclusion, we observed photosynthetic 
adjustment to elevated [CO2] in 9 tree species, but 
not alder, elm or larch (conifer). Symbiotic 
N2-fixers in alder root may act as a sink, and larch 
needles increased the internal mesophyll area, 
reducing the diffusion resistance of CO2. At high 
[CO2], the xylem diameter of petiole and small 
twigs of broadleaf trees decreased, but not the stem 
diameter because of increasing leaf numbers. 
Nutrient cycling may regulate the CO2 fixation rate 
in wood production. At high [CO2], decomposition 
of high C/N litter may be dependent on digestion by 
ecological engineers, such as wood lice. Further 
studies will be needed for more accurate evaluation 
of sustainable wood production in the coming high 
[CO2] world. 
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Abstract 
A recent finding by Keppler et al. (Nature 2006) reported methane emissions from tree leaves under aerobic 
conditions, which suggests that forests must be considered as methane sources. Methane is a greenhouse gas, 
and therefore evaluations of its flux in forests is an important and urgent issue. Methane emissions were 
studied for representative deciduous tree species in northern Japan raised under both ambient and elevated 
CO2 concentrations ([CO2]) with FACE (Free-Air CO2 Enrichment). Three tree species were used: larch 
(Larix kaempferi), monarch birch (Betula maximowicziana), and oak (Quercus mongolica var. crispula). 
Fresh leaves were incubated at 35!C under light, and their methane emissions were monitored at 24-hour 
intervals. Methane emissions of larch were the greatest among the three species studied. Oak emitted the 
least methane at elevated [CO2]. From a literature survey, large variations were found to exist in the 
estimated worldwide methane emissions under current environmental conditions, and methane absorption 
rates of forest soil would change if the environment changed, especially if CO2 levels were elevated. From 
these results, it is clear that further accurate methane flux studies under elevated [CO2] conditions are 
necessary to determine total methane emission rates at regional and global scales.  
 
Keywords: methane emissions, cool temperate forest, free-air CO2 enrichment (FACE) 
 
Introduction 
Methane is a greenhouse gas seriously implicated in 
global warming and normally generated under 
anaerobic conditions (Megonigal et al. 2004). 
However, Keppler et al. (2006) found that methane 
is also generated from terrestrial plant leaves under 
aerobic conditions. In addition, their remarkable 
estimates of global methane production suggest that 
forests are a major source of methane and that new 
forestation creates additional methane sources; new 
forestation in this case promotes global warming 
(Keppler et al. 2006; Lowe 2006). 

Temperate forests are distributed broadly at 
mid-latitudes in the northern hemisphere. They play 
an important role in global carbon cycles and make 
up the second largest terrestrial biomass, surpassed 
only by tropical rain forests. Therefore, it is 
important to determine the extent of the temperate 
forest contribution to overall methane gas 
evolution.  

Several studies report that plant leaves grown 
under high CO2 concentration ([CO2]) have 
different chemical and anatomical characteristics 
from those grown at ambient [CO2] (e.g., higher 
C/N ratios, greater accumulation of starch) (Koike 
et al. 1996; Tissue et al. 1999; Eguchi et al. 2004). 
Therefore, it is possible that methane emissions 

from woody plants grown under elevated [CO2] 
might be greater than emissions from plants grown 
in ambient [CO2]. This study investigated methane 
emissions from leaves of dominant tree species in 
cool temperate forests grown at both ambient [CO2] 
and elevated [CO2] with FACE. Total worldwide 
methane emission rates are then discussed and the 
necessity of further methane flux study at elevated 
[CO2] is briefly summarized. 
 
Materials and Methods 
1) Plant materials  
Three tree species native to northern Japan were 
chosen for study: larch (Larix kaempferi (Lamb.) 
Carrière), monarch birch (Betula maximowicziana 
Regel), and oak (Quercus mongolica Fisch. Ex 
Ledeb. var. crispula (Blume) Ohashi). Samples 
were taken with three replications per species. For 
each species, two kinds of specimen grown under 
two different [CO2] conditions were used. One 
condition was 500 ppm concentration in a Free-Air 
CO2 Enrichment (FACE) system (Takagi et al. 
2004), and the second was approximately 370 ppm 
concentration, which is ambient [CO2]. The 
seedlings were five years old. Immediately after 
collection of fully expanded sunny shoots, the shoot 
ends were recut diagonally underwater to prevent 
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water stress. In the laboratory, the shoots were recut 
underwater, and leaves were sampled for 
experiments, which began within one hour from 
collection. 
 
2) Incubation experiments and methane 
measurement 
Incubation experiments and methane 
measurements were performed as described by 
Ishizuka et al. (2000) and Kitaoka et al. (2007). 
Six ± 0.2 g leaf samples were placed with 
wetted filter papers in a 500-ml glass vial, then 
sealed with a butyl rubber stopper and silicon 
septum. Leaf samples and control blanks were 
incubated for up to 72 hours in a growth 
chamber at 35!C with photosynthetic photon 
flux (PPF) of about 350 µmol m-2s-1, and 10 ml 
of headspace air was sampled at 24-hour 
intervals. Methane analysis was performed on 
these air samples using a gas chromatograph 
(GC-14B, Shimadzu, Kyoto, Japan). Statistical 
analysis was carried out using R version 2.40 
(the R Project in Statistical Computing, http:// 
www.r-proj ecting.org/index.html). Differences 
between the treatments were analyzed using the 
t test, and P values of 0.05 and 0.01 were 
considered to be statistically significant. 

Results 
Methane production was observed with all three 
species, and specific differences per dry-mass base 
were observed (Fig. 1). There were no significant 
differences between elevated [CO2] and ambient 
[CO2] with monarch birch and larch. However, oak 
grown in elevated [CO2] gave a slightly lower 
methane concentration than in ambient [CO2] after 
72 hours’ incubation. With larch, methane emission 
rates from leaves grown at elevated [CO2] and at 
ambient [CO2] were 29.5 ng CH4 g-1hr-1 and 31.3 ng 
CH4 g-1hr-1 respectively. With monarch birch, 
methane emissions were 7.6 ng CH4 g-1hr-1 at 500 
ppm [CO2], and 10.0 ng CH4 g-1hr-1 at 370 ppm 
[CO2]. For oak, methane emission rates of leaves 
were 5.6 ng CH4 g-1hr-1 for elevated [CO2] and 9.1 
ng CH4 g-1hr-1 for ambient [CO2].  
 
Discussion 
1) Methane emission rates at the individual leaf 
level 
Methane emissions were found for each of the 
representative deciduous tree species in northern 
Japan, and the rates of emission are similar to those 
in previous reports (Ishizuka et al. 2006; Keppler et 
al. 2006). It was expected that elevated [CO2] might 
induce more methane emissions, because the leaves 
at elevated [CO2] have different chemical and 
anatomical characteristics than at ambient [CO2] 

0 10 20 30 40
Methane emission rates (ng CH4 g-1h-1)

Japanese cedar1)

Japanese larch3)

Monarch birch 3)

Japanese oak3)

European ash2)

European beech2)

370 ppm
500 ppm
370 ppm
500 ppm

Figure 1. Methane emission rates of tree species: 1) Ishizuka and 
Takahashi (2006), 2) Keppler et al. (2006), 3) this study. ** 
indicates a significant difference between two [CO2].

n.s.

n.s.

**

      
Figure 1. Methane emission rates of tree species: 1) Ishizuka and Takahashi (2006), 2) Keppler et
al. (2006), 3) this study. ** indicates a significant difference between two [CO2]. 
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(e.g., higher C/N ratios, accumulation of starch, 
accumulation of defense chemicals) (Koike et al. 
1996, 2006; Tissue et al. 1999; Eguchi et al. 2004). 
However, monarch birch and larch showed no 
significant differences in methane emissions 
between elevated and ambient [CO2]. Moreover, 
with oak, the elevated [CO2] specimen had 
significantly lower methane emissions than the 
ambient [CO2] specimen. Why did oak emit less 
methane at elevated [CO2] than at ambient [CO2]? 

Oak is recognized as a tree species that emits 
isoprene (Sharkey et al. 1991; Niinemets et al. 
2002). In particular, greater isoprene emissions 
were found in red oak (Q. rubra) grown at elevated 
[CO2] (Sharkey et al. 1991). Previous studies 
suggested that isoprene emission is involved in 
protecting photosynthetic membranes from heat 
stress (Sharkey, 2005); leaves that emit more 
isoprene at elevated [CO2] than at ambient [CO2] 
are better able to alleviate heat stress. Sensitivity to 
temperature is different in leaves grown under 
different [CO2] conditions; therefore, oak leaves 
grown with elevated [CO2] emitted less methane 
than leaves grown under elevated [CO2]. 
 
2) Worldwide methane emissions  
The findings of this research are similar to the 
methane emission rates determined by Keppler et al. 
(2006). However, these results do not necessarily 
indicate that cool temperate forests are significant 
sources of methane. There are large variations in 
estimated values of methane emissions from 
terrestrial plant communities. Megonigal (2006), 
Kirschbaum et al. (2006), and Parsons et al. (2006) 
suggest that Keppler’s calculations overestimate 
total methane production worldwide. Although 
estimates by Keppler et al. (2006) of total methane 
emissions from terrestrial vegetation were in the 
range of 62–236 Tg CH4 y-1, estimates of 27–43 Tg 
CH4 y-1 were proposed by Megonigal (2006) and of 
10–62 Tg CH4 y-1 by Kirschbaum et al. (2006).  

The IPCC (2001) estimates that terrestrial soil 
“absorbs” 30 Tg of CH4 per year. This soil 
“absorption” is one of the most important methane 
sinks following photodecomposition. If total 
terrestrial plant communities emitted less than 30 
Tg of CH4 per year of methane, terrestrial plant 
communities would not be a net atmospheric 
methane source (Ishizuka and Takahashi 2006). 
Therefore, accurate evaluations of methane flux are 
necessary to determine whether or not forests are 
net methane sources. In particular, further studies 
are needed to clarify diurnal and seasonal changes 
in methane emission and absorption. 
 
3) Importance of the methane flux study in 
FACE 

The results of this research suggested no significant 
increase in methane emission rates among the three 
species at elevated [CO2]. Even in oak, observed 
methane emission rates were significantly lower at 
elevated [CO2]. Therefore, in a future elevated 
[CO2] environment, methane flux from the forest 
might remain at current levels or decrease. Is this 
expectation reasonable? 

Methane sink availability would depend on soil 
water content. Actually, Megonigal and Guenther 
(2008) suggested that some forests have changed 
from a methane sink to a methane source and that 
changes in transpiration from the trees would affect 
methane flux from the soil. The current FACE study 
suggests that moisture content of soils at high [CO2] 
was larger than at ambient concentration (Eguchi et 
al. 2005), meaning that methane emissions may 
change in a future high [CO2] condition. Moreover, 
previous studies have suggested that methane 
consumption in soil would be decreased at elevated 
[CO2]; this change would be caused mainly by an 
increase in soil temperature (Phillips et al. 2001). 
Therefore, further methane flux studies under 
elevated [CO2] conditions will be required and will 
have an important role in accurate estimation of 
methane flux in future changing environments.  
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Abstract 
Eastern Hokkaido was previously characterized by severe winters with deep soil freezing and shallow snow 
cover: Sclerotinia snow mold caused by Sclerotinia borealis was prevalent on forage grasses and winter 
wheat when the disease was accelerated by freezing in late fall. Typhula ishikariensis biotype B, the speckled 
snow mold fungus, was also an important snow mold pathogen in this area, but these two pathogens do not 
attack dicots such as alfalfa. Climate change during the last two decades has, however, resulted in the change 
in snow mold microflora. The distribution pattern of S. borealis and T. ishikariensis biotype A, another 
speckled snow mold fungus, used to be typically allopatric with the former in eastern Hokkaido and the latter 
in central Hokkaido. Due to the practical absence of T. ishikariensis biotype A, alfalfa grew well in eastern 
Hokkaido except where soil freezing was extremely serious, i.e., the Konsen district. The winter of 
1998-1999 typically illustrated the tendency of mild winter which favored the outbreak of T. ishikariensis 
biotype A.  Nowadays, its damage is obvious on alfalfa and winter wheat in eastern Hokkaido. Details and 
other examples are given in terms of climate change in winter. 
 
Keywords: climate change, snow mold, alfalfa, winter wheat 
 
Introduction 
Snow mold diseases are caused by fungi that grow 
and attack dormant plants at low temperatures 
under snow cover (Matsumoto 1994). Snow cover 
protects organisms from freezing damage and is not 
always injurious in cold regions (Fig. 1). Snow 
mold fungi are psychrophilic or “cold-loving” 
organisms and opportunistic parasites that can 
damage perennial plants or overwintering annual 
crops when plant disease resistance is lowered due 
to depletion of plant carbohydrate reserves 
(Nakajima and Abe 1994). In addition, low 
temperatures limit the activity and number of 
competitors and antagonists of snow mold fungi, 
and allow these pathogens to monopolize the 
nutrient-rich but weakened plant tissues 
(Matsumoto 1994). 

Three snow mold fungi are illustrated as 
important in Hokkaido, i.e., Typhula ishikariensis 
biotypes A and B, causing speckled snow mold and 
Sclerotinia borealis causing Sclerotinia snow mold. 
These pathogens differ in many traits (Table 1).   
The presence or absence of soil freezing is the most 
critical factor for the pathogens since persistent 
snow cover lasts long enough for snow molds to 
prevail in Hokkaido.  

Hokkaido, the northernmost island of Japan, 
represents the area where agriculture is important 
despite of its severe winters: most of the land is 
covered by persistent snow at least for more than 
100 days with a minimum air temperature at -30°C. 
Farmers and scientists have been struggling with 
overwintering problems of crops to establish the 
agriculture system adapted to Hokkaido. In 1955, 

Figure 1. Snow cover protects plants from freezing damage. Lower parts of conifers survived the winter
buried in the snow, but plant tops were exposed to freezing temperatures and consequently killed by
freezing (arrow). 

    

PROCEEDINGS OF ICSA2008   15



Tomiyama divided Hokkaido into the Typhula area 
with prolonged snow cover and no soil freezing in 
west-central Hokkaido and the Sclerotinia area with 
less snow cover and deep soil freezing in eastern 
Hokkaido (Tomiyama 1955).  Recent tendency of 
warm winter has, however, often disrupted the 
agriculture system, especially in eastern Hokkaido 
in the last two decades. Control measures of S. 
borealis and T. ishikariensis biotype B are no 
longer effective since these pathogens are not 
prevalent. In this paper, I describe how the previous 
agricultural system was affected by the change in 
snow mold microflora 
 
Materials and methods 
The research was mainly based on field 

observations in 1999 in grasslands and winter wheat 
fields in central and eastern areas in Hokkaido 
(Matsumoto et al. 2000). Persistent snow cover 
occurred one month earlier the previous year.  
Snow mold pathogens were identified by the sign 
produced on diseased plants in spring: S. borealis 
and T. ishiakriensis produce sclerotia (masses of 
fungal mycelia to pass the dormancy from spring to 
fall) on diseased tissues. The Typhula ishikariensis 
complex includes two biotypes, and these biotypes 
are distinguished by the color of sclerotia 
(Matsumoto et al. 1982). Biotype A produces 
brown sclerotia and attacks both mono- and dicots. 
Biotype B has black sclerotia and its host range is 
restricted to monocots. Sclerotinia borealis has 
large, irregular sclerotia and is distinguishable from 

Fungus 
Distribution in 
Hokkaido* 

Host plants Conditions required for pathogenesis

Typhula ishikariensis 
biotype A 

central area 
monocots 
dicots 

prolonged  snow cover 
hosts depleted of reserve materials 

Typhula ishikariensis 
biotype B 

western area 
eastern area 

monocots freezing not prerequisite 

Sclerotinia borealis eastern area monocots hosts predisposed to freezing 
 *Distribution pattern is relative and changeable according to hosts, as well as climate. T.

ishikariensis biotype A is also prevalent in eastern Hokkaido, nowadays. 

Table 1. Comparison of snow mold fungi in terms of ecological traits  (Tomiyama  1955,
Matsumoto et al. 1982) 

    

Figure 2. Identification of super mycelial compatibility group (MCG) in Typhula ishikariensis biotype A.
Isolate belonging to the super MCG (  ) does not show incompatible reaction with the tester super MCG 
isolate (  ).  Isolates differing in mycelia compatibility produce dark demarcation line with the tester, i.e.,
dark demarcation line (   ) produced in colony junction often accompanied by sclerotium production on
both sides. 
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T. ishikariensis.  
Since population structure is known to reflect 

environmental factors such as winter climate and 
culture practice in T. ishikariensis (Matsumoto & 
Tajimi 1993), isolation frequency of a predominant 
genotype of T. ishikariensis biotype A (referred to 
as super MCG, Matsumoto et al. 1996) was 
compared between eastern and central areas in 
Hokkaido to determine if there was “founder effect” 
in eastern Hokkaido. A tester isolate of super MCG 
was inoculated in the center of oatmeal agar plates, 
and six wild isolates in the periphery (Fig. 2).  
Isolates that merged with the tester were regarded 
as belonging to the super MCG (Fig. 2). Other 
MCGs show incompatible reaction, exhibiting dark 
demarcation line produced in colony junction often 
accompanied by sclerotium production on both 
sides. 
 

Results and discussion 
Super MCG isolates of T. ishikariensis biotype A 
were more frequently recovered from eastern area 
than central area in Hokkaido (Fig. 3). Two 
hundred and sixty-four (37.9%) isolates were 
identified as super MCG out of 697 isolates from 
eastern Hokkaido.  Isolation frequency of super 
MCG was 38.9% in 18 grasslands and 37.8% in two 
winter wheat fields. Super MCG was absent in one 
grassland. Collection from 22 cites in central 
Hokkaido consisted of 466 isolates, and 67 isolates 
(14.4%) belonged to super MCG. Isolation 
frequency varied between 16.7% in agricultural 
fields (20.7% and 8.7% for grasslands and wheat 
fields, respectively) and 5.3% in uncultivated lands. 
Super MCG could not be found from 8 cites.  

Central area is the habitat where T. ishikariensis 
biotype A has selective advantage over biotype B 
and S. borealis (Tomiyama 1955, Matsumoto et al. 

Figure 3. Frequency of super MCG isolates in eastern and central Hokkaido. Number of isolates 
examined was 697 and 466 for eastern and central Hokkaido, respectively. 
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1982). Only a limited number of genotypes of T. 
ishikariensis biotype A could survive on dicots such 
as alfalfa in eastern Hokkaido. Super MCG may be 
the most successful survivor there. Since super 
MCG is considered to be originated from Sakhalin, 
Russia, its immigration to Hokkaido dates back to 
at least 10,000 years to the past (Matsumoto et al. 
2000). The founder effect of super MCG was found 
to be still evident in eastern Hokkaido, but not so in 
central Hokkaido. Mild winters in central Hokkaido 
have consistently enhanced genetic diversity. 

The distribution pattern of T. ishikariensis 
biotype A and S. borealis was reported to be 
typically allopatric; however, the snow mold 
microflora has changed drastically in eastern 
Hokkaido. There, persistent snow cover tends to 
occur much earlier than before. The winter of 
1998-1999 represents the tendency, and speckled 
snow mold caused by T. ishikariensis biotype A 
badly occurred on winter crops, especially on 
winter wheat and alfalfa. Farmers were unable to 
spray fungicides to winter wheat. Consequently, up 
to 30% of the winter wheat crop had to be 
abandoned in the Abashiri district (Fig. 4).  

A similar example was found in alfalfa. Komatsu 
et al. (1983) surveyed the Tokachi district to reveal 
that its yield in mountainous regions with 
long-lasting snow cover was much lower due to T. 
ishikariensis biotype A than in the plain where 
biotype B, not pathogenic to dicots, prevailed and 
soil freezing was the principal cause of winter 
damage. Freezing damage of alfalfa was most 
severe in further east: in the Konsen district, alfalfa 
could not survive severe winters due to frost 

heaving and soil freezing. Agronomists screened 
110 cultivars for winter survival to find that 
cold-tolerant cultivars from Canada often failed to 
survive (Takeda and Nakashima 1997a, b). 
Vigorous autumn growth and resistance to common 
leaf spot caused by Leptoshaerulina briosiana were 
first considered essential in this area: cold tolerance 
was not  critical. The leaf disease reduces 
carbohydrate level for winter survival. They 
subsequently selected lines for resistance to the 
disease (Takeda and Nakashima 1997c). During the 
course of selection in the Konsen district, T. 
ishikariensis biotype A badly injured resistant lines 
in warm winter with deep snow, and resistance to T. 
ishikariensis biotype A had to be included in the 
breeding scheme. They finally developed the 
cultivar “Hisawakaba” with resistance both to L. 
briosiana and T. ishikariensis biotype A 
(Yamaguchi et al. 1995).  

A new snow mold was reported from the 
Abashiri district on winter wheat and referred to as 
supponuke (Simizu and Miyajima 1990). The 
disease was characterized by crown rot, and plant 
tops were easily pulled. The causal fungus was 
considered to be Athelia sp. based on rDNA-ITS 
region sequence (A. Kawakami, personal 
communication). A 4-year survey by Simizu and 
Miyajima (1992) elucidated that the disease was 
restricted to eastern Hokkaido and that it became 
more severe when winter wheat was incubated 
under snow less than 50 cm thick. They concluded 
that low temperature was essential for the 
development of supponuke snow mold. Supponuke 
snow mold once disappeared after the leading 
winter wheat variety, Horoshiri-komugi was 
replaced with more freeze-tolerant, 
Chihoku-komugi (Shimizu 1993). When less 
freeze-tolerant Hokushin-komugi was subsequently 
introduced to eastern Hokkaido, supponuke snow 
mold became prevalent, again (A. Kawakami, 
personal communication). However, more recently, 
the disease is difficult to find because mild winter 
with deep snow cover in this area does not favor 
supponuke snow mold.  
 
Conclusions 
The incidence of snow molds depends primarily on 
winter climate. Winter climate is severe in 
Hokkaido but varies from place to place. Different 
control measures are available for different snow 
mold pathogens; however, the drastic change in 
winter climate, especially in eastern Hokkaido, 
often nullified the effort of farmers and scientists. 
Cultural practices and research objectives should be 
revised in eastern Hokkaido by modifying those 
established in central Hokkaido.  
   

Figure 4. Outbreak of speckled snow mold of
winter wheat caused by Typhula ishikariensis
biotype A in Abashiri, eastern Hokkaido in 1999.
Persistent snow cover occurred one month earlier
the previous winter, and farmers were unable to 
spray fungicides. Up to 30% of the winter wheat
crop had to be abandoned. 
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Abstract 
The Tokachi region of Hokkaido is known for limited snow fall, severe cold, and soil freezing in the winter. 
However, the global warming tends to bring the snow season earlier in the beginning of winter and decrease 
the depth of soil freezing as snow insulates soil from cold air. Sprouts out of potato tubers left in fields after 
harvest turn into weed in the following year. The weed, called “volunteer potato,” thrives to cause a big 
problem. At present, the volunteer potato must be removed manually (weeding) in the Tokachi region, which 
is classified as a large-scale upland field zone. To counter the problem, farmers have began to plowing snow 
(snow removal) in order to enhance soil freezing in an attempt to induce necrosis in potato tubers left in 
fields. Hence, National agricultural research center for Hokkaido region, Memuro research station surveyed 
the effect of plowing methods on volunteer potato occurrence, the effect of snow removal to decrease 
volunteer potato occurrence, and the relationship between the temperature at which freeze-rot occurs in 
potato tuber and the depth of soil freezing. When snow was not removed, volunteer potato occurred much 
more abundantly in fields plowed by the conventional plowing method than in fields plowed with the chisel 
plow; potato tubers sprouting in soil deeper than 15 cm made the difference. Enhanced soil freezing due to 
snow removal markedly decreased the number of volunteer potato in both of the fields. However, it was 
evident that the fields plowed by the conventional plowing method, moldboard plow, needed to be frozen 
deeper for weed control than the fields plowed with the chisel plow. Also, the necrosis of potato tuber left in 
fields was not found related to the depth of soil freezing and inferred to depend solely on soil temperature. 
This paper summarizes these results and discusses approaches to take advantages of cold conditions for 
technical development. 
 
Keyword; freeze-rot, necrosis, soil-frost, sprouts out, tillage system, volunteer potato 
 
Introduction 
The Tokachi region of Hokkaido is known for 
limited snow fall, severe cold, and soil freezing in 
the winter. However, as the snow season has been 
beginning earlier in the winter and snow insulates 
soil from cold air, the depth of soil freezing is 
decreasing. Although the maximum depth of soil 
freezing exceeded 40-50 cm not infrequently until 
the first half of the 1980s, soil freezing tends to 
become shallower in the last 20 years (Hirota et al, 
2006). The Tokachi region is also a major 
potato-producing zone with about a 30% share of 
total potato production in Japan. The cropping ratio 
of potato is about 10% in the upland fields of the 
Tokachi region. Potatoes left in the field after 
harvest sprout the following year and are 
considered a weed, which is called “volunteer 
potato.” Volunteer potatoes have occurred 
frequently in recent years and have become a big 
problem. Volunteer potatoes, a weed, need to be 
controlled because they not only inhibit the growth 
of succeeding crops but also become a source of 
plant diseases. At present, however, the weed must 
be removed manually in the Tokachi region, which 
is classified as a large-scale upland field zone. The 

indication that the widespread occurrence of 
volunteer potatoes is related to the decreased depth 
of soil freezing has led some farmers to attempt 
removing snow. Removing snow enhances soil 
freezing and the freeze-rot of tubers remaining after 
harvest. However, adequate data are not available 
about the depth of soil freezing necessary and 
sufficient for the control. Although Boydston et al 
(2006) reported on the matter, the freeze-rot of 
tubers in soil is not well understood. 
   Studies have been conducted on the present 
situation of volunteer potato occurrence, the effects 
of different tillage practices on volunteer potato 
sprouting, the effect of removing snow to decrease 
the number of volunteer potatoes, and the 
relationship between the depth of soil freezing and 
the temperature at which tubers are killed. This 
report summarizes some of the findings and 
discusses approaches to develop a technical system 
that takes advantage of cold conditions for farming.  
 
Methods 
1). Effects of different tillage practices on 
volunteer potato occurrence in the field after 
potato harvest 
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The research was conducted at the National 
Agricultural Research Center for Hokkaido Region, 
Memuro Research Station (NARCH) in the Tokachi 
region of Japan. Potatoes (‘Kitaakari’, ‘Danshaku’, 
and ‘Konafubuki’) were grown and harvested in the 
fields in 2005 and plowed using a moldboard plow 
or chisel plow. It snowed on December 18, 2005, 
and the snow cover was removed on December 21, 
2005. The snow cover from snowfalls on December 
25, 2005, and January 3 and 11, 2006, was not 
removed. The maximum depth of soil freezing was 
3 cm in the control plot and 35 cm in the plot with 
snow removed during the period of 2005-2006. In 
May 2006, the fields were then planted with 
soybeans or oats using conventional methods. The 
number of volunteer potatoes and the depths of 
tubers were recorded from late June to early August 
in 2006. An experiment was also performed to 
study the effects of different tillage practices on the 
depth of volunteer potato occurrence. Marked golf 
balls, to simulate tubers, were buried at depths of 5 
cm, 10 cm, or 20 cm to understand where the tubers 
ended up after moldboard plow tillage or chisel 
plow tillage. At the same time, tubers (‘Danshaku’ 
and ‘Konafubuki’) remaining in the field after 
harvesting were examined to find how deep they 
were located. The depths of volunteer potatoes after 
plowing were estimated from the data of golf ball 

movement. 
 
2) Effects of the depth of soil freezing on 
volunteer potato occurrence 
The survey was conducted at National agricultural 
research center for Hokkaido region Memuro 
research station. Potato (‘Konafubuki’) tubers 
weighing 3-10g (φ1.5-3.0 cm) were buried at 
depths of 5 cm, 15 cm, 30 cm, and 45 cm on 
November 12, 2005. It snowed on December 18 
and 25, 2005, and the snow cover was removed on 
December 19 and 27, 2005. It also snowed on 
January 3 and 11, 2006, but the snow cover was not 
removed. The depth of the snow fall was about 
45cm. On January 13, 2006, an additional 40 cm of 
snow was added to prevent excessive soil freezing 
on the snow removal polt. The buried tubers were 
recovered on August 15, 2006, to judge whether 
they were viable or dead. In addition, to examining 
the temperature effect on the survival of tubers we 
looked at the impact of the length of time the tubers 
were at different temperatures. The tubers 
(‘Konafubuki’) weighing 3-10 g, which had been 
stored in a chamber kept at 5℃ for four months, 
were placed in incubators set at -1℃, -2℃, -3℃, or 
-4℃. The tubers were taken out after 1, 3, or 16 
hours and one group was kept at -1℃ for 64 hours. 

  befor chisel plow tillage
● ● ●

80ｃｍ 70cm 60cm 50cm 40cm 30cm 20cm 10cm 0cm ‐10cm
5 4 3 2 1 5cm
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9 6 15cm
10 8 12 20cm
15 14 13 11 25cm
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4 25cm
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Figure 1. Influence of different tillage practices on tuber movement 
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All of the tubers were placed in a 25℃ growth 
cabinet for six weeks to examine sprouting. 
 
3) Effect of removing snow on volunteer potato 
occurrence 
The survey was conducted at National agricultural 
research center for Hokkaido region Memuro 
research station. Post potato (‘Toyoshiro’) harvest 
plowing was done with moldboard or chisel plows. 
It snowed on December 17, 2006, and on January 7, 
2007. Snow cover was removed after the January 7 
snowfall but not removed after the December 17 
snowfall. It also rained on December 27, 2006. 
Snow was not removed even when it snowed after 
January 10, 2007. Tubers that emerged 
aboveground between late in June and late in July, 
2007, were recovered and the number of volunteer 

potatoes and tuber depths in soil were surveyed. 
 
Results 
1) Effects of different tillage practices on 
volunteer potato occurrence in the field after 
potato harvest 
A markedly larger number of volunteer potatoes 
were found 10 cm below the soil surface, and 
particularly below 20 cm, in the field after harvest 
plowed with a moldboard plow than in the in fields 
plowed with a chisel plow (data not shown). 
‘Kitaakari’ and ‘Danshaku’ tended to emerge in 
smaller numbers than ‘Konafubuki’. Early in 
January 2006, snow cover was 1 cm thick and soil 
freezing was to a depth of 35 cm in the chisel plow 
tillage plot with snow cover removed. In contrast, 
snow cover was 72 cm thick and soil freezing was 

 Table 1. Estimated distribution of tubers after tillage treatment (number／㎡)

0.030.790.03Konafubuki
0.031.810.03Dansyaku20~
0.190.150.24Konafubuki
0.430.330.54Dansyaku10~20cm
0.910.200.86Konafubuki
2.090.421.99Dansyaku0~10cm

after chisel plow tillage *after moldboard 
plow tillage *

befor tillagevariety
depth

0.030.790.03Konafubuki
0.031.810.03Dansyaku20~
0.190.150.24Konafubuki
0.430.330.54Dansyaku10~20cm
0.910.200.86Konafubuki
2.090.421.99Dansyaku0~10cm

after chisel plow tillage *after moldboard 
plow tillage *

befor tillagevariety
depth

*estimated date

Table 2. Relationship tuber depth and tuber viability (%)

756300snow removed

75100100100control

45cm30cm15cm5cm
depth

756300snow removed

75100100100control

45cm30cm15cm5cm
depth

Table 3. Influence of storage temperature and period on the survival 
rate of tuber (%)

‐‐‐‐100For 64 hour

03090100‐For 16 hour

209090100100For 6 hour

100100100100100For 3 hour

‐100100100100For 1 hour

‐５℃‐４℃‐３℃‐２℃‐１℃period
Storage temperature

‐‐‐‐100For 64 hour

03090100‐For 16 hour

209090100100For 6 hour

100100100100100For 3 hour

‐100100100100For 1 hour

‐５℃‐４℃‐３℃‐２℃‐１℃period
Storage temperature
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to a depth of 3 cm in the control plot. In the 
experiment, removing snow decreased the number 
whether ‘Danshaku’ or ‘Konafubuki’ (data not 
shown).  

From the survey using golf balls to study the 
effects of different tillage practices on the depth of 
volunteer potato occurrence, modboard plow tillage 
was inferred to move tubers within 5 cm from the 
surface to positions deeper than 20 cm (Fig. 1). The 
estimated number of volunteer potatoes in the field 
after post harvest plowing with a chisel plow was 
found to be greater than the estimated number of 
volunteer potatoes with a moldboard plow at 
positions shallower than 10 cm (Table 1).  
 
2) Effect of the depth of soil freezing on 
volunteer potato occurrence 
The depth of soil freezing reached about 40 cm in a 
plot with snow removed and about 18 cm in a 
control (not snow removal) plot early in February 
2006. All potato tubers buried 5 cm or 15 cm deep 
in the plot with snow removed died but 60-100% of 
potato tubers buried 30 cm or 45 cm deep survived. 
All potato tubers in the control plot survived. Some 
of them emerged aboveground (Table 2). 

With respect to the temperature effect on tuber 
freeze-rot, 100% survived between -1℃  (±1 ) 
and -5℃  (±1 ) for three hours. Some tubers died 
at -3℃ (±1 ) when exposed for six hours; the 
survival ratio was 30% at -4℃ (±1 ) and 0% at 
-5℃ (±1 ) for 16 hours (Table 3). 
 
3) Effect of removing snow on volunteer potato 
occurrence 
The depth of soil freezing in the moldboard plow 

field tended to be close to that of the chisel plow 
field, reaching 20-25 cm in the control plot late in 
January, but toward early February soil freezing 
progressed to about 40 cm in the plot with snow 
removed (Fig. 2). For both tillage types, plots in 
which the snow was removed, no volunteer potato 
occurrence was observed. In the control plot, snow 
wasn’t removed, a markedly larger number of 
volunteer potatoes was found in the moldboard 
plow tilled field, with the difference due to tubers 
occurring at depths greater than 15 cm (Fig. 3). 

 
Discussion 
According to observation data on the depth of soil 
freezing (at National agricultural research center for 
Hokkaido region Memuro research station: 
1986-2005), the annual maximum depth of soil 
freezing averaged 34 cm for the decade of 
1985-1995, whereas the average value decreased to 
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a half, 17 cm, for the recent 10 years, 1996-2005 
(Hirota et al, 2006). The trend of decreasing depth 
of soil freezing began in the second half of the 
1980s, spreading to the whole plain of the Tokachi 
region. According to surveys on the thickness of 
snow cover measured at AmeDAS observation 
points in Obihiro City, snow cover thickness 
exceeded 20 cm in two or three years before 
December 20 during the periods of 1976-85 and 
1986-95 (data not shown). In contrast, snow cover 
thickness exceeded 20 cm in seven years between 
1996 and 2005. Because snow works as an insulator, 
a factor for the decreasing depth of soil freezing in 
recent years is believed to be the increased 
thickness of snow cover earlier in the beginning of 
the winter. 
   The problem of volunteer potato became 
apparent under such a background. However, no 
information was available about the soil depth at 
which volunteer potatoes develop, making unclear 
the relationship between volunteer potato 
occurrence and the depth of soil freezing. Thomas 
et al (1983) reported that soil freezing decreased the 
number of volunteer potatoes but did not describe 
the depth at which the volunteer potato occurred. 
Hence, research was conducted on the depth of 
volunteer potato occurrence in a field after potato  
cultivation to find how different tillage practices 
affect the depth of volunteer potato occurrence. 
Moldboard plow tillage and chisel plow tillage were 
found to result in different distributions of volunteer 
potatoes in the field after potato cultivation. Large 
machines may be used to remove the insulating 

snow layer in winter to freeze-rot, and kill volunteer 
potatoes. However, moldboard plow tillage of the 
field after potato cultivation was believed to be 
inferior to chisel plow tillage in conjunction with 
snow removal to control volunteer potatoes. 
   Removing snow decreases the number of 
volunteer potatoes in soil freezing zones. A large 
machine can complete a round of snow removal 
over a large-scale field in a short time, about 1 
hour/ha, saving a substantial amount of manual 
weeding. Boydston et al (2006) reported that tubers 
in soil begin to die when exposed to temperatures of 
-1.5 ℃  ~ -1.9 ℃  and cease to sprout when 
temperatures reach below -2.8℃. However, in the 
case of the potato cultivar ‘Konafubuki’ used in this 
experiment, it was estimated that volunteer potatoes 
needed to be exposed to -3℃ or lower for six hours 
to be confidently control the problem with a 
minimum of labor. Also, because soil temperature 
rises with soil depth, it is believed that volunteer 
potatoes will be more effectively controlled if 
tubers remain close to the soil surface, shallower 
than 15 cm, even when snow is removed. 
   The aforementioned results clearly showed that 
removing snow markedly decreased the number of 
volunteer potatoes in the soil freezing zone and that 
plow tillage resulted in volunteer potato occurrence 
deeper in soil than plow-soiler tillage in the field 
after potato cultivation. Volunteer potato control by 
removing snow and plowing with a moldboard 
plow requires the soil to freeze to a sufficient depth 
but it is believed this could affect planting work, by 
creating field drainage problems (Fig. 4). To 
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Figure 4. Summarizes these results and approaches to take advantages of cold conditions for technical
development 
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effectively control volunteer potatoes in the future, 
it is necessary to consider how tubers of different 
cultivars survive at low temperatures and the proper 
timing of snow removal in response to the climate 
changes of recent years.  
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Abstract 
Frozen ground affects the environment and agriculture in cold regions. The effect of climate warming on soil 
frost is an important concern, but our present understanding of such effect is limited. This study assesses a 
long-term soil-frost depth trends and its impact on agriculture in the Tokachi region of Hokkaido, Japan. 
Annual maximum frost depths (Dmax) have decreased significantly in the past 20 years. The decrease in Dmax 
was caused by the development of thick snow cover in early winter that insulates the ground, not by the 
increase in air temperature. The timing of a major decrease in Dmax in the mid to late 1980’s coincided with 
sharp decreases of snowfall in the Hokuriku region of Japan and the amount of drift ice in the southern part 
of the Sea of Okhotsk associated with the weakening of the East Asian winter monsoon. The reduction in 
frost depth has negative effects on agriculture. For example, with the reduction in frost depth many volunteer 
potatoes, which are the numerous small tubers that have not been harvested in the previous year, abruptly 
shoot up as weeds in the current year. Volunteer potatoes are weeds that interfere with the growth of 
rotational crop. The farm operators have been forced to engage in the manual labour of weeding. To solve 
this problem, some farmers in Tokachi have recently started ploughing snow (Yukiwari in Japanese) to 
enhance the soil frost that kills left-over potatoes after harvest. This is regarded as a new agricultural 
management practice adapting to climate change. 
 
Keywords; climate change, soil frost, East Asian winter monsoon, volunteer potato, adaptation 
 

Introduction 
Frozen grounds play an important role in the energy 
and water cycles of cold regions (e.g., Williams and 
Smith, 1989). The Intergovernmental Panel on 
Climate Change Forth Assessment Report 
(IPCC-AR4) reported that the extent of frozen soil 
is decreasing in cold regions around the world in 
association with climate warming (IPCC, 2007a). 
These will have major implications on the 
environment and agricultural practices in cold 
regions (IPCC, 2007b). In the Tokachi region of 
Hokkaido, Japan, soil-frost depths have 
significantly declined in recent years (Hirota et al., 
2006). According to IPCC-AR4, agricultural 
productivity in cold region will be increase due to 
global warming, however in our study regions, we 
have observed indications that climate change may 
be related to increasing weed problems, crop 
damages caused by diseases and pests, and changes 
in the transport of soil water and dissolved matters 
such as nitrogen (Iwata et al., 2008). Therefore, 
effects of climatic variability on soil frost have 
major implications on agricultural practices, but we 
have little scientific knowledge about such effects 
in this region. The study objectives are to 1) 
document the recent reduction in soil-frost depths in 
the Tokachi region associated with the East Asian 

winter monsoon, 2) discuss the effects of decreasing 
frost depth on agriculture in the Tokachi region, and 
3) present an example of agricultural adaptation to 
climate change. 
 

Materials and Methods 
The field data were collected in the Tokachi region 
of Hokkaido, Japan. Located between the Eurasian 
Continent and the Pacific Ocean, the winter climate 
of Japan is strongly influenced by the East Asian 
monsoon characterized by cold air masses from 
Siberia blowing over the Sea of Japan. The Pacific 
Ocean near Hokkaido is characterized by frequent 
development of explosive cyclones (Sanders and 
Gyakum, 1980). Cyclonic activity is generally 
stronger when winter monsoon activity is weaker 
such as in late autumn and early spring (Nakamura, 
1992). Winter in eastern Hokkaido is characterized 
by low air temperature and relatively low 
precipitation due to orographic shadow effects of 
the Hidaka and Ishikari Mountain Ranges. In 
Obihiro, located near the center of the Tokachi 
region, mean monthly air temperature in January is 
-7.7 ºC, mean December-March precipitation is 153 
mm and mean snow depth on December 31, 
January 31, February 28 and March 31 are 17, 36, 
32 and 7 cm, respectively, during the period 
1971-2000 (JMA, 2008). The ground freezes in 
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winter and frost depths may reach up to 60 cm. 
This is in a sharp contrast to the winter climate of 
the west coast of northern Japan, where moist air 
masses blowing across the Sea of Japan deposit a 
large amount of snow, insulating the ground from 
freezing. 

First, this study analyzes long-term data of soil 
frost and snow depths observed by the National 
Agricultural Research Center for Hokkaido 
(NARCH) at the Memuro research station 
(143o05’E/42o53’W), located in the town of 
Memuro in the central part of Tokachi District from 
1986-2008. The frost depth was measured on flat 
farmlands using frost tubes filled with 0.03% 
methylene blue solution (e.g., Tsuchiya, 1985 ), and 
snow depth was measured manually using rulers. 
The frequency of measurements was generally 
twice a month. In this paper, the winter of 1986 
refers to a period starting in November 1985 and 
ending in March 1986.  

Second, to examine longer-term trends of soil 
frost depth in the Tokachi region, we used archived 
data of daily average air temperature and snow 
depth (JMA, 2005). Archived data at Obihiro also 
allowed us to increase the temporal scale of 
analysis going back to 1955 to examine long-term 
effects of climate change. Using the Obihiro data, 
we estimated the long-term trend of annual 
maximum frost depths (Dmax) for 1955-2005 at 
Obihiro by using the extended force-restore model 
(Hirota et al.2002). It can relatively easily calculate 
the long-term trend of soil frost depth. The model 
was parameterized using the field data from the 
Memuro research site in Tokachi (Nemoto et 
al.,2008). The model requires only daily air 
temperature and snow depth as input data, allowing 
it to be forced with the climate model outputs for 
the prediction of future trends. The model strikes a 
balance between simplicity and accuracy. The 
validation results showed that the model can 
estimate the long-term trend of frost depth within a 
few cm of accuracy (Nemoto et al., 2008). 

Third, in order to understand observed trends 
of frost depths in context of synoptic- and 
continental-scale climate change, we will examine 
two other indicators of climate; the amount of 
snowfall in the Hokuriku region along the Sea of 
Japan, and the amount of drifting ice sighted from 
observation towers along the southern part of the 
Sea of Okhotsk. Significant reductions were 
reported for the two indicators in recent years 
(Tachibana et al., 1996; JMA, 2002). The observed 
shift in the two climatic indicators suggests changes 
in the activities of the East Asian winter monsoon 
(Nakamura et al., 2002). The relationship between 
frost depths in Obihiro and the other two climatic 
indicators will be discussed to illustrate the 

simultaneous responses directly or indirectly 
affected by the East Asian winter monsoon. 

Finally, we will discuss the agricultural impacts 
of decreasing frost depths in the Tokachi region 
using actual examples. We surveyed actual 
examples though direct inspection and interview 
from farmers or several agricultural organizations 
such as Japanese Agricultural Cooperatives (JA) 
and agricultural public extension centers in the 
Tokachi region. 
 

Results 
Annual maximum frost depth (Dmax) at the NARCH 
research station (Fig. 1) drastically decreased 
during the last 20 years (Fig.2a). The Dmax in 1988 
was 57 cm, but it was only 4 cm in 2004 and 5 cm 
in 2005. After 1998 to recent, the Dmax was always 
less than 30 cm. The soil frost in 2004 and 2005 can 
be regarded as essentially nonexistent from an 
agricultural point of view because such a shallow 
frost has a minimal effect on crops, and the soil 
becomes unfrozen by the time of snowmelt. During 
1986-1997 average Dmax was 34 cm for the first half 
period, on the other hand, during 1998-2008 
average Dmax 16 cm for the second half. 
Mann-Kendall rank statistic (e.g., Matsuyama and 
Tanimoto, 2005) showed that the decreasing trend 
of Dmax was statistically significant at a confidence 
level of P<0.05. The decrease in Dmax was caused 
by shortened time periods available for freezing, 
rather than by changes in air temperature (Hirota et 
al., 2006). 

The model was used to calculate the long-term 
trend of annual maximum frost depths for 
1955-2005 for the Obihiro weather station in 
Tokachi. The calculation showed average Dmax 
ranging from 25 cm to 40 cm until mid 1980’s and 
the reduction in soil frost since the late 1980’s 
(Fig.2a). 
 

Figure 1. Annual maximum frost depth (Dmax) at the
NARCH station Memuoro, Tokachi region of
Hokkaido, Japan. 
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Figure 2. a) Estimated annual maximum soil-frost depth(Dmax) at Obihiro. b) Average total winter
accumulated depth of new snowfall (SNOWFALL) in the Hokuriku region facing the Sea of Japan (see
Fig. 1(a)), calculated from the data collected at Fukui, Tsuruga, Wajima, Aikawa, and Takada (modified
after JMA, 2002). c) An index of drift ice in sight (DRIFT ICE) at the coastal areas facing the Sea of
Okhotsk calculated from the data collected at Esashi, Ohmu, Mombetsu and Abashiri. The index is the
ratio of the observed value to the average over the entire observation period. The average value is set at
100 (modified after JMA, 2002). Recent data were provided by the courtesy of the Office of the Marine
Prediction of the JMA. 
 

PROCEEDINGS OF ICSA2008   28



The early development of snow cover is most 
likely caused by extratropical cyclones, which tend 
to develop during the weakening of typical winter 
synoptic patterns characterized by high pressure 
over Siberia (Siberian high) and low pressure over 
the Pacific (Aleutian low). The strength of the East 
Asian winter monsoon (i.e. Siberian high) was 
weakening in the late 1980’s and the cyclonic 
activity in early winter was stronger when the 
winter monsoon activity was weaker (Nakamura et 
al., 2002). The strength of winter monsoon activity 
is indicated by the amount of snow in the Hokuriku 
region facing the Sea of Japan, where snowfall is 
primarily caused by monsoon winds, and by the 
amount of sea ice in the southern part of the Sea of 
Okhotsk, which is controlled by the strength of cold 
monsoon winds coming from Siberia (Tachibana et 
al., 1996). The two indicators decreased 
significantly (Mann-Kendall P<0.05) and appeared 
to have shifted from high values to low values in 
the late 1980’s (Fig.2) corresponding to the 
weakening of the winter monsoon activity 
(Nakamura et al., 2002). The shift in the two 
indicators coincided with the decrease in Dmax at 
Obihiro (Fig. 2). The reduction of frost depth 
started in the late 1980’s, coinciding with the 
reduction in snow accumulation depth in the plains 
area of Hokuriku region and the reduction in drift 
ice sighting along the Okhotsk Sea coast. Therefore, 
it is likely that the reduction in frost depth since the 
late 1980’s is related to the increased frequency of 
extratropical cyclones associated with the 
weakening of the East Asian winter monsoon. 

The reduction in frost depth means a milder 
winter condition and warmer soil, which has some 
positive effects on agricultural production. However, 
it also has negative effects on agricultural 
environments. For example, potato producers in 
Tokachi have recently noticed a significant change 
in the field. With the reduction in frost depth many 
volunteer potatoes, which are the numerous small 
tubers that were not harvested in the previous year, 
abruptly shoot up as weeds in the current year 
(Fig.3). The soil used to freeze to a sufficient depth 
to destroy the left-over potatoes, but the shallow 
frost in recent years allow some of the potatoes to 
survive the winter condition. Volunteer potatoes 1) 
are weeds that interfere with the growth of current 
year’s rotation crop, 2) can cause pest problems by 
attracting aphids, transferring viruses, and hosting 
potato cyst nematode, and 3) causes undesired 
mixing, when two different breeds of potatoes are 
planted in consecutive years, which may present a 
risk in shipping and trading. Therefore, it is 
necessary to weed out volunteer potatoes. However 
the farm operators have been forced to engage in 
the manual labour of weeding, which requires 

several tens of hours per 1 ha. This represents a 
serious work load in the region, where average 
farms grow potatoes in 5 ha. 

To solve this problem, at the production sites is 
already reacting to the changing conditions. For 
instance, some farmers in Tokachi have recently 
started ploughing snow (Yukiwari in Japanese) to 
enhance the soil frost that kills left-over potatoes 
after harvest(Fig.4). The volunteer potato control by 
snow removal and enhanced soil frost, carried out 
by some farm operators, represents 1) the discovery 
of the new value of cold climate (i.e. frozen soil) in 
agriculture, and 2) a possibility of significant labour 
reduction (several tens of hours per ha to 1-2 hour 
per ha) in weed control (volunteer potato) without 
using herbicides. The method of volunteer potato 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. An example of agricultural adaptation for 
climate change in a cold region. Yukiwari (snow 
ploughing) to enhance soil frost to eliminate 
volunteer potatoes.

Figure 3. An example of soil-frost decreasing
impacts on agriculture -Volunteer potatoes (VP)- a)
in a sugar beet field: b) in a wheat field c) in a bean
field : VP in furrow. 
 

a

c

b
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elimination is effective, but largely based on the 
experience and intuitive feeling of producers, 
meaning that snow removal may result in 1) 
over-development of soil frost causing negative 
effects such as delayed seeding or slow growth in 
spring, or conversely 2) insufficient development of 
soil frost resulting in ineffective volunteer potato 
control. Therefore, we are currently examining the 
relation between soil environment and the 
occurrence of volunteer potatoes (Usuki et al., 
2008), and developing new technology to control 
frost depth using soil-frost model (Hirota et al., 
2002) and optimize crop production and the 
agricultural environment.  
 

Discussion and Conclusion 
It is clear that agriculture is intimately linked to 
meteorology. However, it has been considered that 
the environmental control is not applicable to 
large-scale agriculture, which is completely 
dependent on weather. Some farmers’ operation and 
our research and technology development present a 
new possibility for environmental control in 
large-scale agriculture by means of snow 
management (removal, compaction accumulation) 
and soil-frost control over large areas using 
machines. This can be seen as the birth of 
agricultural technology based on completely new 
idea, not the extension of existing technology, 
prompted by climatic fluctuation. This example of 
agricultural adaptation in Tokachi signals the 
development of Japanese adaptation technology to 
climate warming.  
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Abstract 
Characteristics of soil respiration were studied in even-aged Alnus hirsuta (alder) and Pinus koraiensis (pine) 
plantations to examine the effect of plant vegetation type. Both plantations were afforested on the same soil 
parent material and in similar topographic positions. Soil CO2 efflux in two forests was measured with a 
dynamic closed chamber method in relation to moisture content and temperature of the soil. Although mean 
soil temperature was similar in both plantations, mean soil water content was significantly higher in the alder 
forest than in the pine one. However, soil water content did not have an affect on the seasonal variations of 
soil CO2 efflux. In both alder and pine forests, seasonal patterns of soil respiration exhibited pronounced 
variation corresponding soil temperature. Mean annual soil respiration in the alder forest was 1.3 times 
higher than that of the pine one. 
 
Keywords: alder, pine, vegetation type, soil CO2 efflux, micro-environment 
 
Introduction 
Soil respiration is an essential element for the 
evaluation of net ecosystem productivity (Schulze 
et al. 2005) and mainly composes of the respiration 
of roots, microbes, and soil fauna (Luo and Zhou 
2006). The soil CO2 efflux is affected by various 
factors, e.g. soil temperature and water content 
(Keith et al. 1997; Law et al. 1999; Janssens et al. 
2001; Jiang et al. 2005), quantity and quality of soil 
organic matter (Coûteau et al. 1995), root and 
microbial biomass, root nitrogen content (Ryan et 
al. 1996), and stand productivity (Raich and 
Schlesinger 1992; Davidson et al. 2002). Therefore, 
soil CO2 efflux is surely affected by vegetation 
types through both litter production and turnover 
rate of fixed CO2 in above- and below-ground 
productivities with different leaf habits (Raich and 
Tufekcioglu 2000). As a result, soil respiration rate, 
i.e. soil CO2 efflux varies significantly among 
major biome types (Raich and Schlesinger 1992, 
Chapin et al. 2002), and side-by-side comparisons 
of different plant communities frequently 
demonstrate differences in soil CO2 efflux (e.g. Luo 
and Zhou 2006). For example, coniferous forests 
had up to 10 % lower rates of soil CO2 efflux than 
did adjacent broad-leaved forest growing on the 
same soil type (Raich and Schlesinger 2000).  

Pinus koraiensis Sieb. et Zucc. is the most 
popular afforestation tree species in Korea, 
however, its soil fertility originated from granite is 
usually low. Therefore, we plant usually Alnus 
hirsuta Rupr., which is indigenous to northeast 

Asia, in pine plantations to make the soil rich in 
nitrogen because alder is a typical “nitrogen fixer” 
with Frankia sp. (Gardner and Barrueco 1995; 
Huss-Danell 1997). A litter of alder usually 
contains high nitrogen inducing soil fertility to rich 
(Harmon et al. 1990). It is considered that soil CO2 
efflux in the alder plantation should be higher than 
that of pine one under similar topographic and 
edaphic conditions. 

To determine reliable differences in soil CO2 
efflux occur as a result of differences in vegetation 
type, we selected two even-aged plantations, alder 
and pine, afforested on the same soil parent material 
and in the same topographic position. For this study, 
soil CO2 efflux and various environmental factors 
were measured in the study sites. And based on the 
result, we discussed the factors affecting soil CO2 
efflux under different vegetation types. 
 
Materials and Methods 
Site Description 
The study site was located on the northern slope of 
Mt. Yeonyeob (850 m) in the Experimental Forest 
of Kangwon National University, central Korea 
(37°47! N, 127°48! E). The mean annual 
precipitation of the past 30 years (1971 - 2000) was 
1266 mm, in that region, with about 50% of the 
annual precipitation falling between July and 
August. The mean annual temperature was 10.9C 
with a maximum temperature of 29.2C in January 
and a minimum temperature of -9.2C in July 
(KMA 2005). During the study period, the mean 
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annual precipitation and temperature were 1634 
mm and 13.3C, respectively, and the mean 
monthly temperature ranged from -4.1C (January) 
to 24.7C (July and August). This area represents 
the meteorological characteristics of a cool-
temperate deciduous broad-leaved forest. 

We used two forest types, Alnus hirsuta (alder) 
and Pinus koraiensis (pine) in the site (Fig. 1). The 
study sites were logged in 1976 and planted with 
alder and pine. In December 2002, three research 
plots (10 m × 10 m) were established in each forest. 
In June 2003, we tagged and measured diameter at 
breast height (DBH) and height for all trees within 
each plot (Table 1). 

In the same period of 1976, two plantations 
were afforested in the similar topographic position 
with the same soil parent material. The silt loam 
soil in two forests has developed from granite 
gneiss. Bulk density and pH of soil in the alder 
forest tended to be lower than those of the pine one, 
but these were not significant (p<0.05). Soil 
organic-C differed between the alder and pine 
plantations; in particular, not only in A-layer but 
also in B-layer, the organic-C concentration in the 
alder forest was higher than that of the pine one 
(P<0.05). 
 
Measurement of Soil CO2 Efflux  
Soil CO2 efflux was measured approximately every 
45 days using an IRGA (infrared gas analyzer, 
EGM-3, PP Systems, Inc., UK) with a soil 
respiration chamber (15 cm inside diameter) from 
April 2003 through December 2004. The chamber 
was gently inserted into the mineral soil to a depth 
of less than 1 cm, without the use of previously 
installed collars. Five randomly selected sampling 
points per plot were measured in two study 
plantations, so as a total 15 times per each 
plantation. Soil CO2 efflux was calculated as: 
 

RS = dC/dt × V/A                   (1), 
 
where RS is the soil CO2 efflux (g CO2 m-2 hr-1), 
dC/dt is the rate of change of CO2 concentration in 
the chamber during each measuring time dt, V and 
A are the volume and surface area of chamber. 

During the measurement of soil CO2 efflux, 
soil temperature and soil water content were 
measured adjacent to the chamber. Soil temperature 
was measured with a temperature probe (STP-1, PP 
Systems, Inc., UK) at 10 cm depth, while the 
gravimetric soil water content was determined at 0 - 
10 cm depth. No soil CO2 efflux was measured in 
January to March 2004 because the soils were 
frozen and snow-covered conditions. 
 
Data Analysis 

Figure 1. Alder (a) and pine (b) plantation in 
Experimental Forest of Kangwon Nat’l Univ., 
central Korea. 
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Table 1. Description of two study plantations. 

One standard errors of the mean in parentheses.
Means with d ifferent small letters indicate signif icant d ifferences between the sites at a 0.05
significance level. 
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Statistical analysis was performed using SAS 8.1 
software and the general linear model was used for 
all data analysis (SAS 2001). The statistical 
significant differences of mean soil CO2 efflux, soil 
temperature, and soil water content between the two 
study plantations were estimated according to T-
tests and Duncan’s multiple range tests. Paired 
comparison of soil CO2 efflux in paired coniferous 
and broad-leaved forests was conducted to 
determine the effects of vegetation type alone on 
soil CO2 efflux.  
  
Results 
Seasonal patterns of soil CO2 efflux are shown in 
Figure 2 accompanied by soil water content and soil 
temperature in the alder and pine forests. Soil water 
content (%) ranged between 14.8 and 42.9 for the 
alder plantation, and 10.9 - 33.3 for the pine one 
without a clear seasonal pattern. Also, it was not 
followed the precipitation pattern, and slightly dry 
soil conditions were maintained throughout the 

measurement periods. Mean soil water content in 
the alder and pine plantation (%) was 27.1 ± 1.0 and 
22.1 ± 0.9, respectively. It was significantly higher 
in the alder plantation than in the pine one 
throughout the measurement period (p<0.05).  

On the other hand, soil temperature (C) 
ranged from 0.2 - 21.2 for the alder forest, 0.0 - 
21.7 for the pine one with a clear seasonal pattern 
of increases during the early growing season, peaks 
in August, and decreases from the early fall to 
December (p<0.05). However, no difference in soil 
temperature was found between the two sites 
(p>0.05). Soil CO2 efflux in the alder and pine 
plantations showed a clear seasonal change 
(p<0.05), which was similar to that of soil 
temperature. Mean soil CO2 efflux (g CO2 m-2 hr-1) 
was 0.43 ± 0.04 for the alder plantation, with range 
from 0.00 - 1.58, and 0.33 ± 0.03 for the pine one, 
with range from 0.00 - 1.23, during the 
measurement period. Mean values were 
significantly higher in the alder forest than in the 
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pine one (p<0.05), however, there was no yearly 
difference in soil CO2 efflux between 2003 and 
2004 (p<0.05). 
 
Discussion 
The high spatial variability of soil respiration 
results from large variations in soil physical 
properties, biological conditions, nutrient 
availability, and others (Luo and Zhou 2006). 
Vegetation influences significantly the 
accumulation and turnover of soil organic matter 
directly through quality and quantity of plant 
materials and indirectly by conditioning the 
pathways of biomass incorporation into the soil 
(e.g. Chapin et al. 2002).  

Soil respiration varies greatly with different 
ecosystem types, reflecting inherent characteristics 
of those ecosystems in prevailing environments and 
biological activities. Mean annual soil respiration 
varies widely within and among major biomes, with 
differ about 20 times (Raich and Schlesinger 1992). 
Soil respiration is lowest in the coldest (tundra and 
northern bogs) and driest (deserts) biomes, and 
highest in tropical moist forests where both 
temperature and moisture availability are high year-
round (Raich and Potter 1995). On a global scale, 
mean annual soil respiration is positively correlated 
with mean plant productivity even in different 
biomes (Janssens et al. 2001), and with 
aboveground litter production in forests (Davidson 
et al. 2002). 

According to different vegetation types, micro-
climate and environmental conditions in forest 
ecosystems are affected by the various pathways 
and changed slowly. This is because the quality and 
quantity of nutrient cycling are altered consequently 
at each vegetation type. Especially, alder is able to 
symbiotically fix atmospheric N2 that affects on 
physical and chemical properties of the soil 
(Rhoades et al. 2001; Rothe et al. 2002; Son and 
Lee 2007). Alder leaves and roots have higher N 
and lower lignin concentrations than conifer litters 
(Harmon et al. 1990), which improves the substrate 
quality of the soil organic matter (Van Miegroet et 
al. 1992; Chapin et al. 2002), and leads to greater 
rates of N turnover (Clein and Schimel 1995). As a 
result, alder is regarded as a soil-improving tree 
species. In Korea, accordingly, because low soil 
fertility hampered reforestation efforts on 
devastated lands several decades ago, N-fixing tree 
species, such as Black Locust (Robinia 
pseudoacacia L.) and alder (Alnus) species have 
been introduced. 

In this study, mean annual soil respiration in 
the alder plantation is 1.3 times higher than that of 
the pine plantation. Although it was in the same 

area, environmental conditions will have been 
changed slowly by the different vegetation types. 
Two different vegetations will have led to changes 
in nutrient diffusion and carbon allocation to the 
belowground. Especially, higher soil respiration 
rate in the alder plantation may include respiration 
of symbiotic N2 fixing microbe (e.g. Frankia sp.). 
These results are supported by the findings by 
Longdoz et al. (2000), namely spatial average of 
soil respiration at 10C in the beech patch was 
approximately 2 times higher than that in the 
Douglas-fir patch in central Ontario, Canada, and 
about 15% higher soil respiration in a broad-leaved 
tree patch compared to an evergreen coniferous area 
of Vielsalm forest, Belgium (Khomik et al. 2006). 
Moreover, Wu et al. (2006) found that soil 
respiration in oak shrub was higher than that of pine 
plantation in southwestern China and that these 
microhabitat differences correlated with higher soil 
organic matter, microbial biomass-C, and litter 
decomposition in oak shrub. Wang et al. (2006) 
also reported that annual soil respiration in broad-
leaved forests was 72% greater than that of 
coniferous forests of northeastern China and 
positively correlated with soil organic-C 
concentration at O-layer and total root biomass.  
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To determine the effect of vegetation type 
alone on soil respiration, Raich and Tufekcioglu 
(2000) collected published data where soil 
respiration was measured at the same times, sites 
with similar topography and methods, and 
conducted a paired comparison of soil respiration 
between two vegetation types (Fig. 3). Among 
forests, soil respiration rates in broad-leaved forests 
are 10% higher than those of coniferous forests 
located on the same soil types. Based on these 
results, we suggest that soil respiration in broad-
leaved forests are slightly higher than that of 
coniferous forests located on the same soil parent 
material and in similar topographic positions 
(p<0.001) (Fig. 3). 
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Abstract 

The extent of frozen soil is decreasing in cold regions whole around the world in recent years. To investigate 

changes in snowmelt infiltration in frozen agricultural fields in Tokachi District, Japan, where frost depth has 

been decreasing significantly in the past 20 years, two experimental plots were prepared. The snow cover 

was removed in the first plot to enhance soil freezing and soil water movement in this plot was compared 

with the second plot, where the snow cover was kept as natural condition throughout the observation period. 

As a result, the frozen soil layer developed to a depth greater than 30 cm in the first plot, which clearly 

impeded snowmelt infiltration. Because frost depths were 30-60 cm in Tokachi in the past, the frozen layer 

most likely impeded snowmelt infiltration. In the second plot, only a thin (10 cm) frozen soil layer developed 

before the snowmelt period, which allowed most of the snowmelt water to infiltrate. Because annual 

maximum frost depths have been less than 20 cm in recent years, it is likely that more snowmelt water has 

been infiltrating to the ground in these years compared to previous years. These results suggest that the 

significant change in the snowmelt water movement in the agricultural field may have occurred as the frost 

depth decreased in association with climate change in this region. 

 

Keywords: Soil freezing, Soil water content, Soil temperature, Climate warming, Vadose zone 

 

Introduction 

The extent of frozen soil is decreasing in cold 

regions whole around the world (Solomon et al. 

2007). For example, frost depth is decreasing 

significantly in the past 20 years in Tokachi District 

(Hirota et al. 2006), which is one of the most 

important crop production areas in Japan. 

Well-developed frozen layers impede snowmelt 

infiltration (Stähli 2005), resulting in the increase of 

surface runoff in early spring (Øygarden 2003) and 

delay of spring plowing. On the other hand, most of 

the snowmelt water infiltrates to the ground in case 

of the thin frost depth condition (Iwata et al. 2008). 

Therefore, quantitative analysis of the snowmelt 

infiltration to the agricultural field is essential to 

understand the change of agricultural environment 

due to the climate worming in the cold regions. 

  Some researches have revealed that the soil 

temperature changes by the amount of snow 

accumulation, which will be change significantly by 

the climate change (Thorud and Duncan 1972; 

Decker et al. 2003). In these researches, two 

experimental plots were prepared and snow on one 

plot was removed. They showed that the smaller 

amount of snow enhance the soil freezing because 

the soil did not insulate from the cold air 

temperature when the thickness of snow cover was 

thin. Hardy et al. (2001) applied this method to 

compare the soil water movement in frozen and 

unfrozen forest fields. However, little researches 

has been conducted to compare the degree of soil 

freezing (e.g., frost depth) and soil water movement 

during snowmelt period. 

  A field study was conducted at an agricultural 

field of National Agricultural Research Center for 

Hokkaido Region, located in Tokachi District. Two 

adjoining plots were prepared and snow was 

removed in one plot to enhance deeper penetration 

of soil freezing (treatment plot; TP). The other plot 

was kept as the natural snow condition (control 

plot; CP). The amount of snowmelt infiltration was 

estimated by comparing the changes of soil water 

contents in these plots. The objective of this 

research is to investigate the relationship between 

the frost depth and snowmelt infiltration, and to 

estimate the differences of soil water movement 

during the snowmelt period in the past and present 

in Tokachi District. 

 

Materials and Methods 

The study was conducted at an experimental field 

operated by the National Agricultural Research 

Center for Hokkaido Region (143
o
05’E/42

o
53’W), 

located in the town of Memuro in the central part of 

Tokachi District, Hokkaido, Japan. The 1979-2000 

mean annual precipitation and mean annual air 

temperature are 970 mm and 6
o
C, respectively 

(Iwata et al. 2008). The study site is covered by a 

volcanic ash soil, which is one of the most poplar 
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arable soils in Japan, accumulated between 10,000 

and 1000 years ago (Kikuchi, 1981). All soil 

horizons have low balk density, high porosity, and 

high permeability (Iwata et al. 2008). The soil is 

classified as Typic Hapludands (Soil Survey Staff, 

2006). The soil is underlain by a gravel layer at 130 

cm, and the water table in this area is located 

approximately 8 m below the ground surface (Oka, 

2000). Large desiccating cracks are apparently 

absent throughout the soil profile. The site has very 

little topographic relief (less than 1% slope).

 

 
 

Fig. 1.  Time series of (a) air temperature, (b) thickness of snow cover, (c) frost depth, (d) amount 

of liquid water stored at surface soil layer (0–10 cm; S0-10), and (e) amount of soil water stored at the 

depth between 50 and 110 cm (S50-110) at treatment plot (TP) and control plot (CP) in the first winter 

(from November 2005 to April 2006). 

 

Two square plots having 5 ! 5 m area were 

placed. The distance between the two plots was 2.5 

m. The treatment of snow removing was operated at 

one plot (TP) and the natural snow condition was 

kept at the other plot (CP). The study was 

conducted in two winter periods, from November 

2005
 

to April 2006 (firstwinter) and from 

November 2006 to April 2007 (second winter). 

Snow cover was removed several times at TP. No 

vegetation was on the ground during the study 

period. 

Liquid soil water content was monitored by time 

domain reflectometory (TDR100; Campbell 

Scientific inc.) with Campbell Scientific CS605 

three-rod probes (TDR probes) installed at a depth 

of 5 cm and every 10 cm from 55 to 105 cm. The 

relations between the apparent dielectric constant of 

the soil and volumetric soil water content were 

obtained using repacked soil columns. Because 

TDR measures the apparent dielectric constant of 

the soil, which is most sensitive to liquid water and 

not aware of ice water, the TDR-measured water 

content in the frozen soil is the amount of liquid 
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water content remaining in the frozen soil (Suzuki, 

2004). To calculate the amount of liquid water 

storage at the soil surface layer, the TDR at the 

depth of 5 cm represented at the soil layer of 0-10 

cm. To calculate the amount of soil water stored at 

subsoil (below the frozen layer), the TDR at 55 cm 

represented the soil layer between 50-60 cm, and all 

other layers (60-70, …, 100-110 cm) were 

represented the TDR installed at 65, …, 105 cm, 

and the total amount of water stored in the profile 

was given by the sum of the water stored in the soil 

layer between the depths from 50 to 110 cm. 

Copper-constantan thermocouples were installed at 

the depths of 0, 2, 5, 10, 15, 20 cm and every 10 cm 

from 30- to 100-cm depths. Soil temperature lower 

than 0
o
C were considered as freezing. 

Data of precipitation and air temperature were 

collected at the observation site located about 100 

m east of the site. Precipitation was measured by an 

over-flow type tipping-bucket rain gage with a 

heated water reservoir and a windshield (RT-4, 

Yokogawa). Air temperature was monitored by the 

thermometer (HMP45A, Vaisara) at 190 cm above 

the ground. Thickness of snow and snow water 

equivalent (SWE) were measured manually twice a 

week. SWE was measured using a 50-mm internal 

diameter aluminum snow survey tube.  Since 

evaporation rates from the snow surface were very 

small at the study site (the average value was less 

than 0.5 mm d
-1

 at the snowmelt period in 2003; 

Hayashi et al., 2005) compared to snowmelt rates, 

daily snowmelt (M) was calculated by the following 

equation: 

 M = (SWE1 – SWE2 + P) / days12 (1) 

where SWE1 and SWE2 are consecutive 

measurements of snow water equivalent (SWE1 

measured earlier than SWE2), days12 is the number 

of days between the two SWE measurements, and P 

is the amount of precipitation during the time 

interval. 

 

Results 

First winter (from November 2005 to April 2006) 

In the first winter, the frost depth increased 

significantly from early December (Fig. 1c), when 

daily mean air temperature dropped to below 0
o
C 

(Fig. 1a) and the thickness of snow was less than 20 

cm (Fig. 1b). Increase of the frost depth stopped at 

CP in late December due to the heat insulation from 

the cold air by the snow cover of more than 40 cm 

(Figs. 1b and 1c). On the other hand, the frost depth 

of TP decreased continuously until the mid January 

due to the snow removing treatment. As a result, the 

maximum frost depth at TP was 43 cm, which was 

much deeper than the 12 cm of the maximum frost 

depth at CP (Fig. 1c). Snow was loaded artificially 

at TP in mid and late January, and the thickness of 

snow became almost the same in both plots during 

the snowmelt period (from gray line in Fig. 1b).

 

 
Fig. 2.  Time series of snowmelt water accumulated from the beginning of snowmelt period, amount of liquid 

water stored at surface soil layer (0–10 cm; S0-10), and amount of soil water stored at the depth between 50 and 110 

cm (S50-110) at treatment plot (TP) and control plot (CP) at snowmelt period in the first winter. 
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Snowmelt period started on 26 February 2006, 

when daily mean air temperature became near 0
o
C 

(from gray line in Fig. 1a) and 19 mm of rainfall 

was observed. Soil temperature in the frozen layer 

became above 0
o
C at CP (gray line in Fig. 1c). On 

the other hand, the frozen layer remained until late 

April at TP (Fig. 1c).  

The amount of snowmelt water was almost the 

same in both plots (Fig. 2) due to the snow loading 

treatment at TC. The liquid water at the soil surface 

layer (0–10 cm; S0-10) increased at the beginning of 

the snowmelt period in both plots probably due to 

the ice melting in the frozen soil and snowmelt 

infiltration to the ground. The S0-10 at CP became 

almost constant after 1 March although the sharp 

increase of S0-10 was observed again at TP in late 

March (Fig. 2).  

The amount of water stored at the depths 

between 50 and 110 cm (S50-110) at CP increased 

rapidly at the beginning of the snowmelt period. It 

reached to 60 mm in mid March and became almost 

constant until the end of the snowmelt period (right 

side in Fig. 2). On the other hand, the S50-110 at TP 

was not increase until March 7 (left side in Fig. 2). 

It increased gradually after this day, but it did not 

reach to the stable condition throughout the 

snowmelt period (left side in Fig. 2).

 

 
 

Fig. 3.  Time series of (a) air temperature, (b) thickness of snow cover, (c) frost depth, (d) 

amount of liquid water stored at surface soil layer (0–10 cm; S0-10), and (e) amount of soil water 

stored at the depth between 50 and 110 cm (S50-110) at treatment plot (TP) and control plot (CP) in 

the second winter (from November 2006 to April 2007). 

 

The lower S50-110 at TP in early snowmelt period 

(Fig. 2) indicates that the small amount of snowmelt 

water infiltrated below the depth of 50 cm due to 

the low permeability of well developed frozen layer 
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(Fig. 1c). High S0-10 at TP in late snowmelt period 

also suggest ill permeability of the frozen layer 

because S0-10 at CP was small even though the 

amount of snowmelt water was almost same in both 

plots (Fig. 2). Iwata et al. (2008) showed that the 

amount of water stored to the depth of 1 m became 

constant in late snowmelt period by the large 

amount of downward soil water flux at the depth of 

1 m. The constant S50-110 in late snowmelt period at 

CP (right side in Fig. 2) indicated a large amount of 

snowmelt infiltration past 110 cm.  

On the other hand, the continuous increase of S50-110 

at TP in late snowmelt period (left side in Fig. 2) 

was induced by the smaller amount of snowmelt 

infiltration to below the frozen layer. In conclusion, 

the frozen layer of about 40-cm thickness impeded 

the snowmelt infiltration through the frozen layer in 

whole snowmelt period. 

 

Second winter (November 2006 to April 2007) 

In the second winter, the maximum frost depth was 

52 cm and 27 cm at TP and CP, respectively (Fig. 

3c). The thickness of snow was lower at TP 

throughout the observation period (Fig. 3b) 

resulting in the absence of the artificial loading of 

snow at TP. As a result, the amount of snowmelt 

water became smaller and the end of the snowmelt 

period became earlier at TP (Figs. 3b and 4). 

The S0-10 at TP increased significantly after 25 

March, which was the end of the snowmelt period 

(Figs. 3b; left side in Fig. 4). The S50-110 at TP was 

not increased until 1 April (Fig. 4), about one week 

after the end of the snowmelt period, suggesting the 

significant infiltration to below the frozen layer 

occurred after 1 April at TP.  

On the other hand, the S0-10 at CP increased 

significantly from 5 April after 25 March (right side 

in Fig. 4), which is three days before the end of the 

snowmelt period (Fig. 3b). The S50-110 at CP also 

increased at this time, indicating the significant 

infiltration to below the frozen layer was occurred 

later at CP even though the amount of snowmelt 

water was larger at CP (Fig. 4). 

Because the frost depth at TP was deeper than 

that at CP, we considered that the snowmelt water 

may reach to the depth of 50 cm earlier at TP. 

Nevertheless, the earlier increase of S50-110 at TP 

may be induced by the thinner snow cover at this 

plot. As the snow insulates the soil from the cold air, 

it insulates the soil from the warm air temperature 

during the snowmelt period. High albedo of snow 

may also reduce the energy supply from solar 

radiation. These results suggest that the thin snow 

cover presumably induces the snowmelt infiltration 

at the agricultural field with thick frozen layer. 

The S50-110 at CP did not increase rapidly until the 

end of the snowmelt period. Therefore, the frozen 

layer of about 30 cm may possibly impede the 

snowmelt infiltration, even though the thin frozen 

layer did not impede the snowmelt infiltration at 

well-drained agricultural field (Iwata et al. 2008).  

 

 
Fig. 4.  Time series of snowmelt water accumulated from the beginning of snowmelt period, 

amount of liquid water stored at surface soil layer (0–10 cm; S0-10), and amount of soil water stored 

at the depth between 50 and 110 cm (S50-110) at treatment plot (TP) and control plot (CP) at snowmelt 

period in the second winter. 
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Discussion and Conclusion 

By the comparison of the change of S0-10 and S50-110 

at TP and CP, it was clear that well developed 

frozen layer of more than 30 cm thickness impeded 

the snowmelt infiltration. Because the frost depth 

was about 30 to 60 cm in the past (Hirota et al. 

2006), the snowmelt water was most likely impeded 

during the snowmelt period in most of the years. On 

the other hand, the maximum frost depth was less 

than 20 cm in recent years, suggesting large amount 

of snowmelt infiltration in this region (Iwata et al. 

2008). These results suggest that significant 

changes in the snowmelt water movement in the 

agricultural field may have occurred as the frost 

depth decreased possibly due to the climate change 

in this region. Further research is required to 

evaluate the relationships between snow 

accumulation and snowmelt infiltration in the field 

with thin and thick snow cover. The quantitative 

analysis of the soil water movement may also be 

helpful to reveal the mechanism of the snowmelt 

infiltration into the frozen ground. 
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Abstract

By using life cycle assessment (LCA) we studied greenhouse gas (GHG) emissions and the nitrogen (N)

utilization aspect of dairy manure utilization systems using maize silage production on fallow land. We

considered different types of systems to assess the potential of using a centralized biogas plant system (CBS),

by applying a case study. LCA was applied to three dairy manure treatment and utilization systems: 1) a

conventional system based on solid and liquid composting with using current agricultural land to apply

treated manure (control scenario); 2) the control scenario using fallow land for treated manure application

and 3) utilizing CBS with the digested effluent being applied to fallow land. Using fallow land under

conventional system was ineffective in reducing GHG emissions. The scenario of utilizing CBS and fallow

land decreased GHG emissions 14.0-29.4% compared with the scenario of applying conventionally treated

manure onto fallow land. The N utilization aspect was improved in the CBS/fallow scenario utilizing with

comparatively low N losses. The results showed the potential of decreasing GHG emissions and improving

manure recycling by utilizing CBS for dairy cattle manure treatment systems. Also it indicated the

importance of using fallow land to apply digested slurry for maize silage production.

Keywords: composting, anaerobic digestion, manure utilization, fallow land, LCA, greenhouse gas emission

Introduction

Livestock manure treatment is a source of

greenhouse gas (GHG) emissions. Conventional

treatment systems, such as composting and slurry

storage emits methane (CH4) and nitrous oxide

(N2O). The amount of GHG emissions from

livestock manure treatment comprised

approximately 26% of the total GHG emissions

from Japanese agriculture [27.4 Mt carbon dioxide-

equivalents (CO2-eq)] in 2005 (GIO 2007). From

the viewpoint of environmental protection, there is

a requirement for alternative systems so that GHG

emissions from livestock manure treatment is

reduced. The biogas plant system (BS) using

anaerobic digestion and capture of CH4 for

electricity and heat production is a method of

livestock manure treatment with lower GHG

emissions (Tafdrup 1994, Tojo et al. 2004,

Hishinuma et al. 2007, Hishinuma et al. 2008).

Since 1990, several BS systems have been used on

dairy farms in Hokkaido (northern Japan). From

studies on the Hokkaido BS systems, the basic

conditions for feasible BS utilization have been

developed, including the use of the digested slurry

in place of chemical agricultural fertilizer. A

common problem in these systems is the

availability of enough agricultural land for digested

slurry application (RGUE 2002).

Recent trends in Japanese livestock farming are

to raise large herds in restricted areas by utilizing

imported feeds, with limited self-supplied feed.

Accordingly, a major problem in these systems is

the availability of land to apply all manure

produced for individual farms. This has led to the

development of cooperation between livestock

farms and crop farms, based on a system whereby

composted manure from the livestock farm is

spread on the crop farm(s). Ogino et al. (2004)

reported that greenhouse gas emissions associated

with imported feedstuff contributed 41 % of total

greenhouse gas emissions for a beef fattening

system in Japan. In addition, though Japan does not

have much agricultural land, from the viewpoint of

environmental protection and growth of domestic

feedstuff production, there is increasing the

importance of using fallow land not currently used

for food production for feedstuff production (Kaku

et al. 2005). Expansion of maize production is

expected to increase domestic feedstuffs because

maize has high nutrients and high yields compared

with grass (MAFF, 2008).

Because of the issues presented above, we here

examine the feasibility of using BS as a livestock

manure treatment system and using fallow land to

apply the digested slurry and grow maize silage. We

present results from a case study examining such a

manure re-cycling system using life cycle

assessment (LCA) and also discuss the effects on
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GHG emissions and the nitrogen (N) utilization.

Materials and methods

LCA is a method for assessing and comparing the

environmental aspects and potential impacts of

products or systems. Its basic procedures have been

standardized in the ISO14040 series. LCA has four

phases: (i) goal and scope definition; (ii) inventory

analysis; (iii) impact assessment; and (iv)

interpretation. The main decisions of (i), (ii) and

(iii) phases are briefly described in this section. We

will discuss the feasibility of using a BS from the

point of GHG emissions (CO2, CH4 and N2O) and

nitrogen utilization in the results and discussion

section instead of the interpretation phase. Our case

study was Yamada town in Chiba Prefecture and the

functional unit was the annual manure treatment

and utilization of dairy farms in Yamada town.

The three types of manure treatment system were

compared in this study: 1) a centralized biogas plant

system (CBS) and two types of conventional

system: 2) a solid composting system (CS) using a

composting depot and 3) a separation system (SS)

with solid and liquid composting. The manure was

utilized either on the currently used agricultural

land or on fallow land used for maize silage

production. The GHG emissions and N utilization

aspects of manure treatment and utilization system

were evaluated by scenario analysis by different

manure treatment system and land use condition.

1) System description

Figure 1 presents the process flow of manure

treatment and utilization system, and the system

boundary used in this study. The focus of the study

was the manure treatment and utilization system

with fallow land utilization rather than manure

transportation for present agricultural operation.

Consequently, the system boundaries included basal

life cycle stages from the cradle (e.g. diesel fuel and

electricity production from raw materials) to the

gate of manure utilization (feed production for dairy

cattle), except for the process of transport and

operation of present agriculture. Furthermore, the

production stage of machinery for maize silage

production was not taken into account, because are

similar for the compared scenarios.

There were two types of the conventional manure

treatment system (CS and SS) in the present

agricultural land used as control scenarios. For

comparing the effects of maize silage production on

fallow land, we developed scenarios whereby the

conventional manure treatment system used the

fallow land (scenarios using fallow land). To

consider the feasibility of CBS, there was the

scenario of introducing CBS (250 cows scale) for

manure treatment and utilization system included

fallow land use (CBS scenario). For comparisons,

we assumed that CBS with maize silage on fallow

land replaced the SS and fallow land scenario

partially.  

2) Life cycle inventory, impact assessment and

nitrogen utilizing aspect

Data collection associated with each process was

based on studies in the literature, site investigations

and from the LCA software database. The data of

inputs and outputs of materials, resources and

emissions associated with three types of manure

treatment and utilization systems (CS, SS and CBS)

were collected from the literature. The data for

maize silage production (cropping and preparing

Fig. 1 Description of the dairy manure treatment and utilization systems in this LCA study.
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the silage) was collected from literature and site

investigations at Yamada town. Data on GHG

emissions associated with the operations from the

background processes (imported corn, wheat and

hay production, production and combustion diesel

fuel, electricity production, fertilizer production and

machinery production) were taken from the

inventory of 3EID (Nansai et al. 2002) and LCA

software database (JEMAI-LCA Pro). The

composition of diets for dairy cattle was corn,

soybean and wheat, as concentrate feeds from

United States, and timothy hay from Australia

(TDN adequacy rate 110%). The data of GHG

emissions from imported feed production process

was collected from the literature (NIRE 2005). The

amount of raw manure (feces and urine) from dairy

cattle was defined as 60 kg/day. These conditions

were assumed for dairy cattle producing around

8,000 kg milk/year. The N demand for agricultural

land obtained from fertilizing standards of Chiba

prefecture. Table 1 gives relevant agricultural data

from Yamada town. Furthermore, there were 23

dairy farms having 1158 dairy cattle. These specific

data were used to determine the amounts of raw

manure available and the amounts of required N for

current and anticipated agricultural production, as

illustrated in Figure 1.

3) Life cycle impact assessment

The GHG emissions were evaluated by using the

CO2 equivalent global warming potential at a time

horizon of 100 years, CO2: 1, CH4: 23 and N2O:

296 (IPCC 2001).

4) Nitrogen utilization aspects

The aspects of N utilization at all manure treatment

and utilization scenario were evaluated

Nur = Nrp / Nrm ! 100               (1)

Nloss = Ntu + Nsp                    (2)

where, Nur is the ratio of N utilization for forage

production from raw manure in %, Nrp is amount of

N applied for forage production process in kg, Nrm

is amount of N from dairy cattle raw manure in kg,

Nloss is the amount of N having a potential

environmental impact in t, Ntu is amount of N loss

from manure treatment and utilization process in t,

Nsp is amount of N loss as surplus N for applied N

to crop including forage in t. Accordingly, Nur was

considered to indicate the quantitative aspects of the

manure utilizing system, from the viewpoint of

manure recycling .

Results

1) Effect of using fallow land with conventional

system

The scenarios using fallow land required 98.5 and

115.6 ha fallow land for CS and SS respectively, or

69.9-82.0% of the available fallow land in Yamada

town. Using fallow land for maize silage production

reduced GHG emissions from imported feeds by

decreasing hay imported from overseas. However,

there were increased emissions from maize silage

production using fallow land. The GHG emissions

of scenarios using fallow land were 6,100-9,100 t

CO2-eq, which equal the emissions from the control

scenarios (Table 2). Obviously, the manure

treatment process was main source of greenhouse

gas emissions from the conventional manure

treatment and utilization system, with significant

contributions of GHG emissions being CH4 and

N2O (49-70 %) from the raw manure. GHG

emissions were large in the control scenario

utilizing SS because of N2O emissions from

nitrification and denitrification in the liquid

composting process. The Nur of the scenarios using

fallow land with CS and SS were 25.2 and 32.5 %,

respectively. This was an improvement compared to

the control scenarios, because there was increasing

manure (N) application for maize silage production

on the fallow land. From these results it is apparent

that using fallow land for maize silage production

improved N utilization aspects from the viewpoint

of N recycling. However, it was ineffective at

reduction of GHG emissions.   

Table 1 Characteristics of agricultural land use and N fertilizer demands at Yamada town.

Category of

agricultural land
Acreage [ha]

N fertilizer basal

application [kg-N]

N fertilizer supplement

application [kg-N]

Present land use

Paddy fields 1,048.1 52,403 31,442

Crop fields 937.7 83,383 42,644

Orchard fields 35.0 8,550 3,050

Pasture fields 19.5 1,515 1,852

Fallow land

Paddy fields 77.2         - -

Crop fields 63.8          - -
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Table 2 Greenhouse gases emission and nitrogen utilization ratio at scenarios utilizing conventional manure treatment

system from annual dairy cattle manure treatment and utilization.

Control scenarios Scenarios using fallow land

Composting system Separation system Composting system Separation system

Amount of greenhouse gases emission from processes [t CO2-eq]

Imported feeds 2,297.1 2,297.1 1,899.1 1,829.9

Manure treatment 3,658.6 6,627.7 3,658.6 6,627.7

Manure utilization 54.2 103.1 41.0 88.8

Fallow land use -  -  537.5 559.4

Total 6,009.9 9,027.9 6,136.2 9,105.7

Amount of maize silage production and nitrogen utilization

Maize silage [t] 2,100.0 2,100.0 7,115.0 7,988.1

Nur [%]  (Nloss [t]) 6.5 (98.3) 8.8 (88.7) 25.2 (98.3) 32.5 (88.7)

2) Effect of utilizing centralized biogas plant

system (250 cows scale) using fallow land

The CBS scenario was assessed with three systems

utilizing CBS, with comparable ratios of Nur to the

scenarios using fallow land. There were three

systems with 250, 500 or 750 cows with Nur values

of 12.1, 24.2 and 36.3 %, respectively (Table 3).

For the systems with 250, 500 and 750 cows using

CBS, GHG emissions were 7,800, 6,400 and 5,200 t

CO2-eq respectively. This was lower than the

emissions from the scenario using fallow land with

SS (9,100 t CO2-eq). The required area of fallow

land for digested slurry application was 23.0, 72.5

and 120.7 ha for 250, 500 and 750 cows CBS

utilization systems respectively (16.3-85.6 % of the

available fallow land).

The results of the CBS scenario with 250 and 500

cows, the GHG emissions from imported feeds was

increased because of the low amount of maize

silage from the fallow land. Compared with the

scenario using fallow land with SS, there were

reduced GHG emissions of 19.3 and 38.6 % at

manure treatment process as effectiveness of

anaerobic digestion system (Table 3). Total GHG

emissions were 14.0-29.4% lower with the 250 and

500 cow CBS utilization system. This result is

similar to the case study of CBS utilization with

1,000 cows in Hokkaido that reported a 21 % GHG

emission reduction compared with a conventional

manure treatment system (Hinata 2007).

Additionally, the N loss of manure utilization

system from the CBS scenarios was lower than the

scenario using fallow land with SS (88.7 t-N).

Table 3 Greenhouse gases emission and nitrogen utilization ratio at scenarios of centralized biogas plant system

from annual dairy cattle manure treatment and utilization.
*

Scenarios of centralized biogas plant utilization

250 heads scale (CBS!1) 500 heads scale (CBS!2) 750 heads scale (CBS!3)

Amount of greenhouse gases emission from processes [t CO2-eq]

Imported feeds 2,297.1 2,004.2 1,809.3

Manure treatment 5,349.0 4,071.1 2,792.9

Manure utilization 108.0 112.0 115.7

Fallow land use 76.0 244.7 433.4

Total 7,830.7 6,432.0 5,151.3

Amount of maize silage production and nitrogen utilization

Maize silage [t] 3,271.9 5,790.9 8,247.0

Nur [%]  (Nloss [t]) 12.1 (82.0) 24.2 (75.3) 36.6 (68.7)

*The basal system of manure treatment and utilization except centralized biogas plant system was separation system.
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Discussion and conclusion

1) Effect to reduction greenhouse gases emission

The GHG emissions from scenarios using fallow

land was similar to control scenarios. This was

because the GHG emissions form maize silage

production was larger than imported hay from

Australia, in this study. The large impact of GHG

emissions at maize silage production process was

N2O from applied manure (34.8-42.6%). However,

it needs further evaluation by detail data because of

the limited information of GHG emissions at

imported hay production, unable to assess whether

it includes GHG emissions from fertilizer

application or not. The GHG emissions from energy

consumption was lower at maize silage production

process, because imported hay has large impact at

ocean transport process. Consequently, from the

viewpoint of GHG emissions from energy

consumption, it seems to expect a reduction in

GHG emissions from increasing maize yield on

fallow land. As a way to reduce GHG emissions, we

considered changing the dairy farming system to

consist mainly of maize silage feeding, with a

decrease in concentrate feed. The GHG emissions at

concentrate feed contributed around 60% at

imported feeds process in all scenarios because of

large energy consumption at production and

transport from United States. But this is separate

from this evaluation because of the influence of

enteric CH4 emission was not taken into account.

On the other hand, introducing CBS for dairy cattle

manure treatment including utilizing fallow land to

apply digested slurry was confirmed to reduce GHG

emission effectively.

2) Effect to utilizing nitrogen for manure

recycling system

Considering the results of the scenarios utilizing

conventional manure treatment systems, using

fallow land raised the Nur by expanding the manure

utilizing system to produce maize silage on fallow

land. However, using fallow land was ineffective to

prevent N loss from these systems, because N loss

from agricultural land has the same potential as that

from manure application. Consequently, the

measure of expanding manure utilizing to produce

maize silage on fallow land improved N recycling

of the dairy farming system but was ineffective in

preventing N loss. Similarly, from N flow analysis

of dairy farming systems, the environmental impact

from surplus N was reported as similar for all

forage production systems (Katayama et al. 2001).

On the other hand, digested slurry has a higher

fertilizer potential compared to compost or liquid

compost, because it contains more NH4-N.

Accordingly, introducing CBS for livestock manure

treatment system was expected to prevent N loss

from surplus N at agricultural land. However,

considering difficulty in handling and the

performance of the crop production system when

using digested slurry, it is feasible to utilize

digested slurry on fallow land to produce maize

silage.

In conclusion, from these results we suggest that

introducing CBS in dairy cattle manure treatment

systems and utilizing the digested slurry for

producing maize silage using fallow land will

reduce GHG emission from the manure treatment

process. Moreover, it will enable livestock manure

to be recycled efficiently.

Further studies are needed to clarify the

environmental impact of reclaiming fallow land, as

well as transportation of raw manure and digested

slurry distribution and the system of using the

energy from produced biogas, and total cost, to

evaluate the feasibility of introducing CBS for dairy

manure treatment system.
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Abstract

To clarify the factor that determines the extent of ozone (O3)-induced reduction in the whole-plant growth of

Japanese representative forest tree species under different nitrogen (N) load, we investigated the effects ofN

load on the growth responses of Quercus serrata, Fagus crenata, Castanopsis sieboldii, Larix kaempferi,

Pinus densiflora and Cryptomeria japonica seedlings to O3. The seedlings were grown in 12 experimental

treatments, which were comprised of four gas treatments (charcoal-filtered air and three levels of O3 at 1.0,

1.5 and 2.0 times the ambient concentration) in combination with three N treatments (0, 20 and 50 kg ha
-1

year
-1

) during the two growing seasons. The effects of N load on the sensitivity of growth to O3 were quite

different among the 6 tree species. The sensitivity to O3 of growth of F. crenata seedlings was increased by the

N load, while that of L. kaempferi seedlings was reduced by the N load. The N load did not affect the

sensitivity to O3 of growth of Q. serrata, C. sieboldii, P. densiflora and C. japonica seedlings. Relatively

high correlation between the sensitivity of the whole-plant growth to O3 and that of total net photosynthetic

rate (Atotal), which is expressed as product of net photosynthetic rate and the amount of leaves/needles, across

the 6 tree species was observed. These results indicate that the Atotal can be used as an indexical plant factor

for estimating the extent of O3-induced reduction in the whole-plant growth of Japanese representative forest

tree species under different N loads.

Keywords: Ozone, Nitrogen load, Growth, Net photosynthesis

Introduction

Ozone (O3) in the troposphere is recognized as a

widespread phytotoxic air pollutant and its

concentrations have been increasing in the Northern

Hemisphere (ADORC, 2006). In Japan, annual

average concentration of O3 during the daytime

increased from 1985 to 1999, and the increase rate

being 0.33 nmol mol
-1

 year
-1 

(Ohara and Sakata,

2003). Since the ambient levels of O3 adversely

affect growth and physiological functions such as

photosynthesis of forest tree species, this gas is

considered to be one of the most important factors

relating to forest decline and tree dieback in the

USA, Europe and Japan (Sandermann et al., 1997;

ADORC, 2006). Because forest plays important

roles for conservation of soil and head waters,

forest decline leads to increase in the risks of soil

erosion, water pollution and depletion of

groundwater (Inoue et al., 2003). Therefore, it is

necessary to clarify the effects of O3 on growth of

Japanese forest tree species for sustainability of

forest ecosystems in Japan (Kohno et al., 2005).

Atmospheric deposition of nitrogen (N) to

terrestrial ecosystems has been increasing with

elevated anthropogenic emissions of N (Galloway

et al., 2003; Ohara et al., 2007). In general, N is a

limiting resource of tree growth in forest

ecosystems, and atmospheric N deposition acts as a

fertilizer (Bobbink et al., 2003; Magnani et al.,

2007). However, increasing anthropogenic N

deposition from the atmosphere induces over-

nutrition in some terrestrial ecosystems (Schulze,

1989; Fenn et al., 1996; Baba and Okazaki, 1998).

In Europe, the threshold value of N load for the

occurrence of N-saturation and the critical N load

for protecting forest ecosystems are considered to

be approximately 10 kg ha
-1

 year
-1

 and 10 to 30 kg

ha
-1

 year
-1

, respectively (Wright et al., 1995; WHO

Regional Office for Europe, 2000). In the forested

area of Japan,    N input by wet deposition (bulk

precipitation) and that by throughfall and stemflow

ranged from 10 to 25 kg ha
-1

 year
-1 

(Baba and

Okazaki, 1998; Okochi and Igawa, 2001) and from

10 to 40 kg ha
-1

 year
-1 

(Kobayashi et al., 1995; Baba

and Okazaki, 1998), respectively. Furthermore, the

phenomena of N-saturation in several Japanese

forest ecosystems have been already reported (Baba

and Okazaki, 1998; Okochi and Igawa, 2001).

Generally, excessive N deposition from the

atmosphere to forest ecosystems causes soil

acidification, reduction in growth of fine roots,

degradation of nutrient status in leaves, decline of

frost hardiness and tolerance of trees to parasite

attacks, and changes the sensitivity of trees to other

environmental stresses such as gaseous air

pollutants (Nihlgård, 1985; Schulze, 1989; Izuta,

2001; Bobbink et al., 2003). Therefore, N
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deposition from the atmosphere may induce

negative impacts on Japanese forest ecosystems.

There is a possibility that Japanese forest tree

species are affected not only by O3, but also by N

deposition. To evaluate a risk of O3 for Japanese

forests tree species, therefore, it is necessary to

clarify the effects of O3 on growth and

physiological functions such as photosynthesis

under different N loads. Häikiö et al. (2007)

reported that increasing N availability can confer

greater resistance to O3 in the seedlings of Populus

tremula!Populus tremuloides. However, opposite

responses were reported in the seedlings of Pinus

sylvestris by Utriainen and Holopainen (2001). Pell

et al. (1995) reported that the greatest O3-induced

reduction in the whole-plant growth of Populus

tremuloides seedlings was observed under the

condition of N supply that induced the highest tree

growth rate. These results suggest that there are

great differences in the combined effects of O3 and

N load among tree species. However, the

information on the effects of N deposition on the

sensitivity of Japanese forest tree species to O3 and

its difference among the tree species were limited.

Therefore, we investigated the growth and

photosynthetic responses of 6 Japanese

representative forest tree species, Quercus serrata,

Fagus crenata, Castanopsis sieboldii, Larix

kaempferi, Pinus densiflora and Cryptomeria

japonica, to O3 under different N loads (Watanabe

et al. 2006; Watanabe et al. 2007; Yamaguchi et al.

2007; Watanabe et al. 2008). Based on the results of

these studies, in the present study, we investigated

the factor that determines the extent of O3-induced

reduction in the whole-plant growth of 6 Japanese

representative forest tree species under different N

loads.

Materials and methods

1) Plant materials and growth conditions

On 8 March 2004, the seedlings of Q. serrata, F.

crenata, C. sieboldii, L. kaempferi, P. densiflora and       

C. japonica were individually planted in 12 L pots

filled with andisol. On 16 April 2004, the seedlings

were transferred into 12 open-top chambers (OTC,

13.0 m
2
 of growth space and 2.4 m in height) located

at the experimental field of the Akagi Testing Center

of Central Research Institute of Electric Power

Industry (Gunma Prefecture, Japan, 36º28´ N,

139º11´ E, 540 m above sea level) and were then

grown until autumn of 2005. Average air temperature,

average absolute air humidity and average

photosynthetic photon flux density in the OTCs from

April to October in 2004 and 2005 were 19.8˚C, 15.2

g m
-3

 and 17.6 mol m
-2

 day
-1

, respectively.

2) Ozone exposure and nitrogen treatment

The present experiment had a split-plot factorial

design and employed the randomized block method.

The whole-plot treatment was comprised of 4 levels

of O3 with three chamber replications for a total of

12 OTCs to analyze the data, including the variance

among the 12 OTCs. The sub-plot treatment

consisted of 3 levels of N treatment in each OTC.

Four seedlings per OTC were assigned to each O3-

N-chamber combination for a total of 144 seedlings.

From 16 April 2004 to autumn of 2005, the

seedlings were exposed to charcoal-filtered air or

three levels of O3 at 1.0, 1.5 or 2.0 times the

ambient concentration. Details of the O3 exposure

are described by Watanabe et al. (2006). The

AOT40 (accumulated exposure over a threshold of   

40 nmol mol
-1

, Kärenlampi and Skärby, 1996) of O3

during the growing season from April to September

were calculated based on the monitoring data of O3

concentration in the OTCs. The AOT40 is the sum

of the differences between the hourly mean O3

concentration and 40 nmol mol
-1

 for each hour

when the O3 concentration exceeded 40 nmol mol
-1

.

The AOT40 of O3 was accumulated during the

daylight hours with solar irradiation above 50 W m
-

2
. Ammonium nitrate (NH4NO3) was used for N

load to the soil, because the current molar ratio of

NH4
+
 to NO3

-
 in precipitation has been reported to

be 1.0 in Japan (Network Center for EANET, 2006).

From April to September in 2004 and 2005, 500 ml

of 1.17 or 2.92 mM NH4NO3 solution was added to

the surface of the potted soil at 1-month intervals.

The total amounts of N added to the potted soil

were 20 and 50 kg ha
-1

 year
-1

 on the basis of the

potted soil surface area, and these soil treatments

being designated as N20 and N50, respectively. The

control soil (N0) was supplemented with deionized

water instead of NH4NO3 solution.

3) Measurements of plant growth

On 18 October 2005 for Q. serrata, 25 October

2005 for F. crenata, 1 November 2005 for C.

sieboldii, 11 October 2005 for L. kaempferi, 11

November 2005 for P. densiflora and 4 November

2005 for C. japonica, 4 seedlings per treatment-

chamber combination (12 seedlings per treatment)

were harvested to determine leaf area and dry mass

of the plant organs. They were separated into the

leaves/needles, stems and roots. The plant organs

were dried at 80˚C for 1 week and weighed.

4) Measurements of leaf/needle gas exchange

rates

Net photosynthetic rates of the leaves/needles at

380 _mol mol
-1

 CO2 (A380) were measured with a

portable infrared gas analyzer system (LI-6400, Li-

Cor Inc., Lincoln, NE, USA) on 7 July and 23
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September 2005 for Q. serrata, 5 July and 21

September 2005 for F. crenata, 19 July and 13

October 2005 for C. sieboldii, 12 July and 29

September 2005 for L. kaempferi, 22 July and 1

November 2005 for P. densiflora and 4 August and

20 October 2005 for C. japonica. In each

measurement, the A380 of the 2 seedlings per

treatment-chamber combination (6 seedlings per

treatment) was determined. During the

measurements of A380, air temperature and relative

air humidity in the leaf cuvette were maintained at

24.0±0.1˚C and 60±5%, respectively.

Photosynthetic photon flux density (PPFD) was

maintained at approximately 1500 _mol m
-2

 s
-1

 at

the surface of the leaves or needles in the leaf

cuvette. The A380 was determined on the basis of

leaf area for broad-leaved tree species (Q. serrata,

F. crenata and C. sieboldii) and needle dry mass for

coniferous tree species (L. kaempferi, P. densiflora

and C. japonica).

5) Calculations and total net photosynthetic rate

Total net photosynthetic rate of the seedlings (Atotal)

was calculated on the day when net photosynthetic

rates of the leaves/needles were determined. The

Atotal was defined as the product of A380 and the

amount of assimilation organs, which are leaf area

per plant for broad-leaved tree species or needle dry

mass per plant for coniferous tree species. The leaf

area was estimated based on the number of leaves

per plant when net photosynthetic rate was

determined, and the ratio of leaf area to leaf number

at the end of the second growing season 2005. The

methods for the estimation of needle dry mass were

described by Watanabe et al. (2006). In the

seedlings of evergreen tree species (C. sieboldii, P.

densiflora and C. japonica), the product of A380 and

the amount of assimilation organs for previous year

leaves/needles and that for current year

leaves/needles were individually calculated, and the

sum of their products was calculated as Atotal.

6) Calculation of ozone exposure-response

relationship

A regression line was obtained from the

relationship between AOT40 of O3 and the whole-

plant dry mass increment. Mean daylight AOT40 of

the two growing seasons from April to September

in 2004 and 2005 was used in the calculation. The

whole-plant dry mass increment was the difference

between the whole-plant dry mass on 16 April 2004

and that in autumn 2005. The theoretical whole-

plant dry mass increment at zero AOT40 was

determined to be the y-axis intercept of the

regression line. The theoretical whole-plant dry

mass increment at zero AOT40 was used as a

reference (100%) to calculate the relative whole-

plant dry mass increment for each gas treatment.

The calculated value is the relative whole-plant dry

mass increment during the two growing seasons.

The whole-plant dry mass increment per one

growing season was calculated as square root of the

relative whole-plant dry mass increment during the

two growing seasons. The above-mentioned

procedure was conducted separately for each N

treatment. The regression line was obtained from

the relationship between AOT40 of O3 and the

relative whole-plant dry mass increment to calculate

the slope and coefficient of determination values

(R
2
).

7) Statistical analyses

All statistical analyses were performed with the

SPSS statistical package. Analysis of variance

(ANOVA) was used to test the effects of O3 and N

load (Tjoelker and Luxomre, 1991). When a

significant interaction of O3 and N load was

detected, Tukey's HSD test was performed to

identify significant differences among the 12

treatments.

Results and discussion

Figure 1 indicates the effects of O3 and/or N load on

the whole-plant dry mass of the seedlings at the end

of the second growing season. The exposure to O3

significantly reduced the whole-plant dry mass of

the 6 tree species. The N load significantly

increased the whole-plant dry mass of Q. serrata, F.

crenata, C. cuspidata and C. japonica seedlings.

Significant interactions between O3 and N load

were found for the whole-plant dry mass of F.

crenata and L. kaempferi seedlings. The O3

concentration that induced significant reduction in

the whole-plant dry mass of F. crenata seedlings

reduced with increasing the amount of N load,

while that of L. kaempferi seedling increased with

increasing the amount of N load. To evaluate the

sensitivity of growth of the 6 tree species to O3, the

O3 exposure-response relationship was analyzed.

Because no significant interaction between O3 and

N load were detected for the whole-plant dry mass

of Q. serrata, C. sieboldii, P. densiflora and C.

japonica seedlings at the end of the second growing

season, the O3 exposure-response relationship was

analyzed across the three N treatments. On the other

hand, O3 exposure-response relationships of F.

crenata and L. kaempferi seedlings were analyzed

in each N treatment. In the present study, AOT40 of

O3 was used as an O3 exposure index to analyze the

O3 exposure-response relationship (Kärenlampi and

Skärby, 1996). The AOT40 is widely accepted in

European countries to evaluate the critical levels of

O3 for protecting forest tree species (Kärenlampi

and Skärby, 1996; Mills, 2004). Figure 2 shows the
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Fig. 1 The whole-plant dry mass of the seedlings at the end of the second growing season. The seedlings were exposed

to charcoal-filtered air (CF) or three levels of O3 at 1.0, 1.5 and 2.0 times the ambient concentration and grown in the

soil supplied with N as NH4NO3 at 0 (N0), 20 (N20) or 50 (N50) kg ha
-1

 year
-1

. Values are means from 3 replicate

chambers per treatment combination. Vertical bar indicates standard deviation. ANOVA: *, p<0.05; **, p<0.01;

***, p<0.001; n.s., not significant. When a significant interaction between O3 and N was detected, Tukey's HSD test

was performed to identify significant differences among the 12 treatments. Values with the different letters are

significantly different at p<0.05. Data source: Watanabe et al. (2006), Watanabe et al. (2007), Yamaguchi et al. (2007),

and Watanabe et al. (2008).
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Fig. 2 The relationships between the AOT40 during the daylight hours and relative whole-plant dry mass increment of

the seedlings. Because no significant interaction between O3 and N load was detected for the whole-plant dry mass of

Quercus serrata, Castanopsis sieboldii, Pinus densiflora and Cryptomeria japonica seedlings, single regression lines

were calculated across the three N treatments. The AOT40 are the means of two growing seasons from April to

September in 2004 and 2005. Data source: Watanabe et al. (2006), Watanabe et al. (2007), Yamaguchi et al. (2007),

and Watanabe et al. (2008).
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relationships between the AOT40 during the

daylight hours from April to September and the

relative whole-plant dry mass increment of the

seedlings. The relative whole-plant dry mass

increment was reduced with increasing the AOT40

in all the tree species. However, the sensitivity of

growth, which is defined as absolute value of slope

of the regression line between the AOT40 and the

relative whole-plant dry mass increment of the

seedlings, was quite different among the 6 tree

species. The N load increased the sensitivity to O3

of growth of F. crenata. Although the sensitivity to

O3 of growth of F. crenata seedlings grown in the

N0 treatment was similar to that of P. densiflora,

the highest sensitivity to O3 among the 6 tree

species was found in F. crenata seedlings grown in

the N50 treatment. On the other hand, the N load

reduced the sensitivity to O3 of growth of L.

kaempferi seedlings. In the N0 and N20 treatments,

L. kaempferi seedlings was the most sensitive to O3

as compared with the other two coniferous tree

species. However, the sensitivity to O3 of growth of

L. kaempferi seedlings grown in the N50 treatment

was about 50% of that of the seedlings grown in the

N0 and N20 treatments, and was lower than that of

P. densiflora seedlings. In Europe and USA, risk

assessments of O3 for vegetation were conducted

based on the results obtained from the experimental

studies (Hogsett et al., 1997; Simpson et al., 2007).

Our results obtained from the present study indicate

that the difference of the sensitivity of growth to O3

among the tree species and atmospheric N

deposition-induced change in the sensitivity of

growth of F. crenata and L. kaempferi must be taken

into account in the evaluation of risk assessment of O3

for Japanese forest tree species.

Several researchers have demonstrated the

N load-induced change in the sensitivity of growth

of European and American forest tree species to O3

(Pell et al., 1995; Utriainen and Holopainen, 2001;

Häikiö et al. 2007). However, the factor

determining the changes in the sensitivity of tree

growth to O3 under different N loads was not

clarified. Watanabe et al. (2006) reported that a

high correlation between the sensitivity to O3 of the

whole-plant dry mass increment and that of the Atotal

was found in L. kaempferi, P. densiflora and C.

japonica seedlings. As shown in Fig. 3, therefore,

the relationships between the relative whole-plant

dry mass increment, and A380, the amount of

assimilation organ (leaf area for broad-leaved tree

species and needle dry mass for coniferous tree

species) or Atotal were analyzed across the 6 tree

species. Although relatively high correlations were

observed between the relative whole-plant dry mass

increment and the A380 or the amount of assimilation

organ, the highest correlation was obtained between

the relative whole-plant dry mass increment and the

relative Atotal. As shown in Fig. 4, furthermore,

relatively high correlation between the sensitivity of

Atotal to O3 and that of growth to O3 across the 6 tree

species was found across the 6 tree species. These

results indicate that the sensitivity to O3 of growth

of the 6 tree species was determined not only by

that of net photosynthetic rate to O3, but also by that

of the amount of assimilation organ to O3, which
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Fig. 3 The relationships between relative net photosynthetic rate (A380), relative amount of assimilation organ (AAO,

leaf area of broad-leaved tree species and needle dry mass of coniferous tree species) or total net photosynthetic rate

(Atotal), and relative whole-plant dry mass increment (WDMinc) of the seedlings. The value of A380, AAO, Atotal and

WDMinc in charcoal-filtered air treatment was used as a reference (100%) to calculate the relative value in the each gas

treatment. The relative values were calculated in each N treatment and each tree species. The values of A380, AAO and

Atotal were selected based on the correlation with the WDMinc among the seasons or ages of leaves/needles in each tree

species. The data for Larix kaempferi, Pinus densiflora and Cryptomeria seedlings were referred to Watanabe et al.

(2006).
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was affected by the emergence and abscission of

foliage. Therefore, the Atotal can be used as an

indexical plant factor for estimating the extent of O3-

induced reduction in the whole-plant growth of

coniferous tree species and broad-leaved tree species

under different N loads.

Conclusion

The sensitivity of the whole-plant growth to O3 and

the effects of N load on the sensitivity of growth to O3

were quite different among the 6 Japanese

representative forest tree species. The sensitivity to O3

of growth of F. crenata seedlings was increased by the

N load, while that of L. kaempferi seedlings was

reduced by the N load. The N load did not affect the

sensitivity to O3 of growth of Q. serrata, C. sieboldii,

P. densiflora and C. japonica seedlings. Therefore, the

difference of the sensitivity of growth to O3 among

the tree species and atmospheric N deposition-induced

change in the sensitivity of growth of F. crenata and L.

kaempferi must be taken into account in the risk

assessment of O3 for Japanese forest tree species. The

Atotal can be used as an indexical plant factor for

estimating the extent of O3-induced reduction in the

whole-plant growth of 6 Japanese representative

forest tree species under different N loads.
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Abstract 

Larch species are deciduous conifer and have been using for afforestation and revegetation after natural and man-made 

disturbances because of their high growth rate. Japanese larch was intensively introduced from central Japan sometime in last 

19th to Hokkaido, northern Japan for commercial plantations. However, Japanese larch has been suffering from disease and 

grazing damages. Consequently, we successfully developed hybrid larch F1 (with Dahurian larch from the Kurile Islands) to 

improve enhance stress tolerances. However, recently, physical environment has been drastically changing, such as increase in 

atmospheric CO2 concentration and nitrogen deposition, which affect growth of larch species. Several studies have focused on 

the growth of larch species in response to these changes in physical environments. In this review, we discuss some important 

aspects of further improvement in larch growth and development under changing environment with special references to 

ectomycorrhizal symbiosis. 

 

Keywords: Japanese larch, hybrid larch, high concentration of carbon dioxide, nitrogen deposition, oxidants 

 

 

Introduction 

In northern Japan, Japanese larch (Larix kaempferi Carr.) is 

broadly planted for reforestation purposes. Japanese larch 

was introduced to northern Japan widely from central Japan 

since 1870s. They believed to be the most promising 

silvicultural trees similar to Sakhalin fir (Abies sachalinensis 

Masters) in Hokkaido because they grow faster and tolerant 

to coldness, consequently the larch species widely covered 

Hokkaido Island (Fig. 1). Larch species possess pioneer 

characteristics and its ubiquitous ectomycorrhizal fungal 

association support in improved nutrient uptake and buffer 

against environmental stresses. The symbiotic relationship 

between them may enable the host larch to have larger 

habitat. However, there are some problems evident as an 

introduced species. They are susceptible to some diseases 

such as root rot and shoot blight, grazing by Red back voles 

(Koike et al. 2000; 2004). Therefore, hybrid larch (F1) was 

developed by crossing  between  Dahurian larch from the 

Kurile Islands as  a mother parent and  Japanese larch as  a 

female  parent to overcome such problems. Moreover,  

breeding  techniques  have  expanded the usage  of hybrid 

populations and raised  the demand  (HRG 1987).  

Nowadays, both Japanese larch  and  F1 hybrid  are 

intensively  lumbered and again started  to make extensive 

plantation especially  with F1 (Kuromaru 1995;  2002). 

However, there are some considerable questions of 

establishing plantations with larch and F1 in responses to 

changing environment. In essence, whether the larches 

maintain their high growth rate and extensive establishment 

through the changing environment? How about their 

responses to the single or mixed factors of the 

environmental changes described above? The most 

important factors of environmental change that directly 

affect the tree growth are increasing the concentration of 

atmospheric carbon dioxide ([CO2]), nitrogen (N) load and 

oxidants (Koike 2006, Watanabe et al. 2006). The purpose 

of this review is to integrate the previous studies that 

examined the growth and/or ecophysiological responses of 

Japanese larch or F1 to such environmental stresses, and 

searching for the direction in the future. There are also some 

social problems that great cost restrains reforestation and 

causes imbalance of age-class. Then some macro-scale 

researches from various grounds had done to manage the 

cost (Igarashi 1987; HFRI 2007; Takemoto 2007). But such 

a cost management topic is beyond the scope of this paper.  

 

 

 

 

 

Fig. 1. ! "#$%&'#()*$'#+,#,-%+s -+
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Fig.1. Map of larch plantation in Hokkaido  (Kaneko

unpublished)
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Ecophysiology of larch species:

The photosynthetic rate of larch is higher than that of other

conifers (Larcher 2003). As compared with several conifers,

Larix kaempferi, has a gentle initial slope in the light-

photosynthetic curve, which resembles that of C4 plants

(Fry & Philips 1976). However, this possibility was

cancelled by a 
14

C experiment (Richards & Teeri 1982).

Larch species have two different types of shoot, i.e. the

short- and long-shoot
 
(Kitaoka et al. 2000). The former

unfolds in mid-spring. The latter elongates gradually after

the complete expansion of short-shoot needles.

In permafrost regions, larch is dominant, which means

it can avoid severe water deficits (including winter

desiccation damage) during early spring when soil is still

frozen because of its deciduous leaf habit. Seedlings and

lower branches of larches sometimes keep overwintering

needles until xylem pressure potential below –1.5MPa

(Koike unpublished data). Larch forests have relatively

small value of LAI (Leaf area index; m
2
m

-2
) of 4.1 as

compared with other typical forests (e.g. mountain birch 4.5,

beech 5.7, Sugi-cedar 6.0, Hinoki-cypress 5.1, Evergreen

oak 7.6). The aboveground production rate of larch is

estimated to be similar to that of evergreen conifers (e.g.

Picea abies) in cool-temperate environment (Asada &

Satoh 1981).

Previous studies on the environmental changes on larch

growth

High atmospheric CO2 concentration:

The global CO2 concentration has been increasing yearly

since the Industrial Revolution.  As CO2 is a resource of

photosynthetic function of green plants, it seems to be

favorable for trees to increase [CO2] for photosynthates.

Actually, Ceulemans & Mousseau (1994) showed that the

net assimilation rate and tree growth were enhanced by

elevated [CO2]. However, the higher net assimilation rate

does not continue for a long term (Saxe et al. 1998). Trees

usually adapt to the high [CO2] and the net assimilation rate

decreases as little as under ambient [CO2] (e.g. Tissue &

Oechel 1987; Koike 2006). This phenomenon is called

“down-regulation” or photosynthetic adjustment (Tissue &

Oechel 1987).

Eguchi et al. (2004) compared the growth and

photosynthesis of 2-year-old Japanese larch seedlings raised

under ambient [CO2] (360ppm) and high [CO2] (720ppm).

They found that the high [CO2] condition increased the

photosynthetic rate of seedlings, total dry mass, anticipate

the peak of the Rubisco activity and change on the inner

structure of needles. They believed that the reason of

changes on photosynthetic factors was accelerated turnover

rate of the needles by high [CO2]. The photosynthetic rate at

high [CO2] increased that may be attributed to increase of

mesophyll surface area of the needles for reducing diffusion

resistance of CO2. CO2 in needles may be transported

smoothly to chloroplast, which in turn increased net

photosynthesis.

The growth response and nutrient status of 2-year old

Japanese larch seedlings raised under different [CO2] was

evaluated using open-top-chamber (OTC) (Shinano et al.

2007). The results were similar to Eguchi et al. (2004).  As a

result, high [CO2] increased total biomass of larch seedlings,

especially the root biomass. However, there was no

difference in nutrient concentration, root-to-shoot rate and

mycorrhizal formation in seedlings at two [CO2] levels.

Therefore, they concluded that the reason of greater total

biomass under high [CO2] was attributed to increase of root

biomass. Then, the root enabled the seedlings to obtain

increased nutrient, consequently increasing the growth,

which may reflect on dilution of nutrients for increased plant

growth.

Yazaki et al. (2004) evaluated the xylem structure of

the Japanese larch seedlings under a factorial combination

of two [CO2] and nutrient regimes. They found that the

seedlings rose under high [CO2] tended to develop more

branches, but not to grow vertically. The secondary growth

was stimulated by high [CO2] only when with high nutrient

treatment, and changes in some anatomical features of the

tracheids were found, especially for lumen size.

Soil acidification:

In northeast Asia, the degradation of pine and larch forests

has occurred near the industrial or urban region. The cause

of the degradation is evaluated to be reduction of available

nutrition and/or metallic toxicity by soil acidification (Izuta

2006). Choi et al. (2008) examined the growth response and

nutrient status of Japanese larch seedlings raised under

different soil acidification levels based on proton

concentration. They evaluated the ectomycorrhizal

symbiosis for improvement of rhizosphere of larch

seedlings. The results suggest more the acidification level

become higher, the more soluble metallic elements in soil

increased, and the concentration of Al
3+

 in root and Mn
2+

 in

needles also increased. It is well known that Al
3+

 reduces the

growth of roots, and Mn
2+

 exchanges Mg
2+

 in

photosynthetic enzymes and reduces the activity. It is said

that ectomycorrhiza may have some roles to prevent the

absorption of these toxic elements (Choi 2008). Although

nutrient concentration and photosynthesis at large H
+
 were

higher with the ectomycorrhizal inoculation,

ectomycorrhizal formation and photosynthesis were

reduced in the most acidified treatment (<60 and

90mmolH
+
kg

-1
). They concluded that the ectomycorrhiza

supported the growth of the larch seedlings in acidified soil

above 30mmolH
+
kg

-1
 (Fig. 2).
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Fig. 2. Effect of soil acidification on  total dry mass of

Japanese larch seedlings infected with different types of

ectomycorrhizae including Pt (Pisolithus tinctorius), EC
(Pt mixed with 3 microbes) and Cg (Cenococcum
geophilum). Different alphabet indicates statistical
significant (P<0.001). After Choi et al. (2008) by
courtesy of  “Trees: Structure & Function” .

Tropospheric ozone:

Pioneer researches had accomplished that evaluated the

effects of oxidants on plants since 1940s. Ozone generates

the O2
-
 and H2O2 solving in and out of the cell. They flow in

protoplasm, resolve fatty acid of protoplasm or denaturation

of the protein and finally do damage on plant structure.

Ozone (O3) in the troposphere is recognized as a

widespread phytotoxic air pollutant. Since the ambient

levels of O3 adversely affect growth and physiological

functions such as photosynthesis of forest tree species, this

gas is considered to be one of the most important factors

relating to forest decline and tree dieback in the USA,

Europe and Japan (ADORC, 2006).

Based on the experimental studies, Japanese larch is

relatively sensitive to O3 as compared with the other tree

species grown in Japan (Kohno et al., 2005). On the other

hand, the sensitivity to O3 of plants is greatly affected by

growth condition, such as temperature, light intensity, soil

moisture status and soil nutrient status. Watanabe et al.

(2006) reported that the sensitivity to O3 of Japanese larch

seedlings grown in the soil supplied N at 50 kg N ha
-1
 year

-1

was lower than that at 0 and 20 kg N ha
-1
 yr

-1
. Their results

indicate that the N deposition-induced change in the

sensitivity to O3 must be taken into account in the risk

assessment of O3 for Japanese larch.

Because current concentration of O3 in the Hokkaido

is relatively low, the negative impacts of O3 on larch species

may not be serious now. However the concentration of O3

throughout Japan has been increased during the past two

decades. This trend will continue in future with increase in

precursors of O3, such as nitrogen oxides and volatile

organic compounds especially in East Asian region

(ADORC 2006, Ohara et al., 2007). Therefore, we should

pay attention to the negative impacts of O3 on larch species.

High nitrogen load:

The forest degradation thought to be caused by high

nitrogen load that has already occurred in some coniferous

forests (Aber et al. 1989). Nitrogen deposition is

dramatically increasing especially in East Asia (IPCC 2001).

The N emission is mainly from farming, pasturage and

industries. The industrial emission is most important

increasing factor, but it is difficult to eliminate the N oxides

differ to sulphur oxides. In Hokkaido, the annual deposition

amount has reached to about 5kgN
.
ha

-1
y

-1
, and thought to

increase gradually from now on. The single stress of high N

loads on larch seedlings were summarized by Watanabe et

al. (2006). In this section, we referred to the mixed stresses

of high N load and some other factors.

By the way, some larch plantations in Hokkaido reach

to the age of harvest and become matured enough to expect

to bear seeds for regeneration. We expect natural

regeneration for conservation of forest stands and their soil

fertility. In this view, Igarashi et al. (1987) examined the

suitable site for natural regeneration of larch based on the

field surveys. Indeed, the amount of N deposition to

Hokkaido has been increasing yearly, so that research on the

effect of N deposition on the growth and photosynthesis is

in progress as follows:

Qu et al. (2005) examined the effects of different light

intensity (8, 16, 32 and 100% of open) and two fertilization

regimes (high/low) on the Japanese and F1 seedlings in

relation to natural regeneration. The fertilizer was composed

of balanced nutrients. The total dry mass of the Japanese

larch seedlings did not increase in all of the shade treatment

for more 75% with high-fertilized treatment and for 48% in

lower fertilized one. On the other hand, the total dry mass of

F1 was reduced for 50%, except for 20% reduction of 32%

light intensity and lower fertilized treatment. They

concluded that Japanese larch is more shade intolerant

independent of nutrient conditions as compared with F1.

Under shade, the growth of Japanese larch was more

suppressed than that of F1.

Edaphic condition: peculiar soil in combination with

shading and high nitrogen load

Since larch can survive in infertile conditions and it is

considered as a useful material for revegetation (Zhang et al.

2000). It is important to examine the possibility to make

revegetation program on the degraded area with larch under

changing environ-ment in relation to edaphic condition

(Fig.3). To evaluate the possibility, the growth of larch

grown on disturbed soil should be considered in

combination with other environmental factors, such as

extreme soil pH, high N deposition, etc. (e.g. Choi 2008).

Experimental research was carried out to evaluate the

growth and mycorrhizal formation of the seedlings of

Japanese Kuril larch and their hybrid raised on serpentine

soil with high N load under shady condition (Ryu 2008).

No significant difference was found on each treatment

including mycorrhizal formation. Some reasons can be

suggested that: the serpentine soil was too poor for supply

essential  nutrients to plants and the  shortage of nutrients
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may strongly suppress the growth of seedlings. Low levels 

mycorrhizal association might be the reason for inadequate 

nutrient uptake under serpentine soil conditions. Moreover, 

shortage of light source for larch species  may  limit  the  

assimilation of N  as suggested by Tokuchi & Koyama 

(2004). It  is well  known that mycorrhizal symbiosis have 

essential role to accelerate or maintain growth of the host 

plants (Read &  Smith 1997). Mycorrhizal formation 

supposed to prevent the absorption of heavy metals, such as 

Ni, Cr Mg, etc. (Kayama et al. 2006). In this case, 

mycorrhiza may behave as a barrier for preventing heavy 

metal absorption at the rhizosphere in host plants. We need 

further experiments without light limitation to analyze the 

mechanisms of complex effects of contaminated soil and 

environmental changes. 

 

Fig.3. Mature larch plantation at Nakagawa

Experimental Forest on serpentine soil.
 

 

Discussion and conclusion 

This review introduced the previous researches on effects of 

environmental changes on larch species in Japan. To 

understand the mechanisms of responses of larches to 

environmental changes and to predict the damage of them, 

we perceive four problems for the future and tried to make 

the following recommendations. 

First, we should make more researches on the 

combination effect of environmental stresses including 

edaphic conditions on the growth of larches. Watanabe et al. 

(2006) found the ozone (O3) sensitivity changed under 

different levels of N load. They indicate that soil N can 

accelerate the susceptibility of trees to O3 stresses. Although 

most of researchers use clay loam and peat moss for 

evaluation of growth traits of larches, little researches have 

been done in growth of larch raised under the other soil 

conditions. In Hokkaido, there are many places covered 

with peculiar soils, such as serpentine, limestone soil, acidic 

soil, etc. Therefore, more researches are needed to 

understand the relationship between larch growth and 

edaphic conditions under changing environment. 

Second, knowledge on rhizosphere microorganisms 

or mycorrhizae and their interactions with plants are needed 

for sustainable resources production in forests environment 

(Quoreshi et al. 2003; Qu et al. 2004; Kayama 2006; Choi 

2008; Ryu 2008). Although most of the researches on 

environmental changes focused on the above ground 

phenomena, essential roles of the belowground should be 

analyzed to successfully rehabilitate degraded area with 

larch species. Therefore, more researches are needed to 

focus on belowground phenomena under changing 

environmental conditions.   

Third, knowledge on the combination effects of 

several environmental stresses on larch growth is still 

scarcely found. For instance, as N deposition is one of the 

causes that O3 generation, effect of increasing N deposition 

on larch growth is unclear, especially in parallel with 

increasing [CO2]. It is not difficult to imagine the mixed 

stresses will affect the tree growth at the same time. 

Recently, Watanabe et al. (2006) showed that the N 

deposition reduced the sensitivity to O3 of larch. From this 

evidence, mixed stresses are not always do worse damage 

to the trees. Therefore, we need more experiments on 

combination effects for plausible understanding the 

mechanism to solve the problems. 

Fourth, although most researched were carried out in 

relatively short-terms, Shinano et al. (2007) indicated that 

the seedlings raised under high [CO2] for 2 years showed 

the different responses between the two years. As trees have 

long life-span, we also should consider it for planning of 

long-term research. Indeed, most studies use seedlings to 

evaluate the effects of environmental changes since 

responses of seedlings to stresses usually appear clearly. 

However, it is not easy for us to scaling up the data of 

seedlings to adult trees and to forests. We should study on 

the stress responses of seedlings in parallel with older adult 

trees. Based on the previous researches, we should make 

progress for study on evaluating the effects of 

environmental changes on the Japanese and F1 larches to 

maintain the larch forests as important forest resources. We 

hope this review will be a relevant contribution to 

sustainable forest management. 
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Abstract 
Failures in agricultural development in parts of West Africa may have been caused by the inability of the 
farmers to develop the abundant inland valleys for cultivation of such crops like rice using appropriate water 
management systems. Effective sawah management system may involve the manipulation of certain soil 
physical properties in form of ecological engineering works, which may affect the soil physico-chemical 
properties. An inland valley in southeastern Nigeria was used to evaluate the influence of sawah and non 
sawah water management on the soil physico-chemical properties and rice grain yield. The soils are loose, 
low in pH and poor in plant nutrient elements. In spite of that, the sawah managed system was able to 
improve the pH of the soil by raising it slightly both in the first and second year of planting. The CEC and 
organic carbon were improved within sawah management during the period. Sawah managed soils reduced 
significantly the soil bulk density in the first and second year of planting thus increasing the soil total 
porosity during the same period. Moisture content also improved in sawah management while moisture 
contents at wilting point (WP) increased significantly in the second year of planting. The amendments were 
identified as promoting the development of soil aggregates and saturated hydraulic conductivity (Ks) on a 
long term. Also rice grain yield increased significantly from 5.62 t/ha to 6.25 t/ha in the first year and from 
5.32 t/ha to 6.53 t/ha in the second year for non sawah and sawah. 
 
Keywords: rice grain yield, physico-chemical properties, plant nutrient, inland valley. 
 
Introduction 
Failures of green revolutions in West Africa, in 
spite of its success in Asia, are the inability to 
develop the abundant lowland valleys for 
agriculture (Wakatsuki and Masunaga 2005). 
According to them environmentally creative 
technology, or ecological engineering technology, 
such as sawah farming is not traditionally practiced 
in sub-Saharan Africa. UNEP/ISRIC (1991) and 
UNEP (1997) showed that in sub-Saharan Africa, 
agriculture is mostly upland cultivation by 
traditional shifting cultivation systems even under 
rapid population growth and massive deforestation. 
This is against the vast lowland areas that are 
grossly underutilized. 

The term sawah refers to a levelled rice 
field surrounded by bunds with inlet and outlet 
connections to irrigation and drainage canals. It 
originated from Malayo-Indonesian term 
‘paddi’ which means rice plants. Establishment 
of effective sawah management system for 
increased rice production in southeastern 
Nigeria involves the manipulation of certain 
soil properties in form of ecological 
engineering works involving deep earth 
movement and tillage to achieve a better 
topographic setting and optimal soil physical 
condition. Most soils in the West African sub-

region are highly weathered and very fragile 
(Mbagwu, 1989, 1992; Hirose and Wakasuki 
2002; Igwe 2003, 2005). Mbagwu (1992) 
reported that physical degradation of soils in 
the tropics resulted from soil erosion by water 
and mechanical land clearing using bulldozers. 
Lal (1981) and Mbagwu et al. (1984) showed 
that this degradation was manifested in low 
nutrient retention, high bulk density, low total 
and macro porosity, reduced water infiltration 
and transmission rate and low water retention 
and available water capacity within the root 
zone. 

These negative physical conditions of the 
soils added to poor nutrient status of such soils 
according to Mbagwu (1992) resulted in poor 
crop-productivity and often abandonment of 
such lands leading to reduction in resource base 
of rural farmers. 

Nnabude and Mbagwu (1999) had used 
abandoned biological waste to improve the physico-
chemical condition of some soils used in rice 
production in southeastern Nigeria. In a green 
house study using an Ultisol from southeastern 
Nigeria, Mbagwu (1985) identified rice shavings 
(husks) and poultry manure which are readily 
available, as having the potential to improve maize 
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yields substantially when compared with inorganic 
fertilizer containing N, P, K and Mg.  

In Southeastern Nigeria, there have been studies 
on the use of organic amendments in the 
improvement of soil chemical properties and crop 
yields (Agbim 1985; Mbagwu 1985; 1992; 
Nnabude and Mbagwu 2001), but none has dwelt 
on the interaction of these soil amendments with 
water management systems to improve soil 
properties under rice sawah management system.  
The objective of the study was therefore to (i) 
compare the influence of sawah and non sawah 
water managements on the physico-chemical 
characteristics of the soil, and (ii) the influence of 
the water management systems on rice grain yield. 
 
Materials and Methods 
Site Description 
The experiment was conducted on the floodplain of 
Ivo River in Ishiagu, Ebonyi State, Nigeria, at the 
experimental site of Federal College of Agriculture. 
It is located on longitude 8° 03" E and latitude 6° 
25" N. The annual rainfall for the area is 1350 mm, 
spread between April to October with average air 
temperature being 29°C. The underlying geological 
material is Shale formation with sand intrusions 
locally classified as the ‘Asu River’ group. The site 
is within the derived savanna vegetation zone with 
grassland and tree combinations. The soil is 
described as Aeric Tropoaquent (USDA 1998) or 
Gleyic Cambisol (FAO, 1988). They are sandy 
loam with moderate soil organic carbon content on 
the top soil, low in pH and low cation exchange 
capacity (CEC). Soils are mainly used for rain fed 
rice cultivation during the rains and vegetable 
production as the rain recedes. 
 
Methodology 
The field, which was under fallow for more than 5 
years, was disk-ploughed and disk-harrowed to a 
depth of about 20 cm before puddling and 
treatments. Prior to ploughing composite soil 
sample was taken to characterize the soils. The plot 
was divided into 2 portions, one part for sawah and 
the second part for non-sawah water management. 
In the non-sawah managed field, there was no 
defined water management in the field. Water was 
allowed to flow in and out as it comes but in the 
sawah field water was controlled and maintained to 
an approximate level of between 5 and 10 cm from 
two weeks after transplanting to the stage of 
ripening of the grains. In each of the plots the 
following treatments, arranged as a Split-Plot on a 
Randomized Complete Block Design (RCBD) were, 

 
 

Each treatment was replicated 3 times and each 
plot was 6 m x 2.5 m. The NPK fertilizer consisted 
of 400 kg/ha as compound fertilizer, poultry 
dropping was applied at the rate of 5 tons/ha and 
Rice husk dust applied at 10 tons/ha. The RD on 
decomposition is widely applied by local farmers as 
source of plant nutrient. The nutrient contents of 
these organic amendments were determined. The 
mature PD and RD were spread on the plots that 
received them and incorporated manually into the 
top 20 cm soil depth 2 weeks before planting. All 
amendments were applied only in 2004 and their 
residual effect measured in 2005. The same plots 
and replications were maintained for the 2 years. 
The test crop was a high yielding rice variety Oryza 
sativa var. Tox 3108. At maturity rice grains were 
harvested dried and yield computed at 90 % dry 
matter content. This was done for the two years 
(2004 and 2005). 

Soil samples were air dried and sieved with 2 
mm sieve. Soil fractions under 2 mm from each of 
the replicates were then analyses using the 
following methods; Particle size distribution of the 
less than 2-mm fine earth fractions was measured 
by the hydrometer method as described by Gee and 
Bauder (1986). Soil pH was measured in a 1:2.5 
soil: 0.1 M KCl suspensions. The soil organic 
carbon was determined by the Walkley and Black 
method described by (Nelson and Sommers, 1982). 
Cation exchange capacity (CEC) was determined 
by the method described by Rhoades (1982) while 
exchangeable acidity (EA) was measured using the 
method of McLean (1982). The soil saturated 
hydraulic conductivity was measured using Klute 
and Dirksen method (1986). Soil bulk density was 
measured by the core method (Blake and Hartge, 
1986). Total porosity (Tp) was obtained from bulk 
density ("b) values with assumed particle density 
("s) of 2.65 Mg m-3 as follows, 
Porosity = #p = 100(1 – "b/"s) 

The soil moisture contents at 0.1 and 1.5 MPa 
suction were determined by Klute (1986) method 
while the available water capacity was calculated as 
the difference between moisture retention at 0.1 and 

I F NPK Fertilizer (20:10:10). Locally
 recommended rate for rice 

II PD Poultry droppings 
III RD Rice husk dust 
IV RD+PD Rice husk dust + Poultry droppings
V PD+F Poultry droppings + NPK Fertilizer
VI RD+F Rice husk dust + NPK Fertilizer 
VII F+PD+RD NPK Fertilizer + Poultry droppings 

+ Rice husk dust 
VIII CT Control (No soil amendment) 
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1.5 MPa [i.e. field capacity (FC) and permanent 
wilting point (PWP)]. 
 
Data analysis 
Data analysis was performed by the analyses of 
variance (ANOVA) test and statistical differences 
among treatment means estimated by the Duncan’s 
multiple range tests. Correlation and regression 
analysis were used to determine the relationships 
among soil properties and rice grain yield using the 
SPSS.10 on Windows computer package. 
 
Results and discussion 
Effect of sawah and amendments on soil organic 
carbon, total nitrogen and pH 
The influence of the sawah management systems 
and the soil amendments on the soil organic carbon, 
total nitrogen and soil pH are shown (Table 1). The 
amendments significantly affected the soil organic 
carbon in both sawah and non sawah system in the 
first year of amendment as well as in the second 
year. The average value of organic carbon (OC) 
was lower in the first year in the sawah managed 
system; it was more than the non sawah managed in 
the second year. This trend shows that while in the 
first year the OC was not completely decomposed 
and mineralized in the sawah system, it was 
however, slowly mineralized and released in the 
sawah system of second year. Where as in upland 
managed maize, Mbagwu (1992) observed that 
there was a decrease in the amount of organic 
carbon in the second year, but in our study we 
obtained a relative increase in the OC values in the 
second year. This may be attributed to what Hirose 
and Wakatsuki (2002) indicated to relate to the 
hypothesis of adjacent upland debris and materials 
feeding the inland valleys with a corresponding 
addition of organic carbon in the sawah managed 
system. 

Total nitrogen was nominally higher in the 
sawah managed in the first year than the non sawah 
managed system. There was no significant 
difference in the total nitrogen levels in the second 
year. These results may have been caused by 
environmentally related factors such as heavy rains 
often falling during the growing season, resulting in 
leaching. Also high temperature may have also 
resulted in the volatile loss of the nitrogen. Fashola 
et al. (2002) observed that runoff and leaching can 
greatly reduce the level of nitrogen in rainfed rice 
field. 

In the two years the sawah water managed 
system recorded an increase in the pH significantly 
(Table 1). It shows that with proper and well 
managed water in inland valley rice field, pH will 
improve, thus enabling good soil environment for 
plant nutrition. 
 
Effect of sawah on cation exchange capacity, 
exchangeable acidity and Base saturation 
In most cases the different soil amendments 
improved the soil cation exchange capacity (CEC) 
both in the non sawah and the sawah managed 
system in the first year of planting (Table 2). The 
best improvement over the control was obtained in 
the sawah managed system. Also there was a 
significant improvement in the CEC (3.45 cmol/kg 
of the non sawah managed to 3.73 cmol/kg) in the 
sawah managed system in the first year. In the 
second year of planting, the trend in the first year 
was continued. There was a better improvement in 
the CEC with amendments in the sawah system 
than in the non sawah system of management. 
Overall the CEC improved significantly from 3.22 
cmol/kg in the non sawah to 4.13 in the sawah 
system. 

Amendments improved the percentage base 
saturation significantly both in the non sawah and 

 1st Year 
Amendment Non-Sawah Sawah 

 OC % N % pH OC % N % pH 
Mean 0.66 0.063 5.0 0.52 0.067 5.2 

LSD (0.05) 0.18 0.012 0.22 0.18 0.012 0.22 
LSD (0.05) 

Non-Sawah x Sawah OC 
NS   

Non-Sawah x Sawah  N NS   
Non-Sawah x Sawah  pH 0.13   

 2nd Year 
Mean 0.73 0.056 4.4 0.82 0.056 4.8 

LSD (0.05) 0.22 0.006 0.20 0.22 0.006 0.20 
LSD (0.05) 

Non-Sawah x Sawah OC 
NS   

Non-Sawah x Sawah N NS   
Non-Sawah x Sawah pH 0.07   

 NS= non-significant 

Table 1. Effect of sawah system and amendments on soil organic carbon, Nitrogen and pH on 0-20 cm top 
soil 
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sawah systems during the first year of planting. 
During the second year of planting, percent base 
saturation improved significantly with amendment 
in the sawah managed plots and significantly 
increased from 46.4% in the non sawah plots to 
50% in the sawah managed plots. This thus further 
confirmed the superiority of the sawah management 
over the non sawah management in the synthesis, 
release and reserve of soil plant available nutrients. 
The superiority of sawah over non sawah for a 
profitable rice production in terms of nutrient 
reserve has earlier been highlighted (Wakatsuki et 
al. 2002; Ganawa et al. 2003: Wakatsuki and 
Masunaga 2005). Apart from exchangeable acidity 
(EA) which differed significantly with amendments 
in the second year of planting, there was no 
significant difference between the non sawah and 
sawah management. However, the overall mean 
values went down in the sawah managed plots in 
the second year of planting. The lowering of the EA 

was considered to be a nice attribute for the sawah 
system. 
 
The influence of water managements and 
amendments on soil bulk density and total 
porosity 
During the first year of planting the bulk density 
was between 1.2 Mg m-3 to 1.46 Mg m-3 in the non 
sawah water management system and 1.19 to 1.46 
Mg m-3 in the sawah system (Table 3). The results 
indicated that there was a significant difference 
within the bulk density with amendments. Also the 
mean bulk density of soils in the sawah system was 
significantly lower than the corresponding mean 
bulk density of the non sawah system. Higher bulk 
density according to Mbagwu et al. (1984) signified 
compaction and undesirable soil structure that 
affects roots and plant growth negatively. Again, 
the same trend as was shown for bulk density in the 
first year was also indicated in the second year of 

 1st Year 
Amendment Non-Sawah Sawah 

 CEC 
cmol/kg 

BSAT % EA cmol/kg CEC 
cmol/kg 

BSAT % EA cmol/kg 

Mean 3.45 48.4 1.93 3.73 52.4 1.92 
LSD (0.05) 0.56 14.2 0.44 0.56 14.2 0.44 

LSD (0.05) Non-Sawah x Sawah  CEC 0.03   
Non-Sawah x Sawah BSAT NS   
Non-Sawah x Sawah  EA NS   

 2nd Year 
Mean 3.22 46.4 2.10 4.13 50.0 1.89 

LSD (0.05) 0.96 7.4 0.80 0.96 7.4 0.80 
LSD (0.05) Non-Sawah x Sawah  CEC 0.25   

Non-Sawah x Sawah N  BSAT 2.82   
Non-Sawah x Sawah   EA NS   

 NS= non-significant; CEC= cation exchange capacity; BSAT= percent base saturation; EA= exchangeable 
acidity. 

Table 2. Effect of sawah system and amendments on cation exchange capacity, percent base saturation and
exchangeable acidity on 0-20 cm top soil 
      

 1st Year 
Amendments Non Sawah Sawah 

 Bulk Density Mg 
m-3 

Total Porosity % Bulk Density 
 Mg m-3 

Total 
Porosity % 

Mean 1.31 50.4 1.27 52.2 
LSD (0.05) 0.14 5.9 0.14 5.9 

Non Sawah x Sawah   Bulk density 0.03   
Non Sawah x Sawah  Total porosity 1.12   

     
 2nd Year 

Mean 1.28 51.7 1.23 53.7 
LSD (0.05) 0.10 3.9 0.10 3.9 

Non Sawah x Sawah  Bulk density 0.026   
Non Sawah x Sawah  Total porosity  1.12   

 
NS= non-significant 

Table 3. Effect of sawah system and amendments on bulk density and total porosity of 0-20 cm top soil 
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planting. Bulk density varied significantly with 
amendments while a significant lower bulk density 
was obtained from the sawah system than the non 
sawah system. In all cases whether in sawah or non 
sawah management, rice husk dust reduced the 
mean bulk density of the soil. Nnabude and 
Mbagwu (1999) showed that rice waste, either 
burnt or fresh condition could be effective in the 
improvement of soil properties. The importance of 
lower bulk density in the soil as portrayed by the 
sawah managed plots is the improvement of soil 
aeration, tilt and better water infiltration in addition 
to unreserved root penetration.  

The total porosity also followed the trend in the 
soil bulk density (Table 3). While total porosity 
differed significantly with soil amendments in both 
first and second year of planting, it also differed 
significantly with water managements. In both 
years total porosity were always significantly 
higher in sawah managed system than in non sawah 
managed system (Table 3). The results here also 
showed the beneficial contribution of the organic 
amendments in improving the soil total porosity. 
Furthermore, sawah managed system could provide 
management strategies as to the improvement of 
soils liable to compaction and other negative 
physical properties when puddle for rice production. 
 
The influence of sawah on moisture content and 
saturated hydraulic conductivity 
While amendments showed no significant 
differences with moisture content at field capacity 
(FC) in the first year, there was non significant 
difference in the FC values in the same year (Table 
4). However, the value of FC in sawah system is 
higher when compared to non sawah. Also in the 
second year the FC did not differ significantly with 
amendments and with water managements. Again 

the trend showed that although non significant, 
relatively higher value of FC was obtained in sawah 
than in non sawah managed plot. The inference that 
could be drawn from this is that sawah managed 
plots may hold water more at the level of field 
capacity than the non sawah managed. This 
hypothesis may be exploited in the restoration of 
these soils occurring within the inland valleys of the 
agro ecological zone in the area of water 
management for sustainable production. 

In the first year just like the FC, the moisture 
content at wilting point (WP) was significant with 
amendments but not with water management. 
However, the trend was that higher average value 
was obtained in the sawah managed plots more than 
the non sawah managed plot (Table 4). In the 
second year of planting, it was significant both for 
the amendment and water management. In most 
cases the amendments improved the moisture 
content at WP while sawah water management 
improved significantly the WP (Table 4). This 
result further confirms the superiority of sawah in 
soil moisture reserve over non sawah. In these soils 
which discharge its moisture contents very quickly, 
it will be an advantage that with sawah practice, 
more moisture may be reserved at WP, than other 
practices. 

Although the saturated hydraulic conductivity 
(Ks) was not significant with water management in 
first and second years, yet the amendments were 
able to change the saturated hydraulic conductivity 
significantly (Table 4). In both year Ks was always 
nominally higher in sawah managed plots than the 
non sawah plots. This was a reflection on the earlier 
results on bulk density and total porosity of the soils. 
 
Effect of sawah and amendments on rice grain 
yield 

 1st Year 2nd Year 
Amendments Non Sawah Sawah 

 FC % WP % Ks 
(cm/h) 

FC % WP % Ks 
(cm/h) 

Mean 35.0 12.5 11.6 36.6 13.7 11.7 
LSD (0.05) NS 3.9 9.4 NS 3.9 9.4 
Non Sawah x Sawah   FC NS     
Non Sawah x Sawah  WP NS     
Non Sawah x Sawah  Ks NS     

      
 2nd Year      

Mean 35.1 12.5 13.7 37.8 15.1 15.1 
LSD (0.05) NS 4.38 9.6 NS 4.38 9.6 
Non Sawah x Sawah   FC  NS     
Non Sawah x Sawah  WP 2.04     
Non Sawah x Sawah  Ks NS     

 
NS= non-significant 

Table 4. Effect of sawah system and amendments on moisture content at field capacity (FC) and wilting point
(WP) of 0-20 cm top soil 
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Table 5 presents the effects of different water 
managements (non sawah and sawah) on the grain 
yield of rice. Generally, there were very significant 
improvements in the rice yield in the amendments 
over the non amended (CT) plots. In the first year 
of planting the rice grain yield increased 
significantly from 5.62 t/ha in the non sawah 
managed plots to 6.25 t/ha in the sawah managed 
plots. Also in the second year of planting, yield 
increased significantly from 5.32 t/ha in non sawah 
plots to 6.53 t/ha in the sawah managed plots. Thus 
there was about 11 % increase in yield in sawah 
system in the first year and a 23 % increase in yield 
in the second year of planting. It was shown here 
that the crop responded differently to the soil 
amendments, whether in sawah or in the non sawah 
plots. However, the underlying thing was that in 
both years more grain yield was obtained in sawah 
than in non sawah plots. Ofori et al. (2005) showed 
that high yield responded to good water 
management conditions in the sawah system with 
optimum input level. 

In the non sawah managed plots in the first year 
of planting, rice grain yield negatively correlated 
significantly with organic carbon (r = -0.75*) but 
positively correlated with total nitrogen (r = 0.81*). 
The reason for this may be that the higher organic 
carbon was tied down in the event of high total 
nitrogen reducing mineralization and reduction in 
the release of nutrients. During the second year of 
planting, rice grain yield positively correlated 
significantly with CEC. This observation has 
further confirmed the role sawah management plays 
in the generation of plant nutrients for higher yield 
of rice grain. Again in the first year of planting the 
variation in rice grain yield was explained by 57% 
as against the 17 % explained by CEC (Figs 1 and 
3).This situation was reversed in the second year 
when organic carbon only explained as low as 2 % 
(Fig. 2) of variation in yield while CEC explained 
52 % of the variation (Fig 4). These show that in 

the first year the effect of the OC was very well felt 
while in the second year it was the already 
mineralized OC and the nutrient reserve that 
explained the grain yield obtained. 
 
Conclusion 
From the present study the following conclusions 
can be made. The soils are loose, low in pH and 
poor in plant nutrient elements. The sawah 
managed system was able to improve the pH of the 
soil by raising the pH slightly both in the first and 
second year of planting. Essential plant nutrients 
and CEC were improved upon in sawah 
management. Sawah managed soils reduced 
significantly the soil bulk density and thereby 
increasing the soil total porosity. Rice grain yield 
increased significantly with sawah system such that 
about 11 % and 23 % yield increases were obtained 
in sawah over non sawah in the two years, 
respectively.  
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Abstract 
The green revolution of the Asian world was built on the existence of basic infrastructure such as irrigation 
facilities, fertilizer and high yielding varieties. The lessons and challenges of the green revolution have 
proved that sustainable agriculture has to go higher than the provision of these basic infrastructure. To realize 
and sustain sustainable intensification in West Africa, there is need for eco-technology that can improve 
farmers’ field in a similar way that biotechnologies have improved the varieties. Sawah rice production 
system is an eco – technique that facilitates sustainable agriculture. Sawah refers to leveled, bunded and 
puddle rice field with water inlet and outlet and may be connected to irrigation and drainage facilities if 
available. Sawah rice production system has been introduced to farmers cultivating lowlands in Nigeria and 
Ghana. This system has led to increase in rice yield from 1.4t/ha and 1.7t/ha to 5t/ha in both Nigeria and 
Ghana respectively, which has been sustained over years. This paper describes the process of the 
dissemination and adoption of sawah rice production system and how it has help in the sustainable 
management of farm resources and land for the improvement of farmers’ livelihood and achievement of food 
security. 
 
Introduction 
Rice consumption has expanded in West Africa 
(WARDA, 2000), but the financial balance of those 
countries suggest that self sufficiency in  rice 
production is more preferable (FAO, 2004). Though 
rice contributes a significant proportion of the food 
requirements of the West African population, 
production capacity is far below  national 
requirements. To meet the increasing demand, the 
importation of milled rice was used to bridge the 
gap between domestic demand and supply. A major 
reason for this trend was adduced by The Expert 
Consultation on Yield Gap and Productivity Decline 
in Rice Production by FAO which recognized that 

there is a sizable rice yield gap between attainable 
and actual farm yield. In many developing countries, 
yield of paddy rice in irrigated area is only 4 to 6 
ton per hectare, while the potential yield of modern 
rice varieties is 10 to 11 ton under tropical humid 
conditions. In Sub Sahara Africa, rice yield is even 
worse than half of the world average, and there is a 
potentiality to improve rice yield considerably. 
Increasing rice yield and production requires not 
only genetic improvements for higher yield 
potential but also better management technologies 
and systems including institutions (FAO 2000). 

Since the introduction of higher yielding Asian 
rice varieties into Africa in the 15th century and 

Figure 1a. Rudimentary/traditional sawah  practice         Figure 1b. Recommended sawah practice
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after, African rice is now grown in only about less 
than 5% of land and Asian one is planted in almost 
all parts of the continent.  But because cultivation 
method is still the traditional system, that is, 
planting rice in upland farms, the mean yield 
including irrigated rice has remained about 1.6 t/h 
in the past 30 years.  Inland valley bottoms and 
hydromorphic fringes cover about 50 million 
hectares in West Africa (Windmeijer and Andriesse 
1993), of which about 10 million hectares have 
potential for small-scale irrigated sawah based rice 
farming. 

Nigeria is the largest country  in West Africa, 
with the largest rice producing area in Africa.  
Despite the potential for rice production and 
possible exportation, the potential has not been 
transformed into actual production (Oladele and 
Sakagami 2004). Principal constraints  identified 
in past studies are poor soil fertility, poor water 
management and poor varieties. With the improved 
and research break through of IITA and WARDA, 
the constraint of poor varieties has been eliminated.  
However, the existing improved varieties need 
improved water management and soil fertility 
conditions before the expected yield can be 
realized. 

In Ghana, potential area for small-scale 
irrigated sawah in Inland Valley Watershed is 
estimated as 700,000 hectares, representing  3% of 
total land area, 1-3% of Guinea Savanna Zone and 
3-5% of Forest Zone. If flood plain, are included  
total potential area for irrigated sawah may reach up 
to one million hectares in Ghana. Applying sawah 
rice producing technology is one of the solutions 
(Wakatsuki, 2001). The Ghana government has 
constructed 22 large-scale irrigation facilities with 
rice grown as a major crop on 12 fields of them 
(Kranjac-Berisavljevic, 2001).  

Wakatsuki (2001) reported that the potential of 
Sawah based rice farming is enormous in West 
Africa in order to stimulate the long awaited  
green revolution. This is predicated on the fact that 
the agro-ecological conditions of the core region of 
West Africa are quite similar to those of 
northeastern Thailand, which is one of the rice 
center in the country. Ten to twenty million ha of 
sawah can produce additional food for more than 
300 million people in future. The sawah based rice 
farming can overcome soil fertility problems 
through the enhancement of the geological 
fertilization process, conserving water resources, 
and the high performance multi-functionality of the 
sawah type wetlands. The term sawah as shown in 
Figure 1b refers to leveled and bunded rice fields 
with inlet and outlet connecting irrigation and 
drainage. The main goal of sawah projects in West 
Africa by Japanese institutions is the development 
of sustainable production systems of the whole 
watershed, which allows intensification and 
diversification of the lowland production system 
and stabilizing improved production systems on the 
upland.  

 Fashola et al (2006) noted that the Sawah 
system offers the best option for overcoming rice 
production constraints in Nigeria because of the 
utilization of the inland valleys which are reported 
to be high in fertility and sustained and enhances 
the water management for rice production through 
pudding and the inlet and outlet canals for irrigation 
and drainage. Despite the predominance of rainfed 
agriculture in Nigeria, the Sawah system use of 
inland valleys will enhance continuous cropping 
and less distribution of the production activities 
Sawah is a multi-functional contracted wetland, 
which is a prerequisite for realizing the green 
revolutions as well as for pressing and even 
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restoring ecological environments. Becker (2001) 
reported that Sawah technique leads to high yields 
and  sustainable production irrespective of 
fertilizer use (Asbonteng, 2001).  The valley 
bottom rice development project was initiated in 
1989 to develop sustainable technologies for 
integrated soil, land and water, and crop 
management in the production of rice and other 
crops in the inland valleys. The Asian experience in 
Sawah development, which looks at not only the 
valley bottoms but also total watershed, has been 
applied in the inland valleys in Ghana. 

In Nigeria, Sawah based rice production started 
after preliminary basic research work on the 
suitability of inland valleys by Japanese researchers. 
A 1.5 ha field at Ejeti village was cultivated in 2001. 
In 2002 three individual farmers participated in 
Sawah Package program and the farmers increased 
to 14 and 18 farmers in 2003 and 2004 respectively. 
In 2005, farmers have increased to 83 with four 
groups. Similarly, there has been tremendous 
increase in the yield of farmers adopting the sawah 
package on their rice farms as shown in Figure 2. 

The 3 phases of the sawah development process 
in Ghana from 1997 till date are:  Integrated 
Watershed Management of Inland Valleys by JICA - 
CRI (1997-2001); Sawah project by SRI - Shimane 
Univ. Kinki University Japan (2002 -2004) and 
Inland Valley Rice Development Project by MOFA 
– ADB (2004 -2009) with the goal of sustainable 
rice production. Table 1 shows the trend of rice 
yield among farmers adopting Sawah rice 
production technology.  
 
Conclusion 
This paper has demonstrated that sawah rice 
production technology is improving the yields 
among farmers in Nigeria and Ghana and as well 

serving to preserve the environment. As it is 
necessary to enhance the food production base for  
food security in Nigeria and Ghana, due to future 
population increase. It is therefore important to 
explore the lowlands of the inland valleys from its 
use status.  The introduction of the rice field with 
proper field management and the water 
management can be done as described in the paper. 
It might be useful for agricultural development in 
Nigeria and Ghana to encourage such practice, and 
to derive the lesson from a follow-up survey and a 
continuous observation. 
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Abstract 
Today’s agricultural technologies may be increasing productivity, but they may also be threatening 
agricultural ecosystems. Cover crops and no-tillage practices may be effective tools for ensuring sustainable 
agriculture and eco-system service; because these soil management strategies increase soil organic matter 
and improve soil biological diversities and activities in intensively managed summer field cropping system.  
A 5 years field research in the field science research & education center, Ibaraki University, Japan, revealed 
that a combined with no-tillage system with cover cropping showed significantly high crop productivities 
and environmental advantages compare with conventional system, because these soil managements can 
maintain field rice yield response, scavenge soil residual nitrogen, improve carbon sequestration and their 
ecological functions that can be utilized to establish an optimal nitrogen cycle due to higher population and 
diversity of soil fauna organism.  
 
Key words: cover crop, carbon accumulation, soil microbe, nematode, soil fauna 
 
Introduction 
The recent use of policy by the Japanese 
Government to develop more 
environmentally-friendly farming practices and the 
growing awareness of the importance of surplus 
reduction has led to a widespread interest in organic 
farming and environmental conservation farming. 
According to recent statistical data, 75,299 farms in 
Japan were engaged in environmental conservation 
farming, accounting for 21.5 % of the total 
cropping area in the country (Sustainability 
agriculture office, 2006). Under conservation 
management, traditional agronomic methods are 
combined with modern farming techniques, and 
conventional inputs such as synthetic pesticides and 
fertilizers are excluded or reduced. Instead of 
synthetic inputs, cover crops, compost, and animal 
manure are used to build up soil fertility. Cover 
crops have particularly beneficial ecosystem service 
in a cropland, as they are instrumental in supplying 
soil organic matter, adding biological fixed nitrogen, 
scavenging soil residual nutrients, suppressing 
weeds, and breaking pest cycles （ Peet 1996; 
Sarrantonio 1998 and Magdoff 1998）． 

No-tillage system is another alternative, that 
have been increasingly used for crop production in 
the US, Europe, South America, and Asia during 
the past decade due to their significant 
environmental advantage over moldboard plow. For 
example, the area under no-tillage has been growing 

steadily all over the world, the no-tillage 
technology is now being adopted on more than 95 
million ha world wide. Approximately 47% of that 
area corresponds to South America, 39% to the 
United States and Canada, 9% to Australia and only 
3.9% to the rest of the world (DerPsch, 2007). In 
East Asian countries, including Japan and China, 
just started to adopt no-tillage farming, however, 
there are number of research regarding no-tillage 
practices have great potential to improve soil 
quality, and the combination of cover crops and 
no-tiilage practice increasecd the emvironmetntal 
benefits such as N leaching reduction, soil organic 
mater increases,soil biological diversity 
improvements (Komatsuzaki and ohta 2006). This 
research aim to evaluate the abilities of cover crops 
and tillage system to enhance the carbon 
sequestration and soil biological diversities based 
on the summarizing of a 5 years field research in 
the field science research & education center, 
Ibaraki University, Japan. 
 
Materials & Methods 
The experiments were conducted at the experiment 
farm (latitude 36 ° 1'48.31"N, longitude 
140°12'40.26"E) of Field Science Center, College 
of Agriculture, Ibaraki University, Japan from 
October, 2002 to October, 2006. The soil was a 
Humic Allophane soil (Haplic Andsolos) in Kanto 
region, Japan.The experimental design was a 
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randomized complete block design consisting 
tillage systems, cover crop species and fertilization 
level in the field rice cultivation with four 
replications. Tillage system was main plot factor, 
which include plow tillage (tillage depth was 30cm), 
rotary tillage (tillage depth was 15cm) and no-till 
(left the surface undisturbed except when cover 
crop and field rice was planted). The split plot 
factor was cover crop type, which included hairy 
vetch (Vicia villosa Roth), rye (Secale cereale L.) 
and fallow (native weeds) .The split-split plot factor 
was nitrogen fertilization level for field rice, which 
is used for summer crop, consisting 0 and 100 kg N 
ha-1. There were total 72 plots in the field, and each 
plot was 3m ×6m.  

Cover crops were seeded by hand in October, 
2002-2007 after fall tillage was practiced and cut 
down with a rotary mower and returned to field in 
April, 2003-2006. After cover crops and weeds 
were cut down, each tillage treatment was practiced 
in the plot. Field rice (Oryza sativa L. cv. 
Yumenohatamochi) was planted with a normal 
planter in the end of April, 2003-2006 and 
harvested with a combine harvester in the start of 
September, 2003-2006.The straw of the field rice 
were returned to field at the harvest. Tillage 
treatments were practiced in spring after cover 
crops and weeds were cut down and in fall after 
field rice were harvested in each year. 

Soil organic carbon (SOC) storages were 
determined the multiply the soil carbon contents in 
0-30cm depth layer and soil bulk densities at spring 
and fall in each year. Annual N2O emissions from 
soil were determined the accumulations of N2O 
emission at each 2 weeks interval measurements. 
Soil bacteria and soil fauna population were also 

determined in 2004 and 2005. 
 

Results and Discussion 
Soil carbon sequestration 
SOC in the top 0 to 30 cm in no till and rotary till 
with cover crop plots increased significantly 
compared with winter fallow plots (Figure 1). This 
result suggested that cover crop C accumulation in 
the soil would increase in short term, if it combined 
with no-till or rotary tilled managements, even in 
Andisol that shows relatively high SOC content 
initially, and difficult to increase SOC contents.   

Gu et al. (2004) examined the influence of 
cover crop species and tillage system on SOC 
content, noting that cover crops can add organic 
matter to the soil; however, SOC does not change 
due to the enhanced soil microbial decomposition 
that occurs as cover crop residue input increases in 
short term. On the other hand, many reports have 
suggested that SOC accumulation depends not only 
on cover crop residue input but also on the tillage 
system, including no-tillage treatment. Carbon 
balance in croplands is used to calculate the 
difference between the amount of organic matter 
input and the carbon loss by soil respiration and 
other losses. In Japan, high humidity and relatively 
high temperatures in the summer growing season 
enhance soil respiration which, coupled with SOC 
breakdown, results in considerable carbon loss from 
soils.  

Our results suggested that no tillage practice 
with cover crops has great abilities to enhance the 
carbon sequestration because these practices 
showed significant increase SOC storages during 5 
years.  

Soil carbon change ratios in the relation to 

Cover crop No-tillage Plow Rotary 
Fallow  0.015  0.253  0.044 

Hairy Vetch 0.363   0.007 0.528 
Rye 0.664 0.110 0.800 

 

▲ ▲ 
▲ 

▲ 

Table 1. Soil carbon change ratios in the relation to cover cropping and tillage system. Changes of Soil
carbon storage were calculated equivalent greenhouse gas effects. Soil carbon changes were determined
based on co-relationship between experimental term and soil carbon storages in 30cm soil depth layer（Mg 
CO2ha-1Year-1）.   indicate decrease soil carbon storage ratio. ▲ 

Cover crop No-tillage Plow Rotary 
Fallow 0.132 0.008 0.069 

Hairy Vetch 0.363 0.195 0.273 
Rye 0.178 0.321 0.233 

 

Table 2. Annual N2O emissions in the relation to cover cropping and tillage system. N2O emissions were 
calculated equivalent greenhouse gas effects (Mg CO2ha-1Year-1).   indicate decrease soil carbon storage 
ratio. 

▲ 
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cover cropping and tillage system were showed in 
table 1. In this table, changes of Soil carbon storage 
were calculated equivalent greenhouse gas effects 
as CO2. Rye in no-till and rotary tilled plots showed 
highest increase ratio of soil carbon storages, next 

was these tillage system with hairy vetch, and 
fallow plots showed lowest or decrease soil carbon 
storage during 5 years experiment. 

Annual N2O emissions in the relation to cover 
cropping and tillage system were also howed in 

Figure 1. Changes of soil organic carbon strages in the relation to cover cropping and tillage system
in Ibaraki, Japan. 
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Table 2. N2O emissions were calculated equivalent 
greenhouse gas effect. Cover crop plots showed 
higher N2O emission compare with fallow treatment 
in each tillage systems, and no-till also showed 
higher N2O emissions compare with plow 
treatments.  

Soil carbon storages in table 1 will be offset by 
annual N2O emission in table 2. The results of these 
calculation,  fallow plots showed negative impact 
for the mitigation of green house gas, because they 
increased of 0.015～ 0.253 ton CO2 ha-1 GHG 
emissions in all tillage systems, however, cover 
cropping showed positive impact for mitigation of 
GHG emissions because no-till with rye, rotary till 
with rye and rotary and hairy vetch reduced of 
0.486,0.567, and 0.255 tonCO2 ha-1. 
Soil ecological significance  

Cover crops can enhance SOC associated with 
soil biological diversity and their activity due to 
additional cover crop residue in the soil ．
Quantitative and qualitative changes in the 
populations of soil microorganisms may reflect 
changes in soil quality resulting from the use of 
cover crops. These changes are potentially useful as 
responsive indicators of the effects of crop and soil 
management. The different soil microbial reaction 
adopting cover crop residue at different tillage 
system, leguminous cover crops increased soil 
microbial populations in no-tillage, after cover crop 
residues inputs, however, these effects were 
moderate in rye cover crop and in all of rotary and 
plow tillage systems. On the other hands, fungi 
bioma ss showed significantly higher in no-till with 
cover crop on May and October suggesting cover 
crops with no-tillage practices make a different soil 
microbial community and structure compare with 
conventional tilled soil ecosystems.   

Cover crops and tillage systems also showed 
significant interaction for nematode population and 
pathogen nematode. Total nematode population was 
the highest no tillage with hairy vetch cover crops, 
however, populations of Heterodera spp. that was 
one of the pathogen nematode for field rice 
production were significantly lower in no tillage 
compares with plow and rotary tillage.  
Cover crops and tillage systems showed significant 
interaction for soil fauna population and species. 
Soil macro-fauna populations and species were 
significantly bigger in no-till with cover crops 
treatments, however, plow and rotary tillage 
systems with cover crop did not increased in soil 
fauna populations. The soil ecosystem for no-till 
with rye cover crop showed significant higher 
co-relationship between the population of predator 
and soil meso fauna, although these co-relationship 
was lower in the soil ecosystem for conventional 
tillage systems. These results suggested that the soil 

ecosystem in no-tilage with cover crops improve 
the soil food web structure.  

 
Conclusions 
Concern for soil management will become more 
widespread and noticeable because further increases 
in agricultural output are essential for promoting 
equity and maintaining global political and social 
stability. Soil micro- and macro organisms 
contribute a wide range of essential services to the 
sustainable function of all ecosystems by acting as 
the primary driving agents of nutrient cycling; 
regulating the dynamics of soil organic matter, soil 
carbon sequestration and greenhouse gas emission; 
modifying soil physical structure and water regimes, 
enhancing the amount and efficiency of nutrient 
acquisition by the vegetation; and by enhancing 
plant health. To meet the growing demand for and 
pressures on land and water resources, it will be 
necessary to develop and adopt eco-specific, 
eco-friendly and system-based soil management 
practices. However, for conventional agricultural 
practices, the biodiversity of above-ground is 
reduced with the intention of increasing the 
economic efficiency of the system. This impact also 
associated with biodiversity of the ecosystem. 

No-tillage with cover cropping will be a 
critical tool for improving soil ecosystem service 
increase SOC contents, maintain agriculture 
productivity, scavenging soil residual nutrients, 
especially soil fauna organism in no-till with cover 
crop showed higher population and diversity 
compared with conventional tilled soil. No-till with 
cover crops offer the opportunity to enhance soil 
quality by their influence on C and N dynamics 
associated with soil microbial and fauna activities. 
In order to maximize the potential of no-till and 
cover crops as a soil management tools, it is 
essential to obtain and utilize information that 
expands our ability to manage soil eco-systems. 
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Abstract 
Since the early 1980s the adoption of zero tillage gained momentum in the rain-fed small grains areas of the 
Western Cape, South Africa. This was combined with a switch from wheat monoculture to more complex 
crop rotation systems. These changes were driven primarily by a desire to lower mechanisation costs and to 
preserve soil moisture in this dry region. Shrinking profit margins due to the cost-income pliers squeeze 
require evaluation of changes to the existing small grains production systems. The following issues require 
in-depth investigation: 

$% An increase of the livestock component to add value to small grains and fodder produced on the farm 
$% The demand for biofuel requires an assessment of the extent to which biofuel crops can replace 

staple food crops in the crop rotation system 
The systemic, multidimensional nature of the small grains production system requires a decision support tool 
in the form of a typical-farm model that captures the interrelatedness of its soil, plant, livestock, mechanical, 
financial, economic and social dimensions. The farm model provides a framework for integrating the 
contributions of members of a multidisciplinary team. The model needs to be user-friendly to facilitate rapid 
assessment of the impact of a suggested innovation on the internal rate of return. The multi-period structure 
of the model allows for the easy changing of input and output quantity and price parameter values.  
 
Keywords 
farming systems, zero tillage, crop rotation, small grains, sustainability, profitability, climate change, biofuel 
 
Introduction 
Decreasing profitability of rain-fed wheat 
production in the semi-arid areas of South Africa 
forced producers to abandon wheat monoculture 
and ploughing and adopt crop rotation and zero 
tillage systems. Pressure on wheat prices, due to the 
classical farm problem, and decreasing soil 
productivity, due to ploughing and monoculture, 
caused wheat production drop. These factors caused 
a drop in income, while input prices rose rapidly. 
While the income-cost pliers pushed producers 
towards the lower-cost zero tillage, the slowly 
growing need for more sustainable practices to 
address damage done to soil structure, the microbial 
status and soil carbon levels, and increasing rye 
grass herbicide resistance pulled producers towards 
accepting the new paradigm. Producers who 
adapted too late went bankrupt. The survivors still 
have to seek new opportunities to improve current 
practices.  

This study focuses only on the Western Cape 
rain-fed small grains producing areas. Only four 
areas will be discussed here for the sake of brevity, 
namely the more marginal Sandveld and Rooi 

Karoo areas and the higher potential Koeberg to the 
west; and the more marginal Middle Rûens and 
higher potential Golden Ruens to the south east of 
the Western Cape. They were selected to show the 
variety of conditions in the Western Cape in terms 
of the average rainfall and rainfall distribution and 
the impact thereof on production practices, yield 
levels, income and profitability. 

The aim of this paper is to describe the use of 
typical-farm models to support a multidisciplinary 
expert group to assess the profitability and 
sustainability of crop rotation and zero tillage in 
small grain production systems and to find ways to 
improve it (Carter 1963). The use of a 
multidisciplinary expert group allows the 
investigation of the current small grain production 
systems from multiple perspectives (Linstone, 
1984), thereby enhancing insight into the 
interrelatedness of the system components and 
bringing suggestions for improvements from a pool 
of creativity and experience. The typical-farm 
model provides a coherent framework to capture the 
interrelatedness of the physical, biological and 
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social components of the farming system (Brent et 
al. 2003; Lien 2001). The real challenge lies in 
making a farm model so user-friendly that it can 
show the impact of a change in procedure and/or 
input levels suggested by the expert group on other 
components and on the profitability immediately to 
support interactive planning and enhance creative 
thinking. The farm model should thus enable the 
expert group participants to decide immediately if 
the outcome of a plan looks viable enough to pursue 
or whether it should be abandoned.  

All the small grain producing areas represented 
by the typical-farm models have to a large extent 
switched to zero tillage and crop rotation during the 
past two decades. This means that producers used 
herbicides to get rid of weeds instead of ploughing. 
Producers refrained from burning stubble-fields and 
would even leave stubble on the soil instead of 
making bales in an effort to increase the organic 
content of the soil. These changes were necessitated 
by input costs rising faster than income. The 
changes were primarily motivated by the need to 
survive financially, supported by the impression 
that the new practices were also ecologically more 
sustainable (Angus et al. 2001; Hirth et al. 2001; 
Kopke et al. 2007; Lefroy 2001). The soil structure 

improved and the soil biology and microbiological 
activity increased. Producers are often heard saying 
that the occurrence of earthworms increased 
drastically since they switched to zero tillage. 
Conservation of soil moisture in these dry areas 
meant lower yield variability and higher yields per 
hectare. An increase of the livestock carrying 
capacity was also observed. 
 Initially the adoption of zero tillage practices 
happened slowly as the majority of producers 
waited for the pioneers to illustrate the safety of the 
new system. The late adopters were scared that 
soil-borne diseases would cause major crop failures. 

The initial high cost of multipurpose planters 
discouraged many producers. Gradually more and 
more new and second-hand planters were imported 
from Canada and Australia. Local engineering firms 
adapted machinery in use or started producing 
planters at a much lower cost. Producers bought 
new, more powerful tractors required by the larger 
planters but kept most of their old machinery as a 
backup or because the second-hand machinery 
market was flooded. The result was that their fixed 
cost of mechanisation per ton of grain harvested did 
not really decrease, although the operating cost 
decreased significantly (Cole et al. 1988; Kingwell 

Table 1: Description of selected grain production areas in the Western Cape  
    

Table 2: Yield variability and expected long-term average yield per hectare 
    

Sandveld and 
Rooi Karoo

Golden 
Rûens

Middle Rûens

Climatic characteristics
■ Long -term average

annual total rainfall

■ Rainfall distribution 
(% of total in winter) 

201-300 mm

75%+ 

410-500 mm

80%+ 

301-400 mm

65% 

201-300 mm

60% 

Rooi Karoo
Koeberg

■ Long -term average
annual total rainfall

■ Rainfall distribution 
(% of total in winter) 

201-300 mm

75%+ 

201-300 mm

75%+ 

410-500 mm

80%+ 

301-400 mm

65% 

201-300 mm

60% 

Sandveld and 
Rooi Karoo

Sandveld and 
Rooi Karoo

Golden 
Rûens

Middle Rûens

Climatic characteristics
■ Long -term average

annual total rainfall

■ Rainfall distribution 
(% of total in winter) 

201-300 mm

75%+ 

201-300 mm

75%+ 

410-500 mm

80%+ 

301-400 mm

65% 

201-300 mm

60% 

Rooi Karoo
Koeberg

■ Long -term average
annual total rainfall

■ Rainfall distribution 
(% of total in winter) 

201-300 mm

75%+ 

201-300 mm

75%+ 

410-500 mm

80%+ 

301-400 mm

65% 

201-300 mm

60% 

Koeberg Golden 
Rûens

Yield variability 
(number of years out of 10)

- Good
- Average
- Poor

1
6
3

2
7
1

3
6
1

3
5
2

Expected long term average 
year per -hectare (t/ha)

- Wheat
- Barley
- Oats
- Canola
-

1.3
-

Grazing
1.0
1.3

3.7
-

Grazing
1.5
3.7

2.9
2.7
2.5
1.3
2.9

2.2
2.2
2.0
1.2
2.2

Sandveld 
and Rooi 

Karoo

Middle 
Rûens

-
-
-

1
6
3

2
7
1

3
6
1

3
5
2

-
-
-
-
-
- Tritical

1.3
-

Grazing
1.0
1.3

3.7
-

Grazing
1.5
3.7

2.9
2.7
2.5
1.3
2.9

2.2
2.2
2.0
1.2
2.2

KoebergKoeberg Golden 
Rûens
Golden 
Rûens

Yield variability 
(number of years out of 10)

- Good
- Average
- Poor

1
6
3

2
7
1

3
6
1

3
5
2

Expected long term average 
year per -hectare (t/ha)

- Wheat
- Barley
- Oats
- Canola
-

1.3
-

Grazing
1.0
1.3

3.7
-

Grazing
1.5
3.7

2.9
2.7
2.5
1.3
2.9

2.2
2.2
2.0
1.2
2.2

Sandveld 
and Rooi 

Karoo

Sandveld 
and Rooi 

Karoo

Middle 
Rûens
Middle 
Rûens

-
-
-

1
6
3

2
7
1

3
6
1

3
5
2

-
-
-
-
-
- Tritical

1.3
-

Grazing
1.0
1.3

3.7
-

Grazing
1.5
3.7

2.9
2.7
2.5
1.3
2.9

2.2
2.2
2.0
1.2
2.2
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1996) 
The typical-farm models were constructed to 

simulate the generally practiced tillage and crop 
rotation systems in order to compare the financial 
outcomes of proposed innovations with the status 
quo (Bell et al. 2007; Hoffmann 2001; McCown 
2001; Peterson 1994). The farm model structure was 
developed in such a way that it allows for rapid 
changes of values for income, costs and technical 
parameters to determine the financial impact of a 
suggestion by the expert group. In this way they 
could determine almost immediately whether a 
particular plan was worthwhile exploring further, 
thereby avoiding energy spent on nonviable plans in 
order to save creativity for the more promising plans. 
The adaptability of the model structure and 
parameter values determines its user friendliness for 
interactive planning (Robson 1994). The structure of 
the farm models to support the interactive planning 
sessions of the multidisciplinary groups is discussed 
below. 
 
Materials and methods 
1) Description of the physical-climatological 
characteristics of the various small grain 
producing areas 
Table 1 describes the rainfall of the various rain-fed 
small grain producing areas of the Western Cape. 

Table 2 shows how these relative dry conditions 
translate into yield variability (number of good, 
medium and poor crops out of ten years) and the 
expected long-term average yield (tons per hectare) 
for each crop. 
 
2) Description of farm model structure 
Figure 1 shows the broad structure of the 
typical-farm model. The farm model captures the 
following components of the typical small grain 
producing farm.  
The model aims to capture the physical-biological 
nature of the farming area in terms of the extent of 
the farm, the production potential of the area per 
selected crop, and the sequence (see Tables 3 and 4) 
and interrelatedness of the various crops in the 
rotation system by means of a multi-period budget. 
The sequence of crops in the crop rotation system is 
determined by the following considerations: 

$% To benefit from nitrogen fixing by the 
previous crop (e.g. wheat following lucerne 
or lupins) 

$% To benefit from a reduction of soil 
pathogens during the previous crop (e.g. 
wheat following canola) 

$% To benefit from killing broadleaf weeds 
during a grain phase with selective 
herbicides (e.g. canola following wheat) 

    

Finance: Own vs. Borrowed 
capital ratio. Liabilities

Management: Inputs, 
finance, labour, overhead 

expenses

Wheat Canola Barley Oats Lupines Pastures

Whole farm cash inflow, cash outflow, 
cash balance

Profitability evaluation criteria: 
Gross margin, IRR, break-even time

Capital requirements: land, 
fixed improvements and 

movables

Farm: land availability, -ownership and -use

     

Figure 1. Structure of the typical-farm model

Finance: Own vs. Borrowed 
capital ratio. Liabilities

Management: Inputs, 
finance, labour, overhead 

expenses

Wheat Canola Barley Oats Lupines Pastures

Whole farm cash inflow, cash outflow, 
cash balance

Profitability evaluation criteria: 
Gross margin, IRR, break-even time

Capital requirements: land, 
fixed improvements and 

movables

Farm: land availability, -ownership and -use

     

Finance: Own vs. Borrowed 
capital ratio. Liabilities

Management: Inputs, 
finance, labour, overhead 

expenses

Wheat Canola Barley Oats Lupines Pastures

Whole farm cash inflow, cash outflow, 
cash balance

Profitability evaluation criteria: 
Gross margin, IRR, break-even time

Capital requirements: land, 
fixed improvements and 

movables

Farm: land availability, -ownership and -use

     

Figure 1. Structure of the typical-farm model
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$% To benefit from killing grasses during a 
broadleaf crop with selective herbicides 
(e.g. wheat following canola) 

The following parameters in the model allow the 
rapid changing of their values to determine the 
financial impact on farm profitability: 

$% Physical parameters: land availability, land 
ownership, land use, such as the extent and 
percentage of arable land 

$% Prices: land, machinery, inputs, products 
・ Quantities: inputs (seeding density, 

fertilisation levels, chemicals), yields, 
carrying capacity of livestock, labour, farm 
size and ownership (own vs rented land) 

The type and number of cultivations 
(determined by tractor and implement size) 
can be selected.  

$% Types and sizes of machinery and 
equipment (database of various sizes of 
tractors, harvesters and equipment is 
available and allows for the easy selection 
of items) 

$% External financial parameters: water levies 
on water for livestock and crop protection 
sprays, interest rates, handling fees at silos 

 

 Year Rotation system 1 Rotation system 2 Rotation system 3  IRR 
before 

IRR
after 

 (80%)* (10%)* (10%)*
1 Wheat? Triticale Wheat?  Triticale Oats (grazing) 
2 Fallow (grazing) Wheat?  Triticale Oats (grazing) 
3 Wheat Wheat?  Triticale Oats (grazing) 

Sandveld 
& Rooi 
Karoo 

4 Fallow (grazing) Wheat?  Triticale Oats (grazing) 

5.41% 5.06
% 

Year (5%) (65%) (30%) 
1 Wheat Wheat Wheat
2 Canola Medics Wheat?  Triticale 
3 Wheat?  Triticale Wheat Canola
4 Lupins Medics Wheat?  Triticale 
5 Wheat Wheat Oats
6 Canola Wheat Wheat
7 Wheat?  Triticale Medics Wheat?  Triticale 
8 Lupins Wheat Canola
9 Wheat Medics Wheat?  Triticale 

Koeberg 

10 Canola Wheat Oats

14.13
% 

14.73
% 

Year (20%) (40%) (40%)   
1 - 6 Lucern Lucern Lucern 

7 Wheat Wheat Wheat
8 Barley?  Triticale Barley Barley
9 Canola Barley Canola
10 Wheat Canola Wheat?  Triticale 
11 Barley/Lucern  Wheat?  Triticale Barley
12  Barley Lupins
13  Oats/Lucern Wheat?  Triticale 

Golden 
Rûens 

14  Barley/Lucern 

9.52% 10.57
% 

Year (20%) (40%) (40%) 
1 - 5 Lucern Lucern Lucern

6 Lucern Lucern Wheat
7 Oats Wheat Barley
8 Wheat Barley?  Triticale Canola
9 Oats Canola Wheat?  Triticale 
10 Wheat?  Triticale Wheat Barley
11 Barley Barley Canola/Lucern 

Middle 
Rûens: 

12 Triticale/Lucern Barley/Lucern

8.06% 9.32
% 

 

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

 Year Rotation system 1 Rotation system 2 Rotation system 3  IRR 
before 

IRR
after 

 (80%)* (10%)* (10%)*
1 Wheat? Triticale Wheat?  Triticale Oats (grazing) 
2 Fallow (grazing) Wheat?  Triticale Oats (grazing) 
3 Wheat Wheat?  Triticale Oats (grazing) 

Sandveld 
& Rooi 
Karoo 

4 Fallow (grazing) Wheat?  Triticale Oats (grazing) 

5.41% 5.06
% 

Year (5%) (65%) (30%) 
1 Wheat Wheat Wheat
2 Canola Medics Wheat?  Triticale 
3 Wheat?  Triticale Wheat Canola
4 Lupins Medics Wheat?  Triticale 
5 Wheat Wheat Oats
6 Canola Wheat Wheat
7 Wheat?  Triticale Medics Wheat?  Triticale 
8 Lupins Wheat Canola
9 Wheat Medics Wheat?  Triticale 

Koeberg 

10 Canola Wheat Oats

14.13
% 

14.73
% 

Year (20%) (40%) (40%)   
1 - 6 Lucern Lucern Lucern 

7 Wheat Wheat Wheat
8 Barley?  Triticale Barley Barley
9 Canola Barley Canola
10 Wheat Canola Wheat?  Triticale 
11 Barley/Lucern  Wheat?  Triticale Barley
12  Barley Lupins
13  Oats/Lucern Wheat?  Triticale 

Golden 
Rûens 

14  Barley/Lucern 

9.52% 10.57
% 

Year (20%) (40%) (40%) 
1 - 5 Lucern Lucern Lucern

6 Lucern Lucern Wheat
7 Oats Wheat Barley
8 Wheat Barley?  Triticale Canola
9 Oats Canola Wheat?  Triticale 
10 Wheat?  Triticale Wheat Barley
11 Barley Barley Canola/Lucern 

Middle 
Rûens: 

12 Triticale/Lucern Barley/Lucern

8.06% 9.32
% 

 

→→

→→

→→

→→

→→

→→

→→

→→

→→

→→

→→

→→

→→

→→

→→

→→

→→

→→

Table 3.  Typical crop rotation systems used in the Western Cape production  

Note: * Indicates the percentage of total cultivated land on the typical farm 
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$% The crop rotation system: crops or the 
sequence of crops 

$% Age and replacement schedule of 
machinery  

The following financial criteria are used to express 

the financial impact of a proposed strategy: 
$% Gross margins per ha and per enterprise 

allow comparison of the profitability of 
various enterprises. The gross margin for 
the whole farm indicates the margin above 

 Year Rotation system 
1  

Rotation 
system 2  

Rotation system 
3  

Change in 
machinery capital 

requirements 

IRR 
 

 (80%)* (10%)* (10%)*
1 Wheat? Oats (graze) Wheat Oats (graze) 

2 Fallow (graze) Wheat Oats (graze)
3 Wheat Wheat Oats (graze)

Sand-v
eld & 
Rooi 
Karoo 

4 Fallow (graze) Wheat Oats (graze) 

Machinery total 
R1,42?  R1,42m 
Harvesters 
Keep the same 
Tractors 
Replace a 75 kW 
with a 65 kW 
Number of SSU 
959 ?  1343 

5.41%
before

? 

6.49%

after 

Year (5%) (65%) (30%) 
1 Wheat? Oats (graze) Wheat Wheat 
2 Canola Medics Wheat? Oats (graze)
3 Wheat Wheat Canola
4 Lupins Medics Wheat
5 Wheat? Oats (graze) Wheat Oats 
6 Canola Wheat Wheat
7 Wheat? Oats (graze) Medics Wheat? Oats (graze)
8 Lupins Wheat Canola
9 Wheat? Oats (graze) Medics Wheat 

Koe-be
rg: 

10 Canola Wheat Oats

Machinery total 
R2,6 m?  R2,48 m 
Harvesters 
Keep 124 kW 
Replace 175 kW 
with 124 kW 
Tractors 
Replace 120 kW 
with 75 kW 
Number of SSU 

1326 ?  1679 

14.13
% 

before

? 

13.42
% 

after 

Year (20%) (40%) (40%)   
1 - 6 Lucern Lucern Lucern

7 Wheat Wheat Wheat
8 Barley Barley Barley
9 Canola Barley Canola

10 Wheat Canola Wheat
11 Barley/Lucern Wheat Barley
12 Barley Lupins
13  Oats/Lucern?

Oats (graze) 
Wheat 

Golden 
Rûens: 

14   Barley/Lucern? Oats 
(graze) 

Machinery total 
R7.16 m?  R6.99 
m 
Harvesters 
Keep 201k W 
Replace 201 kW 
with 75 kW 
Tractors 
Replace 100 kW 
with 75 kW 
Number of SSU 
3735 ?  3988 

9.52%
before

? 

9.57%

after 

Year (20%) (40%) (40%) 
1 - 5 Lucern Lucern Lucern

6 Lucern Lucern Wheat
7 Oats ?  Oats (graze) Wheat Barley
8 Wheat Barley Canola
9 Oats? Oats (graze) Canola Wheat 

10 Wheat Wheat Barley
11 Barley Barley Canola/Lucern

Middle 
Rûens: 

12 Triticale/Lucern?  
Oats (graze) 

Barley/Lucern  

Machinery total 
R3.18m?  R2.97m 
Harvesters 
Keep 124 kW 
Replace 175 kW 
with 124 kW 
Tractors 
Replace 78 kW 
with 60 kW 
Number of SSU 
2689 ?  2970 

8.06%
before

? 

8.73%

after 

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→

→→

 Year Rotation system 
1  

Rotation 
system 2  

Rotation system 
3  

Change in 
machinery capital 

requirements 

IRR 
 

 (80%)* (10%)* (10%)*
1 Wheat? Oats (graze) Wheat Oats (graze) 

2 Fallow (graze) Wheat Oats (graze)
3 Wheat Wheat Oats (graze)

Sand-v
eld & 
Rooi 
Karoo 

4 Fallow (graze) Wheat Oats (graze) 

Machinery total 
R1,42?  R1,42m 
Harvesters 
Keep the same 
Tractors 
Replace a 75 kW 
with a 65 kW 
Number of SSU 
959 ?  1343 

5.41%
before

? 

6.49%

after 

Year (5%) (65%) (30%) 
1 Wheat? Oats (graze) Wheat Wheat 
2 Canola Medics Wheat? Oats (graze)
3 Wheat Wheat Canola
4 Lupins Medics Wheat
5 Wheat? Oats (graze) Wheat Oats 
6 Canola Wheat Wheat
7 Wheat? Oats (graze) Medics Wheat? Oats (graze)
8 Lupins Wheat Canola
9 Wheat? Oats (graze) Medics Wheat 

Koe-be
rg: 

10 Canola Wheat Oats

Machinery total 
R2,6 m?  R2,48 m 
Harvesters 
Keep 124 kW 
Replace 175 kW 
with 124 kW 
Tractors 
Replace 120 kW 
with 75 kW 
Number of SSU 

1326 ?  1679 

14.13
% 

before

? 

13.42
% 

after 

Year (20%) (40%) (40%)   
1 - 6 Lucern Lucern Lucern

7 Wheat Wheat Wheat
8 Barley Barley Barley
9 Canola Barley Canola

10 Wheat Canola Wheat
11 Barley/Lucern Wheat Barley
12 Barley Lupins
13  Oats/Lucern?

Oats (graze) 
Wheat 

Golden 
Rûens: 

14   Barley/Lucern? Oats 
(graze) 

Machinery total 
R7.16 m?  R6.99 
m 
Harvesters 
Keep 201k W 
Replace 201 kW 
with 75 kW 
Tractors 
Replace 100 kW 
with 75 kW 
Number of SSU 
3735 ?  3988 

9.52%
before

? 

9.57%

after 

Year (20%) (40%) (40%) 
1 - 5 Lucern Lucern Lucern

6 Lucern Lucern Wheat
7 Oats ?  Oats (graze) Wheat Barley
8 Wheat Barley Canola
9 Oats? Oats (graze) Canola Wheat 

10 Wheat Wheat Barley
11 Barley Barley Canola/Lucern

Middle 
Rûens: 

12 Triticale/Lucern?  
Oats (graze) 

Barley/Lucern  

Machinery total 
R3.18m?  R2.97m 
Harvesters 
Keep 124 kW 
Replace 175 kW 
with 124 kW 
Tractors 
Replace 78 kW 
with 60 kW 
Number of SSU 
2689 ?  2970 

8.06%
before

? 

8.73%

after 
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 Year Rotation system 
1  

Rotation 
system 2  

Rotation system 
3  

Change in 
machinery capital 

requirements 

IRR 
 

 (80%)* (10%)* (10%)*
1 Wheat? Oats (graze) Wheat Oats (graze) 

2 Fallow (graze) Wheat Oats (graze)
3 Wheat Wheat Oats (graze)

Sand-v
eld & 
Rooi 
Karoo 

4 Fallow (graze) Wheat Oats (graze) 

Machinery total 
R1,42?  R1,42m 
Harvesters 
Keep the same 
Tractors 
Replace a 75 kW 
with a 65 kW 
Number of SSU 
959 ?  1343 

5.41%
before

? 

6.49%

after 

Year (5%) (65%) (30%) 
1 Wheat? Oats (graze) Wheat Wheat 
2 Canola Medics Wheat? Oats (graze)
3 Wheat Wheat Canola
4 Lupins Medics Wheat
5 Wheat? Oats (graze) Wheat Oats 
6 Canola Wheat Wheat
7 Wheat? Oats (graze) Medics Wheat? Oats (graze)
8 Lupins Wheat Canola
9 Wheat? Oats (graze) Medics Wheat 

Koe-be
rg: 

10 Canola Wheat Oats

Machinery total 
R2,6 m?  R2,48 m 
Harvesters 
Keep 124 kW 
Replace 175 kW 
with 124 kW 
Tractors 
Replace 120 kW 
with 75 kW 
Number of SSU 

1326 ?  1679 

14.13
% 

before

? 

13.42
% 

after 

Year (20%) (40%) (40%)   
1 - 6 Lucern Lucern Lucern

7 Wheat Wheat Wheat
8 Barley Barley Barley
9 Canola Barley Canola

10 Wheat Canola Wheat
11 Barley/Lucern Wheat Barley
12 Barley Lupins
13  Oats/Lucern?

Oats (graze) 
Wheat 

Golden 
Rûens: 

14   Barley/Lucern? Oats 
(graze) 

Machinery total 
R7.16 m?  R6.99 
m 
Harvesters 
Keep 201k W 
Replace 201 kW 
with 75 kW 
Tractors 
Replace 100 kW 
with 75 kW 
Number of SSU 
3735 ?  3988 

9.52%
before

? 

9.57%

after 

Year (20%) (40%) (40%) 
1 - 5 Lucern Lucern Lucern

6 Lucern Lucern Wheat
7 Oats ?  Oats (graze) Wheat Barley
8 Wheat Barley Canola
9 Oats? Oats (graze) Canola Wheat 

10 Wheat Wheat Barley
11 Barley Barley Canola/Lucern

Middle 
Rûens: 

12 Triticale/Lucern?  
Oats (graze) 

Barley/Lucern  

Machinery total 
R3.18m?  R2.97m 
Harvesters 
Keep 124 kW 
Replace 175 kW 
with 124 kW 
Tractors 
Replace 78 kW 
with 60 kW 
Number of SSU 
2689 ?  2970 

8.06%
before

? 

8.73%

after 
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Table 4. Typical crop rotation systems used in the Western Cape production areas 

Note: * Indicates the percentage of total cultivated land on the typical farm 
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total variable costs. 
$% Net farm income indicates the return on all 

farming activities after allowing for 
variable and fixed costs and it allows the 
direct comparison of farms. 

$% IRR indicates profitability in terms of 
return on internal investment and takes all 
investment and cash flow into account. It 
incorporates the time value of money and 
allows comparison of the profitability of 
small grain farms with various crop rotation 
cycle lengths. 

 
Results 
1) Application of the farm model to determine 
the viability of small grain production for 
ethanol 
The model was used to determine the financial 
viability of allocating some 20 percent of arable 
land currently used for small grains and canola 
production to the production of triticale as 
feedstock for bio-ethanol production. The amount 
of land made available for biofuel purposes is 
restricted for food security reasons. The triticale 
price was derived from the current petrol price. 
Table 3 shows more than one crop rotation system 
used per typical farm per production area, 
necessitated by richer or poorer soils on the farm. It 
shows which rotation system is adapted and where 
in the crop rotation wheat was replaced by triticale. 
The table also indicates whether the partial switch 
to triticale production delivers a higher profit or not. 
Only the Sandveld area shows a lower IRR as 
wheat performs better in the drier areas; for the 
other areas the IRR of the triticale option is slightly 
higher.  
 
2) Elimination of underutilised machinery 
capacity and increase of livestock 
The indivisibility of large capital items such as 
combine harvesters and tractors often causes some 
of these items to be underutilised. Nearby farm land 
is often too expensive or not available so that farm 
size can be increased in order to utilise these items 
to their full capacity. The typical-farm model was 
used to compare a situation where underutilised 
machinery capacity exists with a situation where 
full use of available machinery capacity exists after 
replacing underutilised machinery with machinery 
with more appropriate capacity and a lower running 
cost. Some land previously used for grain 
production but now not being used due to the new 
smaller harvester, is then used to produce oats for 
grazing to increase livestock production. Table 4 
shows where wheat as a cash crop in crop rotation 
is replaced by oats for grazing, allowing the number 
of small stock units (SSU) to increase. The 

reduction in machinery capacity (expressed in kW) 
and lower capital investment is shown in the 
column Change in machinery capital requirements. 
The impact of the structural change on the IRR 
shows mixed results. The real impact will depend 
largely on the actual level of underutilisation of 
machinery.  
 
Discussion and Conclusion 
Shrinking profit margins due to the cost-income 
pliers demand regular investigation of possible 
strategies to increase the efficiency and 
effectiveness of small grain production systems in 
the relatively dry, lower-potential Western Cape 
Province of South Africa. A typical-farm model was 
constructed to determine the financial outcome of 
proposed strategies to attain financial and 
ecological sustainability. Existing crop rotation and 
zero tillage systems contain complex input-output 
relationships which can only be captured by a fairly 
sophisticated typical-farm model. The model allows 
rapid changes of values of a wide variety of 
technical and financial parameters to facilitate 
effective interactive planning by a multidisciplinary 
expert group. Experience showed that the creativity 
of an expert group is severely inhibited if the model 
does not allow for easy adaptation of relevant 
parameters. 
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Abstract 

Agricultural practice is assumed to be one of the major sources of greenhouse gas emissions, particularly of 

N2O and CH4.  In terms of CO2-equivalents, the biogenic GHG emissions from animal husbandry in the EU 

are composed of 79% CH4 and 21%N2O (Freibauer, 2003). Livestock production contributes to methane 

through enteric fermentation and during manure decomposition in animal houses. Countries having ratified 

the United Nations Framework Convention on Climate Change (UNFCCC 1997) have committed 

themselves to annually report their GHG emissions. At present, the lack of reliable information upon the 

distribution of animal house types among the livestock categories and regions represents one of the greatest 

challenges for assessing greenhouse gases form manure. 

This work discusses the role of farmed livestock as a direct source of methane in regionalised areas of 

the Basque Country following the methodology described in the 2006 IPPC Guidelines for National 

Greenhouse Gas Inventories.  

The decrease in CH4 emissions from the enteric fermentation was mainly due to the lower dairy cattle 

units, which is the factor that has also influenced CH4 emissions from manure storage, as no significant 

changes have taken place in the period considered. 

 

Keywords: enteric fermentation, farming, climate change, manure management. 

 

Introduction 

The agricultural sector contributes about 45 to 50% 

of the total anthropogenic emissions of CH4 

(Mosier et al 1998). The total CH4 emission from 

ruminants, which is the largest single source, is 

estimated at 80-115 Tg yr
-1

, from waste treatment at 

14-25 Tg yr
-1

 (IPCC, 2001). 

Enteric fermentation produces CH4 as a by-

product of feed digestion by animals when 

carbohydrates are broken down to simple molecules 

for absorption. The amount of CH4 released 

depends on the species, age, weight, quality and 

quantity of feed (Lassey, 2007). Ruminant livestock 

are major sources of methane in comparison to non-

ruminant livestock. Also, CH4 emissions take place 

during manure management, depending on 

conditions for storage. 

A detailed approach, as well as continuous 

measurements during long-term investigations are 

required to get reliable and reproducible data on the 

different steps of the production system. 

Nevertheless, quantification of emission ranges is a 

labour demanding and costly task, thus, for a first 

approach, estimations of CH4 emissions following 

Tier 1 approach have been carried out for the most 

significant categories in order to identify those parts 

of the system where mitigation options should be 

considered.  

This work describes the contribution of the 

main livestock categories in the Basque Country as 

a direct source of methane via enteric fermentation 

and manure management.  

 

Materials and Methods 

Countries that ratified the UNFCC agreed to report 

annually their emission inventory following 

guidelines promulgated by IPCC. In the case of 

methane emissions, compilation of data require 

information on enteric fermentation and manure 

management for the animal categories identified. 

The level of detail used in this work corresponds to 

Tier 1. This approach calculates the emission from 

a specific animal category by applying a fixed EF 

for which default values are tabulated for enteric 

fermentation (IPCC, 2006, Tables 10.10 and 10.11) 

and for manure management (IPCC 2006, Tables 

10.14-10.16). 

Methane emissions from manure management 

are mainly related to the amount of manure 

produced and the portion that decomposes 

anaerobically, which depends on how the manure is 

managed. In this study, the slurry systems used and 

the amount of nitrogen excreted are estimated by 

expert judgement on a regional basis. 

Following the basic characterisation for livestock 

populations, dairy cattle, beef, other cows (calves, 

replacement dairy heifers and other mature cattle, as 

bulls used for breeding purposes) and  sheep, swine 

and poultry were identified as relevant to the 

Basque Country. 

Calculations were made for years 1990 and 

2006. Sources of data for this analysis were as 

follows: climate (www.euskadi.net), livestock data 

were taken from the national statistical services 
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(www.mapa.es). The GHG emissions from the

Basque Country were quantified by a spreadsheet

model with a spatial resolution at NUTS 3-NUTS 3

level. This regional division corresponded to three

different provinces in the Basque Country: Alava,

Bizkaia and Gipuzkoa. These regions differ mainly

in climate and land available for agricultural

production. Thus, Bizkaia and Gipuzkoa present a

mountainous orography together with an

historically parcelled rural in an oceanic climate,

while Alava, which is located in the

Atlantic/Mediterranean transition area, counts with

a higher agricultural surface dedicated to crops, as

cereals, among which maize is usually grown by

farmers for livestock feeding purposes. As a

consequence of differences in land available for

agricultural production, feeding systems also differ

among provinces. In this sense, Arriaga (2007)

described feeding systems used in each province,

concluding that Alava presented a higher proportion

of TMR (total mixed ration) with respect to Bizkaia

and Gipuzkoa. These latter presented a higher

proportion of wet purchased complete feed due to

the lack of land dedicated to crop production.

Results

Hens, other cattle, cattle (non dairy) and sheep were

the major animal groups in the Basque Country in

2006, with a population of 1689205, 73752, 51079

and 354484, respectively. Nevertheless, the  highest

emission from enteric fermentation and manure

storage corresponded to dairy cattle, with a

population of 29054 (Table 1).

Over the period 1990-2006, sheep and non

dairy cattle populations increased by 32 and 68%,

while hens and dairy cattle populations decreased

by 13 and 58% respectively. This decrease was due

to the fact that CAP introduced measures to limit

agricultural productions in order to reduce surpluses.

Thus, in Europe dairy cattle declined by 31%

(Vergé et al., 2007). In spite of this, CH4 due to

enteric fermentation was higher in the case of dairy

cattle than for the other high population categories

described (sheep, hens and non-dairy cattle), with

3.52 Gg CH4 yr
-1

, having decreased from 8.42 Gg

CH4 yr
-1 

in 1990. Alava was the province that

registered the lowest CH4 reduction with respect to

1990, with 36% decrease in comparison to 55 and

67% decrease in Gipuzkoa and Bizkaia respectively.

IPCC Guidelines distinguish emissions from

manure management as a function of the system

that is used and the temperature. To this respect, the

highest CH4 emissions belong to hens, due to the

high number of units, followed by dairy cattle, with

1.23 and 0.77 Gg CH4 yr
-1

respectively.

                 Table 1. CH4 emissions (Gg CH4 yr
-1

) from livestock categories in each province

1990 2006

Manure management

Alava Bizkaia Gipuzkoa Alava Bizkaia Gipuzkoa

Dairy cows 0.24 0.85 0.77 0.15 0.28 0.35

Beef 0.06 0.1 0.08 0.11 0.15 0.13

Other cattle 0.09 0.27 0.26 0.12 0.23 0.27

Sheep 0.02 0.01 0.02 0.02 0.02 0.03

Goat 0.001 0.002 0.001 0.001 0.002 0.001

Hens 0.01 0.67 0.61 0.01 0.55 0.67

Swine 0.22 0.07 0.11 0.12 0.05 0.09

Total 0.63 1.97 1.86 0.53 1.28 1.53

1990 2006

Enteric fermentation

Alava Bizkaia Gipuzkoa Alava Bizkaia Gipuzkoa

Dairy cows 1.14 3.81 3.46 0.72 1.24 1.55

Beef 0.45 0.71 0.58 0.89 1.10 0.92

Other cattle 0.73 1.93 1.84 0.99 1.65 1.89

Sheep 0.72 0.44 0.98 0.68 0.70 1.45

Goat 0.04 0.06 0.02 0.02 0.09 0.03

Swine 0.04 0.01 0.02 0.02 0.01 0.01

Total 3.12 6.96 6.90 3.33 4.78 5.87
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A) 1990 B) 2006

       
  Figure 1. CH4 emissions derived from enteric fermentation in 1990 (A) and 2006 (B) respectively.

A) 1990 B) 2006

      
  Figure 2. CH4 emissions derived from manure management in 1990 (A) and 2006 (B) respectively.

Figures 1 and 2 show the distribution of CH4

emissions due to each animal category considered

for years 1990 and 2006 in relation to enteric

fermentation (Figure 1) and manure management

(Figure 2). Higher values of CH4 emission were

found for enteric fermentation than for manure

management (Table 1), suggesting an important

contribution of ruminant livestock.

Bizkaia was the province with the highest

emissions from enteric fermentation and manure

management in 1990 (Figures 1 and 2), while in

2006 the highest emissions took place in Gipuzkoa.

Alava kept a constant emission rate, being the

lowest in both years due to the significantly lower

number of dairy cattle (data not shown).

Discussion and Conclusion

Farmed ruminant livestock are the largest single

source of methane to the atmosphere. Besides, the

high rate of CH4 emissions for dairy cattle is related

to the fact that most of the manure is stored in pits

and that limited cropland is available for spreading

manure. The emission factor considered in this case

was the highest one, due to the average milk

production yield of dairy cattle in the CAPV, with

7339 kg head
-1

(Eustat, 2005). Similarly, an

important emission factor was the one

corresponding to swine, ranging from 10 to 11

depending on temperature. The emission factor

from hens is one of the lowest, being a lower source

of CH4 than the liquid handling in the case of dairy

cattle and swine, so little opportunities exist to

decrease their contribution to CH4 emission, apart

from decreasing the number of heads. Nevertheless,

in the case of dairy cattle, whose contribution is

larger from enteric fermentation, there is some

chance to decrease the emission from manure

management, e.g. taking into account the links

between crop and livestock production. Other

techniques as solid/liquid separation processes or

anaerobic digestion to produce biogas could

be considered when reducing CH4 emissions from

manure management.
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Abstract

The objectives of this study were to answer two questions. 1) Can inter-seeded wheat (Triticum spp.) as

living mulch (LM) reduce the incidence of soybean dwarf disease (SbD)? 2) How does the living mulch

disturb the transmission of soybean dwarf disease virus (SbDV)? This study consisted of the field experiment

and the pot experiment. The field experiment was practiced in total 16 times in 5 sites from 2004 to 2007 to

evaluate the effect of (LM) on SbD incidence of soybean (Glycine max (L.) Merri). The treatments consisted

of LM and control (C: single cropped soybean). In the pot experiment, soybean seedling exposed to aphid for

30 days in June2007. The treatments consisted of three patterns of wheat and soybean pots placement; 1)

LM; soybean and wheat, 2) LM-H; in which pots of wheat was located 3cm higher than soybean pots, 3)

LM-L; pots of wheat was located 3cm lower than soybean pots, and 4) control (C); soybean and bare soil pot.

In the field experiment, SbD incidence in LM was significantly reduced compared with C. In the pot

experiment, SbD incidence was 2.2% in LM and 10.5 % in C. In the pot experiment, SbD incidence in LM-L

was 8.6% and was equal to four times of that in LM. These results suggested that the wheat LM reduced SbD

incidence and barrier of LM disturbed the transmission of SbDV.

Keywords: barrier crop, foxglove aphid, living mulch, soybean dwarf disease,   

Introduction

Soybean dwarf disease (SbD), one of the important

diseases in soybean (Glycine max (L.) Merri),

causes a serious loss in soybean yield. The

symptoms in infected soybean plants in field are

dwarfing, yellow leaf and rugose (Tamada, 1975).

This disease is reduced pod number of soybean.

The percentage of infected plants in early growth

stage correlates with the degree of yield reduction

(Furukawa, 2000; Watanabe et. al., 2006). Soybean

dwarf disease virus (SbDV) is transmitted by

winged foxglove aphid (Aulacrthum solani

(Kaltenbach)). Honda (2001) reported that the peak

of winged foxglove aphid arrival was from late

May to June in Hokkaido.

The cover crop including living mulch (LM) has

the potential to maintain and improve soil quality,

suppress weeds and reduce the incidence of insect

pest. Andow (1991) suggested that the increased

plant structural complexity inherent in diversified

cropping systems may interfere with parasitoid

host-finding. Moreover, effects of barrier crop on

the entry of noxious insect were evaluated in field

experiment.  Soybean damage by lepidopterous

pod borers (Osakabe and Honda, 2002) and

cabbage damages by moth and aphid (Akaike et. al.,

2004) were reduced by maize barrier.

In soybean production, introducing of winter

wheat and barley as LM was already investigated,

and weed suppression by LM has been reported

(Kobayashi et. al., 2004; Miura et. al., 2005; Tsuji et.

al., 2005). The focus of this study was the effect of

wheat LM on SbD. The objectives of this study

were to answer two questions. 1) Can inter seeded

living mulch wheat reduce SbD incidence? 2) How

does the LM disturb the transmission of SbDV?  

Materials and methods

This study consisted of the field experiment and the

pot experiment. The field experiment was

conducted in five sites in Hokkaido from 2004 to

2007 to evaluate the effect of LM on SbD incidence

on soybean.  The field experiment was practiced in

total 16 times (Table 1). In the pot experiment,

soybean grown in pots were exposed to aphid for 30

days in 2007 June.

1. Field experiment.  The field experiment was

conducted at three experimental fields at National

Agricultural Research Center for Hokkaido Region,

located at Sapporo (43
o
 0’ N, 141

 o
 25’ E), Bibai

(43
o
 20’ N, 141

o
 49’ E) and Memuro (42

o
 53’ N,

143
 o

 4’ E), and at two farmers’ fields located at

Kurisawa (43
o
 5’ N, 141

o
 42’ E) and Kitamura (43

o

11’ N, 141
o
 38’ E). The experimental design was

randomized block with 3 replicates in each site.

Each block consisted of LM treatment which wheat

(cv. Hokushin) was inter-seeded with soybean (cv.

Yukihomare) and control (C; single cropped

soybean).
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Table 1  Site, date of seeding and the number of plants for the investigation of SbD occurrence in the field experiment.

Experiment 

Year Site Time(s)     Date of seeding

2004 Bibai 2 13th May 2nd June 300

Kurisawa 1 29th May 300

Sapporo 1 4th June 300

2005 Bibai 2 13th May 1st June 600

Sapporo 2 3rd June 7th June 300

Memuro 1 26 th May 300

Kitamura 1 27th May 300

2006 Bibai 1 2nd June 900

Sapporo 3 25th May 4th June 12th June 300

2007 Sapporo 2 25th May 4th June 300

The number of plants for the

investigation of SbD occurrence

   Soybean and wheat was seeded on same date

from mid May to mid June (Table 1). Soybean was

seeded in rows (0.6 m of inter-row distance with

approximately 25 plants m
-2

). In LM treatment plots,

8 g m
-2 

wheat seed was broadcasted before soil

preparation, and incorporated into soil with rotary

tiller. SbD incidences were investigated at maturity

stage in the field experiment. The number of plants

occurred SbD was counted from 300 to 900 plants

in each plot.  Data of SbD incidences were

analyzed statistically by T-test in the field

experiment.  

2. Pot experiment.  One plot of the pot experiment

consisted of 108 small pots with 8cm diameter and

3 seeds of soybean sown in 36 pots (Fig. 1).  The

treatments consisted of three pattern of pot

placement 1) LM; 36 soybean pots and 72 wheat

pots (20 seeds sown per a pot), 2) LM-H; in which

pots of wheat was located 3cm higher than soybean

pots, 3) LM-L; pots of wheat was located 3cm

lower than soybean pots, and 4) control (C);

soybean and bare soil pot. Treatment 2) and 3)

aimed to evaluate barrier effect of LM on aphid

entry to soybean.

   Wheat and soybean were seeded in pots on 21st

May. These seeds were germinated and grown

under cloth for keeping intact from aphid until 3

days after emergence. Pots were exposed from 5th

June to 4th July in three spots around soybean-

planted field at National Agricultural Research

Center for Hokkaido Region (Sapporo). Each spot

where all treatments placed was regarded as blocks,

and an distance among spot was 20 m. After

exposed to aphid, soybean seedlings were

disinfected by insecticide “cyfluthrin”, and

transplanted in the field. Soybean plants were

isolated from aphid again (Fig. 1). SbD incidence in

the pot experiment was investigated at 6th August

in flowering stage. The number of SbD occurred

plants were counted and the percentage of them to

all plants was calculated. Data of SbD incidence

was analyzed statistically by analysis of variance

(ANOVA) in the pot experiment.

Results and Discussion

1. Field experiment.

   Correlation of SbD incidence at maturity stage

between C (x) and LM (y) was shown in Fig. 2.

SbD incidence in C was 2.6% in average and

ranged from 0.3 to 6.0%. SbD incidences were

correlated between LM and C significantly (R =

0.658, P< 0.05), however, SbD incidence in LM

was lower than in C significantly in T-test. Wheat

LM resulted in lower SbD incidence compared with

C in most of years and sites in the field experiment.

    
    C (soybean and bare soil)    LM (soybean and wheat)  Isolated soybean from aphid after exposing

     Fig. 1.  Placement of pots in C and in LM, and soybean isolation from aphid after exposing.
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2. Pot experiment.

  Difference in the relative plant height between

soybean and wheat in the pot experiment was

shown in Fig. 3. Plant height of wheat was higher

than soybean at the beginning of the exposing.

Differences of the relative plant height between

wheat and soybean at the beginning of the exposing

in LM, LM-H, and LM-L were about 4, 7 and 1cm,

respectively. Plant height of soybean overtook

wheat on 8 days after exposing in LM-L, and on 13

days after exposing under LM and LM-H.  

The effect of LM treatments on SbD incidence

at flowering was significant in ANOVA. SbD

incidence in the pot experiment was shown in Fig. 4.

In the pot experiment, SbD incidence in C was

10.5 %. SbD incidence in LM was significantly

lower than that in C. SbD incidence in LM-H was

equal to LM and that was significantly lower than

that in C. SbD incidence in LM-L (8.6%) was lower

than that in C, but the difference was not significant,

and that was equal to four times in LM.

3. Effect and mechanism of wheat LM on SbD.

   In the field and pot experiment, SbD

incidence in LM was significantly lower than that

in C. These result indicated that the wheat LM

disturbed the SbDV transmission. In conventional

soybean production at Hokkaido, biocide chemical

is used about five times in a crop season, including

about three times of disinfection to SbDV

transmitter (foxglove aphid). Using LM to disturb

the SbDV transmission is able to reduce biocide

chemical use. Weed suppression by LM was not

consistent than that by herbicide, and weeds were

not controlled by LM in case that many weed

emerged immediately after seeding (Tsuji et. al.,

2005).  In this study, decrease of SbD incidence in

LM was consistent in site with high SbD incidence

(Fig. 2). Moreover, yield of soybean with cover

crop for weed suppression was sometime lower

than that under conventional management (Ateh

and Doll, 1996; Tsuji et. al., 2005), because of the

competition between soybean and cover crop for

light, nutrition and water. In the case of using cover

crop to disturb the SbDV transmission, cover crop

can be removed after the peak of winged foxglove

aphid arrival, and the competing period with cover

crop shortened compared with the case for weed

suppression.  Thus, using LM for disturbing the

SbDV transmission was expected to become

popular in Hokkaido.
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  Fig. 3.  Difference in relative plant height between soybean and wheat in the pot experiment.  

         Difference = (height of soybean from soil surface in soybean pot)

– (height of wheat from soil surface in soybean pot)

Fig. 2. Correlation of SbD incidence at maturity stage

between under C and under LM in the field

experiment.                     
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   Treatment of LM-H and LM-L in the pot

experiment aimed at evaluating barrier effect of LM

on aphid entry to soybean, but other hypothetical

effects which are interfere with soybean-finding or

natural enemy of foxglove aphid increasing by

living mulch was not considered in this study.  The

result of pot experiment suggested that the height of

wheat barrier was concerned with aphid entry to

soybean, and barrier effect was one of the main

mechanisms on disturbing the transmission of

SbDV by LM.

   In conclusion, inter-seeded LM wheat can

reduce SbD incidence. The barrier effect of LM on

aphid entry disturbs the transmission of SbDV.
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Abstract 

Reduced- and no-tillage systems serve as a method for carbon sequestration in agricultural soils; however, 

use of these systems may affect the soil properties, and initial growth of crops. The objective of this study 

was to examine the effects of different tillage systems on the initial growth of winter wheat with several soil 

properties. Initial top dry weight of winter wheat in zero tillage(NT) plots was less than those in conventional 

tillage(CT) and reduced tillage(RT) plots in 2006. The soil temperature in NT plots was under 20!, and 

about 1-4! lower than RT and CT plots at the germination time. On the other hand, initial top dry weight of 

winter wheat in NT plots was similar to those in CT and RT plots in 2007, while the soil temperature in NT 

plot was the lowest and about 1-2! lower than RT and CT plots, but more than 20! at the germination 

time. It is suggested that soil temperature is an important factor to explain the difference in the initial growth 

of winter wheat between the tillage systems.  

 

Keywords: tillage systems, winter wheat, initial growth, peat soil, central Hokkaido 

 

Introduction 

A larger amount of carbon is stored in soil than in 

ground biomass and atmosphere (CO2). Global soil 

organic carbon storage in the top 3 m of the soil 

was 2344 Pg C, or 56 % more than the 1502 Pg C 

estimated for the first meter
(1)

. Thus, investigation 

of carbon accumulation in soil, which will be changed 

by cropland management, is important. Reduced- and 

zero-tillage systems serve as a method for carbon 

sequestration in agricultural soils
(2),(3)

; however, use 

of the systems may change soil properties, such as 

soil moisture, soil nutrients and soil temperature. 

Low soil temperatures under zero-tillage systems 

affected the initial crop growth of corn and wheat 
(4)

, 

and consequently the crop yields. This problem 

may be a crucial limiting factor in cold regions, 

such as central Hokkaido. In addition, winter wheat 

plants need to grow enough before winter for 

minimizing the damage of snow mold 
(5)

. The 

objective of this study was to examine the effects of 

different tillage systems on the initial growth of 

winter wheat with several soil properties in central 

Hokkaido, Japan.  

 

Materials and Methods 

Field experiments were conducted from 2006 to 

2008 (two wheat cropping seasons) in a farmer’s 

field in central Hokkaido (43
!
19”N, 141

!
45”E), 

Japan. This field (peat soil with about 20 cm of 

mineral soil in top layer by soil dressing) used to be 

paddy field until 10 years ago, and then was drained 

to cultivate winter wheat continuously. For both of 

the first (2006-2007) and second (2007-2008) 

wheat cropping seasons, the field consisted of three 

blocks (replications), and each block was divided 

into conventional-(CT), reduced-(RT), and 

zero-(NT) tillage systems (plots). The fields were 

rotary harrowed to a depth of approximately 15 cm 

after harvesting to incorporate crop residues into 

soil in RT and CT plots. And crop residues were 

applied to the soil surface in NT plots. 

Wheat seeds (crop variety “Kitanokaori”) were 

ridge-sown in the middle of September and top dry 

weight of the plants, soil temperature (3cm depth 

from soil surface) and soil inorganic nitrogen 

concentration!collected from plow layer"were 

determined before the start of snow cover. 

 

Results 

At the end of October 2006, top dry weight of 

winter wheat was 92, 115, and 137 g m
 -2

 for NT, 

RT, CT plots, respectively. And the mean weight of 

NT plot was less than those of CT and RT plots. On 

the other hand, at the beginning of November in 

2007, top dry weight of winter wheat was 86, 86, 

and 88 g m
-2# for NT, RT, CT plots respectively, 

and the mean weight of NT plot was similar to 

those of CT and RT plots. The soil inorganic 

nitrogen content was 31, 43, 39 mgN kg
-1 

at the
 
end 

of October, and 12, 15, 17 mgN kg
-1 

at the
 

beginning of November for NT, RT, CT plots 

respectively in 2006. In 2007, the content was 18, 

25, 25 mgN kg
-1 

at the
 
end of October and 5.2, 9.3, 

6.6 mgN kg
-1 

at the
 
beginning of November in 2007. 

The contents did not significantly differ between 

the tillage systems for both years. The soil 

temperature in NT plots was under 20!, and about 

1-4! lower than RT and CT plots, from the end of 

September (germination time) to the beginning of 

October in 2006. On the other hand, in 2007, soil 

PROCEEDINGS OF ICSA2008   94



Table  Field management regimes in the conventional-tillage (CT), reduced-tillage (RT), and zero-tillage (NT) 

systems in 2006 and 2007. 

 

 2006 

7-Aug. 

 

28-Aug. 

 

1-Sep. 

 

3-Sep. 

 

13-Sep. 

 2007 

29-July 

 

30-July 

 

19-Aug. 

 

4-Sep. 

 

14-Sep. 

NT H       S     H      S    

RT H  R    S  R  H  R    S  R 

CT H  R R P R S  R  H  R R P DP S  R 

H: harvest, R: rotary harrowed, P: plow, DP: disk plow, S: sowing 

 

 

temperature in NT plot was more than 20! and 

about 1-2! lower than RT and CT plots, but more 

than 20! at the end of September.  

 

Discussion and Conclusion 

Only in 2006, initial top dry weight of winter wheat 

in NT plots was less than those in CT and RT plots. 

The soil inorganic nitrogen content was not 

different between the tillage systems, however, the 

soil temperature in NT plots was under 20!, and 

about 1-4! lower than RT and CT plots at the 

germination period.  

The average and minimum atmosphere 

temperature for 10 days after sowing in 2006 was 

about 2! lower than in 2007 in the study area
(6)

 , 

and these might have affected the soil temperature 

near soil surface.  

Past studies in Finland and Denmark showed 

that soil temperatures (at depth of 5 and 10 cm) in 

NT plots were 0.3-1.0! lower than CT(plowing) 

plots in the period from sowing and until about 1 

week after germination 
(7), (8)

. Johnson, et al., 
(9) 

reported that NT treatment was 5.9! cooler than 

CT treatment in spring when the maximum 

difference in daily average soil temperature (at 

depth of 5 cm).  

On the other hand, Karunatilake et al. 
(10)

 

reported that soil temperatures at shallow depth 

were equal or higher for NT plot than the CT plot. 

But in their study, soil temperatures were measured 

at daily intervals during the early part of the 

morning, and the soil temperatures were measured 

during daytime in our study. 

One of the reasons of lower soil temperature in 

NT plots may be higher water content. Fabrizzi et al. 
(4)

 showed that soil water content under NT was 

significantly greater than minimum tillage. These 

differences could be attributed to less evaporation 

under NT system 
(11)

.  

Another reason may be the accumulation of 

plant residues on the soil surface 
(4)

. The high solar 

reflectivity and low thermal conductivity of the 

crop residues may prevent the increase of 

temperature under NT 
(4),(12),(13)

. As previously 

stated, low soil temperature under NT systems 

affected the initial crop growth of corn and wheat 
(4)

, 

and winter wheat plants need to grow enough before 

winter 
(5)

. The optimization of sowing period for 

winter wheat to grow enough before winter 
(14) 

may be 

important especially in NT systems in central 

Hokkaido. 

These results suggested that soil temperature is 

an important factor to explain the difference in the 

initial growth of wheat between the tillage systems.  
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Abstract

We have developed an agricultural mulch sheet using cotton wastes obtained from a local cotton industry

plant. The cotton mulch sheet is biodegradable, and its incorporation into the soil after cultivation leads to the

enhancement of carbon (C) sequestration in the soil. Sewage sludge (SS) was added as an organic fertilizer to

the cotton mulch sheet at 0 g m
–2

, 120 g m
–2 

(CSS120), and 180 g m
–2

 (CSS180). This sewage sludge was

observed to be discharged from the plant and was therefore properly recycled.

A field study was carried out on cabbage cultivation at the University Farm, Ehime University, by using

the above mentioned types of cotton mulch. For the purpose of comparison, rice hull was used as a mulching

material; it is commonly used in organic farming in this local area. After cultivation, no weed growth was

noted on the soil surface covered with the cotton mulch, and the weeding performance of the mulch sheet

was confirmed. At harvest, the width of the outer leaf was 12% higher in soil covered with CSS120 and 8%

higher in soil covered with CSS180, as compared to C. The chlorophyll content was measured using a SPAD-

502 meter and was also found to be higher in soils covered with CSS120 and CSS180 than in C. The highest

fresh weight of the edible part was in the case of soil covered with CSS120 (619 g plant
–1

), followed by that

of CSS180 (537 g plant
–1

) and that of C (324 g plant
–1

). Thus, the addition of sewage sludge to the cotton

mulch sheet was considered to be very effective for enhancing cabbage growth. It is suggested that the

additional sludge might prevent the occurrence of N deficiency during the decomposition of cotton mulch

with a high C/N ratio on the soil surface, by supplying surplus N from the sewage sludge. The sewage sludge

also appeared to play the role of a binder for the mulch sheet when the sheet was laminated by heat-press and

to thus increase the strength of the lamellated structure.

We conclude that the addition of the sewage sludge on the cotton waste mulch sheet was not only a useful

material for weeding but also an effective means of recycling local organic materials by reducing CO2

emission caused by incineration, enhancing carbon sequestration in soil, avoiding the use of herbicides and

plastic mulch sheets, and improving soil fertility with an organic carbon supply.

Keywords: cabbage, cotton waste, mulching, organic materials recycle, sewage sludge

   

Introduction

In Japan, 60,000 t of plastic mulch sheet is

produced annually from fossil fuels, and these

sheets cover about 35% of the surface of a domestic

farmyard. However, these plastic mulch sheets are

discarded after cultivation and treated by land

filling or incineration. Hence, there is a need to

introduce alternative mulching materials that

conserve energy and resources for sustainable

agriculture. A decade ago, biodegradable mulching

sheets made of polylactic acid were developed;

these sheets are carbon neutral and contributed to

carbon sequestration in soil by being incorporated

into it. However, some aspects of these

biodegradable sheets such as durability, storage

stability, flexibility, ease of handling, and cost need

to be addressed in future studies.

Large amounts of cotton wastes are produced

from the plants producing absorbent cotton and

textiles; most of these wastes are incinerated since

this is an easy and rapid method of disposal.

However, at present, there is an urgent need to

reduce CO2 emissions in order to control global

warming. One of the world’s largest cotton

processing plants is located in Ehime, southwest

Japan. This plant discharges large amounts of cotton

waste every year (approximately 600 t). Therefore,

we have developed an agricultural mulch sheet for

the upland fields by using cotton wastes by

recycling the local organic resources.

Non-woven cotton mulch has been developed

and is used as a material in a direct seeding method

for chemical-free organic farming in paddy rice

fields (Sugimoto et al. 2003). Japanese organic

farmers have adopted this method for rice

production, and this has resulted in a gradual

reduction in labor year by year. However, little is

known about the effects of the application of cotton

mulch sheets on upland fields (Babcock 2008; Holt

et al. 2005).

In this study, we investigated the usefulness of

cotton mulch sheets in eliminating weeds and
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evaluated the effects of the addition of sewage

sludge (SS) to the mulch sheet as an organic

fertilizer on the growth and yield of cabbage.

Materials and methods

(1) Site, soil, and materials

The experiments were carried out in the University

Farm, Ehime Univ., southwest Japan. The soil used

was low fertility upland, brown forest soil; this soil

is classified as a dystric regosol (FAO/UNESCO,

1987). The chemical properties of the soil were as

follows: pH (H2O), 6.60; electrical conductivity

(EC), 0.311 dS m
–1

; total carbon (C), 1.12%; total

nitrogen (N), 0.133%; cation exchange capacity

(CEC), 16.5 cmol(+) kg
–1

; C/N ratio, 8.4; available

phosphorus (P), 1897 mg kg
–1

; exchangeable

potassium (K), 623 mg kg
–1

; calcium (Ca), 1349 mg

kg
–1

; and magnesium (Mg), 325 mg kg
–1

.

  Cotton mulch sheets were produced from cotton

waste, which mainly consisted of short-length

cotton fibers and contained cotton seeds or residues,

generated by a cotton processing company, Marusan

Sangyo Co., Ltd, Ozu, Ehime, Japan. The mulch

sheet consisted of 2 non-woven cotton cloths, and

the gravity was 180 g m
–2

. Sewage sludge was

added as an organic fertilizer between the cloths at

0 g m
–2

 (C), 120 g m
–2

 (CSS120), and 180 g m
–2

(CSS180) and the sheets were heat-pressed such

that they formed thin laminated mulch sheets. The

contents of the sewage sludge (SS) were as follows:

total N, 5.96%; total P, 1.42%; total K, 0.41%; and

total Mg, 0.10%.

(2) Cabbage cultivation and measurements

  Four different mulching treatments were

performed using the following mulching materials:

(1) rice hull mulch, which is often used by the local

organic farmers; (2) cotton mulch (C); (3) cotton

mulch with 120 g m
–2

 of SS (CSS120); and (4)

cotton mulch with 180 g m
–2

 of SS (CSS180). The

cabbage plant (Brassica oleracea var. capitata,

Kinkei 201) was planted in soil fertilized with a

chemical fertilizer at the local recommended rate on

Oct 12, 2006. Each treatment was performed 10

times. Plant growth parameters such as plant width,

leaf length, leaf width, plant height, and leaf color

were measured periodically using SPAD-502 meter.

At harvest, the plant was separated into the edible

part, the outer leaf, and the root, and the fresh

weights of these parts were measured. To estimate

the amount of N taken up by the plant, the N uptake

index was calculated by multiplying the values of

plant width and leaf color (SPAD).

(3) Statistical analyses

Statistical analyses were conducted by analysis of

variance and Fisher’s protected significant

difference test (P < 0.05), and the differences among

the means were analyzed by the Tukey-Kramer test

by using the KyPlot software (KyensLab Inc.,

Japan).

Results

The cotton mulch sheet effectively controlled weed

growth during cultivation in all the treatments with

cotton mulch, namely, C, CSS120, and CSS180.

Very little weed growth was observed in rice hull

treatment, and was considered to be harmless to

cabbage growth.

Figure 1 shows the changes in plant width during

cultivation. The increase in the plant width was

sharp until Nov 10 and gradual thereafter. After Nov

24, the plant widths in all treatments remained

constant or decreased slightly due to partial necrosis

of the outer margins of leaves. The plant width in

the treatments with CSS120 and CSS180 were

found to be relatively higher than that in the

treatment with rice hull and C. The cotton mulch

treatment (C) showed the lowest value for plant

width during cultivation. Thus, positive effects of

the addition of sewage sludge to the cotton mulch

were observed clearly.

  The plant height, leaf width, and leaf length data

displayed patterns similar to those of plant width

data (data not shown).

  Figure 2 shows the comparison of the maximum

values of the leaf color index in the different

treatments. Around Dec 18, 2006, the SPAD value

of each treatment reached maximum. The SPAD

values of CSS120 and CSS180 were markedly

higher than those of the rice hull and cotton mulch

C. The SPAD value of CSS180 was slightly higher

than that of CSS120 although there was no

significant difference between them (P = 0.05). The

cotton mulch C showed the lowest SPAD value

among all the treatments, but there was no

significant difference between this value and the

SPAD value of the rice hull mulch. Thus, the

addition of sewage sludge clearly brought about an

increase in leaf color.

  Figure 3 shows the changes in the N uptake index.

The patterns of changes in the N uptake index were

similar to those of changes in plant width. However,

differences in the N uptake index among the

treatments seemed to be clearer. The values of N

uptake index for all the treatments peaked on Nov

24, except in the case of rice hull treatment, in

which it peaked on Dec 18. During the entire

cultivation period, the N uptake values for CSS120

and CSS180 were higher than those of rice hull and

C. Cotton mulch treatment without the addition of

sewage sludge showed the lowest values of N

uptake index in all the treatments.
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Fig. 1  Changes in plant width of the cabbage plants grown in the soils covered with rice hull or cotton sheets with or

without sewage sludge; C, cotton sheet; CSS120, cotton sheet with 120 g m
–2

 of sewage sludge; and CSS180, cotton

sheet with 180 g m
–2

 of sewage sludge.
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Fig. 2  Comparison of the maximum leaf color index (SPAD) of the cabbage plants grown in the soils covered with

rice hull or cotton sheets with or without sewage sludge; C, cotton sheet; CSS120, cotton sheet with 120 g m
–2

 of

sewage sludge; and CSS180, cotton sheet with 180 g m
–2

 of sewage sludge. Treatments represented by bars with the

same symbol have no significant differences (P = 0.05). Each error bar shows standard error.

  Figure 4 shows the comparison of the fresh

weights of each part of the cabbage plant measured

at harvest. The highest fresh weight was observed in

CSS120, followed by CSS180, rice hull, and C. The

fresh weight in CSS120 (P = 0.05) was significantly

higher than that in C. The proportions of the edible

part, the outer leaf, and the root ranged from

40.7–52.8%, 44.3–55.9%, and 2.9–3.4%,

respectively. The proportions of the edible part in

CSS120 (52.8%) and CSS180 (52.8) were higher

than those in rice hull (46.4%) and C (40.7%). This

suggests that the addition of sewage sludge to the

cotton mulch provided more suitable conditions for

cabbage growth.
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Fig. 3  Changes in the N uptake index of the cabbage grown in the soils covered with rice hull or cotton sheets with or

without sewage sludge; C, cotton sheet; CSS120, cotton sheet with 120 g m
–2

 of sewage sludge; and CSS180, cotton

sheet with 180 g m
–2

 of sewage sludge.
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Fig. 4  Comparison of fresh weight of each part of the cabbage plant grown in the soils covered with rice hull or cotton

sheets with or without sewage sludge at harvest; C, cotton sheet; CSS120, cotton sheet with 120 g m
–2

 of sewage sludge;

and CSS180, cotton sheet with 180 g m
–2

 of sewage sludge. Treatments represented by bars with the same symbol have

no significant differences (P = 0.05).

Discussion and Conclusion

In this study, high weeding performance of the

cotton mulch sheet was demonstrated regardless of

amendment of sewage sludge. In paddy rice

cultivation, most of the weed growth was controlled,

but some weeds were able to penetrate through the

mulch sheet (Sugimoto et al. 2003). In order to

determine the methods to curb weed growth on the

cotton mulch sheet, it is necessary to study different

weeds whose growth on the mulch is difficult to

inhibit by examining their growth in different types

of soils and crop seasons and in combination with
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different crops.

Addition of sewage sludge to the cotton mulch

sheet increased the growth and yield of cabbage.

This increase in growth may have been caused by

the presence of additional nutrients in the sewage

sludge. Because the cotton itself had a very high

C/N ratio, it would be eager to take place N

starvation by soil microbial degradation of the

cotton mulch during the cultivation, in spite of

surface covering by the sheet and enough amount of

the fertilization. Nutrients such as N and P, when

released from the sewage sludge, might help to

reduce the damage caused by N starvation. Su and

Puls (2007) stated that cotton compost with a high

C/N ratio could remediate the nitrate pollution of

ground water owing to its high N immobilization

rate. However, there are no differences in the effects

of CSS120 and CSS180, and the rate of growth and

yield was slightly higher in CSS120 than in CSS180.

This suggests that the amount of sewage sludge

added in CSS120 itself (120 g m
–2

) was quite

sufficient for cabbage growth. Further studies need

to be undertaken in order to clarify the N

immobilization brought about by the degradation of

cotton mulch and to study the effects of addition of

sewage sludge by means of a 
15

N tracer.

The cotton mulch sheet was expected to display

additional properties such as erosion control

following amendment with polyacrylamide, which

is a high-performance water absorbent (Babcock

2008). Since the cotton sheet used in this study was

not defatted, rain water and irrigation water

infiltrated into the soil at a slow rate. But at a later

cultivation stage, the sheet became more moistened

and its water-holding capacity increased. This could

contribute to a reduced runoff and soil erosion due

to heavy rainfall.

In conclusion, the addition of sewage sludge to

the cotton mulch sheet was considered to be an

effective use of local organic materials; this is

because it helped in reducing CO2 emission due to

incineration, enhancing carbon sequestration in soil,

avoiding the use of herbicides and plastic mulch

sheets, and improving soil fertility with an organic

carbon supply.
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Abstract 
With the advance of urbanization in Japan, more and more people have no contact with the land. It has 
become quite common that people don’t know where foods come from, let alone how they are produced. 
More recently, it has been widely observed that young people have developed unhealthy eating habits. 
While the Japanese government has established a “cultivation practicum” to teach food education in 
elementary schools, no comparable program exists for older students. This paper briefly explores the lack 
of food education and environmental awareness among college students, and how the “Life Gardening” 
program at Keisen University has become a key pedagogical tool for addressing these issues. In this 
program, an educational farm serves as an outdoor classroom. With an emphasis on learning the practices 
of organic gardening, this program helps students to reach a deeper understanding of their coexistence 
with others, and the cyclical relationship between human beings and nature. Our research indicates that 
the program is effective for giving students a deeper appreciation of healthier food, instilling a greater 
awareness of the environment, and making the idea of a sustainable society part of their daily lives. 

 
Keywords: life gardening, education, organic, sustainable society, healthier diet. 

 
Introduction 
This prospectus briefly explores how the organic 
gardening program at Keisen University has 
become a key pedagogical tool. First, a bit of 
historical context: the Keisen Jogakuen school 
was founded by Michi Kawai in 1929, with an 
educational philosophy based on three pillars: 
“Christianity”, “Internationality” and 
“Horticulture”. In 1988, Keisen University opened 
its doors, offering a four-year undergraduate 
program for women. The course curriculum is 
designed to foster self-reliance, and encourage 
students to contribute to world peace through the 
enrichment of life and the pursuit of truth. In this 
spirit, Keisen introduced a unique program of 
cultural education called “Life Gardening”. In this 
course, the farm is the classroom. To create a 
space for learning, an educational farm was 

established near the university’s Tama campus. In 
1994, it was converted from conventional to 
organic farming. In retrospect, we can say that this 
move significantly increased its importance. The 
farm has become a place for students to learn 
about the practices of organic gardening, and the 
program of study helps them to reach a deeper 
understanding of their coexistence with others, as 
well as the cyclical relationship between human 
beings and nature. 
 
Why is “Life Gardening” Important Now? 
In recent years, many young people have 
developed unhealthy eating habits, consuming 
more food than is necessary, and becoming 
generally less consciousness of agriculture. With 
widespread urbanization, more and more people 
have no contact with the land, and it has become  

Figure 1 Horticulture class in the early years of 
Keisen Jogakuen. (1932)
Figure 1 Horticulture class in the early years of 
Keisen Jogakuen. (1932)

Sweet potato

Figure 2 Student illustration showing growth of 
potatoes

Taro

Sweet potato

Figure 2 Student illustration showing growth of 
potatoes

Taro
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quite common that people don’t know where 
foods come from or how they are produced. This 
state of affairs is reflected in an illustration drawn 
by one of our freshman students, when asked to 
describe where and how a potato is produced (Fig. 
2). This lack of understanding is not unusual. 
Rather, it is increasingly the case that people are 
unable to describe how vegetables are produced, 
even very popular ones. In effect, many young 
people are not even aware of this gap in their 
understanding, or how their survival depends on a 
web of relationships with others. 

Since 2002, many Japanese elementary 
schools have introduced programs to offer 
children the experience of farming, growing plants, 
or keeping animals. These are part of the new 
compulsory curriculum known as the “period of 
integrated study” [sogoteki na gakushu no jikan]. 
Following the passage of the national Food 
Education Law [shokuiku] in 2005, more and 
more primary schools offer programs that 
emphasize a healthy diet and better understanding 
of the environment. While this basic level of food 
education has become popular at elementary and 
secondary schools, there are hardly any 
universities in Japan that require courses in food, 
gardening, and agricultural education. 
 
A Survey of Students’ Perceptions and 

Practices 
In the spring of 2008, we surveyed incoming 
students concerning their awareness and personal 
practices with respect to food, agriculture and the 
environment. The general results of this survey 
were summarized, and have been included in this 
prospectus as a pie chart (Fig. 3-14). Since 
numbers alone never tell the whole story, let’s 
look more closely at some of the survey results, 
with particular emphasis on the students’ 
perspectives on food, agriculture, and the 
environment. 

In response to questions concerning food, 91% 
of the students surveyed affirmed that they “enjoy 
eating” (Fig. 3), while 64% said that “wasted food 
bothers me” (Fig. 4), and a relatively low 53% 
reported that they are “interested in the source of 
food” (Fig. 5). In other words, as a whole, they 
enjoy eating, but their level of concern with the 
origin of their food and the destiny of their wasted 
food is significantly less. In response to queries 
concerning agriculture, 20% of students felt that 
“agriculture is unnecessary in Japan” (Fig. 6), and 
only 36% reported that they are “interested in 
agriculture” (Fig. 7). Needless to say, it is 
worrisome that the young people who will support 
the next generation in Japan have such a low 
opinion of domestic agriculture. Similarly, only 
20% of the students reported that they thought 
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about the price of vegetables (Fig. 8). It is thus 
perhaps unsurprising that only 18% of the students 
felt that Japan has “a high degree of self-sufficient 
agriculture among the industrialized nations”, 
while 68% felt that it did not (Fig. 9). These 
results might be appropriate for general university 
students, who represent a particular 
socio-economic segment of Japanese society. Yet, 
it also seems that the contemporary university 
student only grasps the problems of sustaining 
modern society in the form of knowledge.  

With respect to questions concerning the 
environment, 78% of students answered that they 
worry about global warming (Fig. 10), and 69% 
felt that its effects relate directly to their own lives 
(Fig. 11). While 70% of those surveyed said that 
they try to “turn off unused lights” (Fig. 12), only 
27% reported that they “always carry eco-friendly 
shopping bags” (Fig. 13). From this, we can 
conclude that their sense of incipient crisis about 
global warming is often inconsistent with their 
actions in everyday life. On the other hand, in 
response to the question “Is contemporary society 
sustainable?” a clear majority of 44% felt that it 
wasn’t (Fig. 14). 

If we look at the bigger picture suggested by 
the ensemble of these responses, it seems clear 
that the students have difficulty imagining a 
sustainable society in relation to food, agriculture, 
and the environment. It’s safe to say that this 
situation is probably not limited to the students at 
our school, but is indicative of broader opinions 
held by university-age students throughout Japan. 
In our view, these students could reach a better 
understanding of a sustainable society through a 
course curriculum that involves direct experience 
with organic agriculture, and though a more 
focused study of the coexistence of society, nature, 
and man. 
 
The Organic Gardening Program at Keisen 
The core of the Keisen program is a required 
freshmen course called “Life Gardening I”. No 
other non-agricultural university in Japan offers 
such a class. The practice of cultivation takes 
place at the university farm, situated next to the 
main campus. In 2001, the farm received an 
organic certification under the Japanese 
Agricultural Standard law, to become the first at 
an educational institution. 

Total No. of enrolled students Around 480 
Average class size 60 ± 10 students
Instruction 1 teacher and 2 TAs per class
Area 4 farms, total area of 70 a

① Students work in pairs, each managing 4 plots (each plot is 0.9 m2)
② Each class manages a section as a group
One 90 min class per week; 30 classes per year
Spring term: From April to July; Autumn term: late September to January
① Individual managing plot;
Plot1: potato→turnip,pakchoi,radish,red leaf lettuce
Plot2: cucumber→Japanese radish,Chinese cabbage
Plot3: sweetpotato→spinach
Plot4: strawflower,globe amaranth(for material of dried flowers lease)
② Each class manages a section as a group: taro

Farm inputs

Cow manure compost & chicken manure (obtained from the neighbor farms), rice bran
(obtained from neightbor reice shop), plant ash (made by ourselves), organic lime
(specialty manufacture),  hedge clipping and green clipping  (obtained from negibor
gardeners)

Tools & equipment Hoe, sickle, garden trowel, scissors, bucket, shovel, wheel 1barrow, fork

Common to all crops:  adding compost, manure and farm inputs, cultivation, sowing
seeds, transplanting, weeding, mulching, harvesting

Specific to individual crops: disbudding, earthing up, standing poles, training,
reseeding,  thinning,etc.
General principle: taking back home to eat after measuring the weight to caliculate yield

Tasting at  the farm: boiled potato, baked sweet potato, miso soup with various winter
vegetables, fresh  (cucumber, radish, Japanese radish, Chinese cabbage)

Usage of harvested crops

Quota

Schedule

Types of crops to grow

Main farmwork

Table 1. “Life Gardening I” — A Program for Learning through Cultivation at Keisen University
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Table 1. “Life Gardening I” — A Program for Learning through Cultivation at Keisen University
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Life Gardening I is a 90-minute class that 
meets once a week for one academic year. An 
outline of the class is shown in Table 1. Students 
gather at the farm for practical instruction (Fig. 
15). Classroom study is included to deepen their 
understanding of the gardening process, and the 
practices of sustainable living. Outside of 
scheduled class time, pairs of students are 
assigned a small farm plot (Fig. 16), and it is their 
responsibility to maintain it for the duration of the 
academic year. By working in pairs, they must 
negotiate and discuss their work in more detail. To 
relieve environmental burden, resources that are 
considered to be industrial waste are utilized 
effectively to create healthy and fertile soil (Fig. 
17). About ten different kinds of produce are 
cultivated on a regular basis. At harvest time, the 
crop yield is weighed and recorded, and the 
students take home the fruits of their labor for the 
preparation of meals (Fig. 18). 

This is an interdisciplinary course, whose 
motto is: “Don’t over-expend yourself, don’t be 
overburdened, don’t wear yourself out”. The 
course curriculum combines the study and practice 
of cultivation with a broader emphasis on 
self-reliance and social responsibility. It stresses 
the importance of five main themes: i) process; ii) 

the use of the five senses; iii) recognizing the role 
of others; iv) becoming aware of the “big picture”; 
v) broadening of the individual perspective. 
Several different lecturers work together as a team 
to elaborate these themes. In addition, the 
following advanced subjects are also available: 
“Life Gardening II”, “Flowers and Life”, “Flower 
Design”, “Theories of Sustainable Society”. 
Though the main emphasis of the program is on 
vegetable farming, some courses also give 
students the opportunity to grow flowers. For 
example, in the fall term, students prepare 
corsages from flowers raised in other gardening 
classes. In the interests of supporting related 
activities in the local community, the department 
seeks to implement a course curriculum that 
encourages co-participation. 
 
Benefits of the “Life Gardening” Curriculum 
Upon completion of “Life Gardening I” in the 
spring and fall terms, each student is required to 
submit a final report. These include written 
expositions of the students’ impressions and a 
self-assessment of what each learned in the course. 
The department has been collecting these reports 
for many years, and periodically uses them to 
evaluate the program. At the end of the 2006 
academic year, the department carefully analyzed 
the spring reports, tallying notable keywords in 
the students’ own descriptions. Each report was 
then assessed and scored using these keywords. 
The results of this analysis have been summarized 
in a bar chart that shows a variety of key ratios 
(Fig. 19).  

As expected, most students report that they 
became “aware of a healthier diet”. Other 
high-scoring responses included: “Lively 
exchanges with others” (23.1%) and “Increased 
opportunities for conversation with family” 
(19.2%). Both “Appreciation and consideration of 

Figure 15. Students receiving practical 
instruction at the farm
Figure 15. Students receiving practical 
instruction at the farm

Figure 16. Pair of 
students under 
direction of a lecturer

Figure 17. Using 
wood chips to make 
healthy and fertile soil

     

Figure 16. Pair of 
students under 
direction of a lecturer

Figure 17. Using 
wood chips to make 
healthy and fertile soil

     

Figure 18. Their first harvestFigure 18. Their first harvest
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other living things” and “Concern for nature and 
the environment” received high scores. 
Summarizing many students’ feedback, it is clear 
that the program has been effective to promote the 
values of a healthier diet, and to encourage 
reflection on the relationship between living 
things and the environment. 

 
Conclusion 
Our research indicates that students learn quite a 
bit from the “Life Gardening” program at Keisen. 
The curriculum helps them appreciate the 
importance of consuming healthier food, and the 
value of a balanced coexistence with one’s 
environment. It fosters the idea that civic 
responsibility involves support for sustainable 
practices in agriculture, the environment, and 
society. By providing the students with an 
opportunity to share what they produce with their 
families, the course has also had the unanticipated 
result of promoting more inter-generational 
communication. These experiences have been 
useful for young generations, who often have 
difficulties communicating with others. 

Opinion surveys of incoming students make it 
clear that they are at pains to imagine a 

sustainable society, but we believe that the “Life 
Gardening” program can give them concrete ways 
to think about more viable relationships between 
food, agriculture, and the environment, and to 
make these ideas part of their daily lives. In the 
future, we plan to also conduct exit surveys, to 
further improve the course. As the “cultivation 
practicum” has been taken up as an integral part of 
primary school curriculum in Japan, our program 
at Keisen University seeks to extend it within the 
rubric of culture and higher education. It is our 
hope that the philosophy of this holistic program 
will be shared and spread to as many other 
institutions as possible. 
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Abstract

Sorghum (Sorghum bicolor (L.) Moench) is an important cereal crop as vital food in arid and semi-arid areas,

and, most recently is expected as materials for biofuel production. Realizing sustainable sorghum production

in the areas needs a good understanding of the plant growth in arid conditions, together with its improvement.

Thus, this study investigated if and how sorghum growth under water stress is improved by application of

chemical fertilizers, especially silicon. Sorghum was grown hydroponically in two different silicon levels (0

and 50 ppm silicon solutions) and water-stress conditions (stressed and unstressed conditions). The water

stress was started at –0.2 MPa from 10 days after sowing (DAS) and then slowly increased to –0.6 MPa.

Diurnal variations in photosynthetic rate (PN), stomatal conductance (gs), and leaf water potential (!L) were

measured at 15 and 23 DAS, together with water uptake rates at 23 DAS. The reduction in dry weight at 23

DAS caused by water stress was ameliorated by silicon application. In water stress condition, silicon-treated

seedlings showed higher gs and PN than untreated ones. !L remained almost constant during the daytime,

regardless of growth conditions. Water uptake rate was reduced by water stress, but the reduction was

ameliorated by silicon application. Thus, silicon enhanced water uptake and gs, thereby improving water

supply to the leaves. The current results suggest that silicon application has a potential for improving

sorghum growth under water stress conditions, and consequently for contributing to sustainable sorghum

production in arid and semi-arid areas.

Keywords: Sorghum, silicon, water stress, photosynthesis, stomatal conductance, water relations

Introduction

Silicon application to rice reduced transpiration

from both stomata and the cuticle under water stress

condition (Yoshida, 1965, Matoh et al., 1991,

Agarie et al., 1992). Similar effects of silicon

application were observed in maize grown under

water stress (Gao et al., 2004). Thus, silicon-

induced reduction in gs improved leaf water status

in both rice and maize, contributing to better growth

under water stress. Conversely, silicon application

to wheat and sorghum increased gs under water

stress condition (Gong et al., 2005, Hattori et al.,

2005, 2007). In sorghum, this increase was likely to

improve plant water uptake, water supply to the

leaves, and leaf water status (Hattori et al., 2005).

These past results suggest that silicon application

has different effects on gs and leaf water potential

(!L) depending on plant species.

Most of these past studies assessed the effects

of silicon application on gs and leaf water status

only at midday after a specific period of water

stress. These parameters closely relate to each other,

and both parameters vary both diurnally and over

the course of an extended period of water stress.

Diurnal changes in !L have been well documented

in many plants in response to events such as

cavitation and refilling (Tyree et al., 1986, Neufeld

et al., 1992). Diurnal changes in gs accompanying

progressive water stress were regulated by a

combination of different mechanisms, including

leaf turgor regulation and root-originated signals

(Liu et al., 2003). Thus, diurnal changes of gs and

!L must be assessed for thoroughly understanding

the effects of silicon application on their values, and

consequently crop growth.
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In this study, we examined diurnal gs and !L

changes in sorghum grown hydroponically with two

different silicon levels (0 and 50 ppm silicon

solution) and water-stress conditions (stressed and

unstressed condition). We also analyzed some

characteristics related to hydraulic conductance to

discuss physiological mechanisms underlying

silicon-induced amelioration of reduced-sorghum

growth under water stress condition.

Materials and methods

Seeds of sorghum (cv. Gadambalia) were

germinated in the dark at 28 °C for 3 days in an

incubator under dark condition. At 3 days after

sowing (DAS), seedlings were transplanted into

plastic containers filled with Hoagland and Arnon

solution and then placed in an environment-

controlled growth chamber. The growth chamber

was set to a 16/8-h (day/night) cycle of 28/23 °C,

30%/40% relative humidity and about 450 and 0

!mol m
–2

 s
–1

 photosynthetically active radiation.

Half of the seedlings were grown in culture solution

containing 50 ppm SiO2. The solution pH was

adjusted to 6.5 every day. At 10 DAS, healthy

seedlings were selected and transplanted into small

plastic bottles covered with aluminum foil. At the

same time, water stress treatment was imposed by

mixing polyethylene glycol 6000 with the culture

solutions to adjust osmotic potential to –0.2 MPa.

The water stress was increased to –0.4 MPA at 13

DAS and –0.6 MPa at 16 DAS. At 15 and 23 DAS,

parameters related to photosynthesis and water

relations were measured. After each measurement,

seedlings were harvested and dried at 80 °C for 72

h for dry weight determination.

We measured PN and gs of the last fully

expanded leaf at 2, 6, 10, and 14 h from lights on in

the growth chamber. Three seedlings per treatment

were measured. After that, the water potential of the

same leaves (!L) was also measured. Roots of all

seedlings were harvested on 23 (DAS) for

anatomical studies. Excised roots were fixed in

methanol. Then anatomical characteristics of roots

were investigated. Third nodal roots in seedlings

grown under water stress condition were not

analyzed, because 3
rd

 nodal root was scarcely

emerged. At 23 DAS, seedlings were weighed in

their bottles on an electric balance, and changes in

weight were monitored every 10 min for 1 h. After

the measurement, seedlings were harvested, and

leaf area was measured. Water uptake rate was

expressed on a leaf area basis.

Analysis of variance was performed on the

data, and means were compared by the t-test at the

5% level of probability.

Results

Shoot and root dry weights

At 15 DAS, the dry weights of both shoots and

roots were lower under water stress condition at 15

DAS (Table 1), and the effect of silicon was

negligible. At 23 DAS, the dry weights were

reduced further under a water stress of –0.6 MPa,

but silicon significantly ameliorated the reduction

in shoot weight (Table 1).

             

Shoot dry weight (g) Root dry weight (g)

Not-stressed Stressed Not-stressed Stressed

15 DAS

23 DAS

-Si

+Si

-Si

+Si

0.29

0.29

0.82

1.01

0.16

0.23

0.38

0.65

0.09

0.11

0.33

0.39

0.07

0.09

0.14

0.27

N.S. N.S. N.S.N.S.

N.S. N.S. N.S.*

Table 1  Shoot and root dry weight, and shoot-to-root ratio of sorghum

grown with or without silicon under water stress.

Data are means of three replications. N.S. = not significant; * = significant at

P " 0.05.
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Fig. 1  Diurnal variations in photosynthetic rate (PN) and stomatal conductance (gs) of sorghum grown with (circles) or

without (squares) silicon under water-stressed (closed symbols) or unstressed (open symbols) conditions at 15 (left) and

23 DAS (right). Data are means of three replications with standard errors shown by vertical bars.

Diurnal changes in stomatal conductance and

photosynthetic rate

Unstressed seedlings showed mostly higher gs

throughout the daytime at both 15 and 23 DAS, and

there was no effect of silicon (Fig. 1). At 15 DAS,

the gs of water-stressed seedlings grown without

silicon were the lowest of all treatments all day.

This tendency was more pronounced at 23 DAS; gs

decreased for most of the day, whereas the gs of

water-stressed seedlings grown with silicon was

maintained for most of the day (Fig. 1). Diurnal

changes in PN were very similar to those in gs (Fig.

1).

Diurnal change in leaf water potential

! L remained almost constant within treatments

throughout the daytime (Fig. 2). ! L of water-

stressed seedlings tended to be lower than those of

unstressed seedlings at 15 DAS, and was much

lower at 23 DAS. There was no effect of silicon

under water stress, although the !L of seedlings

with silicon was slightly lower than that of

seedlings without silicon at 23 DAS.

        

2 6 10 14 2 6 10 14

?
L
(M
P
a)

-1.0

-0.8

-0.6

-0.4

-1.2

Time from start of photoperiod (h)

(a) (b)

!
L
( M
P
a
)

Fig. 2  Diurnal variations in leaf water potential (!L) of sorghum grown with (circles)

or without (squares) silicon under water-stressed (closed symbols) or unstressed (open

symbols) conditions at 15 (a) and 23 DAS (b). Data are means of three replications with

standard errors shown by vertical bars.
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Table 2 Diameter of root and xylem, and number of xylem in each internodes of root of sorghum grown with or

without sorghum.

Root diameter (mm) Xylem diameter (mm) Number of xylem

1st 2nd

-Si

+Si

-Si

+Si

0.71

0.72

1.48

1.55

N.S. N.S.

Unstressed

Stressed

3nd

Internode

1.11

1.12

N.S.

1st 2nd

0.11

0.10

0.19

0.20

N.S. N.S.

3nd

0.15

0.16

N.S.

1st 2nd

6.8

7.0

11.9

12.9

N.S. N.S.

3nd

9.4

9.8

N.S.

0.83

0.83

N.S.

1.04

1.21

0.12

0.12

N.S.

0.14

0.16

N.S.

8.4

8.2

N.S.

10.8

10.3

N.S.*

Data are means of three replications.

N.S. = not significant; * = significant at P " 0.05.

Root anatomy

When water stress was not applied, there were no

differences in diameters of roots and vessels in each

order of nodal roots between seedlings grown with

and without silicon application (Table 2). On the

other hand, under water stress, silicon application

increased the diameter of second nodal roots, which

were emerged after the initiation of water stress

treatment. Numbers of vessels in each order of

nodal root were not affected by silicon application

regardless of whether water stress was applied or

not (Table 2).

Water uptake rate at midday

There was no significant effect of silicon on the

water uptake rate of seedlings grown without water

stress (Fig. 3). Under water stress, however,

seedlings grown with silicon took up more water

than those grown without silicon.

Discussion

Stress-induced reduction in dry matter production

was ameliorated through silicon application at 23

DAS, and possibly at 15 DAS (Table 1). These

results are well consistent with the reports by

Hattori et al. (2005), in which the growth

enhancement by silicon was ascribable to the

improvement in PN (Fig. 1). Since there were highly

significant correlations between PN and gs (r = 0.74)

at P " 0.05, PN depends largely on gs, as noted in

earlier reports (Gong et al., 2005, Hattori et al.,

2005). Thus, silicon-treated seedlings could

maintain higher gs throughout the daytime, resulting

in higher PN.

gs and !L closely relate to each other. At 15

DAS, silicon-treated seedlings had a higher gs

throughout the daytime than untreated ones at a

similar !L under water stress condition (Fig. 1 and

2). Thus, silicon-treated seedlings could smoothly

provide water for leaves to meet their loss due to

higher gs. Hattori et al. (2007) reported beneficial

effects of silicon application on sorghum were

ascribed to the improvement in hydraulic

conductance. We observed that this effect of silicon

application occurred throughout the daytime and

were detectable very soon after stress exposure.

These results suggest that silicon improved

hydraulic conductance via changes in the properties

Fig. 3  Water uptake rate of sorghum grown with or

without silicon under water-stressed or unstressed

conditions, measured at 10 h from start of photoperiod at

23 DAS. Data are means of three replications. N.S. = not

significant; * = significant at P " 0.05.
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of some constitutive components such as xylem

diameter. However, in our results, there were no

significant differences of mean diameter and

number of vessels between silicon-treated and

untreated seedlings grown under water stress (Table

2). Some other characteristics such as water channel

protein may include in higher hydraulic

conductance by silicon application under water

stress.

At 23 DAS, the diurnal variation in gs was

similar with those at 15 DAS. !L was slightly

lower in silicon-treated seedlings than untreated

ones. Thus, there is not only higher hydraulic

conductance, but also other secondary effects such

as induction of osmotic adjustment (González et al.,

1999, Kusaka et al., 2005), influenced the

improvement of gs through silicon application under

water stress.

We conclude that silicon-treated seedlings

could maintain a higher gs throughout the day,

thereby resulting in higher PN and growth. The

application of silicon ensured provision of water to

the leaf by enhancing water uptake rate due to

maintenance of higher gs under water stress.
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Abstract 
There are many rural and remote areas in Egypt, where it is very difficult and expensive to extend the utility 
grid for them. Most of those areas are currently electrified using stand-alone diesel generators. But, these 
generators often run inefficiently for a long period of their operating time, due to the sever fluctuation and 
the corresponding decrease in load demand; while these generators must be sized to meet the predicted peak 
loads to run efficiently even though this high load only need to be met for a small percentage of their 
operating time. Also, these generators emit dangerous exhaust fumes to the environment and require high 
operating and maintenance costs. Moreover, they have poor reliability. One of the economical and desirable 
solutions to these problems is to combine the diesel generator with a battery storage and renewable energy 
source such as photovoltaic (PV). In this paper a PV/Diesel generator hybrid energy system is sized to meet 
the load for about 100% availability. Where, for a given load characteristic and a given diesel generator a 
methodology is developed to optimize the operation of the diesel generator and to calculate the optimum 
number of the PV modules and batteries that would achieve a minimum initial cost and a desired depth of 
discharge for battery storage, as indicated by the results. 
  
Keywords: hybrid energy system, diesel generator, PV modules, storage battery, rural and remote areas. 
 
Introduction 
 The rapid depletion of fossil-fuel resources on a 
worldwide basis has necessitated an urgent search 
for alternative energy sources. Of the many 
alternatives, photovoltaic (PV) has been considered 
as promising toward meeting the continually 
increasing demand for energy. The PV source of 
energy is inexhaustible, free from pollution fumes, 
and has no moving parts. For remote systems such 
as radio telecommunications satellite earth stations, 
or at sites that are far away from a conventional 
power system, the hybrid systems have been 
considered as attractive and preferred alternative 
sources (Borowy and Salameh 1996; Shaahid and 
Elhadidy 2008; Ashok 2007; Al-Alawi et al. 2007; 
El-Hefnawi 1998). 
 Currently, most of remote areas in Egypt are 
electrified using stand-alone diesel generators, since 
they provide close to grid equivalent power supplies 
(Kamel and Dahl 2005; Taylor and Abulfotuh 
2005). In rural electrification, the major problem 
faced by power generation using diesel generators 
is the sever fluctuation in load demand; while the 
diesel generator must be sized to meet the 
predicated peak loads even though this high load 
only need to be met for a small percentage of its 
operating time. Also, diesel generators operate most 
efficiently when running between 80-90% of their 
rated capacity and become less and less efficient as 
the load decreases. Therefore, stand-alone diesel 
generators sized to meet peak load will often be 
running inefficiently for a large portion of their 
operating time. In addition to poor fuel efficiency 
when running at low loads, the wear and 

corresponding maintenance requirements of diesel 
generators also increase as the load decreases. This 
effect can easily double the maintenance 
requirements of diesel generators and can halve 
their operating life (El-Hefnawi 1998; Trihadi 
2001). Moreover, the diesel generator is considered 
as a poor reliability supply. Most of the drawbacks 
of using the stand-alone diesel generator can be 
overcome by combining the diesel generator with a 
battery storage and renewable energy source such 
as photovoltaic. This hybrid system combines the 
low initial cost of a diesel generator with a high 
initial cost of a PV array (Shaahid and Elhadidy 
2008; Ashok 2007; Al-Alawi et al. 2007; El-
Hefnawi 1998). 
 In this paper a PV/Diesel generator hybrid 
energy system is designed to meet the load for 
about 100% availability. Where, for a given load 
characteristic and a given diesel generator, a 
methodology is developed to optimize the operation 
of the diesel generator and to calculate the optimum 
number of PV modules and batteries that would 
achieve a minimum initial cost and a desired depth 
of discharge for battery. 
 
Hybrid systems 
 In some applications, it is both economical and 
desirable to use a hybrid system, whereby the PV 
supplies some or most of the load, but with an 
auxiliary generator as a backup. This allows the 
stand-alone PV system to be designed to a quite low 
availability, usually resulting in considerable 
savings on battery capacity and to a lesser extent on 
PV array. 
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 The most common configuration of hybrid 
systems (Fig. 1) that are currently being installed is 
a PV/Battery stand-alone system, with a diesel 
generator as a backup for emergency use or for 
peak loads. Such systems are commonly used where 
availabilities near 100% are required, which would 
be prohibitively expensive using PV alone, and in 
residential or commercial applications where diesel 
generators previously dominated and were therefore 
already available. 
 Despite the high initial costs, where diesels are 
currently used, the addition of PV modules, 
batteries, and controller can greatly improve the 
efficiency of generator usage as well as 
substantially reducing system operating costs. 
Conversely, a diesel generator removes the need for 
oversized PV arrays, which would be both costly 
and poorly utilized (Wenham et al. 1994). 
  
PV/battery/diesel hybrid system sizing 
 To size any PV hybrid system, it is essential to 
have accurate information about the load to be 
supplied and the best available radiation data for the 
intended site (Green 1982). 
 
1) Determination of the Load Demand 
 A typical daily load of a three isolated houses near 
Mersa Matruh city of Egypt is used, where this site 
has a latitude of 31.33o north. The load 
specifications data (Table 1) are utilized to 
determine the load power demand on a typical day 
as shown in Fig. 2. 
 
2) Sizing of the Diesel Generator 
 Diesel generator system design simply involves 
selecting a locally available unit that is closest 
to the peak load requirements of the application. 
Where, the diesel generator operates most 
efficiently when running between 80-90% of its 
rated capacity and become less and less 
efficient as the load decreases. Figure 2 

indicates that the peak load lies between 11 am 
and 1 pm, then the diesel generator should be 
used in this period. The available diesel 
generator is 3 kW KUBOTA type (El-Hefnawi 
1998), which can be started manually or 
automatically. Also, it is provided with a 
governor to provide the engine with the suitable 
quantity of fuel according to the corresponding 
load demand. The governor helps to keep the 
generator speed and consequently the generator 
frequency constant at any operating conditions. 
Therefore, to optimize the diesel generator 
operation during the selected period, it is 
selected to be loaded, in this case, with 85% of 
its rated power. Hence, the diesel generator 
must share the peak load with 2550 W. 
Therefore, the daily energy required from the 
stand-alone PV system only, as indicated from 
Fig. 2, is EL = 9126 Wh. 
 
3) Determination of the Array Inclination and 
Orientation 
 In a previous paper (Nafeh 2004) the author 
developed a new technique to set the optimum array 
tilt to be the angle which maximizes the incident 

Figure 1. PV/Diesel generator hybrid system.Figure 1. PV/Diesel generator hybrid system.Figure 1. PV/Diesel generator hybrid system.

Table 1 Load data of the three houses.Table 1 Load data of the three houses.Table 1 Load data of the three houses.
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solar radiation on the PV array at solar noon. In this 
case, the array inclination is set to be 48o from 
horizontal and facing the south direction, to 
maximize the incident global radiation on the array 
during the worst month (here, Dec.). 
 
4) Determination of the Incident Energy 
 The radiation data for the studied site are available 
in (Egyptian Solar Radiation Atlas 1998). These 
data and the PV array inclination angle are utilized 
to determine the incident solar radiation on the PV 
array, for a typical day in every month of the year, 
to be as shown in Table 2. 
 
5) Determination of the Series-Connected 
Modules 
 The number of modules Ns, which are to be 
connected in series string, is directly determined by 
the DC operating bus bar voltage (here, VDC = 24 
V) and the peak-power voltage of the available 
module Vmp (& 8.8 V for the considered site), as: 
 

 
mp

DC
s V
V

N '             

             (1) 
 
Always, the value of Ns, resulted from Eq. (1), is 
rounded to the next higher integer (Messenger and 
Ventre 2000), thus Ns & 3. 
6) Determination of the parallel Strings 
 The number of parallel strings of the PV modules 
Np can be deduced by writing down the energy 
balance equation for a typical day. The daily 
generated energy from the PV array, at the site 
insolation and temperature, can be written down in 
terms of the array peak-power voltage (Ns.Vmp) and 
current (Np.Imp) if the average daily sunshine period 
(SSP) of the site is known. Here, the SSP of the 
considered site is 9.30 h (Egyptian Solar Radiation 
Atlas 1998) and Imp & 1.466 A. But, since the 
charging and discharging process of a battery 
results in some energy losses and since the long-
term dust accumulation obstacles some part of sun 
light from passage to the array. Thus, by 

considering the overall efficiency of charging and 
discharging the battery B(  (& 90% for lead-acid 
battery (Messenger and Ventre 2000)) and taking 
into account the effect of dust accumulation factor 
DAF which allowing a further degradation in 
performance by about 10% (Green 1982). 
Therefore, the daily available energy from the PV 
array EPV will be: 
 

 
 

DAFSSPVNINE BmpsmppPV ))))' (  

             (2) 
 
The energy balance for a typical day can then 
yields: 
 

 
DAFSSPVNI

EN
Bmpsmp

L
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'

(
   

             (3) 
 
where, EL is the daily load demand from the stand-
alone PV system only. The value of Np, resulted 
from Eq. (3), is rounded up or down as deemed 
appropriate (Messenger and Ventre 2000), thus Np 
becomes 31. 
 
7) Sizing of the Storage Subsystem 
 Batteries in PV systems operate under specific 
conditions which must be allowed for in the system 
design, as they affect both battery life and the 
efficiency of the battery operation. The most 
prominent feature is cycling with various cycles of 
different degree of regularity. During the daily 
cycle, the battery is charged during the day and 
discharged by the night-time load. Also, 
superimposed on the daily cycle is the climatic or 
seasonal cycle, due to the variable climatic 
conditions. 
 Since, the energy deficit will occur anytime 
when the load exceeds the energy supply from the 
array, thus the daily and seasonal energy deficits 
can now be calculated. It must ensure, here, that the 
night periods or shadows must be covered 
satisfactorily. At the same time, excess energy 
generated and not used during the sunshine periods 
must be stored. This analysis determines the 
charge/discharge percentage of the battery that 
usually can not exceed a given value for safe 
operation. 
 
7.1) Calculation of the seasonal energy deficit 

Table 2 Average daily radiation data on the PV 
array (array inclination 48o).
Table 2 Average daily radiation data on the PV 
array (array inclination 48o).
Table 2 Average daily radiation data on the PV 
array (array inclination 48o).
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The energy balance for the year is set in such a way 
that the seasonal energy excess (during summer) 
can be stored effectively to cover the cumulative 
energy deficit during the worst season (usually 
winter). Thus, it is easy to calculate the seasonal 
energy deficit sE* , using the MATLAB-
SIMULINK block diagram of Fig. 3, as the 
monthly energy deficit between the PV array and 
the load. Figure 4 shows the monthly available 
energy from the PV array with respect to the load 
demand, where the value of sE*  is represented by 
the shaded area (i.e., WhEs 33.331087'* ). It is 
to be noted that this energy deficit depends on the 
choice of the array size Ns ) Np and on the site-
daily average sunshine period of each month. 
 
7.2) Calculation of the daily energy deficit 
 Because of system maintenance, failure, or lack of 
sunshine which is due to unpredictable cloud cover, 
it is necessary to have a further stored energy to 
cover the daily energy deficit not only for hours of 
night-time operation, but also for those days when 
the sun either does not shine at all or when it shines 
too little. The value of the daily energy deficit dE* , 
which depends only on the particular site of the 
system, is given by (Green 1982; Messenger and 
Ventre 2000): 
 
 DEE Ld )'*            

             (4) 

 
where, EL is, as before, the daily load demand, and 
D is the number of storage days (i.e., days of 
autonomy). The number of autonomy days required 
for critical Dcrit and non-critical Dnon applications 
are determined, respectively, from the following 
two equations (Messenger and Ventre 2000): 
 
 3.189.1 min +,' PSHDcrit        

             (5) 
and 
 58.448.0 min +,' PSHDnon       

             (6) 
 
where, PSHmin is the minimum peak solar hours for 
the selected site and array tilt during any month of 
operation. Note that the PSH is the number of hours 
of the standard insolation (1000 W/m2) which 
would produce the same radiation. Clearly, PSH is 
numerically equal to the radiation in kWh/m2/day. 
As the worst month is, here, Dec., then PSHmin is 
3.90 h (Table 2). Note, also, that the above two 
formulae are only valid for PSHmin > 1 h. Either of 
these two equations can be used in PV system 
design depending on the required figure of 
availability. The system availability, in general, is 
defined as the percentage of time that a power 
system is capable of meeting the load requirements 
(Wenham et al. 1994). For instance, a system 
designed for 95% availability is expected to meet 
the requirements of the load 95% of the time. 

Figure 3. SIMULINK block diagram to calculate sE*Figure 3. SIMULINK block diagram to calculate sE*Figure 3. SIMULINK block diagram to calculate sE*
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Therefore, higher availability figure is very 
important from the consumer’s point of view. But, 
in actual system design the requirements of each 
specific application, solar radiation data at the site 
and the limit of the capital cost will determine the 
appropriate availability figure to aim for. Also, 
practically no stand-alone system can be designed 
to provide 100% availability at any cost, since there 
will be a sharp increase in the system cost as the 
availability of the system approaches 100% 
(Messenger and Ventre 2000). Since, the lack 
sunshine, system maintenance, and failures are the 
primary contributors to lowering PV system 
availability. Then, in stand-alone PV systems, 
availability will depend primarily on battery size. 
Hence, to reduce the overall system cost non-
critical stand-alone systems are designed with an 
availability of about 95% (Eq. (6)), while critical 
stand-alone systems are likely to require 99% 
availability (Eq. (5)). Moreover, it is both desirable 
and acceptable to design the hybrid and grid-
connected systems with an availability of about 
95% (Eq. (6)) to make considerable saving on 
battery capacity and to a lesser extent on PV size 
(Wenham et al. 1994). Therefore, the number of 
storage days, in this case, can be calculated from Eq. 
(6), to be D = Dnon = 2.708 days. Consequently, the 
corresponding value of the daily energy deficit can 
be obtained using Eq. (4), to become *Ed = 
24713.208 Wh. 
 
7.3) Determination of the battery capacity 
 Batteries are, primarily, used in PV systems to 
store the excess energy generated and not used 
during the sunshine periods, and to supply the load 
with the required energy in cases of deficit. 
Therefore, the battery size must be capable to 
supply the load with both the daily and seasonal 

energy deficits. But, to size the battery accurately, it 
is necessary to take into account the loss of capacity 
under conditions of low temperature, and the loss of 
energy due to the charging and discharging 
processes. Battery nominal capacity Cn is thus 
determined from: 
 

 
DODTDFV
EE

C
BDC

ds
n (

*+*
'        

             (7) 
 
where, the indicated symbols is as before, TDF is 
the temperature derating factor, and DOD is the 
selected maximum permissible depth of discharge 
of the battery. Shallow cycling batteries should not 
be discharged more than 25% of rated capacity, 
while deep cycling batteries can be discharged up to 
80% (Wenham et al. 1994). In this work, the value 
of the DOD is selected to be 80%. At the same time, 
since the lead-acid battery capacity decreases by 
about 1% per oC below about 20 oC (Wenham et al. 
1994; Green 1982), then the approximate value of 
the TDF is given by: 
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where, CT is the battery capacity at any temperature 
T. Since, the selected site has an annual average 
value for the ambient temperature of 19.35 oC 

Figure 4. Monthly energy balance between 
the PV array and the load.
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(Egyptian Solar Radiation Atlas 1998), then Eq. (8) 
gives the approximate value of the TDF to be 0.99. 
Therefore, Eq. (7) yields Cn = 20798.3 Ah.  
 
7.4) Determination of the battery configuration 
 Once the nominal capacity of the battery bank is 
determined, the total number of batteries NB in the 
system can be determined from: 
 

 
B

n
B C

C
N '              

             (9) 
 
where, CB is the nominal capacity of a single 
battery. Normally, this computation will result in a 
non-integer quantity. The system designer must 
then decide carefully whether to round up or to 
round down to satisfy the requirements of the 
battery-bank configuration. Therefore, the number 
of batteries to be connected in series NBs and that of 
parallel strings NBp are calculated, respectively, 
using: 
 

 
B

DC
Bs V

V
N '             

             (10) 

and 

 
Bs

B
Bp N

NN '             

             (11) 
 
where, VB is the nominal voltage of a single battery. 
It is to be noted, here, that the nominal voltage and 
the nominal capacity of the used single battery are 
12 V and 100 Ah, respectively, while the system 
voltage and the nominal capacity of the required 
battery bank are 24 V and 20798.3 Ah, respectively. 
Therefore, Eqs. (9), (10), and (11) can give NB & 
208, NBs = 2, and NBp = 104. 
 
8) Evaluation of the Most Economic 
Combination of Batteries and PV modules 
 It is necessary to determine the most economic 
number of the PV/Battery combination that yields a 
minimum cost of the system. The cost function of 
the system can be defined as follows (Borowy and 
Salameh 1996): 
 
 oBpBsps CNNNNC +55+55' 67    

              (12) 
 
 

Figure 6. SIMULINK block diagram to calculate the battery SOC.Figure 6. SIMULINK block diagram to calculate the battery SOC.Figure 6. SIMULINK block diagram to calculate the battery SOC.
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where: 
  C  capital cost of the hybrid system, 
  7  cost of a single PV module, 
  6  cost of a single battery, 

Co the total constant costs including the 
cost of design, installation, and the 
diesel generator. 

 
 The condition to obtain the minimum cost for 

Eq. (12) is to put 0'
8
8

BpN
C

, which yields: 
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             (13) 
 
Therefore, for the designed availability figure of the 
stand-alone PV system (i.e., 95%), the most 
economic combination of the number of the PV 
modules and batteries can be determined from a 
point on Np-NBp curve at which the slope of the 
tangent line to the curve is )/()( sBs NN 55, 76 . 
Hence, for the designed availability figure of the 
stand-alone PV system, it is possible to calculate a 
series of possible combinations for the number of 
parallel strings of both the PV modules and 
batteries. These combinations are plotted as shown 
in Fig. 5. For a given price of batteries of $0.1 per 
Ah and of PV modules of $2 per WP, a solution that 
minimizes the cost of the system can be found by 
drawing on the same plot a tangent line of slope 

)/()( sBs NN 55, 76 . Therefore, the most 
economic values of Np and NBp are 37 and 31 
strings, respectively, as shown in Fig. 5. 
  
9) Check on the Battery State of Charge 
 For the most economic number of batteries and PV 
modules, the state of charge (SOC) of the battery 
bank throughout the year must be checked. The 
MATLAB-SIMULINK block diagram of Fig. 6 was 
designed for this purpose. Figure 7 shows the SOC 
of the battery bank throughout the year for the 
resulted economic combination of batteries and PV 
modules. Thus, it is shown from Fig. 7 that not only 
the economic combination will be the most 
economic one, but also will prolong the life of the 
batteries due to the corresponding acceptable 
maximum depth of discharge at the worst month 
(i.e., Dec.) that not exceed the designed permissible 
maximum limit of 80%. Therefore, the most 
economic combination is considered to be the 
optimum one. 
 
Conclusions 

 Most of the drawbacks of using the diesel generator 

alone can be overcome by using a PV/Diesel 
generator hybrid system. The considered hybrid 
system is sized to meet the load of a three houses 
for about 100% availability. Where, for the given 
load characteristic and diesel generator a 
methodology, which uses the site-climatic 
conditions, is developed to calculate the optimum 
mix of the system components. The diesel generator 
is optimally sized to meet the peak load with 85% 
of its rated power. While, the PV array is adjusted 
to face the south direction with an angle from 
horizontal that maximizes the incident solar 
radiation on the array during the worst month. The 
effect of the site annual average insolation and 
temperature values are reflected on the sizing 
process of both the PV modules and batteries. The 
sizing of the PV modules is based on the module 
characteristic, system voltage, and the daily energy 
balance between the PV array and the load. At the 
same time, the battery is sized such that it must be 
capable to supply the load with both the daily and 
seasonal energy deficits. While, the optimum mix 
of the PV modules and batteries is determined 
based on the minimum cost of the system and the 
desired depth of discharge of the battery bank. 
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Abstract 

Slash and burn cultivation is the predominant farming system in the mountainous areas of the northern Laos. 

In recent years, government recommended farmers to cultivate limited areas and it has resulted in a 

shortening of fallow periods. We confirmed that this reduction in fallow length has led to soil degradation.  

The soil after burning contained highest amount of nutrients and showed highest pH and EC at each site.  

But the amount of increase did not excess the state at the previous harvest.  Consequently, two years fallow 

was considered not to be enough to recover soil fertility reduction resulted from cultivation. The causes of 

soil degradation were erosion and take-out as harvest, especially about 20 % of initial content available P 

was lost during cultivation periods. The progress of soil degradation differed depending on the topographical 

conditions. Organic matter decrease quickly on steeper slope fields, and the field which have narrower upper 

slope area, the addition of some nutrients could rarely be expected. For sustainable cultivation it is the most 

important to take measures to prevent soil erosion. Furthermore, the introduction of intensive agriculture and 

reallocation of degraded field and fertile forest should be considered in order to harvest enough 

self-sufficient rice. 

 

Keywords: slush and burn, fallow period, soil degradation, nutrients budget, soil distribution 

 

Introduction 

Slash and burn cultivation is the predominant 

farming system in the mountainous areas in the 

northern Laos.  This system uses the secondly 

growing biomass with burning for nutrients supply 

and weed control.  It is an extensive agriculture 

but it is thought to be a sustainable cultivation 

method if farmers can plant in the traditional way 

based on their experiences.  But increasing 

population density, the National Poverty 

Eradication Programme (Thomas 2004) and the 

policy limiting access to the land have enhanced the 

frequency of cultivation at the particular land within 

a village (Roder et al. 2001).  The shortage of 

fallow length leads to a decline in fertility of soil 

and thereby in productivity (Ruthenberg 1980).  

However, the lack of robust evidence to support the 

hypothesis was represented in the review by Mertz 

(2002).  The reason for this difficulty seems to be 

the fact that it is hard to normalize field conditions 

in respect of initial soil fertility, topography, 

climate, and cultivation procedure.  Roder (1995) 

also could not point out a sufficient relationship 

between rice yield and fallow length but recognized 

rice yield correlated with the soil organic matter 

content in the northern Laos.  In cases where no 

fertilizer is supplied, the soil nutrient budget is 

certainly negative during the cropping period.  

Weed infestation and poor soil physical properties 

are other reasons for decreasing land productivity 

(de Rouw 1994, Watanabe et al. 2004, Tulaphotak 

et al. 1985).  Furthermore, the intensity of water 

erosion, tillage erosion and surface water flow due 

to the land cleaning operations degraded the soil 

fertility (Gufer et al. 2003, de Rouw 2004, Tanaka 

et al. 2004).  Therefore, the theory that cropping 

reduces soil fertility is correct.  The area of land 

farmers could cultivate has become a half of that in 

1980’s and the average yield has also decreased 

form 1.2 Mg ha
-1

 to 0.6 Mg ha
-1

 due to the reduction 

of fallow period from 5 ~ 6 years to 2 ~ 3 years in 

the investigation village.  Under these 

circumstances, there are no reports that estimat the 

progress of soil degradation quantitatively in order 

to reconsider the adequate land use plan.  In this 

research, we investigated the temporal change of 

soil properties from 2004 to 2007 at some fields 

which had been used for cultivation or fallow.  

Furthermore, we examined the relationship between 

soil fertility and topographical conditions to find 

out the basic knowledge for the representation of 

soil fertility distribution map. 

 

Materials and methods 

The studies were carried out in a Houayyen village, 

which is located in the Xiengnguen District in the 

Province of Luang Prabang in the northern Laos.  

The total area of arable land was 180 ha.  The 

crops were planted at 50 ha land (upland rice 35 ha, 

cash crop 15 ha) and the residual 80 ha land was 

fallow.  The average annual precipitation was 

1402 mm and about 90 % of which is concentrated 
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Fig. 1  Meteological conditions and planting operations.

 

 

in the rainy season from April to October (Fig. 1).  

The upper layer of the soil about 1 m depth dried to 

the level of the permanent wilting point in the dry 

season, so it is impossible to cultivate any crops 

without irrigation.  Several farmers occupy the 

paddy fields with irrigation system along the river, 

but most farmers cultivate on slopes from the 

bottom to the summit of the mountain by slash and 

burn according to the schedule showed Fig. 1.  

The most soil is fine texture soil weathered shale, 

mudstone and limestone.  The soil series 

distribution is characterized by the following 

toposequence: an Inceptisol occurs near the summit 

of the mountain, and here the soil profile has a 

parent rock that is unweathered at a shallow depth.  

An Entisol is distributed on the bottoms of the hills 

along the valley, and Alfisol and Ultisol are the 

predominant soil series occupying most of the 

sloping landscape. 

  We have investigated soil profiles and collected 

the depth-incremental soil samples periodically on 

the four sites corresponded to typical topographical 

conditions in the village from September 2004 until 

November 2007 (Fig.2).  In this period, some 

fields were used as arable land for cultivating 

upland rice or some cash crops and some fields 

were left as fallow and secondary vegetation grows 

there.  We measured dry matters weight and 

nutrients content of the biomass including rice and 

weeds about on the two slope positions in order to 

estimate the nutrients budget in system at the 

harvest season November 2007.  And we expected 

the nutrients loss by erosion estimated by the 

annual erosion rates (Kashiwagi et al. 2006) and the 

concentrations measured at surface soil.  Eight 

more sites were added for the study about the 

spatial distributions of soil fertilities.  We 

calculated some topographical attributes: Profile 

curvature, Plan curvature, Laplacian, Flow 

accumulation and Altitude using ArcMap software 

based on the DEM (Digital Elevation Model) 

extracted from satellite image ASTAR and added 

Slope degree measured in field for topographical 

analysis. 

Soil samples were air-dried and sent to 

Hokkaido University in Japan for chemical and 

fundamental physical analysis. The chemical 

analyses performed were: pH (1:2.5 H2O), EC (1:5 

H2O), total-C, and total-N (T-C, T-N; dry 

combustion method), available phosphorus (AvP, 

Bray2 method), extractable cations (extraction with 

N-NH4OAc at pH 7; K and Na measured by flame 

photometer and Ca and Mg by atomic absorption 

photometer), and cation exchangeable capacity 

(CEC; determined with N-NH4OAc at pH 7). 

 

Results 

For 27 months after harvest (Sep. 2004 to Dec. 

2006) T-C, AvP and some exchangeable cations 

were almost constant, only EC and K gently 

decreased at slope position (Fig.3).  At footslope 

position, pH, EC, exchangeable cations and AvP 

decreased through the fallow period and the 

reductions for the initial 12 months (Sep. 2004 to 

Sep. 2005) were remarkable.  Of all others AvP in 

the 0 to 30 cm depth layer rapidly decreased from 

208 kg ha
-1

 to 30 kg ha
-1

 for the initial period.  

Thereafter, the reduction continued until 18 months 

with weakening and the AvP content converged to 

22 kg ha
-1

 as same as that of slope position.  The 

cause of rapid reduction seemed to be the recovery 

of vegetation absorbing relatively abundant 

nutrients in soil within early fallow period.  The 

effect of soil erosion and leaching was thought to be 

concerned with the nutrients loss in the surface 

layer soil because the surface soil was not covered 

with vegetation.  If the uptake by plants was  
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Fig. 2  Map of the study area and sampling sites
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predominant, the reduction of soil nutrients did not 

mean disappearance from the system.  The 

temporal changes of T-C and T-N were different 

between slope position and footslope position: 

increase on the slope and decrease on the footslope 

positions for the initial 12 months.  At slope 

position, the change of T-C and T-N shifted from 

increase to decrease at 12 months and at 27 months 

after harvest resulted in the same quantity as that of 

the beginning fallow, namely the net increase was 

not recognized.  We could not recognize the 

increasing tendency of every nutrients in soil at all 

examination sites. 

Burning operation contributed soils to add 

abundant ash on the surface.  Ash supply and 

thermal decomposition of organic matters effected 

to increase immediately in most nutrients and the 

value of pH and EC (Fig.3, 4).  The degree of 

increase and the vertical distribution were different 

at each position of slope.  The soil layer from 0 to 

30 cm depth at footslope position contained 133.2 

kg ha
-1

 of AvP which is three times as much as that 

at slope position (37.9 kg ha
-1

).  In addition AvP 

increase was limited to the surface soil upper 5 cm 

depth at slope, but it had been extended to 30 cm 

depth at footslope.  The same results were shown 

on the other chemical properties.  These 

differences seemed to reflect the biomass of 

vegetation, but it was concluded that main factor 

was the movements of soil materials and solutions 

along the slope.  We took the after burning soil 

samples at the beginning May in 2007, but about 

one month had passed afterburning.  Considerable 

precipitation (118.7 mm) was recorded in April at 

Luang Prabang weather station located about 30 km 

north from the village.  Therefore a rich and 

deeper content of AvP or cations in soil at footslope 

was attributed to the deposition from upper slope by 

erosion and surface water flow dissolved with some 

minerals.  The effect of burning on T-C was 

particular.  At footslope position, the increase of 

T-C was 30.0 Mg ha
-1

 and the decrease was 6.6 Mg 

ha
-1

 at slope position affected by the subsurface 

layer (5 to 30 cm depth) change was the positive 

and the negative respectively.  Some studies 

reported burning directly operates to add carbon as 

cinders (Ney and Greenland 1964, Kyuma et al. 

   Footslope position       Slope position 

 

Fig. 4  The vertical distributions of soil 

chemichal properties. 
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1985) and Roder et al. (1997) and Kendawang et al. 

(2004) suggested no effect on T-C.  On the field 

opened by burning, relatively high soil temperature 

promotes decomposition of soil organic matter 

(Tulaphitak et al. 1985).  The combination effects 

seemed to cause the stable state near surface soil at 

each site.  We inferred from these reports that the 

deposition mentioned above affect high T-C content 

at footslope. 

EC, pH, AvP, and exchangeable cations 

increased by burning sifted to decrease during the 

cultivation period, especially reduction of EC and 

AvP were remarkable (Fig.4).  The depth in which 

AvP reduced was limited to surface layer upper 5 

cm depth and the amount of reductions were almost 

the same at each site.  However tendency of the 

changes in T-C was different at each site.  The loss 

of T-C with the decomposition of soil organic 

matter or erosion continued through the planting 

season at slope position, while T-C just after 

harvest was more than that after burning at each 

depth on the footslope.  The differences of T-C at 

each depth were not significant, but the 

accumulative amount of T-C gain on the layer 

upper than 30 cm depth was 6.8 Mg ha
-1

.  It was 

thought that the gaining process by the deposition 

was superior to the loss by decomposition. 

C N P K

Upper slope Soil (0-30cm) 51.75 6.502 56.04 683.66

 !Soil (0-30cm) -7.46 -0.605 -21.56 -0.66

rice yield   -Erosion -2.15 -0.200 -6.09 -37.94

(Mg / ha)   -Run-off -- 0.039 0.011 0.083

1.31   -Uptake by plant -- -0.046 -15.94 -102.86

         -Returned -- -0.025 -9.66 -81.41

         -Take-out -- -0.020 -6.27 -21.45

Lower Slope Soil (0-30cm) 35.21 5.107 23.34 518.89

 !Soil (0-30cm) -2.27 -0.521 1.34 -38.33

rice yield   -Erosion -1.69 -0.164 -2.23 -32.71

(Mg / ha)   -Run-off -- 0.018 0.003 0.061

0.41   -Uptake by plant -- -0.050 -7.47 -59.15

         -Returned -- -0.043 -5.85 -52.89

         -Take-out -- -0.007 -1.62 -6.26

kg/haMg/ha

Table 1  The budget of nutrients planting period.

 
 

Table 1 shows the nutrients budget in system 

roughly estimated by the change of nutrients which 

were contained in soil and vegetation at upper slope 

and lower slope positions.  The budget in soil was 

negative except P at lower slope.  The amount 

uptake by plants plus erosion was more than the 

quantity change of P and K in soil suggested the 

existence of the nutrients source.  Trelo-ges et al. 

(2004) reported the amount P and K supplied with 

the annual precipitation was 1.61 kg ha
-1

 and 2.14 

kg ha
-1

 respectively.  These were not enough to 

balance the budget.  It meant the progress of 

organic matter decomposition.  The disappearance 

of T-C in soil exceeded the loss by erosion.  

Therefore, we could regard the soil organic matter 

as the valuable source of some nutrients and it is 

equivalent to burning operation.  The budgets of 

T-N in soil were also negative and the total loss 

except erosion and uptake by plants were about 300 

kg ha
-1

 at each position, but we could not find out 

the mechanisms in detail.  Uptake by plants was 

main expenditure including the portion which will 

be returned to soil.  Net loss from the system 

corresponds to erosion and take-out, which 

consisted with paddy and upper 70 cm of straw.  

The proportions of net loss to initial contents of P 

and K in soil were 16 or 22 % and 7 % or 8 % 

respectively.  The erosion loss exceeded that of 

take-out in every nutrient, so it is important for 

sustainable cultivation to begin taking measures to 

prevent soil erosion.  And the take-out losses of P 

and K were larger than that supplied by annual 

rainfall as net input.  Farmers should adapt the 

rational harvest or weeding methods which 

contribute to conserve soil fertilities.     
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The soil chemical properties changed associated 

with farming operations and the substance of 
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changes showed the large varieties depending on 

the positions on slope.  We picked up the soil 

chemical properties only after burning to estimate 

the special variability on the fertilities of the 

systems because we could disregard the nutrients 

stock of vegetation.  Figure 5 represented the 

profiles of EC and T-C on the three positions along 

the continual slope.  The order of EC was inverse 

proportion to the altitude, which seemed to be 

reflected the downward movement of surface or 

subsurface flows dissolved some bases.  However, 

the relationship between T-C and altitude was 

obscure, but we found out the apparent relation 

between T-C and slope degree.  Organic matter 

content or A horizon thickness was correlated 

significantly with slope degree on the upland field, 

as indicated in the previous papers (Moore et al. 

1993, Park et al. 2001, Kashiwagi 2004).  We tried 

the correlation analysis about entire field in the 

village to verify these relationship, whether it is 

universal or not, and to find out the terrain 

attributes correlated with soil chemical properties.  

Flow accumulation was most highly correlated with 

pH, EC, AvP and some cations (Table 2).  

Because these cations except AvP have mobility 

following to the water movement in or on soil.  

This result suggested that minerals concentrate in 

soil easily and soil degradation could be delayed on 

the positions which have wider upper slope area.  

T-C and CEC, which did not correlate with flow 

accumulation, showed negative correlation with 

only slope degree, which is the same as the result 

on continuous slope.  If we reveal the limiting 

factors of soil properties for crop yield, soil 

fertilities map will be realized with the regression 

analysis based on topography.  

#

FlowA. PlanC.  ProfC. Laplacian Height Slope

!H 0.77** ns ns -0.63* ns ns

EC 0.70* ns ns ns ns ns

AvP 0.91** ns ns ns ns ns

K 0.89** ns ns ns ns ns

Na ns ns ns ns ns ns

Ca 0.74** ns 0.60* -0.64* ns -0.61*

Mg 0.72* ns 0.72* -0.74** ns ns

CEC ns ns ns ns ns -0.65*

T-N -0.75** ns ns ns -0.75** ns

T-C ns ns ns ns ns -0.66*

C/N 0.87** ns ns -0.64* ns -0.67*

Significant level of correlation test  * :5%  **:1%

Table 2  The results of correlation analysis between terrain

attlibutes and soil chemical properties.

 
 

#

Discussion and conclusion 

The effects of burning remarkably increased EC, 

AvP and cations in soil, but the amount of there 

elements did not excess that at the previous harvest.  

Consequently, two years fallow was considered not 

to be enough to recover soil fertility degraded by 

erosion and take-out as harvest during the 

cultivation periods.  Especially the progress of soil 

degradation was significant at the slope, where 

nutrients seldom flow in.  The more initial organic 

matter there is in the field, the less the reduction of 

the yield because of the decomposition of organic 

matter. But that is limited resource and it will be 

depleted, if farmers continue to cultivate in the 

same way.  Therefore, for sustainable cultivation it 

is important to take measures to prevent soil erosion 

which is the main factor of soil degradation.  They 

cultivated upland rice to feed themselves in the 

northern Laos, but the current average rice yield 0.6 

Mg ha
-1

 corresponds to 10-month feed for typical a 

household.  Furthermore, the introduction of 

intensive agriculture and reallocation of degraded 

field and fertile forest should be considered based 

on the correct estimation of land productivity and 

the budget of nutrients in the system in order to 

enough self-sufficient rice. 
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Changes of soil inorganic nitrogen after short-term cultures of hairy vetch and 
wild oat cultures under tillage and no-tillage conditions at Sapporo, Japan. 
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Abstract 
It has long been recognized that cover crops are effective to conservation of soil quality. However the growth 
season of almost cover crops is limited because of long term of snow cover at the Hokkaido region of Japan. 
This study was conducted to determine the effect of short-term cover crop production on soil inorganic 
nitrogen. Hairy vetch (Vicia villosa) and bristle oat (Avena sterigosa) were planted in monoculture and in 
mixture in autumn season (August 2006 to April 2007) and in summer season (June to August 2007). After 
each crop production, plant residues were incorporated by rotary tillage or kept on ground surface in no 
tillage condition. Plant residual biomass of the autumn production was higher than those of the summer 
production. C/N ratio of plant residues ranged between 14.6 and 27.4 in the autumn production and between 
24.9 and 40.5 in the summer production, Dry weight of the plant residues was decreased to the range of 
24.2% to 51.6% under no tillage condition for forty five days. The increasing of soil inorganic N 
concentration was the highest after hairy vetch production in both seasons; 0.59mg/100g soil to 1.01mg/100g 
soil. While the dynamics of soil inorganic N accumulation was not sensitive to tillage treatment after the 
summer production, the amount of soil inorganic N was increased under no tillage condition than tilled 
condition after the autumn growing season. These results indicated the usefulness of cover crop productions 
even if the growing periods were not enough. 
 
Keywords: green manure, summer and autumn cover crop productions, inorganic N, tillage systems 
 
Introduction 
The benefits of cover crops in cropping systems 
have long been recognized, To date, the rule of 
cover crops is expanded to include management of 
weeds, disease and pests, and overall enhancement 
of soil quality though organic matter enrichment, 
improved nutrient cycling and reduction of soil 
compaction (Sarrantonio and Gallandt 2003). The 
inclusion of a cover crop production into diverse 
cropping systems have been challenged worldwide 
by agricultural researchers and farmers, such as 
summer and winter fallow, intercropping, 
overseeding, and full-year fallow (Sarrantonio and 
Gallandt 2003; Snapp et al. 2005). The interest in 
replacing bare fallow period with cover crops is to 
be increasing at a grain-growing region in 
Hokkaido region where the highest crop production 
region in Japan is. However a growing season for 
annual crop production was less than seven months 
at there because of short-term frost free season. It is 
thought that biomass production of cover crops for 
green manure is not enough at Hokkaido if double 
cropping rotations of cover crop and cash crop were 
conducted. 

Although the predominant temporal niche for 
cover crops production at many cool temperature 
regions are the winter, almost crops in winter can 
not grow because of heavy snow cover and/or soil 
freezing from December to end of March at 
Hokkaido. For utilization of winter cover crops, 

such as barley (Hordeum vulgare L.), rye (Secale 
cereale L.), and hairy vetch (Vicia villosa Roth), for 
green manure, biomass productions of them during 
the early spring period are not enough at Hokkaido 
because almost summer cash crops should be 
planted in from mid April to early June in 
conventional cropping systems at there. Besides, a 
population of winter cover crops adapted at 
Hokkaido has not been found yet, except rye. For 
example, hairy vetch, which is one of the major 
winter legumes worldwide, can not survive over 
winter at middle and north Hokkaido. 

We conduct to determine the effect of 
short-term biomass production of cover crops on 
availability for green manure at Hokkaido. We 
focused the niches with cover crop production in 
the summer season from June to early August and 
in the autumn season from mid August to snowfall 
(early November) in this study.   
 
Materials and methods 
Study site 
The field was located at the Experimental Farm, 
Hokkaido University, Sapporo, Japan, (43°04'N 
141°21'E). Soil type of the experiment field is a 
heavy clay alluvial soil with pH 5.9 (0 - 30 cm). 
The monthly average temperature and precipitation 
in 2006 and 2007 were shown at Figure 1.  
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Plant materials and field design 
Two cover crop species, hairy vetch (Vicia villosa 
Roth) and bristle oat (Avena sterigosa), were used 
in this study. Although hairy vetch is categorized to 
a winter annual legume, its growth habit is an 
annual under weather condition at the Hokkaido 
regions of Japan. Bristle oat is an annual grass 
species. We selected these species by their 
characteristics of a rapid grow habit after planting. 
Both species are in widespread use as cover crops at 
Hokkaido, Japan.  

These cover crops were grown during two 
different seasons, the autumn season in 2006 and 
the summer season in 2007, at distinct fields in the 
farm. The cover crops were sown on 15 August 
2006 for the autumn crop production and 
winter-killed plants of them were left on the field 
by the following spring in 2007. Sown date of the 
summer crop production was 30 May 2007 and the 
productions were chopped on 13 August 2007. Any 
chemical compound included fertilizer was not 
applied in the both growing seasons. Hairy vetch 
and bristle oat were sown at four different seeding 
rates; 0:0, 7:0, 3:5, 0:10 (hairy vetch: bristle oat; 
g/m2) in the autumn production and 0:0, 5:0, 5:5, 
0:5 in the summer production. The experimental 
plots were named “Bare”, “HV”, “BO”, and “Mix” 
in this paper, respectively. The experimental plots 
were set on a randomized complete block design 
with three replications in the both experiments. 
Each plot size was 40m2 (5m X 8m) at the autumn 
examination and 17.5m2 (3.5m X 5m) at the 
summer examination. After the end of both growing 
seasons, all experimental plots were divided in half 
by tillage treatment on 17 April 2007 in the autumn 
growing season and 16 August 2007 in the summer 

growing season, respectively. The plant residues on 
a half area of the plots were incorporated by rotary 
tillage, those on the other area were kept on ground 
surface under no tillage condition. The sequent cash 
plant were spring wheat (Triticum aestivum L.) after 
the autumn production and rapeseed (Brassica 
napus L.) after the summer production. These crops 
were grown under tilled and no tilled conditions. 
 
Sampling and laboratory analysis  
Plant shoots and residues on soil were collected 
from two random positioned quadrates (50cm X 
25cm) per plot. The dry matter of shoot productions 
was weighted on 30 November in 2006 (after 
autumn growing season) and 23 July in 2007 (after 
summer growing season). The plant residues were 
sampled from no tillage area in each plot after 
tillage treatment at the end of both growing seasons. 
To determine deposition of plant residues, they 
were sampled the spring litters (autumn products) 
on 12 April, 1 May, and 5 May in 2007 and the 
summer litters (summer products) on 22 August, 5 
September, and 27 September in 2007.  

The amount of inorganic nitrogen, ammonium 
nitrogen and nitrate nitrogen, in soil was 
determined. A soil core sampler with an internal 
diameter of 30 mm and a length of 30cm 
(Eijkelkamp) was used to collect soil from each 
area (tilled area and no tilled area; two positions per 
site) at the beginning and the end of both growing 
seasons and at the sampling date of the litters. 
Composite samples were sieved by 2mm mesh and 
extracted with 2M KCl (40 ml solution / 4 g of soil). 
The concentration of inorganic nitrogen in the 
extractions was analyzed photometrically with 
auto-analyzers (SNAP-5000; Aqua Lab.). The 
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average amount of nitrate nitrogen and ammonium 
nitrogen in soil was 1.84mg/100g soil and 0.86 
mg/100g soil just after the beginning of the autumn 
season, and 1.70mg/100g soil and 0.31 mg/100g 
soil just after the beginning of the summer season. 
The amount of total nitrogen in the plant residues 
just after the end of crop productions was also 
analyzed by Elementar Vario EL III analyzer.  

R (version 2.7; R Development Core Team, 
2008) was used to analyze of ANOVA for biomass 
of litters, C/N ratio, and inorganic nitrogen. 
 
Results 
All plant residues of the autumn production were 
derived from winter-killed plants after the autumn 
growing season. The average dry matter of the plant 
residues of hairy vetch, bristle oat, and mixculture 
of them after the autumn growing season were 
higher than those after the summer growing season 
(Table 1). Dry matter of plant residues on the Bare 
plots was 223.0g/m2 after the summer growing 
season. A large part of them were composed by 
annual grass weeds. A content of nitrogen in the 
plant residues of the autumn production was higher 
than the plant residues of the summer production, 
while a content of carbon was higher in the plant 
residues of the summer production. Therefore, C/N 
ratio in the plant residues of the summer production 

was higher than those of the autumn production 
(Table 1). C/N ratio of plant residues ranged 
between 14.6 for hairy vetch and 27.4 for bristle oat 
on the autumn growing plots, while those were 
varied between 24.9 for hairy vetch and 40.5 for 
bristle oat on the summer growing plots.  

Dry weight of litters at 45th days after the end 
of both growing seasons was decreased to the range 
of 24.2% to 51.6% of the plant residues (Table 1) 
under no tillage condition (Fig 2). Decomposition 
for 45 days was higher of the spring litters than of 
the summer litters on the BO plots and the Mix 
plots. Loss rate during the degradation period 
ranged between 73.4-54.5% of the spring litters and 
75.4-48.4% of the summer litters. The loss of litters 
on the HV plots was the largest in autumn and 
summer experiments; 73.4% of the spring letter and 
75.4% of the summer litter. The loss of the summer 
litters on the Bare plots was comparable to those on 
the HV plots. 

Inorganic nitrogen in soil was increased during 
the degradation period of litters in both 
examinations (Fig 3). The increasing of soil 
inorganic N concentration was the highest in the 
HV plot after both crop growing seasons; 
0.59mg/100g soil after the autumn growing season 
and 1.01mg/100g soil after the summer growing 
season. Although soil inorganic N increased in the 

Autumn production  (Spring litters) Summer production (summer litters)
DW (g/m2) N (g/m2) C (g/m2) C/N DW (g/m2) N (g/m2) C (g/m2) C/N

Bare not　deteced 223.0 2.78 79.74 28.7
HV 303.2 6.16 89.84 14.6 220.2 3.18 79.18 24.9
BO 381.6 4.71 128.96 27.4 302.3 2.74 111.17 40.5
Mix 381.1 5.02 106.94 21.3 312.6 3.05 107.64 35.3

Table 1 Dry matter, total amont of nitoregen and carbon, and C/N ratio of plant residues after the
autumn production and summer production.

Bare= fallow, HV=hairy vect, Bo=bristle oat, Mix=mixted culture of hairy vetch and brisle oat
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almost cover crop plots for 45 days or more after 
the end of crop growing seasons, the peak amount 
of those in the HV plot was less than 45 days in the 
summer experiment. While the dynamics of soil 
inorganic N accumulation was not sensitive to 
tillage treatment after the summer production, the 
amount of soil inorganic N was increased under no 
tillage condition than tilled condition after the 
autumn growing season. 
  
Discussion and conclusion 
The range of shoot biomass productions in this 
study was from 3.2 Mg ha-1 to 6.9 Mg ha-1 during 
the autumn season and 1.4 Mg ha-1 to 6.1 Mg ha-1 
during summer season (data not shown). These 
values are comparable to those in a review of Cherr 
et al. (2006) for temperate cover crops. The 
inorganic nitrogen accumulation in soil was the 
highest in summer production of hairy vetch in this 
study; the amount of inorganic N was increased by 
1.01mg/100g soil 45th days after of crop 
production.  

The status of decomposition of plant residues 
includes the effects of the quantity and the quality 
of the residue, the artificial factors (i.e., tillage, 
application of chemical compounds), and the 
environment (i.e., air temperature, precipitation, and 
soil characteristics). The C/N ratio of the residue is 
a principal determinant factor for N mineralization 

in soil (Kuo and Sainju 1998). The C/N ratio of the 
summer litters on almost plots exceeded 25, which 
is thought be a threshold between net mineralization 
and immobilization. The C/N ratio of litters is 
affected by the ratio of composed plant species and 
their growth stage. The population of hairy vetch 
and bristle oat was grown at the early stage of 
ripping during the summer growing season in this 
study. It is necessary for the effective utilization of 
short term cover crop productions to attend to their 
growth habits and their composed ratio. 

The result in this study indicates the usefulness 
of short-term cover crop productions at Hokkaido. 
A large amount of soil nutrients was leached from 
farmlands during snow melting in seasonally snow 
covered regions. A combination of short autumn 
cover productions and following no tillage 
treatment should be one of the useful cropping 
systems for conservation of soil quality at 
Hokkaido. 
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Abstract 
Food deficit in developing countries is generally attributed to low agriculture productivity due to insufficient and 
its inefficient use. In Sub-Sahara Africa (SSA), this low productivity has a consequence nowadays in several 
countries’ food crisis demonstrations, which could affect directly the fragile political stability of the entire region. 
A better productivity in African semi-arid regions has been widely suggested based on a cropping calendar 
approach in order to take advantage of the favorable climatic condition. Therefore, there is a need to determine a 
suitable cropping calendar for a better rainwater management. This paper examines the scope for meeting the 
crop water demand under rainfed condition based on the cropping calendar approach in SSA. Important climatic 
data have been collected from 1996 to 2005 in Ouagadougou and Ngabu, located in Burkina Faso and Malawi, 
respectively. Hence, the rainfall contribution index and yield estimation model are introduced in this study to 
examine the availability of rainwater and predict the yields. Based on the index, it has been observed that there is 
a high crop water requirement in Ouagadougou than in Ngabu regardless of the crop and planting date. It was 
observed that, the rainwater is sufficient in Ngabu than Ouagadougou. In addition, the yield of selected crops 
might increase by 5.09 to 16.03% and 4.25 to 7.33% in Ouagadougou and Ngabu, respectively by following the 
suitable planting periods determined in this study. The suitable cropping calendar should therefore be used to 
reduce water shortage in rainfed production and increase crop productivity. 
 
Keywords: Sub-Sahara Africa, food deficit, cropping calendar, productivity, rainfall contribution index 
 
Introduction 
The current global food crisis has aggravated the 
raising of food price and threaded the regional 
stability particularly in the Sub-Sahara Africa (SSA). 
In the search for solutions to the problem of food 
crisis, the international community aid has been 
solicited. According to Nichols (2008), the only smart 
short-term response is to throw money at the problem. 
Food security problems in SSA need to be urgently 
addressed, in order to cope with galloping global food 
prices. These regions are most heavily dependent on 
food imports. For long term solution, SSA needs to 
move from the international food assistance to 
agricultural assistance by a real agriculture sector 
development policy. To tackle the problem, FAO 
focused on access to fertilizers and seeds for boosting 
domestic food production and insulate them from 
price shocks when they fluctuate.  

However, it is well known that the low income 
and food deficit countries in SSA face another 
challenge of water resources limitation. In SSA, the 
yields from rainfed agriculture which present 95% of 
agriculture land are low (Rockstrom et al., 2007). 
Therefore, an efficient use of rainwater coupled with 
the international community support on inputs could 

obviously reduce the food crisis tension in SSA. In 
SSA, It is evident that inadequate rainfall and water 
shortages limit crop production, the management 
based on matching the rainwater supply and crop 
water demand can improve the crop productivity. 
Various management strategies have been suggested 
to increase yields in rainfed environment (Boling et al. 
(2007) indicated that sowing dates can be adapted to 
make optimal use of rainwater and increase the yield. 
Study done by Tesfaye and Walker (2004) suggested 
a management practice based on matching water 
supply and crop demand in African semi-arid region 
for efficient use of agriculture water. As the SSA 
struggles to feed a rapidly growing population with 
finite water resources, rainwater efficient use aims at 
improving agricultural productivity while reducing 
the raising of the food price. Study done by Perret 
(2006) reported in Burkina Faso for example that, 
there is missing information on crop water balances 
and rainfall variability in Burkina which is important 
for further technology development and farmer 
decision making. Several studies have investigated 
the effects of planting dates on water supply and grain 
yield (Braga et al., 2008). According to Timsina et al. 
(2008), knowledge of the impact of sowing and 
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irrigation management on crop yield, water balance, 
crop water use and requirement can help to identify 
management options for maximizing crop water 
productivity. Recently, Ramesh and Singh (2008) 
stated that an important management factor in the 
production of all crops is the planting date.  

To the knowledge of authors, there is a very few 
literature related to crop water demand and 
productivity information under rainfed condition in 
Burkina Faso and Malawi. As these areas have low 
and irregular rainfall, there is a need to develop 
decision support based on historical data series to 
help farmers to optimize the rainwater use and 
increase the yield of their crop. Therefore, rainfall 
contribution index (Wang et al., 2007) and yield 
estimation model (Wang et al., 2008) were introduced 
in this study to examine the availability of rainwater 
and predict the crop yield. The objective is to provide 
information of suitable cropping calendars to farmers 
for better water management and crop yield in 
Burkina Faso and Malawi. In this study, important 
long term climatic data, soil and crop information 
were collected in two production sites, Ouagadougou 
and Ngabu located in Burkina Faso and Malawi, 
respectively. 
 
Material and Methods 
1) Study Areas 
Ouagadougou and Ngabu, explored in this study are 
located in the North Sudano-Sahelian region and 
Southern region of Burkina Faso and Malawi, 
respectively (Figure 1). The data sets were collected 
from the meteorological stations located in both areas. 
In North Sudano-Sahelian region at 800 mm isohyets, 
Ouagadougou Airport Meteorological station located 
at 12o37’N latitude, -1o52’W longitude and 306 m 
altitude. In Southern region at isohyets 930 mm, the 
meteorological station of Ngabu is located at 16o30’S 
latitude, 35o21’W longitude and 102 m altitude. The 
monthly weather data composed of precipitation 
(mm), maximum and minimum temperature (oC), 
relative humidity (%), sunshine (hour) and wind 
speed (km/day) were collected from 1995 to 2005 in 
both locations for this study.  

 
2) Crop and soil information 
Soil water depletion factors for no stress, and yield 
response factors were based on the procedures given 
by Allen et al. (1998) and Clarke et al. (1998). 

According to Mermoud et al. (2005), for 
Ouagadougou in North Soudano-Sahelian zone, the 
surface layer (0-30 cm) is loamy which has 20% clay, 
30% silt and 40% sand, approximately. The soil bulk  
density varied from 1.6 to 1.7 g/cm3. In Ngabu soils 
are medium to course textured alluvial and colluvial 
as reported by Reynolds (2000). 

Maize, dry bean, millet and groundnut are the 
main staple food crops grown in the study areas. The 
crop growth parameters such as duration, height and 
rooting depth provided by the agricultural extension 
services were obtained from local information as 
suggested by Brouwer and Heibloem, (1986). Then, 
the crop coefficients were derived by the numerical 
determination approach and adjusted as described by 
Allen et al. (1998).  

The relative impact of climate on crop required 
the adjustment of kc. For specific adjustment of kc 
for mid and late season in climates where the 
minimum relative humidity differs from 45% or 
where wind speed is larger or small than 2.0 m/s, the 
procedure is given by Allen et al. (1998). Table 1 
shows detailed length of growing stages for the 
selected crops, respectively. 
 
3) Yields Modeling 
This study used the model recently developed by 
Wang et al. (2007) for estimating yields, only in 
rainfed condition under different planting dates. 
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Figure 1. Sketch of the present study area
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Where Ye and Yp are the estimated and potential 
yield, respectively; ky is the yield respond factor to 
drought; i is the time step and n is the total time step 
for the growing period; RCI is the rainfall 
contribution index. Wang et al. (2007b) determined in 
a recent paper the RCI which general form is 
expressed as the following: 

  9
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n
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ii

n
/ETmPERCI                    

(2) 
where PE is the effective rainfall (mm); ETm is the 
crop water requirements (mm). Crop water 
requirement ( ETm ) is established as a function of 
reference evapotranspiration (ETo), estimated in 
Allen et al. (1998) and crop coefficient ( kc ): 

kcEToETm '                       
     (3) 

 

Discussion of Results 
1) Rainfall Contribution Index 
Two production sites have been investigated in this 
study, Ouagadougou and Ngabu located in Burkina 
Faso and Malawi, respectively. These two Sub-
Sahara African (SSA) countries are low rainfall areas 
with a difference in the period of their rainy season. 
Rainfed agriculture in Burkina Faso and Malawi is 
characterized by a short and monomodal rainy season 
starting from May to September and November to 
April, respectively. In Burkina Faso, the total 
seasonal rainfall is low with 90% of the rain falling 
during the months of July, August, and September 
(Traore et al., 2007). While, in Malawi the maximum 
rain falls between December to February. 
Appropriated planting information might help 
Burkina Faso and Malawi farmers for a better uses of 
the rainwater supply. According to Ingram et al. 
(2002), Burkinabe farmers need more information for 

Crop growing stages (days)  
Crop 

Growing 
length (days) Initial Development Mid season Late season 

Maize Massongo 105 20 30 35 20 
Bean KVX61-1 95 15 25 35 20 
Millet 140 20 30 55 35 
Groundnut 130 25 35 45 25 
 

Table 1. Length of growing stages for the selected crops in the study areas. 

Planting 
dates 
day/month 

Maize 
Massongo Bean KVX61-1 Millet Groundnut 

01/05 (01/11) 0.65 (0.85) 0.58 (0.74) 0.78 (0.94) 0.68 (0.87) 
05/05 (05/11) 0.69 (0.88) 0.61 (0.76) 0.81 (0.95) 0.71 (0.89) 
10/05 (10/11) 0.74 (0.93) 0.65 (0.82) 0.85 (0.95) 0.75 (0.90) 
15/05 (15/11) 0.78 (0.93) 0.68 (0.89) 0.89 (0.98) 0.78 (0.95) 
20/05 (20/11) 0.81 (0.94) 0.72 (0.90) 0.92 (0.98) 0.80 (0.95) 
25/05 (25/11) 0.85 (0.96) 0.76 (0.95) 0.93 (1.00) 0.82 (0.98) 
30/05 (30/11 0.86 (0.97) 0.80 (0.95) 0.91 (1.00) 0.82 (0.96) 
01/06 (01/12) 0.87 (0.97) 0.82 (0.95) 0.89 (1.00) 0.82 (0.96) 
05/06 (05/12) 0.88 (0.98) 0.85 (0.95) 0.86 (1.00) 0.81 (0.93) 
10/06 (10/12) 0.88 (0.98) 0.87 (0.96) 0.81 (0.98) 0.79 (0.92) 
15/06 (15/12) 0.87 (0.99) 0.88 (0.97) 0.77 (0.89) 0.76 (0.87) 
20/06 (20/12) 0.85 (0.98) 0.89 (0.97) 0.73 (0.87) 0.72 (0.86) 
25/06 (25/12) 0.81 (0.96) 0.89 (0.97) 0.69 (0.78) 0.69 (0.78) 
30/06 (30/12) 0.78 (0.92) 0.87 (0.97) 0.65 (0.77) 0.65 (0.78) 
 

Table 2. Rainfall contribution index in Ouagadougou and Ngabu. 

Remark: value in ( ) is for Ngabu 
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staggering planting to avoid exposing crops to water 
deficit during vulnerable crop growth stages. 

From Table 2 the values of RCI found in this 
study were higher in Ngabu (0.74 to 1.00) than 
Ouagadougou (0.58 to 0.93). The closer the index 
value is to one, the higher the rainwater supply and 
vice versa. By considering only the rainwater 
availability, it is conclude that, most of the crops were 
potentially favorable to the agro-ecological climate of 
Ngabu. While in Ouagadougou, only millet could be 
less water stressed. Research observed yield 
increasing under high water supply condition by 
simulating the dynamics of crop seasonal water 
deficits (Grant, 1990). These areas have a very low 
and short rainfall. Hence, inappropriate planting dates 
over a long period could lead to a mismatch between 
high crop water demands and high rainwater supply. 
Accordingly, crops could be under rainwater 
insufficiency during their high water requirements 
period. It has been reported by Wang et al. (2007b), 
in low rainfall areas, planting dates management 
might reduce the rainwater stress to crops. Research 
conducted by Kalra et al. (2007) indicated that, 
altering the date of planting to match with the 
favorable environment conditions seems to be a 
potential adaptation strategy for sustaining the 
production. By considering only the rainwater 
availability in this study, the yield deficit was related 
to the evapotranspiration deficit which is a 
consequence of rainwater deficit. Hence, the RCI and 
yields estimated in this study can help for 
determining a suitable cropping calendar for 
Ouagadougou and Ngabu. 
 
2) Yields Evaluation 
According to Stehfest et al. (2007), as crop yields are 

sensitive to planting dates and the length of the 
growing season, planting dates for different regions 
of the world are an important input parameter that 
determines regional crop response to climate 
conditions. He stated that, although some 
organizations or projects provide information on crop 
specific planting dates (FAO-Geoweb, 2004; USDA, 
2004) this information is not sufficient for a global 
yield modeling. First, not all countries and not all 
crops are covered by these databases. Second, 
planting dates often differ within one country, which 
is only considered for very large countries in these 
databases. Third, planting dates change with climate 
change, and any project that aims to simulate future 
crop yields cannot rely on static crop calendars. Thus, 
this paper explored the potential for improving the 
rainwater use and increasing the crop yield by 
manipulating the planting dates. 

A climatic data information model recently 
proposed by Wang et al. (2008) was used in this 
study to estimate the yields of crops. The results are 
presented in Tables 3 and 4 which give the crops 
yields estimated for different planting dates in 
Ouagadougou and Ngabu, respectively. From these 
results, it was observed that the yields vary according 
to the locations and planting dates. The highest 
estimated yields found were 5.10, 1.31, 1.40 and 0.87 
tons per hectare for maize, bean, millet and groundnut, 
respectively in Ouagadougou. Whilst in Ngabu, they 
were 5.92, 1.46, 1.50 and 0.98 tons per hectare for 
maize, bean, millet and groundnut, respectively. It 
was observed that, the yields were higher in Ngabu 
than Ouagadougou. In Ouagadougou, the highest 
estimated yields for maize, bean, millet and 
groundnut were found on June 5, June 20, May 25 
and May 25, respectively. Whilst in Ngabu, the 

Crop 
Maize Massongo  Bean KVX61-1 Millet Groundnut 

Planting          
dates 

Yield 
(t/ha)  

Planting    
dates 

Yield 
(t/ha) 

Planting    
dates  

Yield 
(t/ha) 

Planting    
dates 

Yield 
(t/ha) 

01/06 5.03  10/06 1.28 15/05 1.34 20/05 0.86 
05/06 5.10  15/06 1.29 20/05 1.38 25/05 0.87 
10/06 5.10  20/06 1.31 25/05 1.40 30/05 0.87 
15/06 5.03  25/06 1.31 30/05 1.37 01/06 0.87 
20/06 4.88  30/06 1.28 01/06 1.34 05/06 0.87 
Traditional av. 4.56    1.11   1.23   0.83 
Optimum av. 5.03    1.29   1.36   0.87 
Increase (%) 10.31    16.22    10.57    4.82 
 

Table 3. Yields estimated in Ouagadougou under different planting dates. 
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highest yields were obtained on December 15, 
December 25, November 25 and November, 
respectively. This study considered the planting dates 
under the highest RCI which gave the highest 
expected yields, as suitable planting period  

From the results of this study, by comparing the 
average value of expected yields to potential yields, it 
was observed that the yields were reduced from 4.82 
to 16.22% and 4.30 to 7.41% in Ouagadougou and 
Ngabu, respectively. These yields decreasing were 
much higher for planting staggered from the suitable 
dates determined in this study. This is causally related 
to the planting dates variation. Igbadun et al. (2007) 
attributed this yield reduction to the 
evapotranspiration deficit due to the shortage of water 
supply which is affected by the cropping calendar. 
According to Ramesh, and Singh (2008), a change in 
planting time leads to significant impact on the 
performance of the crop. 

Figure 2 (a and b) shows that the standard 
deviations were lower between potential and 
optimum expected yields obtained from suitable 
planting period than traditional one. The yield of 
groundnut, millet, maize and bean would increase if 
farmers follow the suitable planting period. For these 
SSA countries, it can be concluded that, the yields 
deficits under rainfed condition might be attributed to 
the cropping calendar difference. The future food 
scenario is not optimistic because the demand for 
food in developing countries is expected to increase 
at about 3.6% per year during the coming decade 
(Jury and Henry, 2007). Therefore, the results of this 
study might be suggested to alleviate the water 
shortage and yield deficit in rainfed production, in 
Ouagadougou and Ngabu. This can help farmers to be 
able to make practical decisions on the land 

preparation periods and planting dates of their crops. 
It is necessary to develop this methodology for 
different locations and enlarged to other new cultivars 
release by breeders. Hence, the low agricultural 
productivity can partially be solved. Discussions 
about the importance of early yield predictions for 
agricultural planning and food security issues have 
also been presented (Thornton et al., 1997. Then, the 
food crisis can find a long term solution.  
 
Conclusions 
Burkina Faso and Malawi located in Sub-Sahara 
Africa are low rainfall and food deficit countries. 
Ngabu receives annually, an average of 930 mm 
rainfall, while Ouagadougou receives 800 mm. This 
present study explores the cropping calendar 
approach in order to alleviate the water deficit impact 
on crop and increase the yields. From the results of 
this study, the RCI and expected yields determined 
were found higher in Ngabu than Ouagadougou due 
to their agro-ecological climatic difference. By 
considering only the rainwater availability, it is 
conclude that, most of the crops were potentially 
favorable to the agro-ecological climate of Ngabu. It 
is also found that the yields vary according to the 
locations and planting dates. It was found that, the 
gap between potential and expected yields was 
causally related to the planting dates. Rainwater 
efficient use can be made available to crops by 
improving management of planting period. The water 
balance approach for different planting dates is a 
useful decision support system to help farmers to 
optimally schedule and manage rainwater for high 
productivity. The information on expected crop 
production and rainwater supply can also be used by  

Crop 
Maize Massongo  Bean KVX61-1 Millet Groundnut 
Planting          
dates 

Yield 
(t/ha)  

Planting    
dates 

Yield 
(t/ha)

Planting    
dates 

Yield 
(t/ha)

Planting    
dates 

Yield 
(t/ha)  

30/11 5.80  10/12 1.45 25/11 1.50 15/11 0.96 
01/12 5.81  15/12 1.45 30/11 1.50 20/11 0.96 
05/12 5.81  20/12 1.45 01/12 1.50 25/11 0.98 
10/12 5.83  25/12 1.46 05/12 1.50 30/11 0.97 
15/12 5.92  30/12 1.46 10/12 1.46 01/12 0.97 
Traditional av. 5.60    1.35   1.40   0.93 
Optimum av. 5.88    1.45   1.50   0.97 
Increase (%) 5.00    7.41    7.14    4.3 
 

Table 4. Yields estimated in Ngabu under different planting dates. 
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Figure 2. Comparison of crop potential yields and yields estimated from suitable
and traditional cropping calendars in Ouagadougou (a) and Ngabu (b). Vertical bars
indicate the standards deviation calculated between potential yields and estimated
yields. 
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governments for agricultural management and 
planning in both Burkina Faso and Malawi. 
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Abstract 
Rice production has been under diverse ecological conditions in the West Africa sub-region in general and 
Ghana in particular. It is one of the crops whose annual demand far exceeds local supply leading to hug 
annual imports. Current production systems of this crop lead to very low yields. Environmental degradation 
and low soil productivity have been identified as major causes. The continuous rise in the demand for rice in 
the Ghana has not only been met with increased imports but also with sustained efforts at the local front to 
increase production. This lead to the development and introduction of the “Sawah” technology to rice 
farmers on a limited scale in Ghana. 

The “Sawah” system which employs simple but effective water harvesting and improved land preparation 
methods leads to high use of nutrients. An evaluation of rice production where “Sawah” was introduced 
showed significant increases in rice grain yields and higher returns on investment for farmers. There was 
over a fourfold increase in grain yields (from less than 1.0t/ha grain under the traditional system of rice 
cultivation to over 4.0t/ha under the “Sawah” system) at the end of the first year of its introduction. Ever 
since, there has been an annual increase in grain yields which currently stands at about 5.5t/ha.   

The Ahafo Ano South district where the technology was introduced has provided the highest paddy grain 
yield per unit area since 2001. This has led to significant increases in the income of rice farmers and the 
creation of employment for the rural folk. With declining water availability and rising cost of farm inputs, the 
“Sawah” system provides a better alternative to sustaining local rice production in Ghana 
 
Keywords: Ghana, poverty reduction, rice yields, “sawah” technology, land management, sustainability,  
 
Introduction 
Problems of poverty, food shortage and hunger are 
common knowledge the world over. Improper soil 
management has resulted in environmental 
degradation and declining soil productivity leading 
to low crop yields. In terms of soil conservation and 
nutrient management, a very important stakeholder 
is the farmer. During the recently launched African 
Rice Initiative (ARI) which has a key strategy of 
breaking the shackles of the slash and burn system, 
emphasis has been placed on promoting 
complementary technologies that will enhance soil 
fertility, make rice farming more sustainable and 
improve the nutritional status of farm families.  
In Ghana’s vision 2020, the need to tackle the 
problem of food insecurity has been broadly 
highlighted. Major constraints to food production 
include declining soil fertility, unavailability of 
credit facilities, unfriendly policy environments and 
luck of clear-cut land use policies. To reverse rural 
poverty in Ghana, the enabling environment needs 
to be created. This will enhance income generation 
in the rural areas, increase food production and 
protect the environment from degradation. These 
are the fundamental issues and activities that the 
“sawah” technology seeks to address.  

The introduction of the “sawah” technology 
within the Mankran watershed came as a welcome 
relief to resource poor farmers to improve their 
methods of production, increase yields and hence 
their socio-economic status. Vegetable production 
was also to be promoted as a major income 
generating activity for farmers during the minor 
season. This paper provides information on such 
activities and the general impact of the "sawah" 
technology on rice farmers within the district.  
 
Materials and Methods 
The Ahafo Ano South District is located within the 
semi-deciduous forest zone that has an annual 
rainfall regime of 800–1000mm. The district is 
occupies a greater portion of the Mankran 
watershed which lies between latitudes 6o 47’ N and 
60 55’ N and longitudes 1o 48’ W and 1o 57” W. 
Both primary and secondary data are used in this 
study. With the introduction of the “Sawah” 
technology, several scientific interventions were 
made. Results of such interventions and 
experiments provided the basis for secondary data. 
Some of these interventions included field 
experiments on soil fertility management, 
environmental preservation and farmer 
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perception/reception of the technology. Primary 
data was generated through monitoring of paddy 
grain yields of farmers and soil fertility levels of 
their rice fields. Farmers who have adopted the 
technology provided further information on income 
generated from rice while some yield production 
figures on rice for the Ashanti region were obtained 
from the Ministry of Food and Agriculture, Ghana. 
Paddy grain yields of farmers and the soil fertility 
levels of their rice fields were monitored over the 
period. For each year, farmers were assisted 
(on-the-job training and provision of technical 
services) to adopt the “sawah” system. At harvest, 
samples of grain were collected for yield estimation 
for each farmer-group. For income estimation, 
actual grain yield, as realized by farmers, was 
monitored with the assistance of farmer-group 
executives, who provided yield figures (in bags) 
and cost of inputs used. Actual grain yield and cost 
of production was then calculated based on unit 
(hector) area for each farmer-group. Soil samples 
were collected annually from each site for 
laboratory analysis to determine fertility levels. 
Composite samples were collected each year after 
crop harvest at 0-30cm soil depth.  

 
Results and Discussion 
Technology generation is necessary for development 
in all sectors of life. In agriculture and particularly in 
crop production, such technologies generated need 
to be supported and sustained if the farmer is to fully 
benefit As a result, with the introduction of the 
“sawah” technology to rice farmers within the Ahafo 
Ano South district of the Ashanti region in Ghana, 
several interventions were put in place to enable 

farmers fully benefit from the potentials of the 
technology. Results of such interventions are 
positively impacting on the technology adoption and 
its impact on revenue generation. 

Within the several interventions made, Issaka et 
al. 2001, evaluating different environments for 
sustainable rice production, reported that, plots that 
had structures to impound water showed 
significantly higher grain yields over plots with no 
structures to hold water. They further observed that, 
"Sawah" (bunded, puddle and levelled) fields that 
were fertilized, ensured availability of both water 
and adequate plant nutrients and hence gave higher 
values of number of panicles per hill and seeds per 
panicle, resulting in higher grain yields. 
Investigating soil fertility improvement using local, 
available and environmentally friendly materials, 
Buri et al, 2004,  reported that, with improved soil 
and water management under the “sawah” 
technology, farm organic matter (poultry droppings, 
cattle dung, rice husk etc) could serve as efficient 
and effective fertilizer materials for project farmers 
who cannot afford the ever increasing cost of 
mineral fertilizers. The authors noted that, poultry 
droppings which was readily available and 
affordable for farmers was quite rich in plant 
nutrients and as such the materials gave similar 
paddy grain yields when used either solely or in 
combination with smaller amounts of mineral 
fertilizers The authors therefore encouraged the use 
of such available and affordable organic materials 
in the light of sustainability and environmentally 
friendliness. They therefore recommended that their 
use should be promoted among project farmers for 
a positive change in the lives of poor resource rice 

Farmer-group Paddy grain yield (t/ha) 

 2001 2002 2003 2004 2005 2006 2007 

Adugyama - A 4.0 4.7 3.8* 5.0 4.5* 5.3 5.5 

Adugyama - B 4.4 4.8 5.5 5.5 4.8* 5.0 5.4 

Biemso - A 4.8 4.7 4.8 5.5 - 5.0 5.0 

Biemso - B 4.7 5.7 5.9 6.5 5.4 5.1 5.0 

Biemso - C - 4.5 5.4 5.5 5.5 6.0 6.5 

“Sawah” Mean 4.5 4.9 5.1 5.6 5.1 5.3 5.5 

Traditional system 0.9 1.0 1.0 1.1 1.1 1.0 1.2 

 

Table 1. Mean Paddy Grain Yield of Farmer-groups from 2001 – 2007. 

Modified from Buri et at, 2007. * Fields partially destroyed by late floods. 
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farmers through increased yields and higher 
revenue generation. Characterizing and evaluating 
inland valleys for sustainable agricultural 
production in Ghana, Asubonteng et al (2001) also 
reported that, given their assured water availability 
and relatively fertile soils, inland valleys can 
significantly contribute to increased stabilization of 
food supply, particularly rice in Ghana. They, 
however, pointed out that with current fertility 
levels; the inland valleys need improvements in 
nutrient management for sustainability. 

It was further observed that, weed control, 
nutrient retention and water managements were 
tremendously improved under the “sawah” system. 
Nitrogen availability and uptake was higher due to 
a reduction in soil acidy from increasing pH under 
submerged conditions (Otoo et el, 2001).  Otto et 
al therefore recommended that  “sawah”-based 
farming systems should be implemented in Ghana, 
while further studies is conducted on the chemistry 
of the interaction of water, organic and inorganic 
amendments under the “sawah” systems compared 

to current traditional rice farming practices. 
Ranking crops that generated the highest income by 
farmers, rice was ranked sixth (Haleegoah J, 2001). 
However, Buri M. M. et al, reported that farmers 
ranked rice as the number one cash crop (Buri et al, 
2007). In an earlier study, it was reported that, 
farmers in general showed much interest in “sawah” 
and feel much attracted to “sawah” techniques and 
its intensive way of rice farming, its opportunities 
of making money and creating employment for 
rural folk (Midori N., 2001). 

Results from monitoring of farmer paddy grain 
yields over the period show that the introduction of 
the “Sawah” technology has brought tremendous 
improvement in rice production in the Ahafo Ano 
South district. In the first year, there was more than a 
fourfold increase in rice grain yield (Table 1). Grain 
yield (paddy) increased from less than 1.0 t/ha under 
the traditional system to more than 4.0 t/ha (mean 
grain yield from five farmer-groups) in 2001 under 
the “Sawah” technology. Since then average grain 
yield per hector showed an increasing trend of 8.8% 

 

Farmer-group 

Paddy grain 
yield (kg) 

Gross Revenue 
(US $) 

Production Cost 
(US $) 

Net Revenue 
(US $) 

Adugyama  4334 1712 428 1284 

Biemso - A 4675 1847 350 1497 

Biemso - B 4736 1871 324 1547 

Biemso - C 4675 1847 349 1498 

 

Table 2. Estimated revenue/ha of farmer-groups. 

 Buri et al, 2007 
    

Parameter/Site Adugyama 
A 

Adugyama 
B 

Biemso 
A 

Biemso 
B 

Biemso 
C 

Mean  

Total Carbon 3.20 2.95 3.20 4.10 2.80  3.2 

Total Nitrogen - 3.10 0.77 - 5.80 - 5.40 - 4.30 - 3.6 

Available Phosphorus 15 - 83 -30 - 84 - 62 - 49 

Exchangeable Potassium 38 29 16 31 100  43 

Exchangeable Calcium 45 39 14 10 22  26 

Exchange. Magnesium 40 18 41 36 7  28 

 

Table 3. Percent changes in soil nutrient levels under “Sawah” rice cultivation. 

Modified from Buri et al; 2007 
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in 2002, 4.1% in 2003, and 9.8% in 2004.  In 2005, 
however, there was a fall of 8.9% in grain yield due 
to the destruction of the crop by late floods. There 
were again yield increases in 2006 and 2007 by 3.9% 
and 3.8%. respectively. Farmers adopting the 
technology identified rice as the crop that gave the 
highest annual income. Estimates of income from 
rice cultivated using the technology showed that, net 
revenue per hector ranged from US $1200 to US 
$1500 among participating farmer-groups (Table 2). 
Estimated revenue for a hector of “Sawah” rice for 
each farmer- group is presented in Table 2. On the 
average, after a high initial investment in developing 
“Sawah” fields, inputs requirements (particularly 
land development) are brought to the barest 
minimum in subsequent years through increased 
efficiency.  Cost of production per ha ranged from 
US $324 to US $ 428 among farmer-groups. 
Production cost seemed to be reducing gradually 
with time as farmers get to understand better the 
operation of the system. Paddy grain yields on the 
other hand, continued to increase, ranging from 4.3 
t/ha – 6.5t/ha among farmer-groups. With reducing 
production cost and increasing grain yields, 
revenues were bound to increase tremendously. Net 

revenue for the year 2004 therefore ranged from US 
$1284 – US $1547 among farmer-groups. This 
suggest that rice cultivation under the “Sawah” 
system is a viable alternative and a more reliable 
means of reducing rural poverty in so far as effective 
and efficient marketing mechanisms are put in place. 
Rice farmers within the locality further testified to 
this when rice was identified as the crop that gave 
the highest income within the operational area 
(Project Annual Report, 2006). 

Farmers’ adoption of effective nutrient 
management practices may partly explain the 
improvement in the levels of some nutrient even 
though farmers hardly use adequate amounts of 
mineral fertilizers (Table 3). There was a positive 
change for most nutrient elements, except total 
nitrogen and available phosphorus. Levels of 
organic carbon and the exchangeable cations (K, Ca, 
and Mg) showed a positive balance for all sites. 
Deposition of fine soil material during flooding and 
incorporation of farm organic matter during 
puddling are contributory factors in the 
improvement of cations and total carbon. Generally, 
there was improvement in the levels of cations 
primarily due to mechanisms in the “sawah” system 

District 2000 2001 2002 2003 2004 2005 
Amansie East 1.40 1.33 1.35 1.36 1.36 1.40 
Amansie West 1.58 1.50 1.51 1.45 1.45 1.40 
Ejura Sekyedumasi 0.71 0.67 0.68 0.63 1.63 0.08 
Sekyere West 2.14 2.00 2.03 2.33 2.33 2.50 
Sekyere East 1.43 1.35 1.38 1.60 1.60 1.09 
Afigya Sekyere 1.32 1.27 1.27 1.25 1.25 2.16 
Ahafo Ano North 1.63 1.55 1.57 1.60 1.60 2.00 
Ahafo Ano South* 5.44* 5.17* 5.22* 5.25* 2.25* 5.20* 
Atwima  2.98 2.84 2.86 2.85 2.85 1.24 
Ejisu Juaben 1.50 1.43 1.44 1.43 1.43 1.90 
Bosumtw-Kwanwoman 1.50 1.43 1.44 1.44 1.44 1.20 
Kwabre 1.31 1.29 1.29 1.00 1.00 1.80 
Offinso 1.30 1.23 1.25 1.25 1.25 1.56 
Adansi West 1.22 1.16 1.17 1.16 1.16 1.79 
Adansi East 1.37 1.36 1.40 1.08 2.08 2.50 
Asante Akin North 1.60 0.29 0.30 0.30 1.30 2.25 
Asante Akim South 1.32 0.11 0.11 0.13 1.13 1.60 
K. M. A. - 0.14 0.15 0.50 1.50 1.60 
 

Table 4. Paddy rice yields (t/ha) by districts in Ashanti region (2000-2005). 

Source: MoFA, Ghana,    * Farmers introduced to “Sawah” Technology 
    

PROCEEDINGS OF ICSA2008   143



to check erosion and encourage deposition. 
Table 4 shows mean annual paddy yields for districts 
in Ashanti region. It is obvious from the table that 
the Ahafo Ano South district where the technology is 
being adopted produces the highest paddy yields per 
unit area.  This continues to increase annually with 
more awareness creation and adoption of the 
technology 
 
Conclusion 
From the above reports and observations, it is 
obvious that, the “Sawah” system has brought about 
marked improvement in rice yields over the period. 
The end result is increased income for rural rice 
farmers, which will eventually reflect in a better 
standard of living. This is a sure way of creating 
rural employment and reducing poverty in the rural 
communities.  It may also serve as a motivating 
factor in reducing rural-urban migration. Even 
though farmers use minimum amounts of mineral 
fertilizer, soil fertility levels showed that some 
nutrients had improved while others were sustained, 
confirming the intrinsic and environmentally 
friendly nature of the system in our fragile 
ecosystems. In the light of low fertilizer usage and 
rural-urban drift, the “Sawah” technology is a 
viable option for sustainability and wealth creation 

 
Acknowledgements 
The authors are very grateful to the Shimane and 
Kinki Universities both in Japan and the Japanese 
government for providing financial and technical 
support towards the development and introduction 
of the technology in Ghana. We are further grateful 
to all Scientists who conducted various research 
interventions towards the sustainability of the 
technology. 
 
References 
Asubonteng. K. O., Andah W. E. I., Kubota D., 

Hayashi K.,  Masunaga T., &  Wakatsuki T. 
(2001): Characterization and Evaluation of 
Inland Valleys of the sub-humid Tropics for 
Sustainable Agricultural Production: Case study 
of Ghana. Proceedings of the International 
Workshop on Integrated Watershed 
Management of Inland Valleys: Eco-technology 
Approach held in Novotel 

Buri, M. M., Issaka R. N. & Wakatsuki T (2007): 
The “Sawah” Technology of Rice Production 
for the Lowlands: An Effective Tool for Poverty 
Alleviation in Southern Ghana. Paper presented 
at the International Soil Science Conference, 
held at Ghana Institute of Management and 
Public Administration (GIMPA) Ghana, from 
January 7th – 13th, 2007 

Buri M. M. Issaka R. N., Wakatsuki T and Otto E. 

(2004). Soil Organic Amendments and Mineral 
Fertilizer. Options for Sustainable Lowland 
Rice Production in Forest Agro-ecology of 
Ghana. Agric. and Food Sc. Journ. of Ghana. 
Vol. 3. 237-248. Approach held in Novotel 
Hotel, Accra, Ghana. 6th – 8th February 2001. 
108-119 

Haleegoah J (2001) Traditional Farming systems of 
an inland valley and the potential of rice 
Production: Report on informal survey of 
Biemso No. 1 “sawah” project site. Proceedings 
of the International Workshop on Integrated 
Watershed Management of Inland Valleys: 
Eco-technology Approach held in Novotel 
Hotel, Accra, Ghana. 6th – 8th February 
2001.135-143 

Issaka R. N, Wakatsuki, T., Buri, M. M., Otoo, E & 
Kubota D. (2001). Evaluation of four Rice 
environments for sustainable rice production. 
Proceedings of the International Workshop on 
Integrated Watershed Management of Inland 
Valleys: Eco-technology Approach held in 
Novotel Hotel, Accra, Ghana. 6th – 8th February 
2001. 71-78 

Midori N (2001). Impact and Effect of Sawah 
Development. Proceedings of the International 
Workshop on Integrated Watershed 
Management of Inland Valleys: Eco-technology 
Approach held in Novotel Hotel, Accra, Ghana. 
6th – 8th February 2001. 144-162 

Otoo E (2001). Effect of Sawah –based farming 
system on rice cultivation in the Inland Valley 
bottom of the Ashanti region, Ghana. 
Proceedings of the International Workshop on 
Integrated Watershed Management of Inland 
Valleys: Eco-technology Approach held in 
Novotel Hotel, Accra, Ghana. 6th – 8th February 
2001.  108 – 117 

PROCEEDINGS OF ICSA2008   144



   

Linkages in forested watershed environments 
 

Takahito Yoshioka 
 

Field Science Education and Research Center, Kyoto University Kitashirakawa Oiwake-cho, Sakyo-ku, 
Kyoto 606-8502, Japan 
 
Abstract 

 Biogeochemical cycle is one of the most important component for sustaining lives and 
biodiversities in natural environments. There are three types of biogeochemical linkages in forested 
watershed environments. The first one is the general direction of the linkage in the material cycling 
from the forest ecosystem to the aquatic ecosystem along with the water movement. In the Lake Biwa 
watershed, the inverse relationship between nitrate and dissolved organic carbon concentrations in 
stream waters was observed. It suggested that carbon and nitrogen metabolisms closely correlated in 
the forested ecosystem. Stream hydrochemistry is an indicator of the forest environment. The second 
type of the linkage is the reverse direction, from the aquatic to forest environments. Since the nutrition 
to the forest ecosystem is partly supported by this linkage via anadromous fishes, artificial alterations 
in the watershed environment may destroy both linkages between forest and aquatic environments. 
The third type of linkage is that between nature and humans. Although human impacts affect the 
forested watershed environment along with the first and the second linkages, this type of linkage often 
expands over the boundary of watershed. To construct the relevant future linkage between nature and 
humans, effects of human impact on the natural environment should be evaluated. Biogeochemical 
simulation models would be useful to predict the effect of human impacts to natural environments. 
People’s preference to environmental changes generated by simulation models was analyzed using a 
choice experiment, in order to elucidate the environmental value judgment, which is a basis of this 
linkage. 
 
Keywords: biogeochemistry, simulation model, environmental consciousness 
 
Introduction 
Terrestrial ecosystem is one of the most 
important active reservoirs in the global carbon 
cycle. One-eighth of anthropogenic CO2 
emission is absorbed in the terrestrial ecosystem, 
or in the forest ecosystem (Denman and 
Brasseur 2007). Although the amount of organic 
carbon transported from terrestrial to ocean 
through river systems (0.38 Pg C year-1) is less 
than 1 % of the net primary production by the 
terrestrial vegetation (Ludwig et al. 1996), it is 
significant comparing with the annual carbon 
storage in the terrestrial ecosystem (1.4 Pg C 
year-1). It is suggested that dissolved and 
particulate organic carbon exported from the 
forested watershed to the river are significant in 
the carbon budget (e. g., Richey et al. 1990).  

 In spite of the importance on the forest 
environment in the global carbon budget and 
biodiversity, the global forest area decreased 
annually at more than 8 million ha (FAO 2006). 
Also, the increase in the atmospheric nitrogen 
deposition by the fossil fuel combustion has 
caused the deterioration of forest and watershed 
environment, as known as the “nitrogen 
saturation”. Since the forest ecosystem acts not 

only as a closed system, but also as an open one 
through hydrologic systems, changes in forest 
ecosystems would affect the aquatic 
environment. Nitrogen saturation occurs the 
increase in the stream nitrate (NO3

-) 
concentration and the eutrophication 
phenomenon in the river and ocean 
environments. It was suggested that the release 
of dissolved organic matters (DOM) from 
forested watersheds would be decreased as a 
result of global warming and the deterioration in 
forests (Schindler et al. 1996). Decrease in 
DOM allows the deep penetration of ultraviolet 
(UV) radiation into the aquatic environment to 
reduce the refuge for aquatic organisms to 
harmful UV. Moreover, it has been recognized 
that the transportation of metal (such as iron) 
associated with the terrestrial DOM supports the 
primary production in estuarine and coastal 
environments. Therefore, human impacts would 
cause not only the deterioration of biodiversity 
and functions in the forested ecosystem, but also 
those in river and ocean through linkages 
between forest and aquatic ecosystems. From 
the biogeochemical point of view, the 
conservation of biogeochemical linkages in the  
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forested watershed environment is a key of the 
ecosystem management. 

There are three types of linkages with 
respect to biogeochemical material cyclings. 
One is the cascade of material cycle from forest 
to aquatic (river and ocean) environments. 
Another one obeys the opposite direction, or 
from aquatic to forest environments. The other 
one is mediated by the human activity and may 
often extend over the watershed boundary. In 
this paper, these linkages are briefly 
summarized. 
 
Linkage from forest to river and ocean 
The first type of the linkage is the most 
important from the biogeochemical point of 
view. It obeys the general direction of the water 
flow from upstream to downstream, and then to 
the ocean. Output of materials from the forest 
ecosystem is transferred to upstream regions and 
then to downstream regions along with the water 
movement in the watershed environment. 
Recently, the connection between forest and 
stream environments has been paid much 
attention (e.g., Kling et al. 1991, Likens and 
Bormann 1995). 

 Since the river water quality is an important 
environmental factor, its monitoring is essential 
for the environmental conservation in Japan. 
However, headwater streams have been hardly 
included in such a monitoring. Although many 
researchers investigated headwater quality in 
Japan, the coverage of study sites was too 
limited to discuss the stream chemistry on the 
Japanese national scale (Hirose et al. 1988, Toda 
et al. 2000). The Japan-wide stream monitoring 
has been conducted in 2003 to overview the 
stream water chemistry in Japan (Konohira et al. 
2006). Nutrient concentrations such as NO3

- and 
phosphate (PO4

3-) showed characteristic 

geographic distributions. The NO3
- 

concentration was high in the industrialized 
areas near metropolitans. Atmospheric nitrogen 
deposition estimated from datasets, such as 
amounts of fertilizer usages and the grid-data of 
global NOx deposition, showed clear 
relationship with the steam NO3

- concentration 
(Shindo et al. 2005). On the other hand, the 
PO4

3- concentration correlated with geology of 
the watershed (Wakamatsu et al. 2006). 

In upstream regions in the watershed of 
Lake Biwa, which is the largest lake in Japan, 
the inverse relationship between dissolved 
organic carbon (DOC) and NO3

- concentrations 
has been observed (Fig. 1a) (Konohira and 
Yoshioka 2005). The same result was also 

a) b) 

Figure 1. Relationship between DOC and NO3
- concentrations in upstream waters. a) the Lake Biwa 

watershed (Konohira and Yoshioka 2005). b) the nation-wide survey (Konohira et al. unpubulished 
data). 

Figure 3. Simulation of stream NO3
- concentration

after tree cutting (RIHN Brochure 2007-2008). 
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obtained in the Japan-wide monitoring (Fig. 1b).  
Stream DOC and NO3

- originate from soil 
organic matter in forested eco-systems. A 
hypothesis has been proposed regarding their 
relationship (Aber 1992). The relationship 
between DOC and nitrates in forest streams has 
also been reported in England (Harriman et al. 
1998). Recently, Aitkenhead and McDowell 
(2000) showed that an increase in riverine DOC 
flux occurs with increase in the soil C/N ratio on 
a global scale. Although the relationship 
between the stream DOC concentration and the 
soil C/N ratio was not observed in the Lake 
Biwa watershed, extractable DOC and NO3

- 
concentrations in soil samples were coincided 
with their stream concentrations (Fig. 2). A 

carbon (energy) deficit with an excess of 
nitrogen available in the soil will result low 
DOC and high NO3

- in streams. Conversely, a 
nitrogen deficit in the presence of excess carbon 
will result in leachate that has high DOC and 
low NO3

- concentrations, being transported to 
streams. Stream DOC and NO3

- concentrations 
will therefore be useful indices of carbon and 
nitrogen availability in forest catchments. The 
inverse relationship between DOC and NO3

- 
concentrations suggested that the increase in the 
atmospheric nitrogen deposition due to human 
activity might lead the increase in NO3

- 
concentration in streams where DOC 
concentration was as low as 50 mM C and that 
DOC concentration may decrease prior to the 

Figure 2. C/N ratio, and water extractable DOC and NO3
- concentrations in soils at N-type (NO3

-

releasing) and C-type (DOC releasing) catchments. (Konohira and Yoshioka 2002). 
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increase in NO3
- (Fig. 1). Thus, the monitoring 

of the stream hydrochemistry is useful as 
awareness of environmental changes in forested 
watershed. 

Simulation of water quality is also valuable 
for environmental conservation measures and 
the environmental impact analysis (EIA). In the 
Research Project on Environmental Valuation of 
the Research Institute for Humanity and Nature 
(RIHN), we connected the biogeochemical 
simulation model for the forest, the hydrological 
model, and the lacustrine water current and 
biogeochemical models, to predict 
environmental changes caused by anthropogenic 
impacts to the forested watershed of Lake 
Shumarinai in northern Hokkaido, Japan 
(Katsuyama et al. submitted). It is suggested that 
tree cutting in the forest causes the increase in 
NO3

- concentration in the stream and lake waters 
(Fig. 3). In some cases, the chlorophyll a 
concentration increased in the lake.  

 
Linkage from ocean to forest 
The second type of the linkage, the reverse 
linkage from the aquatic to forest environments, 
has also noted as an important biogeochemical 
process for the forest environment. It has been 
suggested that the nutrition to forest and stream 
ecosystems is partly supported by anadromous 

fishes in the spawning season (e.g., Helfield and 
Naiman 2002, Hocking and Reimchen 2002). 
Nitrogen isotope analyses have suggested that 
the contribution of salmon-derived nitrogen in 
the Pacific coast of North America varied from 
20 to 70 % among variety of freshwater 
invertebrate species, which lived below 
waterfalls (Hocking and Reimche 2002). It was 
also reported that one-forth of the foliar nitrogen 
in a boreal forest was the salmon-derived 
nitrogen (Helfield and Naiman 2002). Growth of 
white spruce (increment of basal area) was 
enhanced by the input of the marine nitrogen. 
Invertebrates (Hocking and Reimche 2002), 
river otter (Ben-David et al. 1998) and bear 
(Hilderbrand et al. 1999) transported the marine 
nitrogen to riparian zones of forested watersheds. 
Since waterfalls were barriers for material flow 
from downstream to upstream, organisms above 
waterfalls could not use salmon-derived nitrogen. 
As in the case of the waterfall, the dam 
construction in the watershed environment 
disconnects this type of biogeochemical and 
ecological linkage. The changes in suspended 
and dissolved materials in stream and river 
waters would also disturb the homing instinct of 
anadromous fishes. It should be noted that 
human activities in the forested watershed affect 
both directions of linkages between forest and 

Figure 4. An example of collaboration between natural and social sciences (after RIHN Brochure
2008). 
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aquatic environments. 
 
Linkage between nature and humans 
The third type of linkage in the forested 
watershed is that between nature and humans. 
Although human impacts affect the forested 
watershed environment along with the first and 
the second linkages, this type of linkage often 
expands over the boundary of watershed. 
Domestic waste has discharged much amount of 
nutrients from outside of the watershed and 
caused severe eutrophication in the aquatic 
system. From the recognition that the 
deterioration in forest environments leads the 
decrease in coastal and estuarine productivities, 
associations of fishermen and non-governmental 
organizations have conducted several activities, 
such as plantation, to conserve the forest 
environment and mitigate the forest 
deterioration. Environmental changes caused by 
human activities would affect the people’s 
consciousness on the natural environment. To 
understand the third type of the linkage between 
nature and humans in a watershed environment, 
the environmental consciousness should be 
taken into consideration. Collaboration between 
natural and social scientists was essential to 
conduct the research on this linkage (Fig. 4). A 
choice experiment based on the conjoint analysis, 
which has been used in marketing researches 
and in surveys on the environmental economics, 
was conducted as a scenario questionnaire to 
elucidate the relationship between people’s value 
judgment and environmental changes in a 
forested-watershed (Research Project on 
Environmental Valuation of the RIHN, 2008). 

 The survey can identify the relationship 
between people’s environmental valuation and 
changes in the environmental quality, which 
would be a key to make a relevant 
decision-making on the environmental measure. 
From the preliminary analysis of the survey, it 
was suggested that the deterioration of river and 
lake waters was the most minded environmental 
change caused by the tree cutting in the 
watershed (RIHN Brochure 2008). Our surveys 
in the environmental valuation project have also 
suggested that the value judgment on the 
environment would vary among people with 
different experience and knowledge on 
environmental issues (RIHN Brochure 
2007-2008). 
 
For future generations: importance of the 
nature-human linkage 

We have to keep, conserve or preserve the 
natural environment for our future generations. 
Linkages between forest and aquatic ecosystems 
would be understood by natural scientific 
manners. Surveys on these linkages are very 
important for ecosystem management, without 
any dispute. However, the third linkage between 
nature and humans has been still remained as a 
frontier of research field on environmental 
issues. Although the environmental impact 
assessment and ecosystem management include 
the process of the public involvement, the 
nature-human linkage may not have been well 
considered in these decision-making steps. The 
people’s value judgment on natural 
environments, which is one of the bases of the 
nature-human linkage, would become important 
in environmental studies. For their relevant 
judgment, the scientific information on natural 
environments should be appropriately 
transferred to and digested by the public. 
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Abstract 
Spatial distribution patterns of biotic species are highly varied with time. In this study, we tried to find out the 
effects of feces removal on spatial distribution patterns of grassland. The collected data of OrFx (orchardgrass 
dominated grassland without feces), OrFo (orchardgrass dominated grassland with feces), ZyFx (zoysia 
dominated grassland without feces) and ZyFo (zoysia dominated grassland with feces) were used, where two 
cows were grazed in each paddock from May to October in every year and fertilizer was not applied. A 50 m line 
transects with 100'N quadrates. The size of each quadrats was 0.50m × 0.50m, and the quadrate comprised 

4'n cells of equal area 0.25m × 0.25m. The occurrence of given species was recorded in each n cells. 
Binomial distribution (BD) and beta-binomial distribution (BBD) were used to represent changes in spatial 
pattern with time. The BBD provided a significant description of the frequency distribution of occurred plants 
per quadrat at the time of aggregation. Justification for the BBD was made by using the power law. The overall 
results illustrated that the plants in each of the paddock were distributed aggregatively with time. From this study, 
it was found that the dominant plant species Japanese lawngrass was more frequently obtained in ZyFx and 
ZyFo paddocks than the dominant plant species orchardgrass in OrFx and OrFo. Our results also indicated that 
the spatial heterogeneity was not much affected in OrFx and ZyFx paddocks because of feces removal whereas 
the spatial heterogeneity in OrFo and ZyFo paddocks was affected by feces. 
 
Keywords: beta-binomial distribution, quadrats, spatial pattern 
 
Introduction 
The size of individual plant species, spatial 
heterogeneity in biomass and species diversity can be 
measured by using spatial patterns. Spatial pattern 
can also be used for other purposes e.g. to detect 
effects of biological and cultural practices, effects of 
environmental factors on grassland species etc.. 
Several methods, such as variance to mean ratios, 
dispersion indices and the fitting of frequency 
distributions have widely been used to detect patterns 
from count data in ecology. The more complex 
methods like spatial autocorrelation analysis and 
geo-statistical analysis have been used to examine the 
relationships of samples or plants within and across 
rows (Champbell et al., 1993; Gottwald et al., 1992). 
Recent studies have demonstrated that BBD is more 
appropriate since data on occurrence of plants are 
binary (Chen, 2007). It has also been demonstrated 
that the spatial pattern of plant species could be 
determined by using power law (Shiyomi et al., 2001; 
Tsuiki et al., 2005). Spatial ecology is used to study 
the population and community in the environment for 
the development of ecological theories (Dale, 1999). 

Some probability distributions are used to determine 
the spatial patterns such as Poisson distribution, BD, 
negative-binomial distribution and BBD (Madden and 
Hughes, 1995; Shiyomi et al., 2001). Based on the 
best fit of observed frequencies, spatial patterns are 
classified as random, regular and aggregated (Madden 
and Hughes, 1995; Shiyomi et al., 2000). A good fit 
to the Poisson distribution suggests that the plants are 
not related to one another and exist at any place with 
the same probability. However, in regular distribution 
plants are more or less equally spaced with one 
another.  

The distribution pattern of grasses may change 
for various reasons, among which grazing animal and 
land degradation have strong effect. Animal excretes 
during grazing time and their excretions affect the 
physico-chemical characteristics of grazing areas, 
resulting in patchy spots on the field. As the animal 
excreta contain numerous nutrient elements which 
cause nutrient cycling, grazing grasslands contain 
many small scale nutrient cycling processes that 
cause different ecosystems (Tsuiki et al., 2005). These 
characteristics of ecosystem may change over time. 
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Grazing intensity and the degree of land degradation 
strongly affect grassland spatial heterogeneity and 
species diversity (Tsuiki et al., 2005). How does 
grassland spatial heterogeneity contribute to grassland 
productivity, sustainability and species diversity? 
Spatial distribution patterns of grass species vary 
highly with time but the effect of time on plant 
species in grassland has not been studied yet. 
Therefore, the present study examined the changes in 
spatial pattern of grassland plant species in presence 
and absence of feces. In this study, we used the BBD 
to find out if the plants were exist in aggregative or 
not with time. Power law was used to observe the 
relation between observed variance and binomial 
variance. 
 
Materials and Methods 
Source of data 
Data of four grasslands were collected from National 
Agricultural Research Center for Tohoku region, 
Morioka, Iwate, Japan. Collected data in October, 
1998 to 2001 were used in this study. The sampling 
sites were  (i) orchardgrass dominated grassland 
without feces (OrFx), in this case the feces was 
removed everyday, (ii) orchardgrass dominated 
grassland with feces (OrFo), in this case the feces was 
not removed at all, (iii) zoysia dominated grassland 
without feces (ZyFx), from where the feces was 
removed everyday, and (iv) zoysia dominated 
grassland with feces (ZyFo), from where the feces 
was not removed at all. The dominant species were 
orchardgrass (Dactylis glomerata L.) in OrFx and 
OrFo and Japanese lawngrass (Zoysia japonica 
Steud.) in ZyFx and ZyFo. A 50 m line was drawn in 
each grassland. 100 equal spaced quadrats (0.50m × 
0.50m; large or L-quadrats) were set to each transect. 
Each L-quadrat was divided into 0.25m × 0.25m 
small quadrat (S-quadrat). 
 
Data analysis 
Binomial distribution: For representing the 
frequency of randomly occurred individuals per 
S-quadrats, the binomial distribution (BD) is 
generally appropriate (Huges et al., 1993; Huges et al., 
1997). Here in, let p.  the estimated occurrence and 
p.  is given by 

 (1)  
where n is the number of S-quadrats in an L-quadrat. 

Since p.  is the proportion of the number of 
occurrences of species i  to the total number of 

S-quadrats, the standard error of p. is - .: ;Nnpp ˆ1ˆ , , 
where N is the number of L-quadrats (Madden and 
Hughes, 1999). 
Beta binomial distribution: If we found that the 
plants were aggregatively distributed i.e. distributions 
of plants were non-random it was indicated that the 
probability of a plant being occurred - .p  is not 
constant. This non-consistency of p  depends on 
environmental condition, grazing conditions, soil 
structure etc.. 

Since p  is a random variable in BBD, it can 
take values between 0 and 1 follows the equation 

 (2) 
in which, x is the frequency of a plant occurred in a 
S-quadrat, 7 and 6 are positive parameters and Be 
is the beta function. For BBD, - .67< +'1  is the 
index of heterogeneity or aggregation. If 0'< , the 
distribution of occurrence is binomial and increases 
as aggregation of the sampling unit. We used 
t-distribution ( - .<< ..est ' ) to test the null hypothesis 

0'< (Madden and Hughes, 1995). The maximum 
likelihood estimates of < is 

 (3) 
where 2s  is the observed variance of the number of 
occurred plants per quadrat. 
Binary power law: The binary form of Taylor’s 
power law described the linear relation between the 
observed variance and the binomial variance 
(Madden and Hughes, 1995). It is a measurement of 
heterogeneity. This law can be written for proportion 
of data - .nxp 'ˆ  as 

                        

(4) 
where Alog  and b are the intercept and slope of a 
regression, respectively.  

In fitting equation (4), we use the estimated p 
from the BBD - .p̂ and v is the variance of actually 
observed occurrence count. 1'A  and 1'b  
shows that randomness can be described by binomial 
distribution. 1=A  and 1'b  indicates that there is 
over-dispersion, but p has no effect on the degree of 
over-dispersion. If both b and A are greater than 1, the 
degree of over-dispersion or heterogeneity changes 

nxp'ˆ    ,  

- .n
x  Be - .nxx +,+ 67 ,  / Be - .67 +   

- .: ;ppns ˆ1ˆˆ 2 ,,'<  / - .: ;22 ˆ1ˆ sppn ,,    

 - . - .: ;nppbAv /ˆ1ˆlogloglog ,+'  
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with p. When binary power law is appropriate, mean 
and variance of the beta density function for variable 
p are given by function of A and b. Then the 
distribution of occurred plants can be described by 
BBD and the parameter <  can be estimated from an 
equation relating to the power law parameters a 
(=An-b) and b (Madden and Hughes, 1995) 

                   
    (5) 

with > ? bpppf ,,' 1)1()( . 
 
Results 
Frequency distributions of the plants in OrFx paddock 
in 2001 together with expected frequencies for the 
BBD and BD were shown in Figure 1. The BBD 
provided a much better description of the frequency 
distribution of occurred plants than the BD.  For all 
of the considered data, we found similar results. The 
results for BBD were in high agreement with the 
t-test for the<  - .005.03p  (Table 1). 

Mean plants occurrence ranged from 0 to 1 
during 1998 to 2001 for the four paddocks, as 
determined from the estimated expected probability 
of occurrence of the plants (Figure 2). Overall, there 
was higher probability to occur more plants in the 
OrFo paddock than the OrFx paddock, with 
larger p̂ across all the data sets from the OrFo 

paddock than the smaller p̂ for the OrFx paddock  
(Table 1). In ZyFx and ZyFo padocks, we could not 
calculate the 2s and <̂  for the dominated plant 
species because the plant species were available 
(Table 1). Plants in ZyFo showed strong aggregative 
pattern and feces did not have much effect (Table 1). 
The overall results indicated that for the less available 
species, the frequencies of the occurred plants 
increased with time in the present of feces than that of 
without feces.  

A good description of the relationship between 
the observed and binomial variances in the proportion 
of the occurred plants per quadrate was made by 
binary power law. Estimated intercept and slops were 
significantly - .05.03p  greater than 0 and 1, 
respectively. The confidence intervals for both 
parameters gave the evidence about the significant 
over-dispersion. Most of the points were above the 
binomial line and 98% of the variation of observed 
variance can be explained by the variation in the 
estimated variance (Figure 3). 

Table 2 showed the estimated power law for the 
four grasslands during 1998 to 2001, where the 
number of plant species in OrFx and OrFo were 30 to 
40 and in ZyFx and ZyFo were 20 to 36. The large 
value of 2R indicated that the regression line fits the 
data well. The regression equation and the xy '  were 
compared by using the ANOVA. The results described 
that, most of the points were above the binomial line 

> ? > ?apfnpfa ,, )()( , 
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Figure 1. Frequency distribution of OrFx  
(orchardgrass dominated grassland without 
feces) paddock in 2001. Obs. is observed  
frequency, BBD is expected frequencies for 
beta-binomial distribution, and BD is for  
binomial distribution. The BBD showed  
aggregative pattern for maximum likelihood 
estimates of p (0.13) and <  (0.66). 
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Figure 2. The mean occurrence of dominated 
species in the four paddocks during 1998 
to 2001 estimated from BBD. Bars of  
OrFx (orchardgrass dominated grassland  
without feces) and OrFo (orchardgrass  
dominated grassland with feces) were  
presented the mean occurrence of  
orchardgrass, ZyFx (zoysia dominated  
grassland without feces) and ZyFo  
(zoysia dominated grassland with feces) 
for Japanese lawngrass. 
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for all of the regression (Table 2). These results 
illustrated that the plants in each of the paddock were 
distributed aggregatively with time. The power low 
showed a better result (Table 2) and therefore, the 

distribution pattern of the occurred plants can be 
described better by BBD.  

Although, the predicted <̂  values based on 
equation 5 followed the general trend of <̂  with p̂  
(Figure 4a to d), there was considerable variation in 
the individual<̂ values at any given p̂ for the four p 
addocks. In general,<̂  increased with p̂ . 
 
Discussion and conclusion 
In this study, the observed frequency distributions of 
most plants species in four paddocks did not confirm 
the BD, because in those cases they were distributed 
in aggregative pattern followed by the BBD.  

Feces were not removed from the OrFo and 
ZyFo paddocks. Feces contain considerable amounts 
of nutrients. The fertility of soil under feces became 
rich because nutrients were supplied by feces and as a 
result the environment was heterogeneous in those 
paddocks. Therefore, most of the species are 
distributed with high heterogeneity in OrFo and ZyFo 
paddocks (Figure 4b and d). Plants in the OrFx and 
ZyFx paddocks were unable to get the nutrient from 
the feces because the feces were removed from those 
paddocks, so the environmental conditions remain 
similar everywhere in those paddocks. Hence, the 
spatial heterogeneity was not so much affected in 
OrFx and ZyFx paddocks as in OrFo and ZyFo 
paddocks (Figure 4a to d).  

 

Year Estimated parameters  OrFx OrFo ZyFx ZyFo 
 
 

1998 

 P 
<  

).(. <es  
 p-value for H0 : 0'<  

0.40 
0.83 
0.59 

?0.05 

0.63 
0.46 
0.60 

?0.05 

1 
----- 
----- 
----- 

0.99 
0.11 
0.40 

?0.05 

 
 

1999 
 

 p 
<  

).(. <es  
 p-value for H0 : 0'<  

0.22 
0.65 
0.65 

?0.05 

0.26 
0.32 
1.01 

?0.05 

1 
----- 
----- 
----- 

0.94 
1.88 
1.66 

?0.05 
 
 

2000 

 p 
<  

).(. <es  
 p-value for H0 : 0'<  

0.19 
0.45 
0.72 

?0.05 

0.22 
0.49 
1.12 

?0.05 

1 
----- 
----- 
----- 

0.96 
4.48 
1.36 

?0.05 
 

 
2001 

 p 
<  

).(. <es  
 p-value for H0 : 0'<  

0.13 
0.66 
1.20 

?0.05 

0.17 
1.27 
0.45 

?0.05 

1 
----- 
----- 
----- 

0.95 
0.54 
1.48 

?0.05 

Table 1. Estimated parameters of BBD for four grasslands during 1998 to 2001. 
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Figure 3. Application of power law to the
OrFx (orchardgrass dominated grassland 
without feces) paddock for October, 
1998. The x  and y  axes were estimated 
variance and observed variance,  
respectively. Real and broken lines  
indicated the power law estimated from  
data and the xy ' , respectively. 
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From this study, the frequencies of Japanese 
lawngrass in ZyFx and ZyFo were higher than that of 
orchardgrass in OrFx and OrFo. We found that, 
p̂ mean occurrence increased with frequency and 

with increasing frequency the plant species showed 
an increasing aggregative tendency (Table 2). 

Skellam (1948) introduced BBD in Statistical 
Ecology and derived BBD from binomial and beta 
distributions (Boswell et al., 1979). After that BBD 
was used in various fields of agriculture such as  
phytopathology, vegetation and plant diseases (Irwin, 
1954; Kemp, 1956a,b; Hughes and Madden, 
1993;Madden 

and Hughes, 1994,1995). The BBD has two 
parameters. First one is the expected probability of a 
plant being occurred - .p̂  and the second one is the 
aggregation index - .< . The values of <  varies from 

n1,  to #. Sometimes the lower limit of <  may be 
0. The<  and p̂ were used in the current study to 
find out the appropriate BBD. Our results showed that 

the plants were distributed in aggregative pattern and 
thus the BD cannot describe the observed data 
adequately. The BBD captured the observed 
heterogeneity in the occurrence; therefore, the BBD 
gave the better fit to the used data than the BD 
(Figure 1) (Kemp, 1956b). We focused on the 
aggregated distribution for the reason that the 
aggregated distribution can be described for 
occurrence of plants data by BBD that has a 
theoretical justification for examining its suitability 
(Shiyomi, 2000). That was a count 

data set for which BBD is appropriate discrete 
model. 

Taylor’s (1961) power law was adjusted by 
Madden and Hughes (1995) to observe the spatial 
patterns of plant disease and subsequently the power 
law was extended to deal with many grassland plant 
species. We also used power law in our study to find 
out whether the plants in the four grasslands tended to 
be distributed more heterogeneously or not. In power 
law, the intercept and slope were estimated by linear 
regression analysis using the least squares method. 
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The power law provided a good description of the 
observed variance in the present case (Figure 3), 
confirmed that this law was adequate for analyzing 
occurrence patterns of plants. The better results of the 
power law illustrated that the distribution pattern of 
the occurred plants can be described by BBD (Table 
2). Power law results were very consistent between 
years and showed that the degree of heterogeneity 
was a function of p̂ . 

Various statistics can be used to assess the 
degree of non-randomness of disease incidence at the 
level of the sampling unit. In this study, the <  
parameter of beta-binomial distribution was used to 
assess the degree of non-randomness. <  was 
estimated from BBD and power law (Table 1 and 3). 
Both of the results indicated that the plants were 
aggregatively distributed. Estimated < from BBD 
includes sample variance and estimated< from power 
law includes the mean occurrence of the plants. The 
estimated<  from power law gave better results than 
the BBD estimated< . Therefore, <  estimated from 
power law gave strong evidence about the 

aggregatively occurrence of the plants (Table 3).  
Finally, it could be concluded that the 

distribution of occurrence of plants in a quadrat with 
time was clearly aggregated, indicated that the 
non-random variability among groups of plants. The 
less obtained plants showed that the spatial 
distribution patterns of the grassland community were 
differing by the cattle dung excretion. Our results 
provided some insight evident into the processes as 
well as conservation of plant population in grassland 
ecosystem. 
 
Abbreviations: BBD (Beta-binomial distribution), 
BD (Binomial distribution), OrFx (orchardgrass 
dominated grassland without feces), OrFo 
(orchardgrass dominated grassland with feces), ZyFx 
(zoysia dominated grassland without feces) and ZyFo 
(zoysia dominated grassland with feces). 
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Abstract 

Black locust (Robinia pseudoacacia L.) is woody legume and was introduced to Japan as a revegetation plant. 

Now, this tree species invades along river basins and forests. These seeds are known as “hard seed”, which have 

water-impermeable seed coat. Water-impermeable seeds do not generally absorb water without being scarified, 

but some of them do. Therefore, we conducted experiments to know anatomical feature of these seeds and the 

place where these seeds absorb water (water gap). In observation of hand section of seeds by stereomicroscope, 

black locust seeds have species-specific structures; for example, hilum, strophiole, and micropyle. Although 

seeds covered with Vaseline only at hilum could absorb water, seeds entirely covered with Vaseline could not 

absorb water. These results show that hilum of black locust seed is a typical structure connected with seed pod, 

but hilum was not water gap. Water gap of some seeds was reported strophiole by other research. Next, we 

should confirm whether strophiole would be water gap or not. Information of germination traits of black locust 

seed could help us to manage ecosystem including invasive species. 

 

Keywords: invasive species, Black locust, hard seed, water-impermeability of seed coat, anatomical feature 

 

Introduction 

Black locust (Robinia pseudoacacia L.) is woody 

legume (Leguminosae) and originated from southern 

Appalachian hardwood forests (Boring 1984). In 

Appalachian forests, black locust is an important 

species in the early and primary stage of forest 

succession. In Japan, this tree species is classified as 

one of the invasive tree species because of its great 

capacity of growth and dispersal in the replacement 

of original vegetation (Muranaka et al. 2005). Black 

locust was introduced into Japan as a revegetation 

plant at 1873 (Maekawa and Nakagoshi 1997). This 

invasive tree species is expanding naturally along 

river basins and forests throughout Japan, and leading 

to adverse impacts on the biodiversity in 

species-landscape-level biodiversity and ecosystem. 

Black locust has two intensive ways of 

reproduction, i.e. with root sucker and/or sprout and 

seed dispersal. In this study, we focus on 

physiological anatomy of the seed coat in relation to 

unique characteristics of seed germination. Seed of 

black locust is known as “hard seed”, this seed coat is 

impermeable to water (Chapman 1936). But some 

seeds absorb water and germinate without 

scarification of the seed coat; (Burton 1932; Wilson 

1937; Takahashi et al 2005; 2006). Takahashi et al. 

(2005; 2006) suggested black locust seeds have 

Cryptic heteromorphism. Cryptic heteromorphism 

means that plants have dormant seeds and 

non-dormant seeds, and these two types of seeds can 

not be distinguished from one another. Moreover, 

there is still limited information available on the 

relationship between water impermeability and 

anatomical feature of seed coat in black locust seeds. 

Where is water absorbed to seeds? Water gap of seed 

coat is reported in many species of seeds. For 

example, hilum of some Papilionaceae seeds (Hyde 

1954), bulge of Ipomoea lacunosa seed (Jayasuriya et 

al. 2007), strophiole of Acacia kempeana seed (Hanna 

1984) and Leucaena leucocephala Lam. seed 

(Serrato-valenti et al. 1995). 

Therefore, we investigated the development of 

water-impermeability and anatomical traits of the 

seeds. Especially we focused on water gap of seed 

coat. Firstly, anatomical feature of black locust seed 

is investigated by stereomicroscope. Secondly, we 

assumed that hilum of black locust seed would be 

water gap, therefore, seeds covered with Vaseline 

(petrolatum) at hilum and seeds not covered with 

Vaseline (control) and seeds entirely covered with 

Vaseline are compared using ratios of seeds 

absorbing water to total test seeds. 

 

Materials and Methods 

Seed collection: In nature, seedpods of black locust 

are considered to mature in autumn. In this study, 

seeds were collected from two mother trees from two 
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Absorbing seed

Non-absorbing seed

Absorbing seed

Non-absorbing seed

Fig. 1 Absorbing seed (right) and Non-absorbing
seed (left)

locations (Shinoro and Mikaho) in Sapporo, Japan, in

autumn 2007.

Observation of seed structure: Seeds collected from

mother trees were covered with seed pods. Firstly, we

observed seed pods and seed-seed pod connection to

confirm the outer structures. Secondly, seeds cut into

longitudinal sections by a hand knife were observed

by a stereomicroscope (SZX9, OLYMPUS, Japan)

and photographed by a digital camera (COOLPIX950,

Nikon, Japan).

Estimation of the location where seeds absorb

water: Seeds not covered with Vaseline, seeds

covered with Vaseline at hilum and seeds entirely

covered with Vaseline were incubated on filter paper

(moistened with distilled water) in Petri dishes at 20
o
C in continuous light condition for 30days. Six

replicates of 30 seeds were used for each treatment.

The number of seeds absorbed water was counted

every 2 days. Seeds absorbing water could be

distinguished easily from non-absorbing seeds by

their two times larger size (Fig. 1), therefore, seed

size was employed as the criterion for water

absorption in this study.

Results

Observation of seed structure: Black locust seeds

from two mother trees in Sapporo were covered with

seed pods and seed pods were left on the branch (Fig.

2). Color of seed pods was brown in mature stage and

red in immature stage, and color of seeds that seemed

to mature was brown, too. Hilum in black locust

seeds were connected with seed pods throughout

funiculus (Fig 3). The longitudinal sections of seeds

were observed by stereomicroscope (Fig 4.). Seed

coats had some unique structure, such as hilum,

strophiole, and micropyle.

Estimation of the location where seeds absorb

water: The ratios of seeds absorbing water to total

test seeds are shown in Fig. 5. Seeds collected from

Mikaho mother tree, the percentage of seeds

absorbing water not covered with Vaseline, covered

with Vaseline at hilum, entirely covered with

Vaseline to total test seeds was 33.89%, 23.33%, and

6.11%, respectively. Seeds collected from Shinoro

mother tree, the percentage of seeds absorbing water

not covered with Vaseline, covered with Vaseline at

hilum, with Vaseline covering the entire seed was

20.56%, 21.11%, and 1.11%, respectively. In seeds

collected from both mother trees, the ratio of seeds

absorbing water with Vaseline covering the entire

seed reduced compared with seeds not covered with

Vaseline. But the ratio of seeds absorbing water with

Vaseline at hilum was not reduced remarkably

(Tukey’s multiple comparison tests at P < 0.05). After

seeds absorbed water, some of them germinated. All

germinated seeds were seeds that had absorbed water.

Fig. 2  Seed pods of black locust. Fig. 3  Seeds connected with seed. pod.  Fig. 4  Hand section of black locust.

seed
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Fig. 5  Rates of seeds absorbing water 30 days after sowing

C: Seeds not covered with Vaseline

H: Seeds covered with Vaseline at hilums
A: Seeds entirely covered with Vaseline

Different letters are significantly different according to Tukey’s multiple comparison tests at P < 0.05

Discussion and conclusion

Observation of seeds suggested that black locust

seeds have water-impermeable seed coats and seed

coats have some specific structures; hilum, strophiole,

and micropyle (Karaki et al. 2008). Baskin & Baskin

(2000) stated that water-impermeable seeds absorbed

water through water gap. Because hilum of some

Papilionaceae seeds was reported as a water gap

(Hyde 1954), we assume that hilum of black locust

seed would be a water gap. But, based on our

experiments, the seeds did not absorb water through

the hilum of seeds. Some other reports, strophiole and

other structure could be water gap (Hanna 1984;

Serrato-valenti et al. 1995; Jayasuriya et al. 2007). In

next experiments, we should make clear whether

strophiole would be a water gap or not.

All germinated seeds were seeds absorbing water. It

is necessary to absorb water for germination of black

locust seeds. Therefore, non-absorbing seeds would

have physical dormancy. In this experiment, black

locust seeds consisted of both absorbing seeds and

non-absorbing seeds, i.e. there could also be Cryptic

heteromorphism. From this evidence, there seems to

be two ways for seed germination, i.e. seed

germination occurs just after seed dispersal and the

seeds will wait as “buried seed” in soil for the timing

of the occurrence of disturbance, such as forest fires,

typhoon, landslide, etc.

For conservation of our ecosystem, we should

control of the growth and dispersal of Black locust

forests in minimizing disturbance. But we should

manage them as a useful resource in revegetation and

honey trees.
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Abstract 
The results of an experimental study on application of anaerobically digested manure to a paddy field in a 
cold region are presented in this paper. Compared to the effect of chemical fertilizer application of 9kgN/10a, 
digested manure application of 9kgN/10a on a total nitrogen basis resulted in a 4% to 13% decrease in brown 
rice yield. Application of digested manure with 12.35kgN/10a of total nitrogen, which was 30% more than 
that in chemical fertilizer resulted in a 7% to 12% increase in brown rice yield. However, application of the 
digested manure did not result in an increase in protein content of rice grains. Therefore, no difference was 
found in palatability of rice grains harvested after digested manure application and chemical fertilizer 
application. The use of three different methods for digested manure application, plow layer application 
method, surface layer application method, and plow layer application method combined with surface layer 
application method, did not result in any differences in growth of the paddy rice, grain yields and grain 
quality. 
 
Keywords: anaerobic digestion!liquid fertilizer!animal manure!paddy rice 
 
Introduction 
Since the enforcement of laws on management of 
livestock waste in Japan, there has been growing 
interest among farmers in biogas plants, which can 
treat livestock waste effectively and also can 
produce carbon neutral energy (Matsuda 2004). 
However, fields in which digested manure can be 
utilized are limited in many regions of Japan, and 
processing of the digested manure by purification is 
often necessary. The cost of purifying the digested 
manure is a factor limiting the widespread use of 
biogas plants in Japan (Awaji et al. 2006). Much 
interest has recently been shown in application of 
anaerobically digested manure to paddy fields as a 
solution for this problem. There are approximately 
2.59 million hectares of paddy fields in Japan, 
which have enough capacity to distribute the 
digested manure. The digested manure application 
to paddy fields is highly possible because the 
digested manure is manageable and costless 
compared to compost application (Nakamura et al. 
2005). Demonstration experiments of the digested 
manure application to paddy fields were conducted 
in Oki town, Fukuoka (Tanaka et al. 2002) and Yagi 
town, Kyoto (Nakamura et al. 2007). However, 
there have been no studies on application of the 
digested manure to paddy fields in cold latitudes. In 
this study, we therefore investigated methods by 
which digested cattle manure can be applied to 
paddy fields in cold latitudes without causing a 
reduction in rice yields or increase in protein content 

of brown rice. 
 
Materials and Methods 
Digested manure 
The properties of the digested manure used in this 
study are shown in Table 1. The digested manure, 
which was digested for hydraulic retention time of 
20 days with mesophilic temperature of 38°C, was 
collected from a slurry storage tank of Rakuno 
Gakuen University’s Biogas Plant for treatment of 
cattle manure. Ammonium nitrogen accounted for 
57% and 54% of total nitrogen of the digested 
manure used in experiments conducted in 2005 and 
2006, respectively. 
 
Chemical fertilizer 
Application of chemical fertilizer, which was the 
normal fertilizer applied to the experimental paddy 
field, was used as a control in this study. Koudokasei 
686 (N:P2O5:K=16%: 18%:16%) was used in the 
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Table 1. Properties of the digested manure  
used in this study 
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experiment in 2005, and Kasei 403 (N:P2O5:K=14%: 
20%:13%) and Sokujoall 14(N:P2O5:K=14%: 
14%:14%) were used in the experiment in 2006. 
 
Experimental paddy field  
We conducted the research using a paddy field in 
Fukagawa City, Hokkaido, which is in a cold region. 
The soil of the experimental paddy field was brown 
lowland soil, to which only chemical fertilizer had 
been applied since 1995. An outline of the 
experimental paddy field is shown in Figure 1. Four 
experimental blocks, each of which were 10m"10m, 
were used for the research. Each experimental section 
was isolated by plastic boards. 
 

Fertilization 
The amounts of digested manure and chemical 
fertilizer used in this study are shown in Table 2. The 
dates of paddy field management are shown in Table 
3. Generally about 40% to 50% of total nitrogen of 
mesophilically digested cattle manure is organic 
nitrogen. In paddy fields in cold latitudes, the organic 
nitrogen of digested manure is thought to accumulate 
easily in soil because the rate of decomposition of the 
organic nitrogen is slow due to the low temperature of 
the soil. About 80% of nitrogen absorbed to paddy 
rice after panicle formation stage is from soil, and 
the nitrogen absorption around heading stage 
increases protein content of rice grains (Sawaguchi 
et al. 1998). Thus, application of digested manure to 
paddy fields in cold latitudes based on ammonium 
nitrogen content of the digested manure, by which 
almost the same amount of the organic nitrogen as 
that of ammonium nitrogen is applied to the paddy 
fields, may result in deterioration of eating quality 
due to the high protein content of the rice. However, 
application of digested manure based on total 
nitrogen content of the digested manure may decrease 
rice yields because the application amount of 
ammonium nitrogen, which has a rapid effect as 
fertilizer, is small. Therefore we conducted this 
research to optimize application of digested cattle 
manure to paddy fields in cold regions. In 2005, 
digested manure with 9kgN/10a of total nitrogen, 
which was equal to the amount of nitrogen in the 
chemical fertilizer applied to the control block, was 
applied to the experimental paddy field. In 2006, 
digested manure with 12.35kgN/10a of total nitrogen, 
which was 1.3-times larger than the amount of 

Figure 1. Outline of the experimental paddy field.
A: Plow layer application,  
B: Plow layer application combined  
with surface layer application, 
C: Surface layer application,  
D: Control (Chemical fertilizer). 
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nitrogen in the chemical fertilizer applied to the 
control block, was applied to the experimental paddy 
field.  

The digested manure was applied to the 
experimental paddy field by three different methods: 
plow layer application method, surface layer 
application method, and plow layer application 
method combined with surface layer application 
method. In plow layer application, the digested 
manure was applied to the soil during tilling. 
Subsequently, water was poured into the paddy field 
to prevent nitrification. The depth of tilling was 12 
cm. In surface layer application, the digested 
manure was applied to the soil surface during soil 
paddling after water had been poured into the paddy 
field. The depth of soil paddling was 5 cm. In plow 
layer application combined with surface layer 
applicatio, 2/3 of the digested manure was applied 
by the plow layer application method and 1/3 of the 
digested manure was applied by the surface layer 
application method. Eighty percent of nitrogen 
absorption of rice plants in the primary growing 
period is from fertilizer (Sawaguchi et al. 1998). 
Therefore, the surface layer application method 
seems to be better for growth of rice plants in the 
primary growing period. However, the fertilization 
efficiency of surface layer application is relatively 
low because of nitrification and nutrition leaching 
to paddy water (Sawaguchi et al. 1998). In addition, 
ammonium nitrogen emission of the digested 
manure can be decreased by reduction in the area of 
contact between air and the digested manure 
(Yokohama et al. 2005). The plow layer application 

method may therefore be more efficient for 
fertilization using digested manure. Figure 2 shows 
the digested manure conducted to the surface layer. 

In the experiment conducted in 2005, 9kgN/10a 
of chemical fertilizer was applied to the control 
block by the plow layer application method, the 
usual application method used in Hokkaido. In the 
experiment conducted in 2006, 7kgN/10a of 
chemical fertilizer was applied to the control block 
by the plow layer application method. Subsequently, 
2.5kgN/10a of chemical fertilizer was applied to the 
control block by the band-dressed application 
method. In band-dressed application, chemical 
fertilizer is applied near the side of rice seedlings 
when planting rice, and this method has recently 
become popular as a method for reducing protein 
content of rice. 
 
Analytical methods 
In each experimental block, 10 and 20 plants were 
selected for growth investigations in the experiments 
conducted in 2005 and 2006, respectively. Plant 
height, number of tillers, SPAD value, panicle 
numbers and panicle length were investigated.  

Rice was harvested by hand and dried naturally 
indoors. A near-infrared radiation analytical machine 
(FOSS infratec 1241 Grain Analyzer) was used to 
measure protein content of brown rice, amylose 
content of brown rice and grain eating quality. In 
addition, sensory tests after cooking were conducted 
with 48 testers. 

Soil analysis was conducted using soil samples 
collected in April 2007, after the experiment in 2006. 
Soil samples were collected randomly from 3 points 
of experimental blocks to which the digested manure 
had been applied. Available nitrogen was measured 
by the submerged incubation method (40°C for one 
week), available phosphate was analyzed by the 
Bray No.2 method and potash was measured by the 
flame photometry method. 
 
Results 
Eexperiment in 2005 
Results of the experiment conducted in 2005 are 
shown in Table 4. On September 6, when the 
experimental rice was harvested, plant height in the 
control block, to which chemical fertilizer had been 
applied, was higher than plant heights in the blocks to 
which digested manure had been applied at the 1% 
significance level. Panicle numbers in the control 
block was also larger than panicle numbers in the 
blocks using plow layer application combined with 
surface layer application, plow layer application, 
and surface layer application at 1%, 5% and 5% 
significance levels, respectively. However no 
significant differences in plant growth were 
observed on July 13. Thus, growth of plants 

Table 3. Dates of paddy field management 

Figure 2. The digested manure conducted to
the surface layer 
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fertilized by the digested manure seemed to slow 
down after July 13. No differences were found in 
plant growth between the three different methods of 
digested manure application. 

Chemical fertilizer application, which was 
used as a control in the experiment, resulted in the 
highest brown rice yield of 624kg/10a. The brown 
rice yields in blocks to which digested manure had 
been applied were 543kg/10a for plow layer 
application, 594kg/10a for plow layer application 
combined with surface layer application, and 
598kg/10a for surface layer application, 13%, 5% 
and 4% lower, respectively, than the yield in the 
block to which chemical fertilizer had been applied. 
The protein content of the brown rice to which the 
digested manure had been applied was slightly 
lower than the protein content of brown rice in the 
control block at the 1% significance level. In 
sensory tests, no significant differences were found. 
 
Experiment in 2006 
Results of the experiment conducted in 2006 are 
shown in Table 5. On September 15, when the 
experimental rice was harvested, plant height in the 
control block was higher than plant heights in the 
blocks to which digested manure had been applied at 
the 1% significance level. However, there were no 
significant differences in number of tillers, SPAD 
value, panicle numbers and panicle length. No 

differences were found in plant growth between the 
three different methods of digested manure 
application. 

The brown rice yield in the control block was 
497kg/10a. The brown rice yields in blocks to 
which digested manure had been applied were 
556kg/10a for plow layer application, 549kg/10a 
for plow layer application combined with surface 
layer application, and 533kg/10a for surface layer 
application, 12%, 11% and 7% higher, respectively, 
than the yield in the block to which chemical 
fertilizer had been applied. The protein content of 
the brown rice to which digested manure had been 
applied was slightly lower than the protein content 
of brown rice in the control block at the 1% 
significance level. In the sensory tests, no 
significant differences were observed between rice 
in the block in which the fertilizer application 
methods were used. 
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Soil analysis 
Results of soil analysis are shown in Table 6. No 
significant differences were found between available 
nitrogen concentrations or available phosphate 
concentrations of soils from the control block and 
from the blocks to which digested manure had been 
applied. However, potash concentration of soil to 
which digested manure had been applied for 2 years 
was higher than the potash concentration of soil to 
which chemical fertilizer had been applied at the 1% 
significance level. 
 
Discussion and Conclusion 
In the experiment conducted in 2005, a decrease in 
the growth rate of rice plants was observed after 
July 13. It has been reported that emission of 
ammonium nitrogen from digested manure was 
28% of the amount of applied to the paddy field, 
whereas emission of ammonium nitrogen from 
chemical fertilizer was only 0.1% of the amount 
applied (Nakamura et al. 2007). Application of 
digested manure with 9kgN/10a of total nitrogen, 

which was equal to the amount of nitrogen in the 
chemical fertilizer applied to the control block, 
seemed to result in nitrogen shortage and slowdown 
of rice plant growth, which was caused by 
ammonium nitrogen emission. In addition, in the 
ripening stage, leaves of rice plants in blocks to 
which digested manure had been applied became 
discolored more rapidly than did leaves of rice plants 
in the control block. This also indicates the nitrogen 
shortage in blocks to which digested manure had 
been applied. Also, insufficient mineralization of 
organic nitrogen of the digested manure in cold 
latitudes seemed to cause the nitrogen shortage. As a 
result of the nitrogen shortage, the brown rice yields 
in blocks to which digested manure had been applied 
tended to be lower than the brown rice yield in the 
block to which the chemical fertilizer had been 
applied.  

In the experiment conducted in 2006, application 
of digested manure with 12.35kgN/10a of total 
nitrogen, which was 1.3-times larger than the amount 
of nitrogen in the chemical fertilizer applied to the 
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control block, did not result in nitrogen shortage but 
resulted in higher brown rice yields than the brown 
rice yield in the block to which chemical fertilizer had 
been applied. In addition, the protein content of 
brown rice was decreased by the digested manure 
applications. 

In both the experiments conducted in 2005 and 
2006, between the three different methods of 
digested manure application, no differences were 
found in the growth investigations, the brown rice 
yields, the brown rice qualities and the sensory tests. 
Significant differences were not found in sensory 
tests in both 2005 and 2006. Therefore, the taste of 
rice fertilized with digested manure did not differ 
from the taste of rice fertilized with chemical 
fertilizer. 

No significant differences were found between 
available nitrogen concentrations or available 
phosphate concentrations of soil from the control 
block and soil from the blocks to which digested 
manure had been applied. Thus, organic nitrogen in 
the digested manure and phosphate in the digested 
manure, which was only 20% of the phosphate 
applied by the chemical fertilizer, did not 
accumulate in the paddy soil during the 2-year 
study period. However, further research is needed to 
determine the influence of long-term application of 
digested manure. Accumulation of potash was 
observed in the soil to which digested manure had 
been applied. In the experiment conducted in 2006, 
the amount of potash applied by digested manure 
application was 50% larger than the amount of 
potash applied by chemical fertilizer application. In 
addition, the amount of potash applied by digested 
manure application (13.2kg/10a) was much larger 
than the fertilization standard of potash in Hokkaido, 
7kg/10a to 9kg/10a. Thus, potash seems to 
accumulate to soil by nitrogen-based applications of 
digested manure. 
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Abstract 
Jatropha curcus is currently considered as one of the most suitable feedstock for biodiesel fuel.  Many 
countries in Africa have expressed interests in its production for poverty alleviation due to its high 
adaptability to arid and semi-arid environment. This paper discusses the possibility of sustainable Jatropha 
production in Sahelien villages, West Africa, with use of the results from a case study which was carried out 
in the on-going JIRCAS-ICRISAT collaborative research project in Niger. A candidate area for Jatropha 
cultivation and its potential production were estimated for three villages in the project site through obtained 
results from the socio/economical analysis of the benchmark site by the project activities. 

Results of the field survey with GIS analysis revealed that marginal land in benchmark was occupy 
about 52% and 26 % by extensively managed farmland and plateau, respectively. Although the land 
degradation is chiefly accounted to a negative balance in nutrition, extensively managed farmlands are 
responsible for 56 % of staple crop production and other purposes for local livelihood. The plateau requires 
more inputs like labor or agricultural materials for crop production as the surface is covered by muddy sand 
and iron stones. On the other hand, borders of farmlands are not engaged directly in crops production and 
thus can be utilized more efficiently compared to the current situation if vegetation is replaced by Jatropha 
plants. Total length of the border was estimated 429 km, 359 km, 175 km and seed production was estimated 
343 t, 287 t, and 140 t, in three villages. It may be possible to enhance rural economy if the value is added to 
the extracted oil through market orientation with fair and appropriate manner in its utilization.  

 
Keywords: Jatropha curcus, BDF, feedstock production, degraded land, Sahel, West Africa 
 
Introduction 
Reducing the emission of green house gasses 
(GHG) is one of the most crucial issues in 
international society and thus biofuel takes vital 
role as an alternative energy source based on its 
carbon neutral concept. Hence, biofuel industries 
are growing rapidly to meet the international 
demand through utilization of conventional staple 
crops like maize, soybean, etc. However, this 
situation brought an imbalanced on food supply and 
thus more attention was withdrawn to a non edible 
oil crops in order to harness the problem for a 
sustainable society.  

Due to such unique characteristics as non 
edible and high adaptability to degraded lands of 
arid and semi-arid environments, Jatropha curcus is 
currently considered as one of the most suitable 
feedstock for biodiesel fuel (Heller, 1996; 
Jongschaap et al. 2007; Tomomatsu and Swallow, 
2007).  It is a shrub originated from Mexico and 
Central America reaching a height up to 5 meters 
(Heller, 1996). Average rainfall necessary for 
Jatropha growth is from 300 mm to 1,000 mm and 
the plant is well adapted to marginal soils with low 
nutrient content (Heller, 1996).  Because of a 

typical ecological adaptability to low rainfall and to 
degraded lands, many countries in Africa have, 
therefore, expressed interested in the production of 
Jatropha for poverty alleviation by boosting up 
their economy towards an international demand on 
bioenergy. Some countries like Mali, Tanzania, 
Kenya have already initiated Jatropha production 
through plantation (Henning, 2002; Jongschaap et 
al. 2007; Tomomatsu and Swallow, 2007). So far, 
however, few studies have been conducted on the 
Jatropha production in Africa and debates have just 
started on whether Jatropha brings benefit or not in 
terms of African development (Rajagopal and 
Zilberman, 2007; Rijssenbeek et al. 2007), because 
the self-sufficiency in food production within Africa 
is still a challenging issue. Hence, research 
activities on this feedstock should be enhanced to 
evaluate its potential and sustainability through the 
value chain. This paper discusses the possibility of 
Jatropha production by local farmers in the Sahel 
villages, West Africa, with use of the results from a 
case study on sociological and economical situation 
of their agricultural systems. 
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Materials and Methods 
1. Description of Benchmark site for 
JIRCAS-ICRISAT collaborative research 
project 
JIRCAS (Japan International Research Center for 
Agricultural Sciences) and ICRISAT (International 
Crops Research Institute for the Semi-Arid Tropics) 
had commenced a collaborative research project in 
2003 in Niger, West Africa, aiming at the 
development of appropriate technology options for 
soil fertility management in the Sahel. Climates in 
Niger are a typical semi-arid with two distinct 
seasons, i.e. rain season starting from June to 
September and dry season starting from October to 
May. Total annual rainfall is 550 mm in long term 
average which peaks in the month of August. The 
benchmark sites are three villages (Banizounbou, 
Tchigo Tegui, and Ko Dey) of Fakara region, 
Dantiandou district of Tillaberi prefecture, western 
Niger (60-90 km north-east of Niamey). This region 
is typical for crop-livestock mixed cropping system 
by two ethnic groups, Zarma who is an 
agriculturalist engaged in rainfed cereal production 
such as pearl millet (Pennisetum glaucum (L) R.Br.), 
cowpea (Vigna unguiculata (L.) Walp.) and hibiscus 
(Hibiscus sabdarifa). Fulani is a pastoralist who is 
engaged in livestock rising through transhumance 
and sedentary grazing. A significant portion of the 
land in the study area is used mainly for cereal 
production and the prevailing soil type in the 
Fakara region is a Psammentic Paleustalfs, having a 
high sand fraction and typical characteristics of an 
infertile soil.   
 
2. Estimation of the area of marginal land in 
benchmark site 

In order to quantify marginal areas in 
benchmark site, results from the previous studies on 
land management were used with GIS analysis 
(ArcGIS 9.2) for the estimation of surface area. 
Land management was corresponding to the 
distance from the village and thus the surface area 

was estimated based on the distance in each land 
management.  
 
3. Local recognition of the role of marginal land 

To understand the local recognition of the role 
of marginal land, a questionnaire was handed out to 
35 households out of 135 total households in Tchigo 
Tegui, a village in the Fakara region. Local names 
of natural plants and their use were asked to the 
identified local household through the 
questionnaire. 
4. Socio-economic study on food security in the 
villages  

In each village, a sample of 30 farmers was 
drawn from a list of key informants used in the 
project. Thus a total of 90 households were 
interviewed through the questionnaire on the 
production level and the consumption needs for the 
millet crop. 
 
Results 
1. Identification of candidate area for Jatropha 
production 
Fig. 1 shows the distribution of farmlands in 
different soil management practices. It indicates 
that farmlands in a soil fertility management  

Table 1 Local farmers' recognition on wild plants for a utilization in local households 

Other utilization         
Scientific name Family Recognition 

(%) 
food forage* medicine materials**

Cenchrus biflorus Graminaceae 94.3 0 91.7 2.8  0 

Cassia mimosoides Caesalpiniaceae 57.1 0 52.8 44.4  47.2  
Eragrostic tremura Graminaceae 48.6 0 47.2 47.2  47.2  
Alysicarpus ovalitolius Papilonnaceae 45.7 0 44.4 33.3  2.8  
Sida cordifolia Malvaceae 37.1 0 0  19.4  30.6  
* rain season only 
**local mat, fence, roof        
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Figure 1. Traits of local systems on soil
fertility management with distance 
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practice distributes according to the distance from 
the local residence. Farmlands managed by fallow 
system were found furthest area from the residence 
and this area was considered as a marginal area due 
to its extensive way of management. Based on this 
result, the surface area of degraded lands was 
calculated through GIS analysis using a database 
developed by International Livestock Research 
Institute (ILRI, unpublished). Degraded lands were 
categorized into two groups; extensively managed 
farmlands and plateau (elevated flat terrain 
remained against weathering) which occupied 52 % 
and 26 % of entire agricultural lands, respectively. 
Despite its management practice, extensively 
managed farmlands were responsible for 56 % of 
staple crop production according to the estimation 
based on surface area and millet production.  
 
2. Evaluation of fallow land in relation to local 
demand 
According to the survey in the villages, local people 
in Tchigo Tegui recognized 29 species of natural 
plants. Dominant was Graminaceae species and 
3-7 % was Fabaceae. Table 2 shows five most 
recognized plants by local people with its utilization 
at local households. Although none of them were 
used as a food substitute, most plants were useful 
for households through fodder for livestock, local 
medicine and materials for construction.  
 
3. Evaluation of food security in local households 
Table 2 showed the average millet production and 
consumption-production gap at local households. 
Although average millet production for three years 
was always less than 380-400 kg per capita, the 
average at the national level (République du Niger. 
2001), local households obtained the production 
less than that they consumed. According to the 
previous survey (Abdoulaye, et al. 2008), there 
were three categories of local households based on 
their household economy and 88 %, 90 % and 78 % 
were occupied by the households in poor and 
middle economic situation who have less options to 
compensate a shortage of food than rich farmers.  
 
Discussion 
Obtained results through our study, most of the area 
in benchmark site was occupied by marginal lands 
and thus it is considered to be appropriate for 

Jatropha production as per the report by 
Jongschaap et. al (2007). However, marginal lands, 
especially extensively managed farmlands are 
responsible for 56 % of staple crop production and 
other purposes for local livelihood.  It may be 
inevitable to bring a conflict if Jatropha is 
introduced in those areas without regarding the 
situation at local livelihood. Plateau is another part 
in marginal lands, which requires more inputs like 
labor or agricultural materials for crop production 
since the surface is covered by muddy sand and iron 
stones. Plateau has also a vital role in ecological 
point of view due to the existence of diversified 
vegetation (Hiernaux & Ayantounde, 2004) and thus 
it may bring a negative impact to natural vegetation 
if cultivation is enhanced through Jatropha 
production.  

Crops production in extensively managed 
farmlands provides large part for local food 
consumption although the productivity is lowest 
among existing land managements in benchmark 
site (Hayashi, et al. 2006). The cropping system in 
extensively managed farmlands is inter-cropping of 
millet and cowpea or hibiscus as local practices for 
food security. A competitive situation may be 
happened in water and soil nutrients supply when 
other crops like Jatropha is introduced or Jatropha 
production may cause a trade off of conventional 
crops. The part of fallow area in extensively 
managed farmlands is also important for fodder 
supply of livestock as shown in Table 2 as well as 
for livestock grazing of Fulani (Hiernaux, 1998). 

However, the Sahel is one of the critical zones 
in poverty problem and thus the economical 
enhancement of local households is imperative to 
alleviate the deep-rooted problem. Since options for 
income generation in the Sahel is limited due to 
water scarcity and nutrient deficiency, Jatropha 
production should be judiciously done to make 
hand-in-hand situation for small scale local farmers. 
A part from identified lands in the marginal areas, 
borders of farmlands is one of the better candidate 
areas for the exploitation of Jatropha production. In 
Mali, Jatropha was planted as a hedge by GTZ in 
the 1990’s and the production of seeds was 
calculated to be about 0.8 kg per meter hedge 
(Henning, 2002). In the benchmark site, the borders 
of farmlands are the places not directly involved in 
crops production and demarcated with indigenous 
vegetation like Andropogon gayanus or Combretum 

Table 2 Average annual per capita millet production and consumption gap, Fakara 2001-2003. 
 2001 2002 2003 

Average production per capita 
Consumption-production gap per capita 

275 kg 
70 kg 

278 kg 
67 kg 

254 kg 
91 kg 

Source: Survey data 

PROCEEDINGS OF ICSA2008   171



glutinosum. Thus if the vegetation is replaced by  
Jatropha curcus, it can be utilized more efficiently 
in its production. Table 3 shows total length of 
borders in three villages of the benchmark site and a 
rough estimation for Jatropha seeds production can 
be 343 t, 287 t and 140 t in Banizounbou, Tchigo 
Tegui and KoDey, respectively. In order to achieve 
economical viability on the production of Jatropha, 
initial investment should be done for price being 
competitive with available alternative oils 
(Tomomatsu & Swallow, 2007) and this may 
increase an economic burden for local households. 
However, utilization of Jatropha oils can enhance 
the income generation through a production of local 
soap, providing alternative energy source for 
cooking or motor pump. 

A part from identified lands in the marginal 
areas, borders of farmlands is one of the better 
candidate areas for the exploitation of Jatropha 
production. In Mali, Jatropha was planted as a 
hedge by GTZ in the 1990’s and the production of 
seeds was calculated to be about 0.8 kg per meter 
hedge (Henning, 2002). In the benchmark site, the 
borders of farmlands are the places not directly 
involved in crops production and demarcated with 
indigenous vegetation like Andropogon gayanus or 
Combretum glutinosum. Thus if the vegetation is 
replaced by Jatropha curcus, it can be utilized more 
efficiently in its production. Table 3 shows total 
length of borders in three villages of the benchmark 
site and a rough estimation for Jatropha seeds 
production can be 343 t, 287 t and 140 t in 
Banizounbou, Tchigo Tegui and KoDey, 
respectively. In order to achieve economical 
viability on the production of Jatropha, initial 
investment should be done for price being 
competitive with available alternative oils 
(Tomomatsu & Swallow, 2007) and this may 
increase an economic burden for local households. 
However, utilization of Jatropha oils can enhance 
the income generation through a production of local 
soap, providing alternative energy source for 
cooking or motor pump.  

 
Conclusion 
As the results of our study showed, most of local 
households in Fakara are still facing food deficit 
because of the negative  

consumption-production gap and this indicates that 
enhancing crop production is still top priority in the 
Sahel in order to secure the life of local livelihood 
Therefore it is imperative to improve crops 
production through a technology development in 
the JIRCAS-ICRISAT collaborative research 
project. However, it is also necessary to enhance 
economy for poverty alleviation and thus income 
generating activities is needed. Due to 
environmental constraints in Sahelian villages, 
Jatropha curcus, high adaptability to degraded 
lands of arid and semi-arid environments, can be 
one of the better candidate crops to boost up income 
generating activities if the value is added to the 
extracted oil through market orientation with fair 
and appropriate manner in its utilization.   
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Abstract 
In the modern world, sustainable development has become one of the most important issues. Biorefinery 
plays a key role in increasing the sustainability of the world economy. The use of renewable raw materials as 
alternative feedstock will be favorable for reducing consumption of the limited petroleum resources. 
Rapeseed is one of most important edible oil resource in worldwide. However, rapeseed meal is limited to be 
used in food and feedstuff because of containing toxic components. In this paper, rapeseed meals were 
fermented by Bacillus subtilis in order to uprate theirs value. Streptokinase (SK), polyglutamic acid (PGA) 
and peptides were obtained by developed high efficient conversion and separation techniques. The results 
showed that the protein content of peptides (MW＜5000) after ultrafiltration were 70.13％, and two parts of 
peptides were separated and purified by Sephadex G-25 gel filtration chromatography. The fibrinolytic 
activity of crude SK was 83.32IU/mg. Meanwhile, toxic components, such as glucosinolates, isothiocyanates, 
oxazolidone, were degraded after fermentation. Moreover, rapeseed meals could be modified to obtain 
biodegradable protein-plastic. In our research, functional and active bio-components were gained by 
biorefinery approaches, which could improve economic and useful value of rapeseed meals greatly. This 
would lay a strong foundation for the sustainable development of biorefinery in future. 
 
Keywords: biorefinery, rapeseed meal, fermentation, functional components, modification 
 
Introduction 
After the Industrial Revolution, petrochemical 
industry based on petroleum made great 
contribution to the prosperity of civilization. With 
the development of world economy, petroleum 
resource becomes exhausted, and energy source and 
environment problem became prominent (S. L. 
Borgne and R. Quintero, 2003). According to the 
statistics of national energy framework, there are 
still 40 years, 50 years and 240 years exploitation 
quantity of petroleum, national gas and coal 
resource left. And, political instability of Middle 
East region generated great shock to the price of 
crude petroleum. The explosion of oil prices created 
tremendous stress to petrochemical materials. 
Moreover, petroleum fuel caused environmental 
pollution and ecology deterioration, such as 
greenhouse effect and acid rain. Mankind was 
looking for sustainable resource to transfer fossil 
resource (S. Fernando, et al., 2006). “21 Century 
Agenda” and “Kyoto Protocol” call for all countries 
to reduce energy consumption and pollute 
environment, and this was good chance for the 
development of industrial biotechnology ( J. 
Villadsen, 2007; P. Lorenz and H. Zinke,2005). 
Industrial biotechnology became one of the most 
important advancing front of current developments 
of science, also was high-point of world intellectual 
property. Biorefinery as the foundation of new 

bioindustry, was means of sustainable development 
of environment and energy economy transformation. 
Biorefinery as the third wave of biotechnology 
development would solve the serious problems of 
current resources, energy and environmental (M. 
Wu, et al., 2006). 

Biorefinery will have a considerable impact by 
using biomass as an alternative to petroleum for the 
production of biochemicals, such as biofuels, 
biopolymers and biodegradable plastics (B. Kamm 
and M. Kamm, 2004). The use of renewable raw 
materials as alternative feedstock will reduce 
consumption of the limited petroleum resources. At 
the same time, this technology may also boost the 
rural economy by providing new markets for 
agricultural crops and through the development of 
integrated biorefineries in farming areas (J. R. 
Arthur, 2006). The dominant method of making 
biofuel today, converting oil from oil crops such as 
rapeseed or soybean to biodiesel, threatens the 
edible oil supply and imposes environmental costs. 
There are many problems of restricting sustainable 
development. In order to develop biofuels, much 
land was planted energy crops, biofuels compete 
with people for grains, compete with grains for land. 
and eggs, meat and edible oil rises in price by 
20-34%. In some countries, palm tree was used for 
the production of bio-fuel, and tropical rain forest 
was destroyed. Biodiversity was destroyed. 
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Unenlightened conversion and process technology 
caused new environmental pollution (L. Halasz, 
2005). 

Rapeseed is widely cultivated for oil production 
in China. In 2008, the planting area of rapeseed is 
more over 10 million hectares. The annual yield of 
oilseeds rape is over ten million ton which is 
account one third of total yield in the world. 
Defatted rapeseed cakes contain 30-45% protein. 
Despite the well-balanced amino acid composition 
of rapeseed proteins compared to other oilseed 
crops like soybean, and particularly their high level 
of glutamine and glutamic acid, at present are 
usually used for the supplementation of animal feed 
and fertilizer. Oilseed rape contains high amount of 
glucosinolate, phenolic compounds and phytic acid. 
Very few studies propose to use them as sustainable 
materials. Besides, this low-cost raw material could 
represent an interesting alternative and an original 
source of plant components. The sustainable 
development of oilseed production is important for 
the national food security and even energy security 
in the future.  

Nowadays, nattokinase (NK), polyglutamic acid 
(PGA) and peptides attracted some attentions. PGA 
is substantially biodegradable in the environment, 
nontoxic to humans, and even edible. Its potential 
applications have been studied from an industrial 
standpoint. PGA has various functions, namely, as 
hydrogels with very high water absorption 
capability, flocculants, heavy metal- and 
radionuclide-binding agents, cryoprotectants, 
bitterness-relieving agents, thickeners, animal feed 
additives, osteoporosis-preventing factors, 
humectants, drug deliverers, gene vectors, curative 
biological adhesives, dispersants, and 
enzyme-immobilizing materials (K. Keitarou and I. 
Yoshifumi, 2003). Nattokinase is a potent 
fibrinolytic enzyme from Bacillus natto, primarily 
isolated from natto by Sumi et al. NK is a 
single-chain structure comprised of 275 amino 
acids residues with a molecular mass of 27.7 kDa 
and has no intramolecular disulfide bond. Closely 
resembling plasmin, NK dissolves fibrin directly. In 
addition, it also enhances the body’s production of 
both plasmin and other clot-dissolving agents, 
including urokinase. In some ways, NK is actually 
superior to conventional clot-dissolving drugs, 
which has many benefits including convenience of 
oral administration, confirmed efficacy, prolonged 
effects, cost effectiveness and can be used 
preventatively. NK has demonstrated stability of pH 
and temperature so that it can occur stably in the 
gastrointestinal tract (Y. Peng, et al., 2003; J. G. Liu, 
et al., 2004). Several groups have previously shown 
that the peptide content of soy-fermented products 
is greater than that of unfermented soybeans, and 

natto peptides have plentiful essential amino acids 
and physiological function. Recently, peptides have 
extensively applied in foods and cosmetic field 
since potential anti-carcinogens and other 
therapeutic agents have been reported. 

Research and development of potential utilization 
of rapeseed meal has become an attractive field in 
oil crops science. In this study, rapeseed meals were 
fermented by Bacillus subtilis. streptokinase (SK), 
polyglutamic acid (PGA) and peptides were gained. 
At the same time, rapeseed meals were modified for 
protein plastic. 
 
Materials and methods 
1) Instruments and reagents 
Fibrinolytic protease, urokinase and thrombase 
were purchased from National Institute For the 
Control of Pharmaceutical and Biological Products 
(Beijing, China). Tris(hydroxylmethyl)aminoethane 
(Tris)，ammonium formate, boric acid , 2,4-Toluene 
diisocyanate (TDI), polypropylene glycol (PPG), or 
salvolatile were analytical grade from Shanghai 
Reagents Co. (Shanghai, China). Deionized water 
was prepared with a Milli-Q system (Millipore, 
Bedford, MA).  
 
2) Preparation of rapeseed meals 
Bacillus subtilis was obtained from the Japanese 
natto. Rapeseed meals were crushed up and 
produced in petri dishes. Twenty grams of meals 
were soaked overlight with 15ml water. The soaked 
meals were steamed at 121°Ｃ for 30 min, cooled 
to 40° Ｃ  before inoculation with B. subtilis 
approximately 5% (v/m) and incubated at 28 °Ｃfor 
48 h. Samples were left at 2-4°Ｃ for 24 h to 
complete maturation prior to analysis. 
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Figure 1. Growth curve of Bacillus subtilis from 
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3) Growth curve of Bacillus subtilis from 
rapeseed meals 
After fermentation, the number of bacillus subtilis 
from rapeseed meals was determined every 12h. 
 
4) Toxic components analysis of rapeseed meals 
Sulphoglucoside, isorhodanic ester and oxazolidone 
content were determined by sulfocarbamide 
colorimetric method(H.J.Zhang, 2002). This was 
finished by Quality Inspection and Testing Center 
of Oilseeds and Their Products, Ministry of 
Agriculture. 
 
5) Rapeseed meals extracts 
Fermented rapeseed meals was leached respectively 
with two fold distilled water, Tris-HCl buffer (pH 
7.8) and 0.9% NaCl solution. Chumming up and 
ultrasonic was used for extraction. Extracting 
solutions were centrifugated freezingly, and filtered 
with 0.22µm filterable membrane. Extracting 
solutions were hyperfiltrated with 100KDa and 
5KDa filterable membrane. PGA( ﹥100KDa), 
NK(5KDa ~100KDa) and peptides(﹤5KDa) were 
obtained(H.Chen, et al., 2006). The extracting 
solutions was lyophilized and used for the 
following experiments. 

5.1) Rapeseed meals peptides analysis 
5.1.1) Protein assay 
The protein concentrations of peptides were 
determined by Kjeldahl method. At the same 

time, amino acid compositions of the fractions 
were analyzed. 
5.1.2) Peptides analysis 
Rapeseed meals peptides were dissolved and 
analyzed by sephdex G-25. Absorbance was 
determined at 280nm. 

5.2) Streptokinase activity analysis 
Crude streptokinase was purified by ammonium 
sulphate. Fibrinolytic activity was determined by 
using urokinase as a standard fibrinolytic protease. 
The fibrinogen plates were made by Astrup method. 
After the dishes were allowed to stand for 30 min at 
room temperature to form fibrin clots, holes were 
made on a fibrin plate by suction by using a 

unfermented 
rapeseed cake 

fermented 
rapeseed cake 

unfermented 
rapeseed dregs 

fermented 
rapeseed dregs 

Glucosinolates  
µmol/g 

65.86 1.12 59.80 1.16 

Isothiocyanates 
mg/g 

4.89 0.24 3.08 No detect 

Oxazolidone 
 mg/g 

3.04 0.19 1.94 No detect 

 

Table 1. The content of isorhodanic ester and oxazolidone of fermented rapeseed cake and dregs 

Note: detection limit: 0.01mg/g. 

different 
extract 

methods 
blank 

water 
stirring 

water 
ultrasonic 

0.9% 
NaCl 

stirring 

0.9% 
NaCl 

ultrasonic 

Tris 
stirring 

Tris 
ultrasonic 

protein 
content
（%） 

9.99 66.0 68.20 58.02 67.34 68.90 70.13 

 

Table 2 Protein content of rapeseed meals peptides

Figure 2. Chromatogram of peptides extracted from 
fermented rapeseed meals 
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capillary glass tube (1-mm-diameter). Twenty 
microliters of sample solution was dropped into 
each hole and incubated at 37°C for 18 h. After 
measuring the dimension of the clear zone, the 
number of units was determined according to 
standard curve by using urokinase. Concentrations 
of urokinase were 0, 6.9, 13.8, 23, 46, 92U/mL. 
Determinations were made in triplicate.  

5.3) Polyglutamic acid analysis 
PGA was gained after adjusting pH, 
centrifugating and precipitating with ethnol. 

 
6) Modification of rapeseed meals 
After rapeseed meals were fermented and extracted, 
residues were crushed up and leached with 80 mesh 
screen. Rapesee meals were successfully prepared 
by grafting and cross-linking with polypropylene 
glycol-based polyurethane prepolymer(PUP) 
through reactive extrusion and 
compression-molding process. The processibility, 
mechanical properties and water-resistivity was 
measured. 
 
Results and discussions 
1) Growth curve of Bacillus Subtilis from 
rapeseed meals  
From Fig.1, we could see, after fermentation, the 
number of bacillus subtilis rose rapidly from 24h to 
36h. After 36h, the number came to a head 
basically. 
 
2) Toxic components analysis of rapeseed meals 
From table 1, After fermentation, sulphoglucoside, 
isorhodanic ester and oxazolidone was degraded 
fundamentally. Isorhodanic ester and oxazolidone 
decreased below the detection. Toxic components 
of fermented rapeseed meals cut down. 
 

3) Rapeseed meals peptides analysis 
3.1) Protein content of peptides  
From table 2, protein content of peptides was 
analyzed. The content of blank (without 
fermentation) was the lowest, which showed that 
the extract without fermentation hardly contained 
peptides. Protein content of different extract 
methods was almost the same. At the same 
extract solution, the effect of ultrasonic was 
superior to one of stirring, and that the time of 
ultrasonic was shorter. Protein content of peptide 
extracted by Tris buffer with ultrasonic was the 
highest (70.13%).  
3.2) Rapeseed meals peptides analysis 
Rapeseed meals peptides extracted by Tris-HCl 
buffer were analyzed by Sephadex G-25 gel 
column. Column was eluted with 20ml/h pure 
water. Three fractions were obtained (Fig.2), 
collected and lyophilized for further study. 

 
 
 

with rapeseed meals

Without rapeseed meals

Figure 4. Protein-plastic modified from rapeseed meals
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Figure 3. Standard curve of urokinase activity (A,B) and 
activity of urokinase extracted fermented rapeseed meals (C)
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Figure 3. Standard curve of urokinase activity (A,B) and 
activity of urokinase extracted fermented rapeseed meals (C)
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4) Streptokinase activity analysis 
The raw data recorded are presented in the form of 
standard curve, with area of clear zone on the x-axis 
and natural logarithm of urokinase activity on the 
y-axis (Fig.3). According to standard curve of 
urokinase, we measured streptokinase activity from 
fermented rapeseed meals. The activity of 
streptokinase was 16991.27U/mg. 
 
5) Protein-plastic modified from rapeseed meals 
After modification, rapeseed meals were one of the 
most materials for protein plastic (Fig.4). The 
processibility, mechanical properties and 
water-resistivity was measuring. The results 
showed that protein plastic was easy to degraded, 
and waste residue after extracting from fermented 
rapeseed meals was utilized fully.  
 
Conclusions 
In our research, functional and active 
bio-components were gained by biorefinery 
approaches, which could improve economic and 
useful value of rapeseed meals greatly. After 
rapeseed meals were fermented, glucosinolates, 
isothiocyanates and oxazolidone of fermented 
rapeseed meals and dregs were degradable 
completely. Ultrafiltration was used for high 
efficient continuous production and separation. 
Low-cost raw material could represent an 
interesting alternative and an original source of 
functional components. The sustainable 
development of oilseed production is important for 
the food security and even energy security in the 
future. Meanwhile, it is highly related to the 
livelihoods of nearly 400 millions farmers in china. 
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Abstract 
The application of pressurized steam followed by mechanical pressing of compost was successfully 
employed in fabricating boards from biowaste with using any chemical adhesives.  These boards were 
tested as erosion control materials on both steep and gentle slopes, as weed suppressors, as mulches in 
improving maize yields in Japan and okra yields in Ghana.  In Ghana, the use of the compost boards during 
the dry season in a savanna zone could increase okra yield by three times the normal yield under a rain-fed 
farming system.  To further increase the functions of mulches to supply nutrients in nutrient-deficient soils, 
urea was impregnated into compost and then processed into urea-impregnated mulches after which their 
performance was evaluated. The results obtained indicate that urea-impregnated boards and ordinary 
compost boards could increase total maize biomass by 50% and 21% respectively.  After one month of 
cultivation, the urea-impregnated board mulches and compost boards had significantly suppressed 83% and 
89% of weeds respectively.  These findings suggest that impregnating boards with fertilizer and using them 
as mulches will not only reduce soil moisture loss but also serve as a means of effectively supplying nitrogen 
to crops.  Furthermore, the use of such mulches in small-scale farming systems can have both economic and 
environmental benefits by increasing agricultural production, thus eliminating the cost of weeding and the 
need to apply weedicides.  When used as erosion control materials, the compost boards were able to reduce 
erosion by 94% and 92% on a 30-degree and a 5-degree slope respectively.  Through this experiment, 
several conservation benefits such as yield improvement, prevention of soil moisture loss, elimination of 
weeding or herbicide application were obtained through the efforts of using compost boards. 
 
Keywords: biowaste, compost boards, erosion control, soil moisture conservation, yield improvement 
 
Introduction 
Today, indiscriminate clearing of land for 
agricultural purposes, felling of trees for timber and 
charcoal production, excessive use of chemicals and 
other land use practices have been identified as the 
main causes of land degradation in many parts of 
the world.  These practices often lead to soil and 
moisture loss and is seen as one of the serious 
environmental problems threatening the capability 
of most lands to sustain agricultural production.  
Land degradation is considered as a major 
constraint affecting both sustainable agricultural 
production and the soil resource base.  With an 
increasing population and dwindling natural 
resources, humankind is now faced with the 
greatest challenge of developing agricultural 
systems which are not only sustainable but also 
consistent with environmental conservation.  In 
addition to a dwindling food production, land 
degradation is causing the disappearance of 
indigenous trees and forestlands.  At the moment, 
both desertification and arid regions are expanding 
at an unprecedented fast pace.  Without adequate 
measures in place to restore the land in these areas, 
the problem has worsened in recent years. 
Conventionally, mulching materials such as straw 

and other organic amendments which are used to 
mitigate the above problems have also not been 
very helpful due to the fact that most of these 
materials are either easily washed away by runoff 
after heavy storms or blown away by strong winds.  
The use of opaque or transparent plastic sheets is 
quite popular in modern agriculture but they are not 
biodegradable, act as a barrier to infiltration of 
water from rainfall and also their means of disposal 
poses a threat to the environment.  Furthermore, 
the current trends in oil prices cannot guarantee the 
future of plastic mulches.  Meanwhile, large 
volumes of biological materials are generated at 
places where land is still productive in many parts 
of the world but only a small fraction is utilized 
with the rest mostly burnt to waste. In the Chubu 
region of Japan, about 80% of weeds cleared along 
roads and riverbanks (representing 19,000t/yr) are 
disposed of through burning (Onwona-Agyeman et 
al., 2002).  Several research works on waste 
utilization has been conducted to convert biomass 
into particle boards (e.g. Akaranta 2000; Odozi et al. 
1986; Sampathrajan et al. 1991) but most of the 
methods employ the use of chemical adhesives.  
To effectively address these issues, our research 
team has been carrying out research work on the 
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effective utilization of biowaste, mostly derived 
from forestry and agricultural residue.  We have 
succeeded in developing chipboards from 
agricultural waste, forestry waste and weeds in the 
past few years through the use of pressurized steam 
treatment without any synthetic or chemical 
adhesives (Ito et al., 1998a, 1998b).  These boards, 
particularly the ones fabricated from logging 
residue, are currently being used as replacements 
for concrete on footpaths, sidewalk pavements, 
parks, rooftop greening materials, and sometimes as 
weed suppressors in some parts of Japan.  The 
purpose of this research is to investigate the 
possibility of further enhancing the functions of 
these boards by testing their abilities to reduce soil 
erosion, conserve soil moisture, suppress weeds, 
and most importantly examine how all these 
multiple functions of compost boards may be 
integrated into a sustainable agricultural system. 
 
Materials and methods 
Board fabrication process 
The main raw material used was compost obtained 
from chipped and dry thinned (whole trees) sugi 
(Crpytomeria Japonica D. Don) logs.  With the 
high-pressure steam method (Onwona-Agyeman et 
al., 2000; Tanahashi et al, 2000), dry compost is 

initially placed in a metallic frame and compressed 
to a target thickness of 2 cm, after which they are 
placed in an autoclave where steam at 180℃ is 
injected for a 30-minute duration.  The steaming 
process, referred to as permanent fixation, is carried 
out to ensure that the boards become dimensionally 
stable after pressing.  To fabricate the 
urea-impregnated boards, the same quantity of 
compost was first soaked in urea solution for a 
period of three days after which the procedure 
described above was followed. 
 
Moisture absorption and retention property tests 
In accordance with JIS A5908-2003 specifications, 
samples were cut from the boards for physical 
property tests such as water absorption capacity, 
calculated as the percentage increase in weight in 
after soaking samples water for 24 hours.  The 
water retention property was determined by soaking 
samples in water for 24 hours and then allowing 
them to dry in the open air while their moisture 
contents were gradually monitored.  As a strength 
indicator, the internal bonding strength (IB) of both 
types of boards was also determined. 
 
Soil moisture conservation tests 
The effectiveness of the compost boards and 
urea-impregnated boards to conserve soil moisture 
was evaluated in the laboratory by the following 
simple method.  Flowerpots partially filled with 
equal weights of sandy soil were covered by test 
samples of both materials to serves as mulches.  
One set of sand-filled flowerpots were not covered 
to serve as the control. Next, equal amounts of 
water were applied to all the treatments until 
saturation point, after which monitoring of the soil 
moisture content was periodically done until all the 
moisture evaporated. 
 
Sediment trapping tests 
Runoff tests were conducted to compare the 
sediment trapping efficiency of compost boards 
with ordinary compost and rice straw on a gentle 
(5%) slope and a steep (30 %) slope respectively, 
using natural storm events (Fig. 1.).  The site for 
the runoff experiment was on the campus of Gifu 
University and it lasted for a period of four months, 
commencing from October 2006 and ending in 
January 2007.  Bare plots were initially prepared 
by clearing weeds on a 30-degree steep slope and a 
5-degree gentle slope. Each slope was then divided 
into equal areas of 120cm × 30cm and corrugated 
plastic sheets were used to hydrologically 
demarcate them into zones.  Funnel-shaped 
stainless plates fitted with mesh were carefully 
placed at the bottom edges of each zone to trap 
eroded sediment.  After every rainfall event, Figure 1. Sediment control on a steep and gentle

slope with compost boards 
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trapped sediment were collected from the four 
different treatments (three replications) of fully 
covered compost boards, rice straw mulches, 
ordinary compost mulches and the bare ground area 
to serve as the control. 
 
Field mulching tests 
(a) Mulching test in a savanna zone in Ghana 
Eighty-four pieces of compost boards measuring 
100 cm ) 30 cm and 2 cm thick and made from 
thinned logs in Gifu Prefecture were shipped to 
Ghana to be used for the field trial.  Field plots 
measuring 420 cm ) 290 cm were selected in the 
savanna zone for the study.  Three replicates each 
were used for the boards and bare soil respectively.  
The boards were laid in four rows and seven 
columns with a total of twenty eight boards for each 
plots, after which okra was planted in-between the 
gaps as shown in Fig. 2. 
 
(b) Mulching test at Gifu university, Japan 
A field within the campus of Gifu University, Japan 
was demarcated and divided into small plots each 
of area 1.44 m2 and the following mulching 

treatments made on the plots, before maize seeds 
were sown:  
(i) Three Plots mulched with urea-impregnated 
boards, (ii) Three Plots mulched with ordinary 
boards and (iii) Three bare plots (Fig. 3.).  The 
board mulches were cut into dimensions of 30 cm
×30 cm and each plot in the treatments described 
in (i) and (ii) above was covered with sixteen 
boards, leaving a gap of about 2 cm between them.  
The maize seeds (three per hole) were sown in these 
gaps.  After germination, unhealthy seedlings were 
removed to ensure that only healthy ones remained 
in each hole.  After this treatment, each plot was 
left with a total of 33 equally spaced healthy 
seedlings.  The experiment was set up at the 
beginning of August 2005 and allowed to continue 
until the maize crops reached full maturity and were 
finally harvested at the end of October 2005.  
After one month of cultivation, the weeds on all 
plots were removed, dried and weighed to estimate 
the dry biomass. 
 
Results 
Board Fabrication 
The physical properties of the compost boards used 
in all the experiments are shown in Table 1. 
 
Table1. Physical properties of compost boards. 
 
Although the other properties remained unchanged, 
urea-impregnation into the boards resulted in a 
slight increase in density 0.65 and internal bond 
strength (Onwona-Agyeman et al, 2007).  After 
soaking samples in water for 24 hours, it was found 
that the urea-impregnated boards absorbed more 
water (77%) than the compost boards (67%) as 
shown in Fig. 4.  It can also be seen from the 
graph that urea-impregnated boards could retain 
more moisture for longer durations than the boards.  

Fig. 5. Shows the relationship between the 
amounts of moisture loss from the soil covered with 
the two types of boards and the control (uncovered). 
It can be clearly seen that the moisture loss through 
evaporation was much higher for the control 
compared with the boards.  Although there was 
not much difference in the evaporation amounts 
between the pots mulched with the two types of 
boards, the urea-impregnated boards exhibited a 

Figure 2. Field experimental set-up in Ghana 

    

Figure 3. Field experimental set-up in Japan 

    

 

Density(g/cm3) IB(KPa) MOR(MPa) MOE(MPa) TS (%) HB(N) 
0.64±0.04 10.7±2.54 0.53±0.14 44.6±7.38 12.0±1.55 4.16±2.10 

Data given as mean ± standard deviation 
IB: internal bonding, MOR: modulus of rupture, MOE: modulus of elasticity, TS: thickness swelling, HB:
Brinell hardness 

Table1. Physical properties of compost boards. 
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better mulching characteristic by suppressing 
more soil moisture compared with the compost 
boards. 
 
Runoff experiment 
The total amount of eroded soil collected at the end 
of the experiment from each treatment is shown in 
Table 2.  From the results, the amount of eroded 
material, estimated in tons per hectare, were found 
to be least for the are  s fully covered by compost 
boards while the bare ground showed the highest 

erosion for both the steep and gentle areas as 
expected.  By taking the amount of erosion on the 
bare ground as the reference, the percentage 
reductions in soil erosion (in parenthesis) were 
highest for the boards and estimated as 94% and 
92% for the steep and gentle slopes respectively.  
Although raindrop impact and other environmental 
stresses led to a slight degradation of the boards 
after four months (Fig. 6.), the average density had 
reduced to 0.54 g/cm3 while thickness swelling 
changed to 9.24%.  
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Figure 5. Soil moisture loss under different types of board mulches 

Figure 4. Moisture absorption and retention behaviors of the two types of compost boards 
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(a) Field test in Ghana 
The results for the okra yield in tons per hectare are 
presented in Table 3 below.  The table shows that 
the average yield of fresh okra from the plots on 
which compost board mulching was applied was 
three times higher than that of the bare ground.  
Photographs taken shortly after the final harvest are 
shown in Figs. 7 (a) and (b) respectively.  
 
(b) Field test in Japan 
Fig. 8. is a photograph of maize field under 
compost boards, urea-impregnated boards and the 
control treatment.  After all the crops grew to 
maturity at the end of 3 months of cultivation, the 
experiment was discontinued, the crops harvested, 
dried and weighed to determine their dry matter 
content.  Fig. 7. shows a photograph of the maize 
plot after 5 weeks of cultivation.  Results in Fig. 9.  
Indicate that the average total biomass yield on an 
area of 1.44 m2 were 2.1 kg (14.6 t/ha) for the plot 
with urea-impregnated mulches, 1.7 kg (11.8 t/ha) 
for the plot with compost board mulches and 1.4 kg 

(9.7 t/ha) for the bare plot. 
Changes in total nitrogen, total carbon content and 
C/N ratios for the original compost and the two 
types of boards are shown in Table 4.  Initially, the 
target was to produce boards with a C/N ratio of 20 
by impregnating a calculated quantity of urea into 
compost of known C/N ratio but the compression 
and steam application processes could have resulted 
in some slight changes in the chemical constituents 
of the chips, thus resulting in a final value of 23.3.  
Fortunately, this value falls in the range 20-25, 
which is the optimum C/N ratio range 
recommended for most compost applications.  
Weed weight (dry matter) after one month of 
cultivation was found to be highest for the bare plot 
(71 g), while very low figures of 12 g and 8 g were 
obtained for the urea-impregnated board mulches 
and compost board mulches respectively. 
 
Discussion and Conclusion 

 

Treatment R1 R2 R3 Average yield (t/ha) 
Compost boards 41.72 29.46 30.46 33.88 
Bare ground 12.54 10.26 11.64 11.47 

Table 3. Okra yield (Fresh Fruit Weight) during the dry season

R1, R2 and R3 are Replicates; Planting Distance: 80 cm × 40 cm 
Planting date: 25 October, 2004; Final Harvest: 19 January, 2005 

      

 

 Total amount 
(t/ha) 

of eroded soil

Treatment Steep slope Gentle slope
Compost boards 0.20 (94.4%) 0.12 (92.3%)
Compost mulch 0.50 (86.1%) 0.48 (80.3%)
Rice straw  0.27 (92.4%) 0.32 (70.7%)
Bare ground 3.60 (0.0%) 1.60 (0.0%) 

Table2. Total amount of trapped sediment for
different surface treatments 

Figures in parenthesis indicate percentage reduction
in soil erosion by various materials 

      

 (a)  (b) 

Figure 7. Effect of applying compost mulches on 
okra production 

Bare plot Compost boards Urea-impregnate
d boards 

Figure 8. Maize field under compost board mulching 

Figure 6. Board appearance before (a) and after
runoff experiment (b) 
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Board mulches are biodegradable materials and 
with time will be expected to decompose and return 
into the soil as a source of organic matter without 
leaving any traces of hazardous compounds.  
Using ordinary compost will allow weeds to 
compete for vital nutrients but converting them into 
boards and subsequently using them as mulches in 
small-scale farming systems can eliminate or 
significantly reduce the cost of weeding and the 
need to apply weedicides.  Results from the 
experiment in Ghana indicates that compost boards 
will be very suitable in dryland agricultural 
environments, where annual rainfall is scanty but 
rainfall events are so intensive that ordinary 
compost is easily washed and carried away.  The 
concept of impregnating urea or any type of 
fertilizer with boards is to render them very useful 
in soils where nutrients area easily leached.  Our 
experiments also revealed that impregnating urea 
into boards could improve their moisture holding 
capacities, retarded soil moisture loss and served as 
a source of nitrogen for crops, thereby boosting 
their overall function as mulches.  The slight 
increase in the strength of boards as a result of urea 
impregnation could be due to the bonding between 
urea and wood constituents, particularly vanillin. 
Compost boards have an added advantage of 
preventing or lessening onsite erosion.  This 
advantage was also echoed by Reeder (2006) who 
reported that soil management practices that kept 
soil particles in place should be preferred to ones 

that were designed to intercept eroded sediment 
after it had moved a considerable distance. 

All these benefits suggest that converting 
compost into boards before applying them as 
ground covers will result in more benefits such as 
yield improvement, soil moisture conservation, 
elimination of weeding or herbicide application, 
erosion control and an overall improvement in the 
ecological services. 
In the near future, we intend to test how these board 
mulches can slow down overland runoff and allow 
water to soak into the ground.  These desirable 
features of boards used as mulches can be applied 
in the stabilization of hill slopes and reduce 
sediment flow, thereby reducing the loss of soil 
fertility and the threat of flooding.  Although the 
compost boards were very effective in limiting the 
amount of soil eroded with extremely high retention 
efficiencies of 94 % and 92 % on steep and gentle 
slopes respectively, their effectiveness should also 
be evaluated with respect to sand and silt 
components of soils. 
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Type of material TN 
(%) 

TC 
(%) 

C/N 

Original compost material 0.55 36.24 65.9 
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Table 4. Board fabrication effect of on total carbon
and nitrogen contents 
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Abstract 
Fabrication of binderless boards by compressively molding with high-pressure steam has been developed 
recently to respond to the requirements of ecological and sustainable technologies of utilizing unused woody 
residues. By using this method, boards can be fabricated from woody residues without adding any chemical 
adhesives. Since these boards are fabricated from woody resources, they are expected to function as 
materials for fertilizing soils and controlling soil moisture. Therefore, these boards possess massive potential 
of being applied to agricultural and afforestation sites as multifunctional mulching materials. The aim of this 
study is to investigate the availability of boards as mulching material and for afforestation in areas such as 
the sites of greening deserts. Biomass boards were fabricated from wood chip obtained from thinned Sugi 
logs by compressively molding with high-pressure steam. These boards were cut to the various sizes for each 
testing. Runoff experiments which were held to investigate boards’ ability of erosion control showed that 
laying boards on bare ground drastically reduced the amount of soil erosion by 94%. Furthermore, the 
experiment of investigating moisture controlling ability using plastic pots showed the increase of water 
retention amount and the extension of its retention duration by laying boards on the soil surface. These 
results indicate that the boards can control soil erosion which is one of the most severe impeditive problems 
for greening projects in desertified environments, and at the same time, they can provide more moisture to 
soil by efficiently absorbing water and preventing water evaporation from the soil. 

 
Keywords: binderless boards, high-pressure steam, unutilized woody biomass, organic waste management 

 
Introduction 
Decline in natural resources and spread of 
desertification are becoming major world concerns 
in recent years. To remedy these problems, 
utilization of sawdust and woodchips which are 
being wasted at lumber and forest sites is one of the 
possible alternatives. Fabrication of binderless 
boards by compressively molding with 
high-pressure steam has been developed to respond 
to the requirement of ecological and sustainable 
technologies of utilizing these unutilized woody 
residues [1-4].By using this technique, boards can 
be fabricated without adding any chemical 
adhesives. These boards are called biomass boards, 
and they are expected to be utilized as 
biodegradable and eco-friendly materials. It has 
been reported that the deformation and the 
entanglement of particles caused by compression 
are permanently fixed by high-pressure steam, and 
this phenomenon induces the adhesion between 
each particles [5].This permanent shape fixation is 
the result of the increase in cellulose crystallinity 
and transformation of its crystal structure caused by 
high-pressure steam treatment[6-8], and it allows 
application of this technique not only to woody 
residues but also the other cellulosic materials, such 
as agricultural residues, waste paper and cotton[3,5]. 
Furthermore, development of fertilizer-impregnated 
boards has been conducted recently [9], adding 
another function to the biomass boards as the 

fertilizer suppliers. In addition to this development, 
there are many environmental benefits of using 
biomass boards on the green sites since they are 
fabricated from organic residues. In other words, 
biomass boards can be utilized not only as 
eco-friendly material, but also as multi-functional 
mulching materials. Land degradation caused by 
soil erosion and lack of soil moisture are the major 
impediments to greening desert, and they need to be 
ameliorated. Applying biomass boards as mulching 
material is one of possible ways to ameliorate these 
problems. Since the biomass boards are 

Figure 1. Image of run off experiment area (SS) 
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biodegradable, the boards are expected to play 
important roles in soil conservation in the initial 
stage of greening, and they gradually transfer the 
soil maintenance roles to the growing forests. This 
concept of using biomass boards permits 
formulation of sustainable usage of woody biomass 
and efficient reforestation cycle. Thus, in this study, 
the boards’ erosion controlling ability and soil 
moisture controlling ability were investigated to 
evaluate its availability of being utilized in such 
situation. Furthermore, we have launched 
development of biomass block which is expected to 
play a role in water provision and nutrient provision 
around the plants’ roots by burying it in the ground. 
 
Materials and methods 
Board Fabrication 
The biomass boards used in run off experiment and 
moisture controlling ability test were fabricated 
from wood chip obtained from thinned sugi 
(Crpytomeria Japonica D. Don) logs. The 
fabricating procedure was based on compressively 
molding with high-pressure steam method [1-5], 
with the softening stage omitted. The woodchip was 
placed in a metallic frame (100cm × 30cm) and 
compressed to a target thickness of 20mm. After 
placing them in an autoclave, high-pressure steam 
was injected until the inner temperature of 
autoclave was raised up to 180°C, and the 
temperature was then held constant for 
30min.These boards are commercially-supplied 
from Kaminoho Forest Cooperative. 
 
Run off experiment 
The run off experiment was conducted at bankside 
located in the campus of Gifu University from 
October 2006 to January 2007. The bare grounds 
were prepared by removing weeds at both steep 
(30-degree, SS) and gentle (5-degree, GS) slopes. 
Each slope was separated into 15 areas of 120cm × 
30cm using corrugated plastic sheet (Fig.1). 
Funnel-shaped stainless plates with mesh attached 
were placed at the bottom edges of the slopes in 
each area for trapping eroded sediment. Five 
different treatments (full-board area (FB), 
half-board area (HB), rice straw area (RS), 
woodchip area (WC), bare ground area (BA)) were 
compared. In the FB area, 4 pieces of biomass 
boards (29cm × 29cm) were placed to cover the 
whole surface of the slope. In the HB area, biomass 
boards were placed on the top and bottom of the 
slope (Fig 1). Woodchips used for WC area were 
the same woodchips which were used as raw 
material of biomass board. Rice straw and 
woodchip were placed at 2cm-thick layer. Each 
treatment was repeated three times, and the data 
was obtained by averaging three of them. After the 

natural rainfall, eroded sediments were collected 
from the stainless plates. Since eroded sediments 
contained not only soil but also woodchips and rice 
straws washed from mulching materials, collected 
sediments were incinerated using muffle furnace. 
From the ash content, a substantial amount of 
eroded soil was calculated by the following 
equation:  
 

Substantial amount of eroded soil = 

MaBa
MaEaCS

＋

+
) (g) 

CS: Collected sediments, Ba: Ash content of 
sediments from BA, 

Ma: Ash content of corresponding mulching 
material, Ea: Ash content of each target area 

 
Moisture control ability test 
400g of river sand (particle size: 0.84mm to 
0.25mm) was filled into a plastic pot (90 × 90 × 80 
mm) with perforated bottom surface. A mesh was 
placed underneath and filled with sand so that only 
unabsorbed water was allowed to be drained from 

Figure 2. The horizontal compression apparatus 

    

Figure 3. Image of fabrication method 
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the bottom. Biomass boards were cut into 
dimensions of 90mm × 90mm ×20mm, and placed 
on the top of filled sand. For comparison, 4 
different treatment conditions (rice straw, woodchip, 
additional sand, and blank) were prepared. Rice 
straw, woodchip and additional sand were added to 
obtain the same thickness as biomass board. Each 
treatment was repeated three times, and the data 
was obtained by averaging the three of them. 200ml 
of water was dropped using peristaltic pump, and 
after unabsorbed water was drained from the 
bottom, amount of absorbed water was determined 
by measuring the weight change. The plastic pots 
were placed in a temperature controlled room 
(25°C), and moisture retention ratio was determined 
by periodically measuring weight change.   
 
Development of biomass block 
The horizontal compression apparatus (Fig.2) was 
used for fabrication of biomass block. This 
apparatus was originally designed for fairing or 
shape forming of wood logs. Therefore, there was 
need to investigate a fabrication method of biomass 
blocks. The 25-centimeter -long wood log with 
10cm in diameter was pressed into the stainless 
forming pipe (inner dimensions of 69mm × 69mm) 
with compressing cylinder. Approximately 2000g 
of woodchip softened for 20mins of high-pressure 
steam treatment at 120°C was loaded into the pipe, 
and another wood log was pressed into the other 
end of the pipe. Then, the woodchip was 
compressed to a target density of 1g/cm3. After 

compression, the pipe was placed in an autoclave, 
and shape fixation treatment (180°C 10min) was 
held (Fig.3). 
 
Results 
Board Fabrication 
Biomass board was successfully fabricated without 
adding any synthetic chemicals, and its physical 
properties are shown in Table 1. 
 
Runoff experiment 
Total amount of substantial eroded soil in each 
treatment is shown in Fig.5, and percentage 
reduction of soil erosion in each treatment is shown 
in Table2. In the FB area, soil erosion was reduced 
by 94% in SS, 92% in GS, respectively. In both SS 
and GS, the FB area showed the highest soil erosion 
reduction ratio. Even though some woodchip 
flowage from the biomass boards was observed, the 
boards maintained their shape after 4 months of the 
field experiment (Fig. 5). Density, WA and TS of 
used boards are shown in Table 3. 
 

Density(g/cm3) IB(KPa) MOR(MPa) MOE(MPa) WA (%) TS (%) HB(N) 
0.64±0.04 10.7±2.54 0.53±0.14 44.6±7.38 78.5±2.65 12.0±1.55 4.16±2.10

 Data given as mean ± standard deviation 
IB: internal bonding, MOR: modulus of rupture, MOE: modulus of elasticity, WA: water 
absorbance, TS: thickness swelling, HB: Brinell hardness 

Table1. Physical properties of biomass board.     
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Figure 4. Total amount of eroded soil in each treatment 

    

 

Treatment SS GS 
HB 94.4% 92.3% 
FB 83.0% 88.9% 
RS 92.4% 80.3% 
WC 86.1% 70.7% 

Table2. Percentage reduction of soil erosion 

    

Density(g/cm3) WA (%) TS (%)

0.54±0.02 104.5±7.22 9.24±3.20

Density(g/cm3) WA (%) TS (%)

0.54±0.02 104.5±7.22 9.24±3.20

Table3. Properties of used boards 

Data given as mean ± standard deviation 

    

Figure 5. Changes in appearance of board.  
(a) Before experiment (b) After experiment 
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Moisture control ability test 
The amount of absorbed water in each treatment is 
shown in Table4. The data indicates that water 
absorption was drastically increased by laying 
biomass board on the surface while no significant 
change was observed in woodchip and rice straw. 
The result of periodical measurement of weight 
change is shown in Fig.6. Absorbed water in the 
plastic pot was totally evaporated by 3weeks in the 
pot without mulch and by 4weeks in the pot with 
woodchip and rice straw mulch, respectively. On 
the other hand, the pot with biomass board retained 
more than 40g of water even after 4weeks. It 
indicates that biomass boards have higher water 
retention ability than the other treatments. 
 
 

Development of biomass block 
Fabricated biomass block is shown in Fig.7. Even 
though fabrication of block was possible, some 
cracks were observed in the finished block.  
 
Discussion and Conclusion 
The result of run off experiment showed that soil 
erosion was drastically reduced (3.3t/ha for SS, 
1.5t/ha for GS, respectively) by covering the whole 
area with biomass board, and high erosion 
reduction rate was observed in both SS and GS area. 
Generally, the soil erosion reduction ratio was 
higher in SS area in this experiment. However, in 
the HB area, erosion reduction ratio of SS area was 
not as good as GS area. This phenomenon is 
possibly caused by the allocation of the biomass 
board. As shown in Fig.8, the bottom board of HB 
area in SS was almost buried by eroded soil, and it 
indicates that the bottom board was blocking the 
run off of soil. High erosion reduction ratio was 
observed in GS because the volume of eroded soil 
was within its capacity. However, soil got over the 
board in SS because a larger amount of eroded soil 
was trapped on the edge of the bottom board. 
Therefore, to accomplish continual erosion control, 
covering the whole area with biomass board is 
advisable.  

Some woodchip erosion and little degradation of 
board were observed, but in the case of using 
biomass board mulch at the site of greening or 
farmland, the erosion of the woodchips from the 
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Treatment Absorbed water (g)

Board(93g), 162.7±1.17
Woodchip(20g) 102.5±2.61
Rice straw(6g) 103.4±2.76

Additional sand(154g) 135.3±2.76
Blank(-) 103.2±3.57

Treatment Absorbed water (g)

Board(93g), 162.7±1.17
Woodchip(20g) 102.5±2.61
Rice straw(6g) 103.4±2.76

Additional sand(154g) 135.3±2.76
Blank(-) 103.2±3.57

Table4. Comparison of water absorption 
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board is negligible. As shown in Table1, these 
boards do not possess high mechanical strength 
because it is designed for use as mulches and 
paving materials. However, the boards with higher 
mechanical strength can be fabricated by changing 
its raw materials [1-5], and they can be applied in 
the case of usage at sites that do not allow any 
sediment erosion. 

Biomass board showed high water absorption in 
pot experiment. The WA value of biomass board 
was 78.5% as shown in Table1 while the WA value 
of the river sand used in this experiment was 20.8%. 
Biomass board is able to retain water in the inner 
space between constitutive particles in addition to 
water absorbance of constitutive woodchips. 
Furthermore, its density allowed dropped water to 
diffuse in the board while woodchip and rice straw 
allow the water to go down to the sand layer. As a 
consequence, biomass board could efficiently 
absorb water, and rice straw and woodchip did not 
show any significant changes. The increase of WA 

value of biomass board shown in Table3 is the 
consequence of increase of inner space by 
degradation of board, and it indicates increase of 
water trapping efficiency which is preferable for 
usage as mulch. Result of moment-to-moment 
weight change of pot showed that biomass board 
possesses high soil moisture controlling ability. The 
reduction of board-laid pot weight in the initial 
stage is considered as a result of evaporation of 
water from the board. However, the water absorbed 
by sand layer was retained by laying biomass board 
on the surface. Consequently, water was retained 
even after 4 weeks. 

It has been shown that fabrication of biomass 
block is possible, although an improvement in the 
fabrication method still needs to be investigated. 
This fact indicates that the development of material 
as fertilizer supplier and water supplier around 
plants’ roots is possible. Compression bulking of 
wood logs which occurred while under fabrication 
suggested replacing it to stronger material such as 
metallic block. The cracks on the surface of the 
block were possibly caused by lack of shape 
fixation. Even though the basic fabrication method 
of biomass block is based on fabrication method of 
biomass board as reported in previous reports [1-5], 
difference of apparatus and size of molding product 
makes it difficult. The establishment of fabrication 
method of biomass blocks with the horizontal 
compression apparatus is one of fundamental work 
for development of continuous biomass board 
fabrication apparatus. 

Although further investigation is required, 
erosion controlling ability and soil moisture 
controlling ability of biomass board has been 
revealed. These facts strongly indicate that biomass 
board mulch possess massive potential of being 
utilized for greening deserts. The development of 
fertilizer-impregnated boards [9] accelerates this 
concept of using biomass board. In the near future, 
formulation of sustainable utilization cycle with 
biomass board (Fig.9) is expected. 
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Figure 7. Biomass block 

    

Figure 8. Appearance of bottom board (a) Initial (b)
SS after 4month (c) GS after 4month 
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Abstract 
Recently, there has been an increased focus on utilization of bioethanol as an alternate fuel to oil and/or 
natural gas.  Bioethanol is mainly produced from sugar cane and corn starch.  However, utilization of these 
crops as primary sources for bioethanol production may lead to global feed shortage and an increase in cost 
of feed crops, since these crops are also feed for human consumption.  On the other hand, bioethanol can be 
also produced from cellulosic plant residues, which is an effective way for utilization of unused resource.  
However, these new source for bioethanol production possess another problem. Adequate saccharification 
method must find for different chemical structure of biomass. In this study, we report optimum conditions for 
the saccharification of Korean lawn grass (KL) and Bent grass (BG) using Acremonium cellulase and 
Endoglucanase as saccharifying enzymes and the ethanol fermentation with microorganisms.  In KL and 
BG saccharification, 0.21 and 0.18 g per g-substrate at maximum were respectively achieved.  Pretreatment 
by Ball-milling before saccharification was effective only for KL.  Ethanol fermentation of KL for 3days 
with Saccharomyces cerevisiae and Zymomonas mobilis, consumed 99 % of Ｄ-glucose, respectively.  In 
this case, ethanol yield from D-glucose versus theolytical yield were 100 and 101 %, respectively.   
 
Introduction 
Bioethanol produced from plant is being focused to 
utilize as an alternate fuel for oil or natural gas.  It 
has been commercially produced mainly in Brazil 
and USA from sugar cane and corn starch.  They 
are mostly consumed as a car fuel.  However, 
these crops are originally food sources so that 
bioethanol production from them results in the 
severe problem, e.g. global food shortage and 
increase in cost of food.  On the other hand, plant 
residues or wastes should be alternative sources for 
bioethanol production.  Application of plant 
wastes to bioethanol production would avoid this 
problem.  It is especially ambitioned in Japan 
because most of the national lands are inadequate 
for an intensive large-scale farming, so that 
retaining resources including plant wastes must be 
utilized effectively.  In Japan annual production 
(2005) of bioethanol becomes 30 thousands kl and 
is planned to reach at 6 million kl in 2030.  In 
order to achieve this target, researches and technical 
innovations for effective bioethanol production 
from various cellulose resources existed in Japan 
are conducted extensively.  

Bioethanol is mainly fermented from D-glucose.  
In order to obtain D-glucose from cellulose of plant 
materials two strategies are given, namely chemical 
hydrolysis with acid catalysts under high 
temperature and pressure and biological hydrolysis 
with microbial cellulases.  Cellulases saccharify 
cellulose under much milder conditions compared 
to those of acid catalyst.  Furthermore saccharified 
product after cellulase hydrolysis contains less 
inhibitor for alcohol fermentation such as furfurals 

than that after acid hydrolysis. However, enzymes 
are still costly and enzymatic degradation is 
inhibited by the other components within plants 
tightly bound to cellulose, such as lignin and waxes, 
resulting in insufficient productivity of D-glucose.  
Therefore conditions of saccharification and 
fermentation should be individually optimized to 
various plant wastes in order to earn the effective 
production.   

In this study, we report optimum conditions of 
saccharification using Acremonium cellulase (ACE) 
and Endoglucanase (EG) as saccharifying enzymes 
and ethanol fermentation with yeasts and bacteria 
for lawn residue from golf courses. 
 
Materials and Methods 
Enzymes and substrates.  
Korean lawn grass (KL) (Zoysia matrella) and bent 
grass (BG) (Agrostis sp.) were one of the species of 
perennial grass and used as substrates.  They were 
collected from golf courses in Gifu prefecture.  
They were intensively washed with tap water and 
dried by air.  KL was cut into about 1-cm-length 
pieces with a paper cutter.  BG was enough small 
pieces (about 1-cm length and 2-mm width) after 
collection.  KL pieces and BG were cut in a piece 
by an appliance blender or milled by a ball mill 
(Pulverisette 7; Fritsch,Germany) with alumina 
balls (25-mm diameter) followed by sieving to 
adjust particle sizes at less than 300 µm.  ACE and 
EG derived from fungi Acremonium sp. and 
Humicola sp., respectively were mixtures of 
holocellulase.  These enzymes were provided from 
Meiji Seika Kaisha, LTD. 
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Measument procedures of sugars and ethanol. 
For analysis of sugar components of substrates, 
HPLC system equipped with a sugar analysis 
column (Shodex SUGAR AZ5532, 6.0 mm-i.d. × 
150 mm-length) and a refractive index detector 
(RID-10A, Shimadzu) was utilized.  
Concentrations of sugars, ethanol and acetate in 
saccharified or fermented mixtures were determined 
with an HPLC system equipped with ion exclusion 
column (Shin-pack SCR-102(H), 7.8 mm-i.d. × 50 
mm-length), conductivity (Shimadzu CDD-10A) 
and refractive index (Shimadzu RID-10A) detecters. 
Concentration of reducing sugar was analyzed by 
DNS method. Residual lawns after saccharification 
was collected onto a glass fiber filter (ADVANTEC 
GS-25).  The filters with the residue were dried at 
110°C for 1 night and weighed to determine the 
degradation efficiency.  
 
Sugar component analysis of lawns. 
Lawn pieces whose sizes are adjusted from 150 to 
250 µm after sieving were delignined by improved 
WISE method (Klaudiz) to obtain holocelluloses.  
Holocellulosed were soaked into 15 % KOH 
solution under N2 atmosphere for 24 hours.  
Subsequently supernatants were recovered after 
centrifugation and neutralized with acetic acid to 
pH 8.  Three-time volume of ethanol was added to 
the neutralized supernatants to precipitate 
hemicellulose.  Precipitated hemicelluloses were 
obtained after centrifugation, and then lyophilized.  
Hemicelluloses were hydrolyzed with 0.5 % H2SO4 
at 121 °C for an hour to obtain monosugars.  
Hydrolyzed hemicelluloses were neutralized with 
BaCO3 and centrifuged before HPLC analysis.  
Amount of cellulose was determined from the 
difference between weights of total holocellulose 
and hemicellulose.  Amount of other components 
was calculated from the difference between weights 
of intact substrate and holocellulose. 
 
Measurement of enzyme activity. 
Carboxymethyl cellulose (CMC) was used as a 
substrate to determine CMCase activity of 
saccharifying enzymes (ACE and EG).  Amount 
of released reducing sugars from CMC was 

determined by DNS method.  One unit of CMCase 
activity was defined as production of 1 µmol 
reducing sugar equivalent to D-glucose for 1 minute.  
Amounts of activities expressed in following 
experiments were based on the CMCase activity.  
FPase, %-glucosidase, xylanase, %-xylosidase, and 
&-L-arabinofuranosidase activities were determined 
with the methods mentioned in elsewhere.   
 
Conditions of saccharification. 
i) Effect of cooking. One gram of KL whose piece 
size were less than 300 µm was put in 500ml 
shaking flasks and autoclaved at 120 °C for 15 
minutes.  Fifty mililiter of 20 mM citrate 
phosphate buffer (pH 4.5) was separately 
autoclaved under same conditions as KL piece and 
transferred in the shaking flasks within a clean 
bench.  ACE and EG (250 U each) were added 
into the KL suspension aseptically.  The flasks 
were incubated at 50 °C and agitated 150 rpm for 
24 hours to saccharify KL.  On the other 
experiment, KL (1 g) and 20 mM citrate phosphate 
buffer (pH 4.5) (50 ml) were put together into the 
500ml shaking flasks and then autoclaved at 120 °C 
for 15 minutes.  Addition of enzymes and 
conditions of reaction were the same as those 
mentioned above.  Productions of reducing sugar, 
D-glucose, and D-xylose under both experiments 
were determined.   
ii) Effect of combination of enzymes. One g of KL 
whose piece size was less than 300 µm was 
suspended into 45 ml of 20 mM citrate phosphate 
buffer (pH 4.5) in 500 ml shaking flasks, and 
autoclaved at 120 °C for 15 minutes.  Five 
milliliter of 20 mM citrate phosphate buffer (pH 
4.5) containing different amount of enzyme(s) (500 
U of ACE, 500 U of EG, and 250U of each enzyme, 
respectively) was prepared and mixed aseptically 
into the autoclaved substrate.  The mixtures were 
incubated at 50 °C and agitated at 150 rpm for 96 
hours.  Samples were taken to determine 
efficiency of decomposition of substrate, amounts 
of reducing sugar, and sugar components. 
iii) Effect of amount of enzymes. Five g of KL 
whose size of particle was less than 300 µm was 
suspended into 45 ml of 20 mM citrate phosphate 
buffer (pH 4.5) in 500 ml shaking flasks, and 

Table 1  Enzyme activities                                      (U・g-Enzyme?¹)

&-L-arabino
CMCase FPase furanosidase

ACE 7200 310 260 850 10 47
(U/U-CMCase) 4.3×10-2 3.6×10-2 0.12 1.4×10-2 6.5×10-2

EG 13600 49 31 430 15 15
(U/U-CMCase) 3.6×10-2 2.3×10-2 3.2×10-2 1.1×10-2 1.1×10-2

Xylanase ß-xylosidase
Cellulase

ß-glucosidase

Table 1  Enzyme activities                                      (U・g-Enzyme?¹)

&-L-arabino
CMCase FPase furanosidase

ACE 7200 310 260 850 10 47
(U/U-CMCase) 4.3×10-2 3.6×10-2 0.12 1.4×10-2 6.5×10-2

EG 13600 49 31 430 15 15
(U/U-CMCase) 3.6×10-2 2.3×10-2 3.2×10-2 1.1×10-2 1.1×10-2

Xylanase ß-xylosidase
Cellulase

ß-glucosidase
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autoclaved at 120 °C for 15 minutes. Five milliliter 
of 20 mM citrate phosphate buffer (pH 4.5) 
containing enzymes comprising the same unit of 
both enzymes, ranged from 10 to 500 U, was 
prepared and added aseptically into the autoclaved 
substrate.  The mixtures were reacted under the 
same conditions mentioned above, and samples 
were analyzed as described above. 
iv) Effect of comminution procedures. Five grams 
of both substrates were comminuted with the 
appliance blender or the ball mill.  Pieces of KL 
were blended by the appliance blender at maximum 
speed for 10 minutes or milled by the ball mill at 
450 rpm for 10, 30, and 60 minutes, respectively.  
Pieces of BG were also blended by the appliance 
blender at maximum speed for 10 minutes or milled 
by the ball mill at 450 rpm for 2.5, 5, 60, and 120 
minutes, respectively.  These comminuted 
substrates were saccharified with ACE and EG 
mixture (250 U-each enzyme/g-substrate) as 
described above for 96 hours.  Substrates without 
comminution were also saccharified.  Sugar 
productions under different conditions, in terms of 
concentrations of reducing sugar, D-glucose, and 
D-xylose, were determined.   
 
Ethanol fermentation with microorganisms. 
Four yeast strains (Pichia stipitis NBRC 1659, 
Candida shehatae NBRC 1987, Brettanomyces 
annomala NBRC 0627, Saccharomyces cerevisiae 
NBRC 2343 and a bacterial strain Zymomonas 
mobilis ATCC 31821 were precultured on liquid 
medium (3 % D-glucose, 0.15 % Yeast extract, 
055 % K2HPO4, 0.1 % NH4Cl, 0.025 % 
MgSO4·7H2O, 0.1 % NaCl, citric acid for pH 
adjustment, pH 6.0) at 30 °C.  Grown cultures 
were once collected by centrifugation and 
resuspended in 50 mM citrate phosphate buffer (pH 
6.0) at 1.4 - 17.9 mg-dry weight of cell per milliliter. 
Enzymatic saccharified KL solution (4 ml) prepared 
after centrifugation and filtration was mixed with 
0.5 ml of 0.5 M citrate phosphate buffer (pH 6.0) 
and 0.5 ml of cell suspension, and then the mixtures 
were incubated at 30 °C for 3 days. A portion of 
sample was collected periodically to determine 
production of ethanol and acetate and consumption 
of sugars. 
 
Results and Discussion 
First of all, polysaccharides components of each 
lawn were determined.  Constituents in 
hemicellulose were also determined.  The contents 
of cellulose in KL and BG are almost the same 
amount, 39.8 and 42.2 %, respectively.  Amount of 
hemicellulose in KL was larger than that of BG..  
Amounts of major constituent of hemcellulose, 
D-xylose, were significant different between KL 

(16.5 %) and BG (5.1 %).  BG seems to contain 
more certain sugars (59.2 %) in hemicellulose other 
than those of KL (24.2 %).   

In order to know the properties of 
saccharification enzymes, ACE and EG, specific 
activities of CMCase, FPase, %-glucosidase, 
xylanase, %-xylosidase, and &-l-arabinofuranosidase 
were determined (Table 1).  Specific activities of 
FPase, %-glucosidase, and xylanase in ACE were 
higher than those in EG, while, EG had higher 
specific activity of CMCase than that of ACE.  At 
the same activity of CMCase of both enzymes, 
FPase and %-glucosidase activities of ACE were 
11.9 and 15.5 times higher, respectively, than those 
of EG.   

Treatment of substrates for bioethanol 
production under high temperature and pressure 
were often reported to be effective for 
saccharification of substrates.  In our experiment, 
treatment with autoclave was applied to determine 
whether the treatment had an efficacy to 
saccharification of lawn.  In case of 
saccahrification of KL autoclaved with buffer, 
productions of reducing sugar, D-glucose, and 
D-xylose were 0.40, 0.21, and 0.03 g per g-substrate, 
respectively (Fig.1).  On the other hand, in the 
case of saccharification of KL autoclaved without 
buffer, they were 0.32, 0.14, and 0.03 g per 
g-substrate, respectively (Fig.1).  Autoclaving 
substrate with buffer improved efficacy in 
production of sugars by saccharification.  
Likewise similar effects were reported and KL was 
thought to be swelled by cooking (autoclaving with 
buffer) so that enzymes were easy to access to their 
substrates, resulting in the higher production of 
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Figure 1. Effect of cooking by autoclave. 
Productions of sugar (g·g-Substrate-¹) in terms of 
reducing sugar (white), d-glucose (grid), and 
d-xylose (black) were determined using KL 
autoclaved with buffer (left) or autoclaved without 
buffer (right). Averages of triplicate experiments 
were shown. Bars mean standard deviation. 
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sugars.  Therefore, substrates were cooked with 
buffer before saccharification with enzymes.   

ACE and EG had different saccharifying 
enzyme activities (Table 1).  Combination usage of 
both enzymes for saccharification had been 
expected to complement weak specific enzyme 
activities of each other.  Using autoclaved KL with 
buffer, 500 U of ACE or EG was added.  
Productions of D-glucose were 0.18 and 0.07 g per 
g-substrate, respectively (Fig.2).  While addition 

of 250 U of each enzyme, production of D-glucose 
was almost same level at that of 500 U of ACE 
(Fig.2).  As expected, combination of both 
enzymes seemed to complement inferior activities 
of each other, resulting in the same production level 
of D-glucose with less amount of ACE.  In the case 
of rice straw as substrate, the combination of these 
enzymes had significant effect.  Production of 
D-glucose with 125 U of each enzyme increased by 
33% compared to that with 250 U of ACE (data not 
shown).  Therefore, combination of ACE and EG 
at the same amount of CMCase activity were 
applied to following experiments.   

Consequently, saccharification of KL was 
examined with various amounts of enzymes, 
ranging from 10 to 500 U.  Decomposition rate of 
substrate and productions of sugars were 
determined.  As expected, increase in enzymes 
amounts resulted in the increase in decomposition 
rate of substrate and productions of sugars (Fig. 3).  
At 100 U of enzymes, decomposition rate of 
substrates and productions of reducing sugar, 
D-glucose, and D-xylose were 41 % and 0.26, 0.15, 
and 0.04 g per g-substrate, respectively.  At the 
higher amounts of enzymes (250 and 500 U), they 
did not increase drastically.  Production of 
D-glucose at 250 U and 500 U increased by 13 and 
20 % compared to that at 100 U, respectively.  The 
decomposition rate of substrate reached at 45 % at 
500 U of enzymes, suggesting that about 30 % of 
holocellulose was yet to be decomposed.  
Production of reducing sugar was higher than sum 
of productions of D-glucose and D-xylose at all 
amounts of enzymes examined.  The difference 
between measured reducing sugar and sum of 
D-glucose and D-xylose concentrations ranged 
from 0.07 to 0.09 g per g-substrate.  These results 
indicate that certain amounts of oligo sugars and 
disaccharides still remained undigested within 
solutions.   

The highest production of D-glucose was 0.21 g 
per g-substrate, comparable to 48 % of D-glucose in 
cellulose.  The rest 52 % of glucose remained in 
saccharified solution or undegraded cellulose.   
One of perennial grasses, Japanese pampas grass 
(Miscanthus sinensis), delignined with 
hypochlorous acid and acetic acid before 
saccharification with enzymes achieved 91 % of 
D-glucose yield from its cellulose content, while the 
D-glucose production of untreated one was only 
38 % (Yoshida et.al 2007) .  Chemical removal of 
lignin would be applicable to enhance D-glucose 
production of KG, because it also belongs to 
perennial grass. 

The effects of comminution procedures with the 
appliance blender and ball mill were examined 
using KL and BG.  First of all, productions of 
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Figure 2. Effect of combination of enzymes. 
Productions of d-glucose were determined under 
saccharifying conditions with 500 U of ACE, 500U 
of EG, and 250 U of both enzymes, respectively 
using KL as substrate. Averages of triplicate 
experiments were shown. Bars mean standard 
deviation. 
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Figure 3. Effect of amount of enzymes. 
Decomposition rate of KL (triangle) and 
productions of sugars (diamond, reducing sugar; 
circle, d-glucose; square, d-xylose) were 
determined using different amounts of enzymes. 
Averages of triplicate experiments were shown. 
Bars mean standard deviation. 
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reducing sugar, D-glucose, and D-xylose in KL 
without comminution were 0.3, 0.17, and 0.05 g per 
g-substrate, respectively, comparable to the yield of 
D-glucose from 38 % of its cellulose content (Fig. 
4a).  Increase in milling time with ball mill led to 
the increase in productions of sugars.  At 
60-minutes milling with the ball mill, they were 
0.28, 0.21, 0.1 g per g-substrate, respectively, 
comparable to that from 48 % of cellulose.  While, 
those of substrate milled with the appliance were 
0.31, 0.17, 0.06 g per g-substrate, respectively, 
which was almost the same levels of sugar 
production as the 10-minutes milled substrate with 
the ball mill.  These results indicates that surface 
of substrate seemed to increase with the dependence 
to the time of milling by the ball mill.  However, 

the production of D-glucose from one of the 
ligneous substrates, eucalyptus (Eucalyptus 
globules), was significantly improved by milling 
with the ball mill.  D-glucose production from the 
eucalyptus milled with ball mill for 60 minutes was 
almost theoretically 100 % from the cellulose, 
while that of non-milled one was 20 % (Teramoto et. 
al 2007).  Compared to this report, effect of 
blender or ball milling on KL was relatively small.  
The effects of milling, especially with the ball mill, 
on saccharification seem to depend on substrates.  
On the other hand, less increase in sugar production 
was observed in blender- or ball-milled BG than 
that of KL (Fig. 4b).  Productions of reducing 
sugar, D-glucose, and D-xylose in BG without 
comminution were 0.3, 0.17, and 0.06 g per 
g-substrate, respectively, comparable to the yield of 
D-glucose from 36 % of cellulose.  The highest 
productions of them were observed in 120-minutes 
milled samples, 0.33, 0.18, 0.07 g per g-substrate, 
respectively, comparable to the yield of D-glucose 
from 39 % of cellulose.  Those productions from 
blender-milled sample were almost the same levels 
as those of non-comminuted sample.  For these 
results, effects of comminution on saccharification 
of BG were less or not significant.  BG is mainly 
used on the fairway and rough at the golf courses.  
It is often trimmed to maintain the quality of the 
fairway, so that the collected sample might be 
young tips of glass.  Young plant body of BG 
might be protected with proteinous or wax 
substances rather than lignin.  The proteinous or 
wax substances might inhibit saccharification with 
enzymes.  In fact, oily substances were observed 
during saccharification of BG regardless whether 
milled or not.  It would be one of reasons why 
effect of comminution on BG was not apparently 
significant.   

Finally, ethanol fermentation from saccharified 
solution of KL was examined using different 
microorganisms.  KL milled with the appliance 
blender whose size was adjusted to less than 300 
µm was saccharified with 100 U of both enzymes.  
Saccharified suspension was filtered and the filtrate 
was used as substrate for ethanol fermentation.  
Each preculture of P. stipitis NBRC 1659, C. 
shehatae NBRC 1987, B. annomala NBRC 0627, S. 
cerevisiae NBRC 2343, and Z. mobilis ATCC 31821 
was mixed with the filtrate and buffer, and then 
incubated at appropriate conditions.  The initial 
concentrations of D-glucose within cultures varied 
from 85 to 94 mmol per liter (15.3 to 17 g per liter).  
S. cerevisiae (NBRC 2343) and Z. mobilis (ATCC 
13756) consumed 99 % of D-glucose within culture 
for 3 days, which was fermented into ethanol at 
concentrations of 172 and 177 mmol per liter (8.0 
and 7.8 g per liter), respectively, indicating that it 

w/o comm 

B 

w/o  comm 

A 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

Blender 10 30 60

Su
ga

r p
ro

du
ct

io
n

(g
・

g-
su

bs
tr

at
e-1

)

Ball-mill milling time
(min)

0.0

0.1

0.2

0.3

0.4

0.5

Blender 2.5 5 60 120

Su
ga

r p
ro

du
ct

io
n

(g
・

g-
su

bs
tra

te
-1

)

Ball-mill milling time
（min）

Figure 4. Effect of comminution procedures. Sugar 
production in terms of reducing sugar (white), 
d-glucose (grid), and d-xylose (black) was 
determined using KL (A) and BG (B) comminuted 
under different conditions. Both substrates were 
comminuted with the appliance blender and the ball 
mill. Samples without comminution were also 
examined. Averages of triplicate experiments were 
shown. Bars mean standard deviation. 
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achieved 100 and 101 % of theoretical yield of 
ethanol fermentation from D-glucose consumption 
(Fig. 5).  Efficiencies of ethanol fermentation of 
other strains were slightly lower than that of former 
strains.  The ratios to theoretical ethanol yields 
from D-glucose consumption of P. spitis, C. 
shehatae, and B. annomala were 82, 94, and 89 %, 
respectively, indicating that these strains might be 
affected by a sort of growth inhibitors within the 
saccharified solution or oxidize D-glucose during 
the initial growth using oxygen remained in culture.  
P. spitis and C. shehatae are known to ferment 
D-xylose to ethanol, however, D-xylose within their 
cultures remained utilized.  Further incubation 
might lead to fermentation of D-xylose.   

Now, therefore, S. cerevisiae and Z. mobilis 
could mostly produce ethanol from D-glucose 
within saccharified KL solution, assuming that they 
could ferment without inhibition.  In order to 
achieve more efficacy of ethanol fermentation, 
unutilized substrates such as D-xylose must be 
fermented into ethanol.  Although these strains are 
incapable of fermenting pentoses such as arabinose 
and xylose, some recombinant strains of S. 
cerevisiae harbored the abilities of fermentation of 
pentoses are reported.  Utilization of these strains 
must be restricted in highly secured plants or 
facilities not to release them in natural environment.  
For the reason mentioned above, alternative 
strategies are favored, such as combination 
utilization of hexose fermenter(s) (S. cerevisiae or Z. 
mobilis) and pentose fermenter(s) (P. stipitis or C. 
shehatae).  We are now seeking appropriate 
combinations of strains for fermentation of 
saccharified these lawn glasses. 

 
Conclusion 
In case of autoclaved KL with buffer as 
pretreatment for enzymatic saccharification, 
D-glucose yield increased by 52% compared with 
unautoclaved KL.  Decrease in enzyme demand 
was achieved when KL saccharification is operated 
with a mixture of ACE or EG.  100 U per 
g-substrate was comparatively effective enzyme 
demand in KL saccharification.  Reducing sugar, 
D-glucose and D-xylose production of 60-min 
milled KL increased by 35, 28, and 95 % compared 
with uncommunition sample.  In this case, 
D-glucose yield from cellulose content was 

enhanced to 48.1 % from 37.5 %.  But in the case 
of BG, it had little or no effect.  120-min milled 
increased by 7 % compared with uncommunition 
sample.  Milling with the ball-mill seems to 
improve the saccharification efficiency of a certain 
plant waste substrate. 

Ethanol fermentation of KL suspended for 
3days with Saccharomyces cerevisiae and 
Zymomonas mobilis, consumed 99 % of Ｄ-glucose, 
respectively.  In this case, ethanol yield from 
D-glucose versus theolytical yield were 100 and 
101 %, respectively. 
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Figure 5. Fermentaion of saccharified KL with 
microbes. Concentrations of d-glucose (open) 
and ethanol (solid) were determined during 
fermentation of saccharified KL using different 
microorganisms: Z. mobilis (circle), S. 
cerevisiae (square), P. spitis (upward triangle), C
shehatae (downward triangle), and B. annomala 
(diamond). 
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Abstract

Japan has a significant dependence on food imports including animal feed. Recently, as a result of increased

livestock numbers per farm in Japan, serious problems have developed regarding excrement disposal. In

1999, Japan instituted laws on the effective use organic resources for environmental conservation, and

promoted composting under roofed establishments. However, other problems occurred with some composts

concerning (1) salt concentration and (2) residual pesticide levels. The objective of this study was to

investigate the usages of such compost for vegetable cultivation. On the study of salt concentration, mini

tomato was cultivated by using different amounts of compost. Soil solutions were corrected, and their cation

balances were estimated using AR
K+Na

. On Andosol, blossom-end rot occurred, when AR
K+Na

 was below

–1.25 while mini tomato fruit were still produced on the first branches. Sixty Mg ha
-1

 application of salt

concentrated compost was the sweetest of all the treatments in brown lowland soil. On the study of residual

pesticide levels, when mini tomatoes were cultivated using compost, physiological disorders occurred due to

the presence of the herbicide clopyralid. During the composting process, clopyralid decomposed slowly, but

its relative concentration increased due to its lower decomposition rate than other organic matter. Judging

from the results of vegetable cultivation using clopyralid-contaminated soils, Brassicaceae can be cultivated

adequately using such composts. Although such composts exhibit problems in the cultivation of ordinary

vegetables, it is important to share such information between compost manufacturers and users for the

effective usage of compost.

Keywords: compost, salt concentration, residual pesticide, vegetable cultivation, AR
K+Na

, clopyralid

Introduction

Japan has a significant dependence on food imports

including animal feed.  Recently, as a result of

increased livestock numbers per farm in Japan,

serious problems have developed regarding

excrement disposal.  In 1999, Japan instituted laws

on the effective use of organic resources for

environmental conservation, and the Government of

Japan promoted composting under roofed

establishments.  As a consequence, livestock

farmers were restricted from stacking livestock

manure onto open-air compost piles in their own

fields, which subsequently decreased the

environmental burden from rainfall leaching of

nitric acid from open-air compost. However, other

problems occurred to some composts concerning

(1) salt concentration and (2) residual pesticide

levels.  For vegetable cultivation, such composts

were difficult to use and could not be applied in the

same manner as ordinary composts.  This study

was designed to investigate the effective usage of

such composts for vegetable cultivations.

(1) Salt concentration

Cow manure contains a large amount of cations,

especially potassium and sodium.  In absence of

leaching of these cations by rainfall, as occurred in

the traditional open-air composting method, they

become more concentrated during indoor

composting.  Because compost is occasionally

used for composting again as a moisture

conditioning material, cations are concentrated in

the compost further.  Due to the high amount of

salt present, it is difficult to calculate the optimum

input amount of compost for ordinary vegetable

cultivation.  Consideration was also made of some

merits for vegetable cultivation using high salt

compost.  It is known that vegetable quality can be

enhanced by water stress, and salt stress can also

have the same effect as water stress.  The objective

in this case was to clarify the tolerance of crop

plants to salt, and to estimate the effect of salt stress

on vegetable quality.

(2) Residual pesticide levels

When tomatoes and legumes were cultivated

using certain compost samples, physiological

disorders occurred due to the presence of the

herbicide clopyralid (3,6-dichloro-

2–pyridinecarboxylic acid), which is not authorized

for use in crop cultivation in Japan.  It was

determined that clopyralid must have been brought

from overseas on pasture grasses to be used as feed-

stuff in Japan.  After passing through and being

eliminated from livestock, clopyralid had not

decomposed adequately during the composting
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process. The objective in this case was to clarify the

fate of clopyralid during the composting process

and in Japanese soils.

Materials and Methods

(1) Salt concentration

Mini tomato (Solanum lycopersicum) was

cultivated in a greenhouse using 1/1000a containers

(depth 18 cm) with Andosol and brown lowland soil

(Table 1).  Twenty to 30 Mg ha
-1

 of compost is the

recommended amount for mini tomato cultivation

in Japan.  Five treatments were conducted with the

application of; 30 Mg ha
-1

 of ordinary compost

(OC); 30, 60, or 90 Mg ha
-1

 of salt concentrated

compost (SC); and chemical fertilizer (CF)

(N–P2O5-K2O=200-150-150 kg ha
-1

).

The characteristics of the composts used are

shown in Table 2.  To correct the soil solution as

required, 3 porous tubes (10 cm long) were buried

to a depth of 5 to 15 cm after 2 mini tomato

seedlings were transplanted into each container.

The concentrations of potassium, sodium, calcium,

and magnesium in corrected soil solutions were

measured using an atomic adsorption

spectrophotometer (HITACH Z2310).

To clarify the tolerance of mini tomato to salt,

AR
K+Na 

was used as an indicator.  Due to the high

amount of sodium in SC, AR
K+Na

 was calculated

from the Activity ratio for potassium (AR
K
) (Taylor,

1958) and the Sodium adsorption ratio (SAR)(U. S.

Salinity Laboratory Staff, 1954).  These equations

are as follows;

AR
K 

= -log ((K) / (Ca+Mg)
1/2

), SAR = (Na) /

(Ca+Mg)
1/2

, and AR
K+Na 

= -log ((K+Na) /

(Ca+Mg)
1/2

).

AR
K+Na

 can estimate the cation balance between

monovalent and bivalent cations in the soil solution.

A low value of AR
K+Na

 indicates that bivalent

cations (calcium and magnesium) are more difficult

to dissolve in the soil solution from the soil surface.

Because sweet vegetables are preferred in Japan,

yield and BRIX (sugar concentration) for each fruit

of mini tomato were measured to provide a simple

estimate of mini tomato fruit quality.

(2) Residual pesticide levels

Clopyralid is an auxin-like compound used as a

post-emergence control of many annual and

perennial broad-leaved weeds.  The characteristics

of clopyralid are as follows; molecular weight

192.0; solubility 7.85 (in distilled water), 143 (pH

7) (all in g/L, 20˚C); stable in acidic media and to

light; log P =-2.63 (pH 7), 1.07 (unionized, 25˚C);

ADI 0.15 mg/kg; DT50 = 2 - 94 days (USA

guidelines) (Tomlin, 2004).

Cow manure and comminuted straw were mixed

well, and 3 kg of the mixture was put into a small-

sized composter and spiked with clopyralid at a

concentration of 0, 6.7, or 20 mg kg
-1

.

Composting was carried out for 77 days, and after

mixing thoroughly, compost samples were collected.

Clopyralid was extracted from the samples using

water (compost : water ratio = 1:10), and the

          

Table 1 Soil characteristics

Soil pH EC TC TN C/N Available

P
2
O
5

soil:water=1:5 mS cm-1 g kg-1 g kg-1 mg kg-1

Brown lowland soil 6.1 0.067 40 3.4 11.9 461

Andosol 5.8 0.056 82 4.8 17.3 873

Exchangeable

Soil Na K Ca Mg CEC Base

Saturation

cmolc kg
-1 cmolc kg

-1 cmolc kg
-1 cmolc kg

-1 cmolc kg
-1 kg kg-1

Brown lowland soil 0.02 0.86 3.76 2.06 11.9 0.56

Andosol 0.16 0.56 2.50 0.31 19.0 0.19

       

Table 2 Compost Characteristics

Compost EC N P
2
O
5

Na
2
O K

2
O CaO MgO Water Content

mS/cm g kg-1 DM g kg-1 DM g kg-1 DM g kg-1 DM g kg-1 DM g kg-1 DM kg kg-1

Ordinary compost 1.8 13 42 0.15 20 78 8.3 0.29

Salt saturated compost 12.4 23 32 7.9 70 51 8.1 0.41
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clopyralid concentrations of the extracts were

measured by HPLC (acetonitrile:1% acetic acid=1:6,

C18 column, UV 254 nm).

To investigate clopyralid decomposition in

matured compost and soils, samples were incubated

at 20, 30, and 40˚C for 12 weeks.  The same soils

were used as in the salt concentration experiments

(Table 1).  During the incubation period samples

were collected at regular intervals, and clopyralid

was extracted and measured using the same method

as above.  The degradation half-life of clopyralid

in the soil samples was calculated using the

equation dN/dt = -_N.  Using the incubated

Andosols after water extraction, mini tomato

(Solanum lycopersicum), red cabbage (Brassica

oleracea var. capitata), and qing-geng-cai (Brassica

rapa var. chinensis) were cultivated to investigate

the effects of residual clopyralid levels.

Results

(1) Salt concentration

Brown lowland soil was superior to Andosol in

terms of yield and quantity of mini tomato fruits

(Table 3). This result was due to the occurrence of

blossom-end rot in all of the SC treatments with

Andosol.  As a result of estimating the cation

balance using AR
K+Na

 (Fig. 1), the values of AR
K+Na

decreased in all of the SC treatments in both soils,

and the values of AR
K+Na

 in Andosol decreased

drastically at an early stage.  Based on analyses

using AR
K+Na

, blossom-end rot occurred when

AR
K+Na

 was below –1.25, while mini tomato fruit

were still constituted on the first branches.

Increasing the amount of SC applied tended to

decrease the weight per fruit with both soil types

(Table 3).  Out of all the SC treatments of brown

lowland soil, the 60 Mg ha
-1

 application gave the

highest BRIX value.

(2) Residual pesticide levels

As a result of favorable composting, clopyralid

concentrations in the extracts decreased during the

composting process (Fig. 2(a)), whereas the

clopyralid concentrations in the compost itself

tended to increase (Fig. 2(b)).

After incubation for 12 weeks, the degradation

half-life of clopyralid in Andosol and brown

lowland soil was determined as 68 and 97 days,

respectively, when a clopyralid concentration of 1.5

mg kg
-1

 was applied to each soil type at 20˚C (Table

4).  

Table 3 Yield, BRIX, and emergence status of Blossom-end rot in each treatment

during the mini tomato cultivation with Brown lowland soil and Andosol

Mini tomato

Soil Treatment Yield BRIX Ratio of

2 seedlings /!1/1000a Container " mean Blossom-end rot

g PCS g/PCS % PCS %

Brown lowland soil CF 1278 94 13.6 6.1 a 0 0

OC 30Mg ha-1 229 24 9.6 6.1 a 0 0

SC 30Mg ha-1 1194 102 11.7 6.5 b 0 0

SC 60Mg ha-1 1001 99 10.1 7.2 c 0 0

SC 90Mg ha-1 1223 116 10.5 6.8 d 0 0

Andosol CF ! ! ! ! ! !
OC 30Mg ha-1 206 25 8.2 6.2 a 0 0

SC 30Mg ha-1 408 50 8.2 6.6 a 15 30

SC 60Mg ha-1 419 67 6.2 6.6 a 37 55

SC 90Mg ha-1 460 88 5.2 6.8 a 38 43

Ratio of Blossom-end rot!%" = (Blossom-end rot (PCS)) / (Yield (PCS)) x 100

Due to poor growth in the CF treatment in Andosol, no fruits of mini tomato were obtained

BRIX mean with different superscript within the same column significantly different (P < 0.01)

Treatments: CF, OC, and SC indicate chemical fertilizer, ordinary compost, and salt concentrated

compost, respectively.
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(a) Brown lowland soil AR
K+Na

(b) Andosol

Cultivated period!days" Cultivated period!days"

Fig. 1 Time course transition of AR
K+Na

during mini tomato cultivation. (a) Brown lowland soil and (b) Andosol

Treatments: CF, OC, and SC indicate chemical fertilizer, ordinary compost, and salt concentrated compost, respectively

Areas enclosed by ( ) indicate where the AR
K+Na

value was below -1.25 and blossom-end rot was observed.
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Table 4 Degradation half-life of clopyralid in Japanese soils

Concentration

of added clopyralid (mg/kg) 1.5 15 75

Incubation temperature (! ) 20 30 40 20 30 40 20 30 40

Half-life period (Days)

Andosol 68 49 247 172 139 158 348 295 285

Brown lowland soil 97 25 55 262 163 360 840 619 696

Although the half-life values were the almost same

as the DT50 in the USA guidelines, clopyralid did

not decompose well in soils as higher amounts of

clopyralid were added.  In matured compost,

clopyralid barely or never decomposed.  After

water extraction from the Andosols, the residual

levels of clopyralid were 1.03, 0.23, and 0.10 mg

kg
-1 

in soils spiked at concentrations of 75, 15, and

1.5 mg kg
-1 

clopyralid, respectively.  Using these

soils for vegetable cultivations, red cabbage and

qing-geng-cai grew without problems, whereas

damage to the main growth tip was evident in mini

tomato.

Discussion and Conclusion

(1) Salt concentration

Blossom-end rot is a calcium deficiency disease

(Evans and Troxler, 1953; Geraldson, 1985).  It

was suggested that the SC treatment of Andosol

negatively affected the cation balance of the soil

solution because sufficient amounts of calcium

were present in all of the soils.  The drastic

decrease of the AR
K+Na

 value in Andosol resulted in

a lower buffering capacity due to smaller amounts

of bivalent cations and lower base saturation (Table

1).  AR
K+Na

 was useful to estimate the soil

buffering capacity.  Since the increasing salt .
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(a) Clopyralid concentration in the extract (b) Clopyralid concentration in compost
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Fig. 2 Clopyralid concentration in (a) soil extract and (b) compost during the composting process
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content in the soil solutions lead to increased

osmotic pressure of the soil solutions, the water

contents of the fruits decreased as an effect of water

stress. Therefore, in the case of cultivation using

brown lowland soils, the BRIX values in the SC

treatments were higher than those in the CF or OC

treatments. Because the application of 60 Mg ha
-1

 is

the sweetest of all treatments in brown lowland soil,

the BRIX value was not in proportion to the

strength of the salt stress, and adequate amounts of

SC were applied to elevate the BRIX value of the

fruits.  In this case, the 60 Mg ha
-1

 application

might be the best amount to enhance the quality of

mini tomato fruits grown in brown lowland soil.

(2) Residual pesticide levels

During the composting process, clopyralid

decomposed slowly, but its relative concentration

increased due to its lower decomposition rate than

other organic matter.  This means that clopyralid

does not decompose by composting to the point that

sensitive vegetables do not suffer any damage. In

addition, clopyralid hardly decomposes in matured

composts. When clopyralid comes into contact with

soils, the clopyralid concentration will be reduced.

Judging from the results of vegetable cultivation by

using soils with residual clopyralid, Brassicaceae,

which are not affected by clopyralid unlike red

cabbage and qing-geng-cai, can be cultivated using

such composts.

Although such composts are difficult to use for

ordinary vegetable cultivation, they can be used by

considering carefully which crop plants to grow.

Because various composts exist, compost

manufacturers including livestock farmers, need to

comprehend the characteristics of their own

products and give users information about not only

the characteristics of the composts but also their

usage.
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Isolation of a cellulose-degrading microorganism from sugarcane compost 
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Abstract 
Bioethanol is one of biofuels which is fermented and produced by microorganism from lignocellulosic 
materials. The research was focused on isolation and investigation of cellulotic and ethanolotic 
characterictics of microorganism. Strain SLSC741 was isolated from sugarcane compost, can produce 
endoglucanase and  exoglucanase to hydrolyze carboxymethyl cellulose (CMC) and crystalline (avicel) 
celluloses, respectively, furthermore simultaneously produced ethanol. Based on 16S rDNA sequence 
analysis, strain SLSC741 was classified as Geobacillus sp. SLSC741. The genus Geobacillus represents 
aerobic or facultatively anaerobic, neutrophilic, thermophilic, and endospore forming bacteria. At the 
optimal condition (at 60 ºC, pH 6), Geobacillus sp. SLSC741 was grown well on CMC and less on avicel. A 
maximum ethanol yield was achieved at 0.19 g ethanol/g CMC during 28-days incubation. Ethanol 
concentration of 0.17 g/L, reducing sugars of 0.93 g/L, and biomass of 1.8 g/L were obtained for one gram 
CMC at its optimal condition during 17-days incubation. Moreover, cellulase activity was also investigated 
on Geobacillus sp. SLSC741. Geobacillus sp. SLSC741 produced endoglucanase and reached optimal 
condition at 80 ºC and pH 8. It also produced exoglucanase at the optimal condition of 70 ºC and pH 6. 
 
Keywords: bioenergy, cellulose, ethanol 
 
Introduction 
Biomass energy plays an important role in reducing 
greenhouse gas emissions, since CO2 that arises 
from biomass wastes would originally have been 
absorbed from the air, the use of biomass for energy 
offsets fossil fuel greenhouse gas emissions (Lin et 
al., 2005). Lignocellulose is the most abundant 
amount of organic substances existing on the planet, 
but not allows the effective usage and discard. 
Basically, the lignocellulosic biomass comprises of 
cellulose, hemicellulose and lignin (Malherbe et al., 
2002). Bioconversion of lignocelluloses to ethanol 
is a biological process in which lignocellulosic 
materials are converted by microorganisms to 
simpler compounds, such as sugars. These 
fermentable compounds are then fermented by 
microorganisms to produce ethanol. During the 
whole process of ethanol fermentation, there are 
mainly two parts for microorganisms. One is for 
producing the enzyme to catalyze chemical 
reactions that hydrolyze the complicate substrates 
into simpler compounds, and the other is to convert 
fermentable substrates into ethanol (Ratnam et al., 
2006; Chena et al., 2007). Historically, the most 
commonly used microbe has been yeast. Among the 
yeasts, Saccharomyces cerevisiae, which can 
produce ethanol to give concentration as high as 
18% of the fermentation broth, is the preferred one 
for most ethanol fermentation (Lin et al., 2005). 
Zymomonas was known as the candidate that 
ferments glucose with high ethanol tolerance and 
also high yield of ethanol productivity because of 
its unique physiology. Additionally, 

Cellulose-to-ethanol biotransformation can be 
conducted by various anaerobic thermophilic 
bacteria, such as Clostridium thermocellum 
(Thomas et al., 1981; Rani et al., 1998; Demain et 
al., 2005), as well as by some filamentous fungi, 
including Trichoderma viride, Aspergillus sp., 
Monilia sp. (Lee et al., 2002). A novel genus, 
Geobacillus, was transferred form thermophilic 
Bacillus rRNA group 5 by Nazina et al. in 2001 
(Nazina et al., 2004; Tai et al., 2004; Romano et al., 
2005). The genus Geobacillus are widespread on 
Earth that represent endospore-forming, aerobic or 
facultatively anaerobic, and thermophilic (Nomeda 
et al., 2007). In recent years, Gebacillulose was 
researched on lignocellulosic-degrading sphere 
(Nazina et al., 2004; DeFlaun et al., 2007; Ibrahim 
et al., 2007; Miyazaki et al., 2008). 

This study has been conducted to screen 
high-temperature cellulose-degrading and 
ethanol-converting anaerobic microbes. It is 
focused on investigation of cellulolytic and 
ethanolic characteristics of microbes to determine 
the best strain for ethanol production. The strain 
was used to conduct experiments for investigating 
basic growth conditions to determine its optimal 
condition in which the strain can produce the 
highest amount of ethanol. Otherwise, the research 
also evaluated cellulose degrading capability of the 
microbe on different substrates (CMC and avicel). 
In addition, the enzyme activity of the microbe has 
also been carried out. 
Materials and methods 
1) Microorganisms and medium 
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This study used Congo-red staining and DNS 
methods to isolated cellulose-degrading 
microorganism. Microbes were initially evaluated 
with cellulase activity by using Congo red staining 
method, and proceeded with assayed reducing sugar 
and ethanol production content in order to obtain 
strain with capability of cellulose-degrading and 
ethanol production, simultaneously. Strain 
SLSC741 was isolated from sugarcane compost 
(55-60 oC) in Taiwan. This strain was grown under 
anaerobic condition at 60 oC without shaking and 
using MR medium (Mandels and Reese, 1957) that 
consisted of 1 g peptone, 2 g KH2PO4, 1.4 g 
(NH4)2SO4, 0.3 g Urea, 0.3 g MgSO4．7H2O, 0.34 g 
CaCl2．2H2O, 0.005g FeSO4．7H2O, 0.0014 g 
ZnSO4．7H2O, 0.0016 g MnSO4．H2O 0.004 g, 
CoCl2．H2O and 10 g carboxymethylcellulose 
(CMC) (per liter of distilles water); in N2 
atmosphere. The ratio of clear zone diameter and 
microbe ring diameter was approximately 4.3 by 
Congo red staining. Based on GenBank BLAST 
analysis of 16S rDNA genes, strain SLSC741 was 
classified as Geobacillus sp. which percent of 
similarities and E values are 98 % and 0, 
respectively. 
 
2) Congo red staining 
The plate indicating single colony were flooded and 

stained by Congo red for 30 min. Then rinse the 
dishes with 1 M NaCl solution. The points 
containing cellulase should have a clear zone 
around them, and the diameter of the zone gives a 
measure of the cellulase activity. 
 
3) Cellulolytic enzyme assays  
Strain SLSC741 was incubated in CMC medium for 
few day until produced reducing sugar, and the 
supernatants (centrifuged 14,000 rpm for 10 minute) 
were used for enzyme activity assays. Harvesting 
0.5 mL supernatants of strain SLSC741 mixture in 
0.5 mL K2HPO4-KH2PO4 buffer (pH 7, containing 1 
% (w/v) substrate) was incubated at definitely 
different temperature for 1 h, and assay the 
reducing sugar. Subsequently, based on optimum 
temperature to incubate at different pH (pH 4-pH 8 
of K2HPO4-C3H4(OH)(COOH)3．H2O buffer; pH 9 
of Na2CO3-NaHCO3 buffer). One IU was defined 1 
µmol of glucose equivalent released per minute. 
Determination of endoglucanase and exoglucanase 
activity was used CMC and avicel, respectively. 
4) Other analytical methods  
In this study, parameters used to evaluate the 
growth of the strain are biomass, reducing sugars, 
ethanol and the pH. Biomass was estimated 
according to both gravimetrically and 
spectrophotometrically. Using a 0.45 µm diameter 
filter to measure total suspended solids of culture 
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Figure 1. Effects of temperature on CMC consumption for (a) biomass, (b) reducing sugar, (c) pH and (d) 
ethanol trends by strain SLSC741 under anaerobic condition. 
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Figure 1. Effects of temperature on CMC consumption for (a) biomass, (b) reducing sugar, (c) pH and (d) 
ethanol trends by strain SLSC741 under anaerobic condition. 
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(dry weight). Growth of microorganism was used 
spectrophotometer with optical density at 600 nm. 
Biomass concentration was estimated from a 
correlation between dry weight and optical density. 
Reducing sugar was measured by 
3,5-dinitrosalicylic acid method (Miller, 1959). 
Ethanol was measured using Shimadzu (GC-14B) 
gas chromatography with an RTX-1 capillary 
column (30 m × 0.53 mm) and a flame ionization 
detector. The reacted solution were centrifuged and 
filtered, then injected onto GC-FID using 1 µL 
liquid syringe. 

 
Results 
1) Growth conditions test 
Research focused on investigating environmental 
conditions those affecting the growth and ethanol 
production capability of Geobacillus sp. SLSC741 
with CMC. The main factors were selected for the 
investigation as pH and temperature. Moreover, 
biomass, ethanol, reducing sugar and pH were 
evaluated to estimate the growth and capability of 
cellulose-degrading of Geobacillus sp. 
SLSC741.The optimal temperature and pH 
condition were 60 oC and pH 6, respectively.  
 
1.1) Effect of temperature on Geobacillus sp. 

SLSC741 
The set of controlled temperatures at 30 oC, 40  oC 
and 60 oC. As indicated on Fig. 1, the biomass, 
reducing sugar and ethanol concentration were 
significantly changed and had higher value at 60 oC. 
The ethanol concentration reached maximum value 
of 15.63 mg/L during 43 days, but there were no 
ethanol production under 30 oC, 45 oC (Fig. 1d). 
The reducing sugar concentration kept increasing 
and reached maximum value of 216.34 mg/L during 
33 days, which was higher than 30 oC and 45 oC. 
However, then were reduced because of 
consumption by the strain to produce ethanol (Fig. 
1b). Furthermore, the biomass was kept gradually 
increasing and reaching the maximum value 1658 
mg/L at 60 oC, then was reduced because of 
limitation of substrate and the development of strain 
reached decline phase (Fig. 1a). The pH of reacted 
solution was also obviously changed at 60 oC and 
reached neutral value from start stationary phase to 
the end of reaction, but there were less significantly 
changed of pH at 30 oC and 45 oC (Fig. 1c). It 
represents that strain SLSC741 has the capability of 
amorphous cellulose-degrading and produced 
reducing sugar, then produced ethanol in anaerobic 
condition at 60 oC. 
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Figure 2. Effects of pH on CMC consumption for (a) biomass, (b) reducing sugar, (c) pH and (d) ethanol 
trends by strain SLSC741 under anaerobic condition at 60 ℃. 

PROCEEDINGS OF ICSA2008   205



1.2) Effect of initial pH on Geobacillus sp. 
SLSC741 
In order to obtain the optimal initial pH and 
determine the extent of factors influencing the 
growth of strain Geobacillus sp. SLSC741. The 
initial pH of media was pH 4, pH 6 and pH 8. As 
shown in Fig. 2, ethanol, reducing sugar and 
biomass concentrations increased with the time 
after lag phase (after 6 days). The reducing sugar 
and ethanol concentrations have significantly 
changed and reached maximum value of 951 mg/L 
and 285 mg/L during 28 days and 37 days under 
initial pH 6, the yield of ethanol is approximately 
0.19 g ethanol / g CMC, but there were very less 
under initial pH 4 and pH 8 (Fig. 2b, 2d). At initial 
pH 6, the biomass was the most significant change 
and reached maximum value of 848 mg/L (Fig. 2a), 
and the pH values of reacted solution was not 
significantly changed (Fig. 2c). Also, the trend of 
biomass concentration was similar to reducing 
sugar under pH 6. For the foregoing results, strain 
SLSC741 has the best capability of amorphous 
cellulose-degrading and ethanol-producing at pH 6. 
 

2) Effect of different substrates on Geobacillus sp. 
SLSC741’s growth 
Figure 3 shows the experiment of Geobacillus sp. 
SLSC741 on two substrates including CMC and 
avicel. The reducing sugars and ethanol were 
conducted under optimal conditions (60 oC, initial 
pH 6 and under anaerobic condition). In contrast, 
the strain Geobacillus sp. SLSC741 was less grown 
on avicel. The concentrations of biomass, reducing 
sugar and ethanol were 532 , 70 and 23 mg/L, 
respectively (Fig. 3a, 3b ,3d). On CMC, the data 
shown that ethanol, reducing sugar and biomass 
concentration increased with time. For ethanol, 
after lag phase (six days) its concentration gradually 
increased and reached the maximum value of 170 
mg/L (Fig. 3d). The time courses of reducing sugar 
and biomass have the slightly same shape, and their 
maximum concentration were 932 mg/L and 1800 
mg/L (Fig. 3a, 3b), respectively. The results 
indicate that Geobacillus sp. SLSC741 decompose 
amorphous cellulose (CMC), but not decompose 
crystalline cellulose (avicel). 
 
3) Enzyme activity 
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 Figure 3. Effects of substrates on CMC and avicel consumption for (a) biomass, (b) reducing sugar, (c)
pH and (d) ethanol trends by strain SLSC741 under anaerobic condition at optimal conditions (60 ℃ and 
pH 6). 
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Experiments were conducted with CMC and avicel 
to test endoglucanase and exoglucanase production, 
respectively. Activities of exoglucanase were better 
than endoglucanase for strain SLSC7413. For 
effects of temperature, as indicated in Fig. 4a, strain 
SLSC7413 has cellulase activity at every given 
temperature. Endoglucanase was produced by the 
strain on CMC and reached maximum value of 4 
IU/L at 80 oC. Moreover, excoglucanase was also 
produced on avicel and reached maximum value of 
5.03 IU/L at 70 oC, and the following of 4.67 IU/L 
at 80 oC. For the pH effects, as indicated in Fig. 4b, 
the reaction temperature of endoglucanase and 
exoglucanase was 80 oC and 70 oC, respectively. 
Cellulase activity is very less in acid environment; 
however, it become much better around neutral and 
alkalescent environment. Endoglucanase was 
produced by the strain on CMC substrate and 
reached maximum value of 4.02 IU/L at pH 8. In 
addition, the exoglucanase was produced on avicel 
and reached maximum value of 4.8 IU/L at pH 6. 
The results revealed the endoglucanase is at the 
highest activity under optimal condition of pH 8 
and 80 oC; pH 6 and 70 oC for exoglucanase. 
Therefore, it is believed that SLSC741 possess 
thermophile and alkali-resistant cellulose 
(endoglucanase and exoglucanase). 

 
Discussion and conclusion 
The strain Geobacillus sp. SLSC741 is a 
thermophile, anaerobic, alkaline 
cellulose-degrading and ethanol converting 
microorganism. DeFlaun et al. (2007) reported that 
Geobacillus thermoleovorans can not grow on 
ethanol. However, strain SLSC741 shows both the 
capability of cellulose-degrading and ethanol 
production in this study. The optimal conditions in 
which the strain produces the highest ethanol 
amount were initial pH of 6 and 60 oC. Under the 
optimal conditions, ethanol concentration reached 

170 mg/L on CMC during 17 days and 23 mg/L on 
avicel during 15 days, respectively. Cellulase of 
Geobacillus sp. SLSC741 acted on both CMC and 
avicel to produce endoglucanase and exoglucanase. 
The optimum conditions for the strain’s 
endoglucanse are pH of 8 (4.02 IU/L) and 80 oC (4 
IU/L). Conversely, optimum conditions for the 
strain’s exoglucanase are pH of 6 (4.8 IU/L) and at 
70 oC (5.03 IU/L). The results revealed that 
cellulase activity of Geobacillus sp. SLSC741 on 
exoglucanase is better than on endoglucanase. It 
grew well on amorphous cellulose (CMC) but less 
on crystalline cellulose (avicel) and also directly 
converted cellulose into ethanol. However, the 
ethanol yield is poor. This implied that another 
extended research can be conducted to enhance 
ethanol yield. Co-culture system is one of the 
solutions in which Geobacillus sp. SLSC741 can 
combine with another microbes in single step to 
convert cellulose materials into ethanol (Miyazaki 
et al., 2008). In order to achieve better results in 
this way, more experiments must be conducted to 
determine type of sugars that are produced by the 
strain in hydrolysis process of cellulose materials, 
and which sugars the strain used to produce ethanol. 
By doing that, we will explore suitable microbes 
that can successfully combine with Geobacillus sp. 
SLSC741 to increase ethanol yield. Extended 
research will also be conducted on different wastes 
containing cellulose to estimate ethanol amount.  
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Abstract

To reduce the levels of chlorine-based chemicals in Acacia kraft pulp, we sought to isolate white rot fungus

strains that could be used for biobleaching. For this purpose, we collected fungal 600 samples from various

natural sources, including fruiting bodies, rotten woods and piles of trap lumber from different locations in

Indonesia such as West Java, Central Kalimantan, South Kalimantan, Jambi, and North Sumatra. We

subjected them to a three-step screening method. The first step involved culturing the strains on Acacia

mangium wood powder, guaiacol and agar (WGA) medium. Of the 600 sources, 258 strains grew on WGA

medium and generated a red color. The second step revealed that 31 of the 258 strains could degrade

extractive-free A. mangium wood powder. The third step examined the ability to bleach A. mangium oxygen-

delignified kraft pulp (A-OKP) under various pH conditions and showed that five strains could biobleach A-

OKP at pH 5, 6 and 8. In contrast, the biobleaching abilities of Trametes versicolor and Phanerochaete

chrysosporium, which served as standards, were much lower than those of the five new strains, particularly

at pH 8. These five strains may be useful for biobleaching of A-OKP. Therefore, we examine the

characteristic of these novel strains.

Keywords: White-rot fungi; Isolation; Screening; Biobleaching

Introduction

Paper is daily need of human being. We can get a

lot of function from paper such as writing, printing,

drawing, wrapping, magazine, covering wall, so on.

That is why pulp and paper industries develop year

by year. Since 1938 to 1975, paper production

increases 106 million metric tons. In 1991 paper

production in the world reach 238 million metric

tons (FAO, 1997). Paper is material made of

cellulose pulp, derived mainly from wood, rags and

certain grasses. Wood is the common raw material

in pulp and paper industry due to high cellulose

content. The composition of wood is cellulose,

hemicellulose, lignin and extractive. To get

cellulose fibre need a process, namely pulping

process. The kraft process is most commonly used

method for delignification because it yields a low

production cost and strong paper product. One

disadvantage of the kraft process is that it gives the

pulp a brown color but this problem is overcome by

chlorine bleaching, which was first introduced in

the early 1950’s (Smook, 1999). However, this

bleaching process produces large quantities of

chlorinated organic substances such as

polychlorinated dibenzofurans (PCDFs) and

polychlorinated dibenzo-p-dioxins (PCDDs). These

compounds are well known to be hazardous, toxic

and stable in the environment (Safe, 1990).

The increasing demand for paper means

short-rotation industrial plantations for pulpwood

are needed to secure a stable supply of wood chips.

Such plantations include those fast growing Acacia

spp. These plantations could become a major source

of the hardwood materials needed for producing

pulp and paper as Acacia spp. has high quality

woodchips and high pulp yield (50-52%). Moreover,

in plantation, it is fast growing tree and tolerance at

poor soils (Subiyanto et al., 2003).

White rot fungi are a well known group of

fungi belonging to the Basidiomycetes and

Ascomycetes have been studied intensively in

lignin degradation systems, because these

organisms degrade lignin to carbon dioxide and

water (Boyle et al. 1992). There are several hundred

species of white rot fungi belonging to a variety of

fungal families. Among the Basidiomycetes are the

Agaricales, Aphyllophorales, Auriculariales,

Screlodermatales, and Lycoperdales. There are also

a few white rot fungi in the Xylariales, belonging to

the Ascomycetes (Kirk, 1971). Different white rot

fungi vary considerably in the relative rates at

which they decompose lignin and carbohydrate in

woody tissue. Some selectively decompose lignin at

a higher rate than carbohydrate, relative to the

original content of each.

Kirk and Yang (1979) found that the white

rot fungus Phanerochaete chrysosporium could

partially delignify the unbleached pulp softwoods

(southern pines, primarily Pinus taeda). This

revealed that white rot fungi could be useful as a

new biotechnological tool that replaces chlorine in

bleaching process. Another species that shows the
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ability to degrade lignin is Trametes (Coriolus)

versicolor. It has been shown that a five-day

treatment with this fungus under aerobic, agitated

conditions can enhance brightness of hardwood

kraft pulp (Paice et al., 1989). Consequently, P.

chrysosporium and T. versicolor serve as standard

fungi in experiments estimating the ability of other

species to biobleach pulp.

Screening of white rot fungi for many

purposes have been done by some scientists. In

1928 Bavendamm discovered method to screen

white rotting fungi in agar medium containing

phenolic substrate (gallic or tannic acid) but there

was a weakness due to some fungi showed positive

in this test did not degrade lignin to any appreciable

extent. Moreover, the Sundman and Näse (1971)

test just showed the qualitative data without extent

to quantitative test. A rapid and reliable method

used natural source for screening by observation

color zone around mycelia on wood powder and

agar medium containing guaiacol have been test

and got a lot of selected fungi as lignin degrading

(Nishida et al., 1988). Hirai et al. (1994) screened

1212 decayed wood samples on beech (Fagus

crenata) wood meal agar with guaiacol and 11

strains showed higher ligninolytic activities and

selectivities than P. crysosporium and T. versicolor.

The eleven strains continued to biobleach hardwood

kraft pulp. However, many fungi have specificity to

degrade wood species. Fomes ulmarius

(Rigidoporus ulmarius) could degrade Pinus taeda

and Picea sitchensis faster than Pseudotsuga

menziesii (Fengel and wegener, 1984). In addition,

some scientists have done study on biobleaching

with spruce, (Reid and Paice, 1994 and 1998),

Eucalyptus sp. (Moreira et al., 1998), Pine (Fujita et

al., 1993), beech, maple, poplar, birch (Kirkpatrick

et al., 1989) as source of pulp. However, the

biobleaching of pulp from Acacia spp. has not been

examined.

Due to Acacia sp. is one of the favourite

tree species, especially in Southeast Asia as raw

material in pulp and paper industry, here we report,

the first isolation and screening of white rot fungi

from tropical climate to biobleach Acacia kraft pulp.

Materials and Methods

Fungal sources and sampling

Sampling sources were got from the Indonesia

provinces of West Java, Central Kalimantan, South

Kalimantan, Jambi, and North Sumatra. The

isolates were obtained from various sources such as

fruiting bodies, rotten wood, and trap lumber piles.

For macrofungal specimens, the fruiting bodies

were immediately transferred to the laboratory for

isolation.

Primary screening and isolation

The isolation of fungi was carried out into Acacia

mangium wood powder, guaicol and agar (WGA)

was composed of 0.2% A. mangium wood powder

(80 mesh pass), 0.01% guaiacol and 1.6% agar, and

was poured into Petri dishes (Nishida et al., 1988).

Each fruiting body or decayed wood sample was

surface-sterilised with 70% alcohol before small

pieces from their interiors were placed on the

surface of the WGA medium. For soft fungi, a

small piece of filter paper was placed under the

basidiocaps to collect spores. The cultures were

incubated at 28°C for 4 to 7 days. Positive fungal

isolates produced red-colored zones around their

mycelia. To purify the positive fungal isolates, the

mycelia was excised and transferred to plates

containing potato dextrose agar (PDA) medium.

The plates were incubated at 28°C for 4 days. To

obtain pure and stable cultures, each isolate was

subcultured 2 or 3 times.

Screening on extractive-free Acacia mangium

wood-powder (EAW) medium

To select fungi with high ligninolytic capabilities,

the isolates obtained from the primary screen were

subjected to a second screen using solid medium

that was prepared by mixing 1 g extractive-free A.

mangium wood-powder (EAW) (60-80 mesh) and

2.5 ml of distilled water in a 50-ml Erlenmeyer

flask. Each isolate was placed in such a flask and

was incubated at 28˚C for 30 days. The selection

index, weight loss of the medium, klason lignin

content of the medium (Nishida et al., 1988),

mycelial growth, decolorization of the wood pulp,

and growth rate were determined. The selection

index (SI) of each lignin-degrading fungus was

calculated as follows: SI = lignin loss /

hollocellulose loss, holocellulose loss = weight loss

– lignin loss.  EAW decolorization was recorded as

+++ (at least half of the original EAW color was

lost), ++ (at least a quarter of the EAW color was

lost), + (less than a quarter of the EAW color was

lost), and - (no change in color and/or no growth).

Screening on A. mangium oxygen-delignified kraft

pulp (A-OKP)

A. mangium oxygen-delignified kraft pulp (A-OKP)

was obtained from a kraft pulp mill in Indonesia

[brightness 48% International Standard

Organization (ISO) and kappa number 7.55]. The

biobleaching ability of the fungi selected after the

second screen was assessed under various pH

conditions. The initial pH of the A-OKP from the

mill was 8. We reduced this pH to 6 after washing

with deionized water. In addition, the pulp was

adjusted to pH 5 by using phosphate buffer. We

assessed the biobleaching activities of the fungi by
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using the modified method of Hirai et al. (1994).

White rot fungus mycelia were prepared in 100 ml

Erlenmeyer flasks containing a stirring magnet,

glass beads, and 40 ml of potato dextrose broth

(PDB). This medium was inoculated with a piece of

each fungal isolate and the flasks were incubated at

28˚C for 10 days with stirring to cut the mycelia

once per 2 days. The resulting mycelia were

collected from the PDB medium, washed with

sterilized water, and 16 ml of suspension was added

aseptically to sterilized A-OKP pulp, which was

made beforehand by sterilizing (121˚C, 15 min) 4 g

of oven-dried A-OKP in a 100 ml Erlenmeyer flask.

As a control, the pulp was treated as described

above but was not inoculated with fungus. In all

cases, the pulp was incubated at 28˚C for 2, 3, and 4

weeks.

Analytical techniques

Pulp brightness was determined by using

calorimeter (Suga test instruments Co., Ltd, Japan).

This method determines the brightness of white,

near-white and natural colored pulp and paper in the

directional reflectance factor at 457 nm (T 452 om-

92, TAPPI, 1996). The kappa number was

determined according to micro kappa number

measurement (Berzins, 1966). It can be used to

determine the degree of pulp delignification and is

the volume (in millilitres) of 0.1 N potassium

permanganate solutions that is consumed by 1 g of

moisture-free pulp under the appropriate conditions

(T 236 cm-85, TAPPI, 1996).

Results

Primary and secondary screening

Of the 600 fungal strains, 258 strains showed

positive reaction in WGA medium. The positive

strains produced red-colored zones around mycelia

while negative strains did not show any colored

zones. The intensity of colored zone was varied

among the strains. From the 258 strains, 90%

strains showed a strong red-colored reaction while

10% strains got medium to weak red-colored

reaction.

All the 258 strains were further to examine

their ability to degrade EAW medium. According to

their physiological characteristics (mycelia type,

colony formation, growth rate and wood

decolorization ability) and chemical characteristics

(lignin loss and selection index), 31 strains were

selected as potential delignifying strains.

Third screening

The 31 strains selected after the secondary

screening were then further to test for their ability

growth and activity in Acacia kraft pulp. Table 1

indicates the biobleaching ability of the 31 strains.

At pH 8, five strains grew and presented

biobleaching activity, while pH 6, 21 strains grew

and showed biobleaching ability. At pH 5, all

strains grew and presented biobleaching ability.

Discussion

The white rot fungi are being extensively studied by

some researchers in the world due to their ability to

degrade lignin and lignin-derived, particularly

lignin-derived in pulp (Fujita et al., 1991 and 1993).

Collecting fungi from natural habitat is necessary to

screen to get selective strains on specific wood.

Screening of white rot fungi at several polymeric

dyes has been reported. It was found that

decolorization of dyes were correlated with

ligninolytic ability (Glenn and Gold, 1983; Platt et

al., 1985; Spadaro et al., 1992; Hossain et al., 2000).

The oxidation of polymeric dyes by fungi was

shown by decolorization zone around mycelia. In

this study, we used guaiacol as substrate due to its

structural resemblance to structure of lignin.

Previous study has been shown by Hirai et al.

(1994) that screening used Fugus sp. wood powder,

guaicol and agar got selective and high in

ligninolytic activities. When we subjected 600 wild

fungal sources to WGA screening, we found 258

gave positive reaction.

We further screened the 285 fungal strains

which positive on WGA to EAW medium to

confirm us that strains had high ligninolytic activity.

It has shown that more than 10% lignin weight was

lost by new white rot fungi at this screening (Hirai

et al., 1994; Nishida et al., 1988), while we got

lignin loss under 5%. It might be the source of

wood was different. From secondary screening we

found 31 selected strains from this screening based

on their physiological characteristics (namely, their

ability to decolorize wood and their growth rate)

and chemical characteristics (lignin loss and

selection index).

Of the 31 strains, we selected five potential

strains to biobleach Acacia kraft pulp. The five

strains (CF-11, CF-18, KB-1.1, LP-7 and LP3-72)

exhibited high ability than two standard fungal

strains P. chrysosporium and T. versicolor at all pH

(pH 5, 6 and 8). It is rare white rot fungi able to
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Strains pH 8 pH 6 pH 5

CF-11 ! ! !

CF-18 ! ! !

B4-25fb - ! !

LP3-69.1 ! ! !

LP3-72 ! ! !

KB-1.1 ! ! !

UL-20dw - - !

TN-10 - - !

UL-7 - ! !

B2-45.1 - - !

NS-27 - - !

AT-2 - ! !

UL-12 - ! !

NS-12 - - !

NS-44 - ! !

B2-27 - ! !

LP-33 - ! !

B2-53dw - - !

BG-33 - - !

LP-11 - ! !

LP2-9 - ! !

LP2-2 - - !

NS-23 - ! !

LP3-8 - ! !

NS-29dw - ! !

LP-7 ! ! !

LP-31 - - !

LP-10 - - !

LP3-70 - ! !

LP3-53 - ! !

TN-7.1 - ! !

TC - ! !

PC - - -

Table 1. The ability of 31 fungal strains and the two strains P. chrysosporium

and T. versicolor to grow and bleach A-OKP at various pH condition.

- no growth and no biobleaching activity on the pulp
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grow at high pH. In addition, P. chrysosporium had

optimum pH for lignin decomposition above 5.5

and below 3.5 (Kirk et al. 1978), while the optimum

pH for T. versicolor was 3.5 (Hossain and

Anantharaman, 2006). Moreover, P. chrysosporium

and T. versicolor are dependent on nutrient in

medium, as both high biobleaching and ligninolytic

activities when cultured on carbon-rich such as

glucose (katagiri et al., 1995). These requirements

limit the utility of these strains in the pulp and

paper industry; particularly since unbleached and

oxygen-delignified karf pulp have high pH.

Significantly, the five new fungal strains could

grow at pH 8 without nutrient supplementation.

Such fungi may be highly useful in bleaching

process in pulp and paper industry.

Conclusions

In conclusion, Phanerochaete chrysosporium and

Trametes versicolor were known as high lignin

degrading fungi which served as standard to

estimate biobleaching. However, both of these

fungi had biobleaching ability extremely lower than

five new (CF-11, CF-18, KB-1.1, LP-7 and LP3-72)

strains isolated, especially at high pH (8.0). P.

crysosporium could not present biobleaching

activity at any pH, whereas T. versicolor presented

slightly biobleaching activity at pH 5 and 6.

Significantly, the five strains selected could grow

and show high biobleaching activity at all pH

condition, especially at pH 8. As it was reported

that only few white rot fungi could grow at high pH,

these five new strains are important to use for

biobleaching kraft pulp.
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Abstract 
For extraction of three types of proteins in rapeseed meal，the methods of alkali-dissolution acid-deposition 
with ultrasonic wave-assisted and ultrafiltration membrane separation were used. Three kind of proteins, 
such as pH=5.8 precipitate protein (RP5.8), pH=3.6 precipitate protein (RP3.6)and ultrafiltration protein 
(RPs), were obtained. The functional properties of the rapeseed proteins were investigated. Compared with 
soybean isolate protein, the molecular weight range of rapeseed proteins were different and there was 
widely isoelectric point interval on the dissolution curve. The foamablility and stability of foamablility of 
rapeseed protein were better than soybean protein respectively. Three types of rapeseed proteins showed 
different fractions by gel chromatography separation and purification. 
 
Keywords: protein from rapeseed, separation and purification, super-filtration, function properties 
 
Introduction  
Rapeseed is one of the most important oilseed 
crops in world. After oil extraction, rapeseed meal 
is rich in protein (>40%). In the past few years, 
the annual output of rapeseed meal are more than 
7 million tons in China and in 2006 to 2007, the 
output of rapeseed meal is 7.69 million tons in 
our country (Cao Zhi 2007), occupied the first 
place in the world. With the further development 
of rape industry, especially bio-diesel industry 
more rapeseed meal will be obtained. Rapeseed 
meal contains 34~50 protein after extracting the 
oil, the amino acid composition of which is 
well—balanced in regard to FAO requirements 
and is rich in sulfur-containing amino acids and 
lysine, generally the limiting constituent in both 
legumes and cereals (Zeng Xiaobo 2002). 

The crude protein content of soy protein 
isolate (SPI) in the industrial production can 
easily reach 90%. Compared with SPI, rapeseed 
protein had lower crude protein content and 
poorer color even using the similar preparation 
process. We analyzed the possible reasons as 
following: 
1. Compared with SPI, the components of 
rapeseed protein were more complex their point 
and molecular weight had large distribution range. 
Part of the protein, its isoelectric point reach as 
high as 11 ,other protein’s isoelectric point 
distributed at 4~8.So the difference with SPI is 
that rapeseed protein solubility curve often 
showed a wider range of isoelectric points, even 
two or more points (Wang Cheli Shi Meiren 
1997). 
2. Cellulose content in rapeseed meal was 

obviously higher than soybean meal, and there 
were anti-nutrients and toxic substances in 
rapeseed meal which none in soybean meal. 
When we got the rapeseed protein, the remnant of 
glucosinolates, phytic acid will be found and 
affected its utilization. 
3. There is big difference in Chemical 
composition, functional properties, and 
bioactivities between rapeseed protein and 
soybean protein. 

In this paper, according to the analysis of 
existing problems above, we used two methods to 
extract the rapeseed protein, and got different 
types of rapeseed protein products. 
1.Traditional extraction method: The methods of 
alkali-dissolution acid-deposition with ultrasonic 
wave-assisted was used, it is similar to extraction 
of SPI. Simultaneously combined with the 
specificity of rapeseed protein, we precipitate 
rapeseed protein at two isoelectric points, pH=5.8 
and pH=3.6, and got two types of protein by 
vacuum freeze-drying. 
2. Ultrafiltration membrane separation method: 
We used alkali-dissolution to extract the rapeseed 
protein at pH=11.6 with ultrasonic wave-assisted 
and directly separated and Purified with 
Ultrafiltration membrane(MW=8KDa), 
preserving the interception above . Ultrafiltration 
protein can be obtained by vacuum freeze-drying. 
 
Material and Methods 
1) Materials 
Varieties of Zhong shuang No.9 were obtained 
from rapeseed biotechnology group ; zhong dou 
No.32 from soybean biotechnology group, oil 
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crops research institute Chinese academy of 
agricultural sciences. Kernels and hulls were 
separated in a dry mill and the kernels were flaked 
with a roll mill. The rapeseed flakes were de-oiled 
using petroleum ether and these flakes were used 
for the protein isolate. The flakes were milled 
using aZM-100 mill to a powder (< 0.1 mm). 
 
2) Methods 
 
3) Extraction process of rapeseed protein 
3.1 An extraction process schematic diagram of 
rapeseed protein is shown in figure 1. 
3.2 The extraction process of soybean protein see 
reference (Feng Zilong，Yang Zhenjuan 2004). 
3.3 Protein(N ×6． 25)was determined by the 
Kjeldald method G.B.551 

1-85(GB5511-8-National standards of P.R.C)。 
 
4) Chemical analyses and Functional properties 
4.1 Electrophoresis procedures (Laemmli, U.K 
1970)  
Sodium dodecyl sulphate polyacrylamide gel 
electrophoresis(SDS—PAGE)was carried out in 
the presence and absence respectively of a 
reducing agent B mercaptoethanol (ß ME)on an 
vertical electrophoresis unit with 5％  (w／v) 
polyacrylamide for the sample gel and 12％ for 
the separation The ge1s were processed at a 150V 
constant voltage for 4.5h, and stained with 
Coomassie blue R一250(prepared with 50％(v／
v)methanol and 10 ％ (v ／ v)acetic acid) and 
destained with 40％(v／v)methanol and 10％(v，
v) acetic acid and stored in 10 acetic acid and 5 (v
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／v)glycerol. 
The protein mark (New England Biolabs Beijing, 
Ltd) were estimated by comparing their mobilities 
with those of protein standards run in the same 
gel. 
4.3  Foaming capacity and foaming stability 
(Yang Guoyan，Chen Dongliang  2007) . 
The protein foaming capacity and foaming 
stability was obtained by mixing three types 
rapeseed protein (0.5g) and soybean protein(0.5g) 
in 100ml extensive buffer solutions at a 
pH=11.6and pH=8.5 ,respectively. And then 
stirred in high speed tissue-smash machine at 10，
000rad/min for 1min；the protein solution was 
transferred to 250ml graduated cylinder,and 
recorded the bubble volumes as soon as possible 
we can calculate the protein foaming capacity and 
foaming stability foaming capacity calculation 
shows as follow: 

 

The volumes of bubble were measured when stop 
homogenizing after 30 minutes to calculate 
foaming stability. The calculation formula was 
shown as above. 
4.4 Sephadex chromatography of rapeseed protein 
According to the differerces of rapeseed protein 
molecular weight distribution, it shows 
complicated composition of protein .we purified 
and separatedthe rapeseed protein,then obtained 
different fractions by gel filtration on Sephadex 
G-75 chromatogram，which establishes the basis 
of further research on the rapeseed protein 
properties.  
 
Results and discussion 
1) Proteins products 
We obtained three types of rapeseed proteins by 
extraction. 

Alkali-dissolution and acid-deposition 
pH=5.8 precipitated protein （RP5.8）and pH=3.6 
precipitated protein (RP3.6);ultrafiltration protein 
(RPs); and soybean protein（SP）。Table1 shows 
the crude protein contents which by means of 
Semi-micrometheel of Kai's Fixed Nitrogen. 

We knows the soybean protein(SP) contents 
was higher than rapeseed protein (RPs、RP5.8、

RP3.6), to 3.25%、9.95%、19.12%, respectively, 

Forming capacity =

Bubble volumes 
when stop homogenizing (ml)

200 ml
x 100 %

Forming capacity =

Bubble volumes 
when stop homogenizing (ml)

200 ml
x 100 %

 

Protein sample RPs RP5.8 RP3.6 SP 
Protein contents(%) 86.31 79.61 70.44 89.56 

Table 1. Protein Content of rapeseed and soybean protein 
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Figure 2. Rapeseed protein electrophoresis 1 SP 2 RPs 3 RP5.8 4 RP3.6 
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from table 1. The crude protein content of 
rapeseed ultrafiltration protein RPs was higher 
than precipitated proteins（RP5.8、RP3.6）, by 6.71% 
and 15.87%.We used the assisted ultrasonic wave 
during extracted the rapeseed protein.，so the 
precipitated proteins contents was higher than 
that in the reported literature by 8.31%.（Guo 
2001）. It was due to the ultrasonic wave can 
increasing the natural protein dispersibility, with 
effect of homogenization. Li Chuan Wang  
(1984)found extraction assisting ultrasonic wave 
can improve the extraction rate of protein 
obviously. 80% of protein was in soluble form by 
ultrasonic treatment ， it can conclude that 
extraction of soybean protein assisting ultrasonic 
wave was an effective way (Li Chuan Wang 
1984). Therefore application of the ultrasonic 
technology on extraction of rapeseed protein is 
helpful. 
 

2) SDS-PAGE Electrophoresis 
SDS-PAGE was carried out using 12% 
acrylamide gels (Laemmli, 1970). It calibrated 
using the midrange protein molecular weight 
standards (New England Biolabs Beijing, Ltd). 
The molecular weight distribution of soybean 
protein and rapeseed protein was showed in 
figure2. 

As shown in Fig.2, the molecular weight 
distribution scope of ultrafiltration protein is wide 
distributed mainly in 16~70KDa， the protein 
concentrations in scope of 16~25 KDa and 
65~100 KDa is higher than precipitated 
proteinsRP5.8 and RP3.6.RP5. 8 mainly distributed at 
18~25 KDa and 32~47.5 KDa，RP3.6 was at 
16~25KDa. The soybean protein concentrations 
was higher than rapeseed protein, mainly 
distributed at 16.5~83KDa. 

 
4) Solubility 
The solubility of rapeseed protein affects the 
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application in food industry directly. Because 
protein has direct influence on stability and flavor 
of food , the application of insoluble protein in 
food industry was very limited. Fig .4 was 
solubility curve of rapeseed protein and soybean 
protein at a set pH. We can see the solubility of 
ultrafiltration rapeseed protein was better than 
precipitated proteins.RP5.8 and RP3.6.  
As shown in table1，the content of ultrafiltration 
rapeseed protein (RPs) was 86.31%and this 
protein dissolved completely when pH=10.8.The 
solubility of precipitated proteinsRP3.6was worse 
when pH<10, almost less than 0.2mg/ml. The 
solubility of ultrafiltration rapeseed protein RPs 
was better than soybean protein.The solubility of 
soybean protein was lowest at pH=4.5~5 from 
Fig .4 while rapeseed protein had a wide 
isoelectric point interval.  This maybe the 
mainly reason for that the crude protein content 
of rapeseed ultrafiltration protein RPs was higher 
than precipitated proteins（RP5.8 、RP3.6 ） by 
alkali-dissolution and acid-deposition extraction.  
 
6) Foaming capacity and foaming stability 
The foaming capacity of protein depends mainly 
on its soluble fraction, the insoluble protein 
particles played an useful role on stable foam, 
because of its improving surface viscosity. As 
shown in figure 5, the foaming capacity and 
foaming stability of precipitated proteins RP5.8 
were best, reaching 50% and 60.53%.Those were 
superior to soybean protein，maybe affected by 
surface viscosity. The lower surface viscosity of 
rapeseed protein was is suitable for forming the 
foam and provide theoretical basis for rapeseed as 
food additive. 

 
7) Sephadex chromatography of rapeseed 
protein 
Gel chromatography is a separation and 
purification technology,it can separate the sample 

into few fractions based on different molecular 
weight. The composition of rapeseed proteins 
were complex for example ultrafiltration rapeseed 
protein can obtain three fractions by purification 
and separation on Sephadex G-75 
chromatogram.Fig.6, were the map of 
chromatography of RPs、 RP5.8、 RP3.6 three types 
of rapeseed protein. The fractions of RP5.8 and 
RP3.6 were more concentrative and molecular 
weight ranges were relatively narrow. The results 
of Sephadex chromatography was related to the 
analysis of SDS-PAGE electrophoresis as shown 
as below.  
 
Conclusions 
According to existing problems on extraction of 
rapeseed protein in this paper，we used assisted 
ultrasonic wave alkali-dissolution and 
acid-deposition method and ultrafiltration method 
to extract the rapeseed protein, and obtained three 
types of rapeseed protein RPs、RP5.8、RP3.6 . 
1) The ultrafiltration rapeseed protein RPs had 

higher crude protein contents and better 
solubility for scavenging low molecular 
toxic substance. 

2) The contents of precipitated proteinsRP5.8 
and RP3.6 extracted by alkali-dissolution 
and acid-deposition were lower than 
ultrafiltration rapeseed protein RPs and 
soybean protein, but its parts of functional 
properties,such as foaming capacity and 
foaming stability were superior to soybean 
protein , so it can be considered as common 
food additive to use.  

3) We will further study the fractions of 
rapeseed protein in the future work to 
master more complete 
properties .Compared with the properties of 
edible soybean protein ,these theories lay a 
theoretical foundation for effective 
development and utilization of rapeseed 

Figure 6. Gel chromatogram of three types of proteins, (A) the RPs;(B) RP5.8; (C)RP3.6. 

A B C
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protein. 
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Introduction 
There is always a question: what sort of 
agriculture will meet the future challenges - 
what types of agriculture and ecosystem 
management we will need? The today´s reality is 
diversity of crops and animals, diversity of 
production means and economic models or tools. 
We can deduce that it must be maintained for the 
future with overall correspondence to the 
environment (natural, social, economic). We 
speak about appropriateness of the technologies. 
Sustainability of technologies is than considered 
as a higher level of appropriate technology in 
which resources are conserved (saved) for future 
generations. 

However the technologic progress 
influences technologies implemented on each 
level (hand-tool, animal, mechanical) and 
generates questions such as: what technology 
under what conditions? Even hand-tool level 
technologies have made a lot of progress and 
reached (sometimes and somewhere) rather 
sophisticated forms. Also the economic 
sustainability becomes more stressed on this low 
level as well as on the level of animal-draught 
technology. The technologies based on 
mechanical or mixed technologies must be 
economically sustainable with high productivity 
level.  

The precision agriculture is only possible 
when rigorously delivered rates of inputs are 
compensated by high yields and profitability. 
Precision inputs are especially required, 
implemented and measured on the level of 
material inputs (pesticides, fertilizers, water). 
Serious difficulties are met at the use of 
implements (equipment, machinery sets) and 
very often remain unsolved.  

There are many problems linked to 
“extensionist´s work – the only his experience 
can give him ground for his advice. A clear idea 
about “consequences” of his advice (especially 
economic results) is usually absent and the only 
proper (specialized) ”software” can help him. 
There are scarce references on attempts to 
resolve these aspects of agricultural technology 
because the task is very complex. It is necessary 

to conceive a kind of “precision technology” as 
an interaction of “crop (animal) – implement 
(machinery set) – material inputs - economy 
(costing)” with precise inputs and high 
productivity.  
 
Precision technology as integrated system 
Precision farming, precision agriculture or site-
specific management (SSM) is a management 
system where production practices and inputs 
such as seeds, fertilizers and pesticides are 
variably applied within a field. At these 
technologies, input rates are based on the needs 
for optimum production within-field location. 
Since over- or/and under-application of inputs is 
both minimized, this approach has the potential 
for maximizing profitability and minimizing 
environmental impacts (Bullock, D.S. 1999)1. 

During almost 20 years, technological 
advances and the increased pressure of 
environmental concerns have multiplied interest 
in the concept of defining smaller management 
units and applying inputs based upon the 
individual characteristics of those units 
(McBride, W.D., Daberkow, S.G., Christensen, 
L.A. 1999)2.  

So far the precision farming is well defined. 
However, it is in strong contradiction to the fact 
that the most intensive input into the field 
production is machinery. It is impossible to get 
(or conserve) essential profit rate if the 
machinery inputs are not reasonably applied 
(Havrland, B., Kapila, P., Krepl, V., Srnec, K. 
2003)3. Thus, precisely conceived technologies 
must rely upon optimization of machinery inputs, 
i.e. well updated machinery management. At 
present, it is impossible to cope with such a task 
without a proper software and adequate 
computer use. Skilled and experienced 
specialists (extension experts) make little use of 
these programs because there is still too many 
“white spots” left in decision-making process 
based upon the past experience (Havrland, B., 
Kapila, P. 2004)4. 

The precision technology approach is not a 
product of engineering technology, but rather 
has its foundations in the application of sound 
agronomic principles (Whelan, B. M. and 
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McBratney, A. B. 2000)5, which are combined 
with a proper management approach and 
possibility of forecasting the outputs (costs-
revenues). The practical implementation of 
precision technology is dependent on 
technological developments to provide, manage 
and utilize the vast quantities of data required to 
understand spatial variations in crop yields and 
in the factors that affect yields (Robert, D. C., 
Rust, R. H. and Larson, W. E. 1999) 6.  
The precision technology approach to crop 
production may be viewed as a four-step process 
(see Fig. 1). It is, in fact, the putting into practice 
of the former preparatory steps and 
considerations and planning.  
 
“ATMP” PROGRAM “AgroExpert” 
 
Rural Extension and Role of “ATMP” 
Program 
Agricultural extension means a continued 
training that extends the former basic education 
level (given by school or courses) for, mainly, 
rural population employed within the 
agricultural sector. The extension work is mostly 
technologically-oriented and effective with 
regard to farming improvements but, very often, 
can touch farmer’s household or village 
handicrafts. It fills in the gap existing between 
research (especially regional one) and land-user 
enabling a quick introduction of research 
findings into the farming practice. Its main 
objective is appropriate technology to be applied 
by farmers aiming at sustainable farming and 
steadily growing farmer’s incomes. 

Unfortunately, the type of knowledge that 
would match the requirements for sustainable 
technological, organizational and economic 
farming is often non-existent and, if it is 
available, it is mostly disregarded. 
Technologically and economically balanced 

technical advice is very complex and has to take 
into account many factors.  

There is a need for a software program 
which would work as technical-economic 
facilitator to make easier the life of extension 
worker at their advisory work when designing 
agricultural technologies. The main principle of 
their work is to respect the equipment available 
at the farm (or possibility to acquire/hire them) 
and farm main economic parameters.  
 
Program Overall Goal 
The main outputs of the above program will be a 
sustainable (appropriate) technology for growing 
crops, and possibility of comparison of different 
crops on basis of their budgets (crop budgets). 
The main criterion for the comparison will be a 
net margin the farmer gets from its crop. 
Agronomic requirements as well as 
environmental aspects are included in the 
technology conception which ensures 
sustainability of the farming. The program is so 
conceived that technologies on different 
technological levels could be designed. The 
growing of an individual crop is provided with 
operations and their inputs relevant to the 
respective technology. The inputs (including the 
equipment) are assigned so that their availability 
and possibility to get it from outside 
characterizes the technological level. 
 
Input – Output Relations 
The ATMP receives data on machinery, labor, 
materials, agronomic and, sometimes, zoo-
veterinary requirements. Its outputs consist in 
reasonable conceived technology composed with 
set of operations that are provided with 
machinery set, labor materials and fuel (energy) 
consumption. All inputs are calculated as unitary 
per hectare and ton of production and their costs 
component are accumulated until final operating 

Data Collection Management Planning 

Inputs Application 
Evaluation 

Figure 1. The Cycle Nature of Precision Technology
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costs per hectare and ton are summarized. The 
main input – output document is Crop Budget 
that also summarizes all incomes (financial 
outputs) and expenses and goes up to the net 
margin calculation. The main parameters of the 
Crop Budget are reviewed in the Comparison 
Table that compares more crops grown and more 
technologies used for these crops growing. 
 
Program Structure 
The program consists of 5 units that in logical 
sequence follow one another creating the 
algorithm of technology building, cost 
calculations and crop/technology efficiency 
assessment (Fig. 2). 
1) “ATMP” MACHINERY/ANIMAL 

MANAGEMENT UNIT. It is positioned at 
the starting point of the whole Program and 
processes mostly technical and managerial 
data concerning machinery, animals and 
labour. It is fed by a set of farm 
machinery/animals inputs and offers its 
outputs for their use in another Program unit. 
The above inputs are completed with credit 
& interest and overheads & taxes as concern 
with machinery use. The unit produces a set 
of farm machinery/animal outputs, like: 
machinery/animal hire charges; 
machinery/animal operating costs; 
machinery/animal fixed costs; repair & 
maintenance costs; fuel/energy & lubricants; 
drivers & operators; effective capacity; 
machinery set. 

 
2)“ATMP” TECHNOLOGIC UNIT. The unit 

is conceived to design technologies as 
sequences of working operations. It is fed 
with a set of inputs comprising: machinery 
set; effective capacity; drivers & operators; 
fuel/energy & lubricants. 

3)“ATMP” COSTING UNIT. Analytically 
reviews the complete picture of costs within 
individual operations and for the whole 
technology. The costs are broken down on: 
fixed costs including repair & maintenance 
costs; cost of fuel, energy & lubricants; costs 
of labour; osts of hired services; material 
costs. The analytic approach enables to 
calculate costs per hectares, hours and unit of 
production (ton, tonne-km) respectively. 
Finally, the specific operating costs (per 
hectare, hour and tonne) and total operating 
costs (the same) are summarized.  

4)“ATMP” CROP BUDGET. It is the final 
sheet of the calculations containing all the 
costs and incomes linked to the crop. It is 
split into 6 sections: Main crop 
characteristics; Material, Labour and Energy 
costs; Machinery costs; Animal costs; Hand-
tool costs; Main crop budget parameters. As 
the main outcomes (parameters) from the 
crop budget are considered: total production 
costs; gross margin; percentage of GM on 
output value; total overheads; total net 
margin; percentage of NM on  the output 
value. The Crop Budgets of different crops 

Figure 2. “ATMP” Program Overall Lay-Out

“ATMP” MACHINERY/ANIMAL MANAGEMENT UNIT 

“ATMP” TECHNOLOGY UNIT 

“ATMP” ECONOMIC UNIT 

“ATMP” CROP BUDGET UNIT 

“ATMP” TOTAL CROP BUDGET 

(more crop budgets summarized) 

“ATMP” COMPARISON TABLE 

(more crop budgets components) 
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are summarized and the total Crop Budget is 
finally produced. 

5)“ATMP” COMPARISON TABLE. It serves 
for comparison of effectiveness of different 
crops grown under comparative production 
conditions. Inputs for the Comparison Table 
are main outcomes from Crop Budgets: 
Financial outputs; Total production costs; 
Gross margin; Percentage of „GM“ on 
output value; Total net margin; Percentage 
of „NM“ on total output value. The 
Comparison Table can be used for 
effectiveness analysis and selection of “Cash 
Crops”. 
 

“ATMP” PROGRAM “AgroExpert” NEW 
VERSION 
The above “ATMP” AgroExpert Program 
features a range of constraints. The problems are 
especially due to the use of two Microsft Office 
Applications (Access, Excel). Its new version 
has been started as Internet-based (MySQL, 
PHP. It is structured into four operational units: 
Database, Machinery Set Management, 
Technology Management, Crop Budget with 
Comparison Table. 

The main D-base components describe and 
determine overall design of the program (crops, 
technologies, operations, implements). Other D-
base elements complete the above design. The 
individual DB elements are interlinked and 
complete one another (see Annex, Tab. 1). 

The Machinery Set Management (MSM) 
module is composed of three operational units: 
Input Data sheet, Cost Calcualtion, Cost 
Analysis. The outputs of the MSM module are: 
machinery set and its costs per year and selected 
units (see Annex Tab. 2). 

The Technology Management (TM) module 
helps to build up technology which is structured 
in working operations. It is composed of 
Technology Design and Technology Costing. Its 
outputs offer a clear design of the technology 
and costs in a standard classification (see Annex 
Tab. 3).  

The Crop Budget with Comparison Table 
contains a review of revenues and expenses 
resulting in Net Margin. The Crop Budget can 
be conceived for each technology while the 
Comparison Table enables to compare the 
selected technologies according to chosen 
parameters (see Annex Tab. 3).  
 
Conclusions 

The above “ATMP” AgroExpert” Program – old 
version was conceived on the basis of former 
attempts to facilitate machinery management. It 
has essentially enlarged the former software 
potential stepping up from the only “machinery 
management” into computerized “technology 
management”. Its new version makes use of 
Internet communication capacity and offers new 
possibilities in information gathering and 
exchange. It is the further important step to 
approaching the idea of “precision technology”.  
 
References 
Bullock, D.S. 1999 1. Bullock, D.S. (1999). The 

Economics of Precision Farming: a Primer 
for Agronomists Designing Experiments. In: 
Precision Agriculture ´99. Part 1. Edited by: 
Stafford J.V. Silsoe Res. Institute, UK. 
Papers presented at the 2nd European 
Conference on Precision Agriculture. July 
11 – 15. Odense Congress Centre, Denmark. 
Vol. 2. Pp. 937 - 946.  

McBride, W.D., Daberkow, S.G., Christensen, 
L.A. (1999). Attitudes about Precision 
Agriculture Innovations among US Corn 
Growers. In: Precision Agriculture ´99. Part 
1. Edited by: Stafford J.V. Silsoe Res. 
Institute, UK. Papers presented at the 2nd 
European Conference on Precision 
Agriculture. July 11 – 15. Odense Congress 
Centre, Denmark. Vol. 2. Pp. 927 - 936.  

Havrland, B., Kapila, P., Krepl, V., Srnec, K. 
(2003): Agricultural Technology 
Management Program „Agro-Expert“ – 
Prospects of Further Development within 
the Precision Agriculture Concept. 
Agricultura Tropica et Subtropica, ISBN 
80-213-0912-2, 36, s. 3-14. 

Havrland, B., Kapila, P. (2004): Testing 
Technologic-management Programme 
“AgroExpert”. Progress Report of the Fifth 
Year Research Programme Implementation. 
ITS CZU Prague. 42 p. 

Whelan, B. M. and McBratney, A. B. (2000): 
The “Null-Hypothesis” of precision 
agriculture management. J. Precision 
Agriculture. Boston: Kluwer Academic 
Publishers Group. 2, 3, pp 265 – 279. 

Robert, D. C., Rust, R. H. and Larson, W. E. 
(1999): Proceedings of the forth 
international conference on precision 
agriculture, July 1998. Minneapolis: 
Minnesota St. Paul University. 123 pp.  

PROCEEDINGS OF ICSA2008   224



ANNEXES 
 
 

Power Units, Equipment 
and Machinery 

 
- Power Units, 
- Crop Production Machinery, 
- Transport and Handling 

Equipment, 
- Earth Moving and Building 

Machinery, 
- Machinery for Land Reclamation 

and Fertility Improvement 
 

 
Company Index 

 
- Manufactures 
- Dealers 
- Wholesalers 
- Retailers 
- Repair / Maintenance 

Support 
 

 
Work Operations 

 
- Crop Production 
- Transport and Handling 
- Earth Moving and 

Construction 
 

 
Crops 

 
- Cereals 
- Root and Tuber Crops 
- Sugar Crops 
- Oil Crops 
- Legumes 
- Forage and Pasture 

Crops 
- Fibre Crops 
- Vegetables 
- Fruit Crops 
 

 
Machinery Sets 

 
- Work Operations 
- Implement (Equipment, 

Machinery) 
- Power Units 
- Parameters 

 

 
Codes 

 
- Power Units and Equipment 
- Manufactures / Dealers 
- Work Operations 
- Crops 
- Machinery Sets and Technologies 
 

 
Parameters 

 
- Economic Parameters 
- Insurance Rates 
- Housing Rates 
- Road Taxes 
- Coeff. of Field 

Efficiency 
 

 
Depreciation Strategies 

 
- Straight-Line Depreciation 
- Declining-Balance 

Depreciation 
- Sinking-Fund Depreciation 
- Sum-of-the-Years-Digits 

 

 
Currencies 

 
- EURO 
- US Dollar 
- Czech Crown 
- GB Pound 

 

 
Technologies 

 
- Crops 
- Machinery Sets 

 
Table 1. D-BASE 
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Work Operation 
 

Implement 
(Equipment or Machinery) 

 
Power Units 

 
 

 
Input Data 

 
- Input Rates 
- Work Operation 

Characteristic 
- Funding 
- Depreciation 
- Taxes and Insurance 
- Labour Input 
- Energy and Material 

Consumption 
 

 
 
 
Company Index 
 
Depreciation Strategy 
 
Currency 
 

 
 
 
Economic Parameters 

 
Insurance Rates 

 
 

 
Cost Calculation 

 
- Variable Costs per Year and 

per Unit 
- Fixed Costs per Year and per 

Unit 
- Total Costs per Year and per 

Unit 
 

 
 

 
Housing Rates 
 
Road Taxes 
 

 
 
 

 
Cost Analysis 

 
- Profit Percentage Input 
- Total Costs of Implement, 

Power Unit, Machinery Set 
- Total Energy and Labour Costs 

for Implement, Power Unit and 
Machinery Set 

 

 
 
 

 
Table 2. Machinery set management 
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Crops Parameters 
 

Work Operations 

 
Technology Design 

 
- Productivity 
- Input Rates 
- Output Value 

 

 
 
 
Machinery Sets 
 
Other Inputs 
 

 
 
Rates of Insurance and 

Housing 
 

Taxes 
 
 

 
Technology Costing 

 
- Variable Costs  

of Technology 
- Fixed Costs of 

Technology 
- Total Costs 
 

 
 
Cost Calculation of 
Machinery Sets 
 
Overheads 
 

 
Table 3. Technology management 
 

CROP BUDGET 
 

 
 
 
 

D-Base Crops Yields 
 

 

 
Crop Budget 

 
- Total Output Value 
- Product Market Price 
- Total Gross Margin 
- Total Net Margin 
- % NM on Output Value 

 

 
 
 
 
D-Base Input Prices

 

  
Comparison Table 

 
- Selected Parameters 

in Table 
- Selected Parameters 

in Graphic Chart 
 

 

 
Table 4. Crop budget 
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Agro-tourism in the context with the rural development  
 

Jan Hron and Karel Srnec 
 

Czech University of Life Sciences Prague 
 
Abstract 

The tourism is a dramatically rising segment of economy, not only in the Czech Republic but all over the 
world. With its volume of revenues is tourism ranked on the third place in the Czech economy – after the 
petrochemical and automotive industries. Also its employment capacities and quality jobs´ creation potential 
belong to the most important sectors of the Czech economy.   
According to the WTTC (Word Travel and Tourism Council) represents the tourist trade sector approx. 110 
thousands employees (2.3%). The total employment rate (including in-direct) comprises 569 thousands 
persons (5.7% of the total). It means that each eighth person is employed in this sector of the national 
economy (including interrelated sectors). Agricultural tourism is one of the most booming segments. 
In the Czech Republic the trust in the agricultural tourism has got growing tendency. It is because of its ideal 
potential for worker’s retirement and relaxation, especially in urban agglomerations. The growing trust can 
be seen at outside tourist – especially from other EU countries as Germany, the Netherlands and Italy. This 
article should summarize the agricultural tourism in the Czech Republic – its past evolution as well as its 
future potential. This development is supported by two main initiatives: the first could be defined as the 
direct support organized by the government, regional and local organizations (bottom-up initiative). The 
second consists in the interest and approach of local small and medium farmers, handicraftsmen, etc. (top-
down initiative).  
The situation in the Czech Republic can be characterized by the abstract of a SWOT analyses conducted on 
the regional development of rural areas in agricultural tourism. The agricultural tourism development’s 
strategy in the Czech Republic proceeds mainly from those analyses. This paper contains examples of 
particular and specific farms and others rural subjects connected with agricultural tourism. The conclusion of 
the article summarizes the situation in the agricultural tourism in the Czech Republic and its further probable 
development. 
   
Key words: agricultural tourism, lifestyle, the Czech Republic, relaxation, strategy development 
 
1. Tourism development in the Czech Republic 
Agro tourism is in the world and in the Czech 
Republic dynamic evolving economic branch. Its 
volume of sales is at the third place beyond 
petrochemical and car industry in the world. Also it 
covers large scale of employment and creates many 
job opportunities so it belongs to the most 
important economic branches. On one hand, agro 
tourism is found as one of the most independent 
occupation and on the other hand the customer has 
a possibility of the independent decision – when, 
how, at what price and where to spend the holiday. 
[4]   
 
The Czech Republic as well as the European Union 
(EU) pays an important attention and support to the 
tourist trade. Currently, the tourist trade and its 
related branches share on GDP creation by 9 – 11% 
(EU 13.5%) and on employment by 9 – 10%. The 
principle of tourism development is accepted in The 
Conception of the Tourist Trade in the Czech 
Republic. Part of this conception is the realization 
of the “State Program for Tourist Trade Support” 
(financial support from the EU structural funds). 

The implementation of this conception means the 
increasing of living standard and life quality in rural 
areas. [4] 
 
Goals of the Conception of the State Policy are: 

$% Increasing of foreign currency income from 
the tourist trade 

$% Increasing of state income and municipality 
budget 

$% Stabilization and obtaining of new job 
possibilities in the regions  

$% Support for the tourist trade activities in the 
regions, especially development of small 
and medium business 

$% Improving and development of 
infrastructure for ecologically shrift forms 
of agro tourism 

$% Establishment of the legislative frame for 
the tourist industry support form viewpoint 
of the competent state administrative and 
local authorities 
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$% Improving of the professional system (high 
and university education in the tourist 
industry) 

$% Effective use and protection of historical 
potential for the tourist industry 

$% Guarantee of the efficient marketing of the 
tourist industry in the different levels of the  
public administration  

$% Guarantee of the EU law of the tourist 
industry integration to the Czech legal 
system  

$% Establishing of the system for the EU 
financial support recruitment (structural 
funds) in the tourist industry  

$% Contribute to the preservation and 
increasing of the environment quality and 
sustainable development 

 
The strategy of the territorial orientation is based on 
the analysis of the tourist industry long-term 
development and accessible foreign studies about 
these problems (e.g. WTO, WTTC, ETC) The total 
tourism support in the Czech Republic from the EU 
sources during the period 2007 – 2013 leans on 
three possible financial sources [1]: 

1. The Integrated Operating Program (2 mld. 
CZK) 

2. The Rural Development Program (2.2 mld. 
CZK) 

3. The Regional Operating Programs (23.7 
mld. CZK)  

 
2. Rural Agro tourism 
 
Rural agro tourism – part of the tourism (later as 
agro tourism) is the integral element of the tourism. 
Its scope is very difficult measurable but it is very 

 important. Agro tourism is not exactly defined. 
Agro tourism can be understood as a holiday stay at 
the rural farm where the tourist is accommodated 
and can relax in the nature, go mushrooming or do a 
recreational sport as biking, horse riding etc. In 
interest of farm running the tourist can participate 
in the different activities or craft works. In the agro 
tourism can be also included stay in the countryside 
by the friends (in the agro tourism not registered 
subject) and do similar activities as at the farm. 
From viewpoint of the national economy it is not 
tourism but just a visit. In fact it is not the same 
tourism as mentioned in the first example above. 
There can be not exactly specified the limit between 
these both examples. The background for the 
statistical analysis is mostly related with the precise 
evaluation of the amount of the paying tourists, 
income etc. This is not always precisely because 
these statistics direct to the declaration of the 
financial benefit to GDP and influence a 
measurable living standard but not the living style.   
In this case come out a positive effect on the human 
health and well-being, economic of small rural 
businesses, environment protection, and rural 
development as whole out of the tourism branch. 
There is important benefit for life quality 
development.    
The statistical assessment in the scope of agro 
tourism is not wholly able formulate its real 
meaning. It is essential for the appraisal of its 
development mainly its year-by-year growth, 
comparing with other countries etc.  
The agro tourism scope in the EU neighboring 
countries and its year-by-year increase is following 
[5]: 

$% It is comparable with the Slovakia 
$% It is by about ¼ higher than in the Poland 

Rural agro tourism 

Rural tourism 

Agro tourism 

Eco-agro tourism 

Cottage and farmhouse stays 

Figure 1. The structure of rural agro tourism. Rural agro tourism can be divided into four 
following groups. But these groups variously overlap each other in the real life. To simplify 
them there is used umbrella title agro tourism.   

Source: Pourová 2002, p.43 
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$% It is half as in comparison with Austria and 
Germany 

 

2.1 Two main directions of the agro tourism 
development  

$%   The area of the Czech Republic  

-  The initiative “top-down“is highly 
supported by the government 
-  The initiative “bottom-up“is supported 
mainly by the small holders and traders  

$%  The area out of the Czech Republic, 
especially in EU countries is highly 
supported by the travel agencies 
(intermediates) 

 
2.2 The tourism support in the Czech Republic – 
significant government support 
 
The conception of agro tourism development is in 
the Czech Republic time-drafting in accordance 
with the EU support (period 2007 – 2013). Part of 
this conception is also Agro Tourism Development. 
Agro tourism in the Czech Republic mainly 
influences: 

$% Sustainable rural development represents 
the heritage preservation of the country 

$% Equalization of living standards in towns 
and in the countryside  

$% Maintaining of the scenic beauty of the 
Czech landscape  

$% Environmental protection  
$% Development of small and medium 

businesses, farmers, craftsmen etc. 
 

2.2.1 Regional and local support 
 
Initiative „Top-down“- network of regional 
agencies, e.g. Czech Tourist (close cooperating with 
regional and local partners)   
In regional policy Ministry of Local Development 
made and introduced to the practice conception 
documents and strategies. It provides advice mainly 
by the supportive programs resulting from the 
renewable strategy, conception materials and 
strategic documents, program principles, 
establishing information and methods [4]. In 
principle the financial support consists of three 
main pillars: 

$% Regionally oriented development programs 
financed exclusively from national sources 

$% Co-financing by provided EU funds 
$% State support by natural and other disasters 

 

Initiative “Bottom-up” – local municipal council, 
small and medium businesses   
 
The Conception of Agro Tourism Development in 
the Czech Republic influences the development of 
small and medium businesses. Agro tourism in the 
particular regions supplements its basic production 
programs about by them provided services. This 
mainly means: 

$% Small and middle-sized farms 
$% Small private vineyards 
$% Forest enterprises and its sections 
$% Trade and craft enterprises 
$% Old forest and agricultural estates in which 

the main activity is to provide tourist 
services while subsidiary activities are 
small and economically insignificant, and 
other activities etc.  

 
2.2.2. Strategy of agro tourism development 
 
Development agro tourism strategy is not based on 
the conception of agro tourism development in the 
Czech Republic in most of the regions. Its goals are 
to ensure: 

$% Empower the competition  
$% Increasing of the economical performance 
$% Enhance opportunities in the tourist 

industry (globally the activities in agro 
tourism are increasing) 

$% Boost of the agricultural roles (landscape-
creating, environment and economy) 

$% Increasing of ecological functions of the 
landscape (currently disunity in relation to 
the natural and resources preservation, 
pollution etc.) 

$% Optimization of human resource usage 
(decreasing of the increasing discrepancy in 
the professional supply and demand and 
increasing unemployment in rural areas)  

$% Improving of living standard in 
municipalities and micro regions 
(decreasing of undercapitalization and 
improved infrastructure) 

$% Ensure accesses to the services (weak local 
public budget, healthcare in rural areas and 
public traffic) 

$% Injure of the inhabitants (regional history 
and micro region) 

$% Highlighting of the micro region 
$% Support of the mutual communication (state, 

regions, micro regions and inhabitants) 
$% Empower international relationships (agro 

tourism significantly increases mutual 
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understanding and fasten the interpersonal 
relations) 

The accommodation is usually ensured in the 
privacy. Tourists mostly prefer agricultural farms in 
the foothills which are oriented on cattle breeding.  

 Tourists are also interested in the horse farms, due 
to horse riding, eating of bio food produced directly 
at the farm, walking etc. Tourists become part of 
the farm and members of the family. In the new 
environment, they can relax; they can rest and find 
the piece, often missing in busy municipal 
environment. 

Significant for the Czech Republic is so called 
“subsidiary housing” what means usually the 
ownership of hut or cottage. According to the 
population adding in 2001, more than 200 
thousands families own some recreational house. If 
we account that a common family consists 
minimum of three persons, then about 0.5 mil 
people spend their weekends and holidays in the 
countryside. This is a rural tourism which 
completes the agro tourism. These people spend the 
time in a similar way as agro tourists and due to 
them there remain different kinds of services. [1]. 
 

SWOT Analysis 

Development strategies are supported by respective 
regional SWOT analysis, which have some factors 
in common e.g. Table 1. 
 
2.3. Tourism support in the EU – significant 
support by the travel agencies  
 
Czech people have varied possibilities of agro 
tourism abroad but its scope is negligible. By the 
entrance of the Czech Republic to the EU these 
possibilities have been significantly enlarged. 
Czech travel agencies are mainly focused on so 
called “Farm Press Trips“. The target countries are 
mainly USA, Canada, Italy, Germany and Great 
Britain. These tourists are mostly wealthy 
applicants and young people who connect agro 
tourism with a practice in the countryside and 
improve their language skills [3] 
 
3. Conclusion 
Agro tourism in the Czech Republic is 
one of the principles of the next 
development of the tourism industry. It 
creates new attractive supply for the 
customers in the way of new and 

Table 1. SWOT analysis 

 

Strong features Ancient monuments 
Cultural traditions 
Variety of countryside 
Favorable geographical location (relation to foreign countries) 
Dense network of cycle paths and nature trails 
 

Weak features Low level of regional support 
Insufficient infrastructure (parking areas, sewage plants) 
Cooperation of public administration and private activities  
Low quality of services 
Insufficient information system 
Low competition 
 

Opportunities Interconnection of historical, ethnographical and craft-industrial  
traditions 
Recreational activities and sports 
Agriculture and nature diversities 
Infrastructure expansion and quality of housing facilities 
Marketing offer 
Coordination of services supply in border areas and cooperation with 
abroad 
Support of health improving programs  
 

Threats Unexplained rules of the municipality cooperation with the tourism 
entrepreneurs                              
Interpersonal relations (envy to the successful businesses etc.)  
Tendency to enlarge tourist industry into protected areas 
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complete products of the tourism 
industry. The tourism industry 
development including agro tourism is 
conceptually significantly supported by 
the state.  

The reserves in the development are basically in the 
increasing competition in the countryside, low level 
of information about financial support possibilities, 
lack of experiences and professional knowledge of 
the entrepreneurs providing these services. The 
active relax and agro tourism in the Czech 
countryside is significantly supported by the 
phenomenon “subsidiary housing“. By accounting 
the urban owners of cottages and huts, then the 
Czech Republic is in the first half of the EU 
countries in this tourism area. Just three years the 
Czech Republic is an EU member. The cooperation 
among neighboring countries and regions is quickly 
developing. Natural beauty and cultural interests in 
the Czech borderline is famous and tourists mainly 
from Germany, Austria, the Netherlands and Italy 
are highly interested in stay in these areas. 
Considering the higher unemployment (8 – 11%) in 
comparison with the inland, state and EU support, 

the agro tourism development will be steered right 
to these borderline areas.   
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Abstract 
The percentage of alpha-linolenic acid (ALA) in Chinese Camelina Sativa oil produced by cold pressing was 
increased from 34.5% to 62.7% by urea adduction fractionation method firstly. This assay focused on the 
effect of Chinese Camelina Sativa oil with high content of ALA on the growth performance and the lipid 
metabolism of high fat diet (HFD) rats. The results showed HFD resulted typical hyperlipaemia, taking 
Chinese Camelina Sativa oil and fish oil brought three changes compared with HFD group: A. growth 
performance got improved, to be specific, body weight, liver weight and the ratio of liver to body weight 
decreased; B. the symptoms of dyslipoproteinemia got relieved, to be specific, the levels of total 
cholesterol(TC) and total triglyceride(TG) in the plasma decreased; the high-density lipoprotein(HDL) 
particles tended to be miniaturized and the HDL3 level increased; C. the impaired hepatic function got 
recovered partially, to be specific, the levels of TC and TG in liver and the level of Aspartate Amino 
Transferase (AST) in plasma got decreased significantly. So it could be indicated that Chinese Camelina 
Sativa oil which contains high level of ALA could help to prevent and cure hyperlipidemia by regulating the 
blood lipid metabolism and protecting hepatic function. 
 
Keywords: cold-pressed Chinese Camelina Sativa oil, &-linolenic acid, hyperlipidemia, regulation 

 
Introduction 
Camelina Sativa, as an environmental friendly oil 
crop, has been getting people’s attention again for 
the high level of unsaturated fatty acids in the seeds 
and its good agronomic characteristics based on the 
shortage of energy resource and the persuit of 
healthy life style1. At the same time, it should be 
noticed that Camelina Sativa is still in the 
developing stage when compared with the regular 
oil crops like rape, peanut and soybean etc. A key 
factor that limits the developing of Camelina Sativa 
is low yield, only 240-680kg per acre and the 
average yield is 440-480kg2. So increase the yield 
and the oil content of Camelina Sativa by modern 
breeding technology is an important research job at 
present3, 4. Most Camelina Sativa plant in China is 
wild and planting history is short. Chinese scientists 
had made a lot of exploring efforts to introduce this 
oil crop to China5. Among those, One Chinese 
Camelina Sativa that is suitable to be cultivated in 
China was obtained by BEIJING KANGFUDUO 
BIOTECHNOLOGY DEVELOPMENT Ltd. 
through crossbreeding of planting flax from 
overseas and national wild long-stem flax using 
modern biological and traditional breeding 
technologies. This one has good agronomic 
characteristics, such as frost resisting, drought 
enduring, barren enduring, resistance to insect pest 
and plant disease6. To study the planting conditions 
and cultivating techniques, planting test in some 
areas has been carried out5,7. In 2004, the 

cultivation in Shanxi province and Shaanxi 
province etc. acquired success with 800kg of 
average yield per acre and 1500kg of maximum 
yield per acre8. In our Lab., Huang Qingde et al 
have successively developed the cold pressing 
technique for Camelina Sativa seeds9, and the 
obtained oil has a high table safety9. There was 
36%-42% oil contained in Chinese Camelina Sativa 
seeds which is in accordance with the overseas 
reports that the oil content is in the range of 
320-460g.kg-1 10, and ALA content and LA in the 
cold pressed Chinese Camelina Sativa seeds oil 
reached to 33%-36% and 18%-25% respectively, 
which is in accordance with the overseas reports 
that ALA content in the total fatty acid is 
28%-43%11.  

Many studies have been carried out overseas and 
domestically on the blood lipid lowering activity of oil 
with high ALA level, including flaxseed oil12, perilla 
oil13, fish oil 14 and etc. But the activity of ALA and its 
mechanism varied with the source, and contraventions 
on the activity and its mechanism were existed12. 
There were few reports about the biological activity of 
ALA in Camelina sativa oil. In this paper, it was the 
first time that Chinese camelina sativa oil with high 
ALA level was got by urea adduction fractionation, 
the study was focused on the effect of the oil on the 
lipid components, lipoprotein in the liver and plasma 
of HFD rat, and the mechanism was discussed too. 
The present studies provided some theoretical basis 
for the application of camelina sativa oil on the 
prophylaxis and treatment of dyslipoproteinemia. 
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Experimental Section 
1) Material  
Camelina sativa seeds were provided by Beijing 
KangFuDuo biotechnology Ltd. Camelina sativa 
seeds oil were obtained by cold-pressing 
technology9. Fish oil was purchased from local 
market. 
 
2) Physical and chemical properties 
determination of Chinese Camelina Sativa. seeds 
All the values were obtained using National 
Standard of the People’s Republic of China. Results 
were showed in Table1. 
 
3) Preparation Camelina sativa oil with high 
ALA level using urea adduction fractionation 
15.16  
Camelina sativa oil with high ALA level was 
obtained by urea adduction fractionation as follow 
conditions: the quality ratio of urea to fatty acid 4.4, 
complextion temperature -11.1°C, complextion 
time 14.9h. Fat acid composition of final product 
was determined by GC. Fat acid composition of 
final product was 0.6% palmitic, 0.2% stearic, 9.0% 
oleic, 26.10% linoleic, 56.1% linolenic, 4.5% 
arachidonic. 
 

4) Animal test 
Sixty clean male SD rats with 150-160g body 
weight were purchased from Shanghai 
Sciple-Bi-kai experimental animals Ltd. 
(Prospective SCXK (Shanghai) 2003-0002). Basic 
diets were provided by Huazhong science and 
technology university Tongji Medicine College. 
High-fat diets were composed of 78.7% basic diets 
10% yelk power 10% saturated fatty acids 1% 
cholesterol and 0.3% bile salts17. The rats were 
divided into six groups with 10 rats every group as 
follows: basic diets(Control), high-fat diets(HFD), 
high-fat diets and 1.1g fish oil/kg.bw(HFD+FO), 
high-fat diets and 1.1g Camelina oil with high ALA 
content/kg.bw(HFD+LCO), high-fat diets and 2.2g 
Camelina oil with high ALA content 
/kg.bw(HFD+MCO), high-fat diets and 6g &-ethyl 
linolenate /kg.bw(HFD+HCO).  

Body weights were obtained every week. Tail 
blood was collected after fasting for 8h at 14d and 
28d. Whole blood and liver were collected after rats 
to be put to death by decollation after fasting for 8h 
in 42d. Whole blood was put into tubes with 
sodium heparin and mixed to uniformity, then 
centrifigated for 10min in 10000g to separate blood 
plasma. The plasma was preserved in 4°C and 
should be used for index determination in 8h. 1g 
livers were stored at -80°C for use. 

 

Index 
Volume 
Weight 
(g/L) 

Weight of 
Thousand 
Grain (g) 

Crude 
oil 

(%) 

Crude 
protein 

(%) 

Ash
(%)

Moisture
(%) 

Refraction 
index(n20°C) 

Relative 
degree 

(d
C20
C20
!
! ) 

Value 687.2 1.05 37.64 29.84 4.16 7.0 1.4774 0.92222 

Table 1. Physical and chemical properties of Chinese Camelina Sativa. seeds
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Group Before 
experiment 

End of 
the first 

week 

End of 
the 

second 
week 

End of the 
third week

End of the 
fourth week

End of the 
fifth week 

End of the 
sixth week

Control 195.1 
±7.2 

261.8 
±11.8 

301.5 
±15.2 

348.1 
±21.7 

373.3 
±25.7 

413.4 
±36.3## 

425.4 
±39.9## 

HFD 199 
±6.9 

270.5 
±10.6 

315.2 
±19.5 

376.5 
±28.2 

409.1 
±36.0 

466.6 
±39.0** 

484.3 
±37.2** 

HFD+ 
FO 

194.4 
±6.1 

257.5 
±12.2 

304.5 
±15.3 

355.6 
±20.7 

386.9 
±26.6 

427.2 
±40.0# 

439.8 
±38.6# 

HFD+ 
LCO 

195.5 
±4.8 

264.7 
±6.8 

312.7 
±17.0 

370.9 
±27.6 

401.8 
±34.4 

443.0 
±37.2 

459.6 
±48.0 

HFD+ 
MCO 

194.0 
±5.7 

262.1 
±4.8 

311.3 
±9.5 

365.8 
±15.3 

397.1 
±20.6 

427.7 
±27.9# 

442.6 
±28.8# 

HFD+ 
HCO 

194.8 
±5.9 

261.4 
±10.4 

309.0 
±14.5 

361.6 
±14.6 

393.5 
±34.6 

430.3 
±35.7# 

438.4 
±50.7# 

 

Table 2. Body weight of rats in every week (g)
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5) Biochemical analysis 
CHOD-PAP and GPO-PAP methods were used to 
detecting TC and TG in blood plasma content with 
test kits. ALT and AST activity in serum was 
determined by enzymes test kits according to 
established procedure. PEG 20000 was used to 
precipitating and separating HDL, HDL2-C and  
HDL3-C, then the content were determined by 
commercial enzymes test kits18.TG and TC content 
in liver were detected by test kits with TG and TC 
separated firstly. 
 
6) Statistics 
All the data were expressed as means±standard 
deviation of three replications, and Student’s test 
was used for the statistical analysis. 
 
Results and Discussion 
1) The effect of ALA on the body weight and 
liver weight of rat with high fat diet 
 
2.1) The effect of ALA on the body weight of the 
rats with high fat diet 
At the beginning of the experiment, there was no 
significant difference of body weight between each 
group of the rats. From the end of the third week, 

high fat diet resulted in body weight increasing of 
the rats. At the end of the fifth and sixth week, body 
weight of HFD group were higher than the control 
group significantly, but the HFD+FO, HFD+LCO, 
HFD+ MCO and HFD+ HCO groups showed no 
significant compared with the control group, and 
significantly lower than the HFD group’s. So 
Camelina Sativa oil with high level ALA had 
effective inhibition on the body weight increasing 
of rats caused by high fat diet (Table 2).  

Results are expressed as mean±SD for ten 
animals in each group. ** P<0.01, compared with 
Control;  #P<0.05, ##P<0.01, compared with HFD. 
The same hereinafter. 
 
2.2) The effect of ALA on the liver /body weight 
(%) of rat with high fat diet 
The liver weight and the ratio of liver weight to 
body weight (Table 3) of all groups fed with HFD 
were significantly higher than the control group’s; 
in HFD+FO, HFD+ MCO and HFD+ HCO groups, 
both were significantly lower than the HFD group’s. 
Based on these facts, it could be concluded that the 
Camelina Sativa oil with high level ALA and fish 
oil have an effective inhibition on the increasing of 
liver weight and the ratio of Liver weight to body 
weight of rats caused by high fat diet.   
 
2.3) The effect of ALA on the hepatic lipid of rat 
with high fat diet 
Compare with the control group, HFD causes a 
significant increase of the triglyceride and 
cholesterol content in rat’s liver (p<0.01), whereas 
the Camelina Sativa oil with high level ALA and 
fish oil could inhibited the trend. And the 
triglyceride and cholesterol content in the groups of 
HFD+FO, HFD+ MCO and HFD+ HCO is 
significantly lower than the HFD group’s. The 
results were showed in Table 4. 
 
2.4) The effect of ALA on the hepatic function 
damage of the rat with HFD 

Group Liver weight(g) Liver /body 
weight (%)

Control 11.88±1.44
## 2.79±0.15 ##

HFD 21.42±2.67** 4.50±0.44**

HFD+FO 17.08±3.48 **
## 3.88±0.51**##

HFD+LCO 19.44±3.14 ** 4.21±0.32**

HFD+MCO 18.44±1.89 **
## 4.16±0.26** ##

HFD+HCO 17.59±3.63 **
## 3.98±0.41** ##

Table 3. Body weight and liver/body weight of rats

Group Liver weight(g) Liver /body 
weight (%)

Control 11.88±1.44
## 2.79±0.15 ##

HFD 21.42±2.67** 4.50±0.44**

HFD+FO 17.08±3.48 **
## 3.88±0.51**##

HFD+LCO 19.44±3.14 ** 4.21±0.32**

HFD+MCO 18.44±1.89 **
## 4.16±0.26** ##

HFD+HCO 17.59±3.63 **
## 3.98±0.41** ##

Group Liver weight(g) Liver /body 
weight (%)

Control 11.88±1.44
## 2.79±0.15 ##

HFD 21.42±2.67** 4.50±0.44**

HFD+FO 17.08±3.48 **
## 3.88±0.51**##

HFD+LCO 19.44±3.14 ** 4.21±0.32**

HFD+MCO 18.44±1.89 **
## 4.16±0.26** ##

HFD+HCO 17.59±3.63 **
## 3.98±0.41** ##

Table 3. Body weight and liver/body weight of rats

Group TG TC ALT AST 

Control 0.41±0.11
## 

0.21±0.05
## 59.51±15.37 204.32±36.70

## 

HFD 1.62±0.20
** 

0.83±0.17
** 91.19±35.46 297.29±60.67

** 

HFD+FO 1.02±0.39
**## 

0.53±0.23
**## 67.95±16.55 235.30±27.42

## 

HFD+LCO 1.35±0.35
** 

0.65±0.20
** 75.18±34.77 264.82±52.16

** 

HFD+MCO 1.17±0.15
**## 

0.58±0.16
**# 59.35±21.98 223.71±43.73

## 

HFD+ HCO 1.09±0.19
**## 

0.47±0.15
*## 53.73±5.21 212.04±39.59

## 
 

Table 4. TC and TG content in liver of rats (mmol/g)

Group TG TC ALT AST 

Control 0.41±0.11
## 

0.21±0.05
## 59.51±15.37 204.32±36.70

## 

HFD 1.62±0.20
** 

0.83±0.17
** 91.19±35.46 297.29±60.67

** 

HFD+FO 1.02±0.39
**## 

0.53±0.23
**## 67.95±16.55 235.30±27.42

## 

HFD+LCO 1.35±0.35
** 

0.65±0.20
** 75.18±34.77 264.82±52.16

** 

HFD+MCO 1.17±0.15
**## 

0.58±0.16
**# 59.35±21.98 223.71±43.73

## 

HFD+ HCO 1.09±0.19
**## 

0.47±0.15
*## 53.73±5.21 212.04±39.59

## 
 

Table 4. TC and TG content in liver of rats (mmol/g)
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The HFD had a relatively small influence on 
ALT. There was no significant difference 
detected of ALT level, despite the HFD group’s 
plasma contains higher content ALT than the 
control group, both the Camelina Sativa oil and 
fish oil could inhibit its increasing. The activity 
of AST in rat’s blood was influenced 
considerably by HFD. The activity of AST of 
HFD and HFD+LCO groups was significantly 
higher than control group’s (p<0.01). The high 
dose, medium dose Camelina Sativa oil and 
fish oil could inhibit the increasing of AST 
activity in the plasma of rats with HFD and 
reduced the damage of hepatic cells. The 
experiment results were showed in table 4.  
 
3) The effect of ALA on the level of TC, TG and 
high-density lipoprotein (HDL) in the plasma of 
the rat with HFD 
 
3.1) The effect of ALA on the TC level in the 
plasma of the rat with HFD 
At the beginning of the experiment,, there was no 
significant TC difference in the plasma between 
each group (P>0.05). Compared with control group, 
high fat diet resulted in a significant TC increasing 
in HFD group at the end of the second week, 
whereas Camelina Sativa oil and fish oil delayed 
the ap pearance of significant difference until the 
fourth week. From the end of the second week, all 

the rats fed with high level ALA oil had a 
significant TC decrease compared with HFD group 
(P<0.01). Based on these facts, the Camelina Sativa 
oil with high level ALA and fish oil had an 
effective inhibition on the increasing of TC in the 
plasma of rats caused by high fat diet could be 
concluded. The experiment results were showed in 
Table 5. 
 
3.2) The effect of ALA on the TG level in the 
plasma of the rat with HFD 
At the beginning of the experiment, there was no 
significant TG level difference in the plasma 
between each group (P>0.05). At the end of the 
second week, there was a increasing trend of TG 
level in each group except the control group, but no 
significant difference between each group (P>0.05). 
From the end of the fourth week, except that the TG 
level in HFD and HFD+LCO groups was 
significantly higher than the control group’s, there 
was no significant difference between all other 
groups and the control group (P>0.05), but TG level 
was significantly lower in the HFD+FO, 
HFD+LCO, HFD+ MCO and HFD+ HCO groups 
than in the HFD group (P<0.05). The experiment 
results were showed in table 6.  
 
3.3) The effect of ALA on the HDL level in the 
plasma of the rat with HFD 
At the beginning of the experiment, there was 
no significant HDL level difference in the 

Group Beginning of 
the first week 

End of the 
second week

End of the 
fourth week 

End of the 
sixth week 

Control 2.62±0.46 2.69±0.29## 2.73±0.30## 2.68±0.27## 
HFD 2.61±0.46 3.53±0.28** 4.78±0.38** 6.34±0.41** 
HFD+FO 2.51±0.57 2.81±0.20## 3.15±0.19**## 3.42±0.28**## 
HFD+LCO 2.60±0.43 2.94±0.32## 3.85±0.30**## 5.11±0.29**## 
HFD+ MCO 2.51±0.49 2.91±0.34## 3.55±0.19**## 4.40±0.24**## 
HFD+ HCO 2.56±0.43 2.83±0.18## 3.03±0.35## 3.57±0.27**## 

 

Table 5. TC content in plasma of rats (mmol/L)

Group Beginning of 
the first week 

End of the 
second week

End of the 
fourth week 

End of the 
sixth week 

Control 0.83±0.23 0.84±0.11 0.87±0.17## 0.89±0.26## 
HFD 0.85±0.28 1.09±0.39 1.31±0.20** 1.32±0.22** 
HFD+FO 0.76±0.30 0.85±0.15 0.99±0.10## 0.98±0.15## 
HFD+LCO 0.87±0.28 0.90±0.20 1.06±0.11** ## 1.11±0.14**# 
HFD+ MCO 0.80±0.21 0.91±0.13 0.97±0.10## 1.02±0.22## 
HFD+ HCO 0.78±0.25 0.82±0.12 0.93±0.09## 0.96±0.20## 
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plasma between each group (P>0.05). From the 
end of the second week, the HDL level in the 
plasma of each group with high fat diet was 
significantly lower than the control group’s. At 
the end of the second week, the HDL level in 
the plasma of HFD+FO, HFD+LCO, HFD+ 
MCO and HFD+ HCO groups was lower than 
in the HFD group with no significant difference 
(P>0.05), and significant difference was 
detected at the end of the fourth week (P<0.05). 
At the end of the sixth week, the HDL level in 
the plasma of HFD+LCO and HFD+ MCO 
groups were also significantly lower than in the 
HFD group (P<0.05). The experiment results 
were shown in Table 7.  
 
3.4) The effect of ALA on the HDL subset in the 
plasma of the rat with HFD 
At the beginning of the experiment, there was no 
significant difference in the ratio of HDL3 to HDL 
(HDL3/HDL) between each group (P>0.05). From  
the end of the second week to the end of experiment, 
the ratio of HDL3 to HDL (HDL3/HDL) in HFD 
group was significantly lower than the control 
group’s (P<0.05), Camelina Sativa oil and fish oil 
made the significant difference disappeared, except 
for HFD+ MCO and HFD+ HCO groups at the end 
of the sixth week. From the end of the second week, 
compared with the HFD group, the ratio of HDL3 to 
HDL (HDL3/HDL) in each of the HFD+FO, HFD+ 
MCO and HFD+ HCO groups showed a significant 

increase(P<0.05). So the Camelina Sativa oil and 
fish oil have an effective inhibition on the 
decreasing of HDL3/HDL in the plasma of the rats 
fed with high fat diet (Table 8). 
 
Discussion 
The effect of the Camelina Sativa oil on the 
prophylaxis and treatment of the cardiovascular and 
cerebrovascular diseases has been reported by 
researchers. Henna et al chose sixty 
hypercholesteremia patients aged between 28-65 as 
investigating subjects to take thirty grams of fresh 
pressed Camelina Sativa oil per day for each one in 
six weeks and the results showed that the content of 
low-density lipoprotein-cholesterol (LDL-C) 
decreased by 12.2%, the effect of the Camelina 
Sativa oil is superior to the colza oil and olive oil 
control groups’ 19. With 5% and 10% of Camelina 
Sativa oil added to pig’s feed, then found an 
increasing of n-3 fatty acid level and EPA level, a 
decreasing of n-6 fatty acid level in pig’s plasma 
and a decreasing of triglyceride in pig’s serum and 
the effect is better than same doses of fish oil added 
to the feed of pig20. So far, no any other study has 
been carried out about the effect of Camelina Sativa 
oil on HFD rats.  

Camelina Sativa oil with high level ALA 
could significantly inhibit the increasing of body 
weight caused by HFD(Table 2). This might be 
related with the inhibition of the ALA on the 
increase of liver fat and the cellular differentiation 
of liver. HFD could have unfavorable effect on the 

Group Beginning of 
the first week 

End of the 
second week

End of the 
fourth week 

End of the 
sixth week 

Control 0.96±0.26 0.89±0.07 0.77±0.07## 0.69±0.08## 
HFD 0.96±0.19 0.78±0.05** 0.57±0.08** 0.47±0.04** 
HFD+FO 0.93±0.14 0.79±0.05** 0.45±0.08**# 0.37±0.05**## 
HFD+LCO 0.92±0.14 0.81±0.04** 0.55±0.06** 0.42±0.03**# 
HFD+ MCO 1.00±0.19 0.78±0.06** 0.52±0.07** 0.40±0.04**# 
HFD+ HCO 0.95±0.22 0.78±0.07** 0.47±0.06**## 0.39±0.06**# 

 

Table 7. HDL content in plasma of rats (mmol/L)

Group Beginning of 
the first week 

End of the 
second week

End of the 
fourth week 

End of the 
sixth week 

Control 0.34±0.04 0.31±0.03# 0.33±0.07# 0.32±0.07# 
HFD 0.31±0.06 0.24±0.07* 0.21±0.05* 0.22±0.05* 
HFD+FO 0.33±0.06 0.30±0.06# 0.33±0.10# 0.34±0.07## 
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rat’s liver including the increasing of the ratio of 
Liver weight to body weight and the degeneration 
of hepatic cells (Table 3), as well as significantly 
higher levels of TC and TG in liver and plasma than 
the control group’s (Table 4, Table 5 and Table 6); 
When the rats were fed with HFD, even though 
ALA could relieve the damage of hepatic cells 
partially and decrease the ratio of Liver weight to 
body weight and the level of TG and TC in liver 
and plasma, there was a certain difference 
compared with normal rats. 

The effect of n-3 fatty acid on the metabolism 
of blood lipid might play an important role in 
reducing the risk of atherosclerosis. ALA could 
significantly decrease the TG level in rat’s serum 
and its mechanism might be linked with prior % 
oxidization of ALA21. It is controversial about the 
effect of n-3 fatty acid on regulating of the 
cholesterol in organism22,23. Maybe it is due to the 
impacts on the results from the factors such as 
adulterants of ingestion like cholesterol, fatty acid 
composition in diet and species, etc. The study 
results of Vijaimohan et al showed that the TG in 
plasma of rats fed with fat enriched diet decreased 
significantly after taking linseed oil which 
contained high level ALA, and HDL-C level 
increased with no significant difference compared 
with high fat diet rats12. Harris research results 
showed that n-3 fatty acid only had a relatively 
small effect on cholesterol in human lipoprotein, 
but decreased the TG and HDL-C levels in animal’s 
plasma23. The study results of L'Abbe MR and etc., 
showed that ALA could reduce the TG and HDL-C 
levels in the plasma of rat24, which are in concert 
with the results of the this assay (Table 7). At 
present, that ALA inhibits the synthesis of 
endogenous cholesterol is considered as the 
mechanism of ALA’s effect on decreasing 
cholesterol in plasma.This study further found that 
ALA made the proportion of HDL3 increased 
among the total HDL particles (Table 8); HDL3 is a 
kind of small particles of HDL and more capable to 
intussuscept the cholesterol in outer tissue 
compared with HDL2. It has also been proved that 
taking n-3 fatty acid increases HDL3 level in plasma 
compared with taking saturated fatty acid, so the 
symptoms of Dyslipoproteinemia can be relieved25. 
Even though the HDL level decreases after the 
HFD rats take Camelina Sativa oil which contains 
ALA, HDL particles get miniaturized and the each 
HDL hypo-type’s level get increased, and this may 
be the one of the mechanisms that make the HFD 
rat recovered from dyslipoproteinemia. 

A promising future of Camelina Sativa oil 
could be expected, in terms of the 
dyslipoproteinemia prevention and the preventing 

and curing of the cardiovascular and 
cerebrovascular disease. 
 
Abbreviations used  
ALA, alpha linolenic acid; TC, total cholesterol; TG, 
total triglyceride; ALT, alanine amino transferase; 
AST, aspartate amino transferase; CO, camelina 
sativa L. oil; FO, fish oil; HDL-C, high degree 
lipoprotein cholesterol; CHOD, cholesterol oxidase; 
EPA, ethyl eicosapentenoate; GPO, 
glycerophosphate Oxidase;  
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Abstract 

An experiment was conducted to verify the associations and the direct and indirect effects of agronomic 

characters on seed yield of sunflower. The experiment was conducted in November, 2006 at Suranaree 

University of Technology, Nakhon Ratchasima, Thailand. Twelve candidates for synthetic varieties and four 

synthetic varieties were evaluated using a randomized complete block design with four replications. Eight 

characters, days to flower, percent seed set, number of seeds per head, head diameter, plant height, 100-seed 

weight, oil content and seed yield, were collected and analyzed for correlation and  path coefficients. Seed 

yield was strongly associated with head diameter and plant height. Head diameter showed maximum positive 

direct effect on seed yield followed by plant height. In addition, indirect effects of most characters were high 

through head diameter. Therefore, head diameter and plant height may be given more emphasis for selecting 

high yielding synthetic sunflower. 

 

Keywords :   sunflower, path-coefficient analysis, agronomic characters, synthetic variety 

 

Introduction 

Sunflower (Helianthus annuus L.) is third leading 

oil crop of the world after soybean and palm oil. It 

is extensive grown in temperate, subtropical and 

tropical regions. It is a relatively new crop in 

Thailand and about 40,000 ha are grown annually. 

However, the production is not sufficient for 

domestic consumption in the form of oil and meal 

(Office of Agricultural Economics, 2007). 

Sunflower breeders in Thailand are attempting to 

develop sunflower varieties to replace expensive 

imported hybrid seeds (Laosuwan, 2000). The 

selection imposed on synthetic varieties can 

directionally improve characters such as seed yield 

and agronomic characters. However, selection for 

yield directly is difficult due to low heritability of 

the character.  Indirect selection using yield 

components may increase seed yield of synthetic 

varieties of sunflower. Fick et al. (1974) found the 

relationship between seed yield and many 

characters including yield components of sunflower. 

Furthermore, among yield components, seed size 

was the most important yield-related character 

(Miller and Fick, 1997; Hladni et al., 2006). Path 

coefficient analysis may be used to partition the 

correlation coefficients into direct and indirect 

effects to clarify the relationship between different 

characters with the seed yield. The objective of this 

research was to verify their correlations and the 

direct and indirect effects of certain characters on 

seed yield of sunflower.  

 

Materials and Methods 

The experiment was conducted on the Suranaree 

University of Technology experimental farm (SUT 

Farm), Nakhon Ratchasima, in the Northeastern 

region of Thailand (lat. 16º N) in November, 2006. 

Twelve candidate synthetic varieties and four 

checks developed for high oil content by Suranaree 

University of Technology (Laosuwan, 2000) were 

evaluated. These varieties were S471–SE, S471–TE, 

S471–TL, S473–TL, HOC–SE, HOC–SL, HOC–

TE, HOC–TL, MOC–SE, MOC–SL, MOC–TE, 

MOC–TL and the checks were S471, S473, HOC 

and MOC. A randomized complete block design 

with four replications was used. Each plot consisted 

of four 6-m rows with spacings 75 cm between 

rows and 25 cm between hills. Eight characters 

were collected from the three central rows. They 

were days to flower, percent seed set, number of 

seeds per head, head diameter, plant height, 100-

seed weight, oil content and seed yield. Correlation 

and path coefficient analysis were made to observe 

the association and effect of yield contribution 

characters on yield (Dewey and Lu, 1959).    

 

Results and Discussion 

The data for eight characters of 16 entries of 

sunflower were used to analysis of correlations and 

path coefficients for yield and characters related to 

yield into direct and indirect effects. Head diameter 

and plant height were strongly associated with seed 

yield, 0.641** and 0.551**, respectively (Table 1). 

Positive correlations were also found between seed 

yield and percent seed set (0.341*) and between 

seed yield and 100-seed weight (0.342*). In 

addition, head diameter exhibited positive 

correlation with 100-seed weight (0.359*). These 

associations were supported by the results of many 

authors (Ahmad et al., 1991; Marinkovic, 1992;
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Table 1. Phenotypic correlations among eight characters including seed yield for 16 synthetic varieties of sunflower
1
.  

 

Character HD PH NS/H 100-SW DF OC Yield 

PSS 0.245 0.080    0.429* 0.250 -0.198    0.059      0.341* 

HD   0.285   -0.054 0.359*  0.282   -0.285      0.641** 

PH     -0.165 0.024  0.063   -0.287      0.551** 

NS/H    0.266  -0.342*    0.393*      0.110 

100-SW      -0.309    0.177      0.342* 

DF        -0.511**     -0.109 

OC            0.021 
1
PSS = percent seed set, HD = head diameter, PH = plant height, NS/H = number of seeds per head, 100-SW = 100-

seed weight, DF = days to flower, OC = oil content. 

 

 
Table 2.  Direct and indirect effects of seven characters on seed yield of sunflower

1
.     

 PSS HD PH NS/H 100-SW DF OC Correlation 

PSS 0.0991 0.1478 0.0360 0.0144 -0.0024 0.0331 0.0129    0.341* 

HD 0.0243 0.6033 0.1284 -0.0018 -0.0035 -0.0472 -0.0626    0.641** 

PH 0.0079 0.1719 0.4504 -0.0055 -0.0002 -0.0105 -0.0630    0.551** 

NS/H 0.0425 -0.0326 -0.0743 0.0335 -0.0026 0.0572 0.0863    0.110 

100-SW 0.0248 0.2166 0.0108 0.0089 -0.0096 0.0517 0.0388    0.342* 

DF -0.0196 0.1701 0.0284 -0.0114 0.0030 -0.1672 -0.1122   -0.109 

OC 0.0058 -0.1719 -0.1293 0.0132 -0.0017 0.0855 0.2195    0.021 
1
PSS = percent seed set, HD = head diameter, PH = plant height, NS/H = number of seeds per head, 100-SW = 100-

seed weight, DF = days to flower, OC = oil content. 

 

 

Kaya et al., 2007). However, Alba et al. (1979) 

Chikkadevaiah et al., 2002; Hladni et al., 2006; 

reported a negative correlation between seed yield 

and head diameter. Positive direct effects of head 

diameter and plant height on seed yield were high 

(0.6033 and 0.4504, respectively). Many 

researchers also reported the positive direct effect 

of head diameter and plant height on seed yield of 

sunflower (Ahmad et al., 1991; Hladni et al., 2006; 

Kaya et al., 2007). On the other hand, various 

literature data (Alba et al., 1979; Marinkovic, 1992) 

found that the direct effect of head diameter on seed 

yield was negative. This contradictory evidence 

might be due to the environmental effect or 

difference in population used in the study. Direct 

effect of other characters on seed yield such as 

percent seed set, number of seeds per head and oil 

content were all positive but quite low (0.0991, 

0.0335 and 0.2195, respectively). Among the 

characters, no indirect effects were found important, 

even though some were positive. On the other hand, 

the direct effect on seed yield of 100-seed weight 

and number of days to flower were negative (-

0.0096 and -0.1672, respectively). These results did 

not agree with the report by Marinkovic (1992) who 

found that high and positive direct effect of 100-

seed weight and days to flower on seed yield of 

sunflower. However, in this study, seed size might 

express its influence on seed yield indirectly 

through head diameter as it was found to be 

relatively high (0.2166).  

 

Conclusion 

From the results, significant correlations were 

found between seed yield with percent seed set, 

head diameter, plant height and 100-seed weight of 

sunflower but with head diameter and plant height 

were more important than others. The partitioning 

of these correlations showed that head diameter and 

plant height exhibited high direct effects on seed 

yield. It is concluded that these characters may be a 

good selection criteria to improve seed yield of 

sunflower. 
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Abstract 
Hydrogen peroxide (H2O2) is a signaling compound leading to adaptation and stress tolerance 
during plant abiotic stress. At high concentrations H2O2 can also lead to cell death. Our study was 
to test whether exogenous H2O2 could lead to stress tolerance thereby improving quality of 
horticultural crops. This study consisted of two types of experimentation: chilling injury in sweet 
potato (growth chamber) and postharvest storage quality in sweet peppers (greenhouse). In the 
growth chamber experiments, excised sweet potato leaves had less chilling injury, when stored at 
2.5°C for 2 to 3 days, if the petioles were immersed in 15 mM H2O2 as compared to de-ionized 
water (control). When rooted cuttings of sweet potato were chilled at 2.5°C for 3 days, the effect 
of a drench of 150 mM H2O2 varied with cultivars and photoperiods: it resulted in more healthy 
leaves being maintained per plant in 5 of 6 cvs, and it also resulted in more healthy leaves being 
maintained per plant under 16h than 8h photoperiod. In the greenhouse experiment, decay index 
of sweet peppers after 4-week storage was lower when 500 ppm H2O2 was administered through 
the hydroponic system prior to fruit harvest. The beneficial effect gradually declined when H2O2 
was continuously applied for a period of a few months. A similar decline in the beneficial effects 
on quality was observed through pulsed H2O2: postharvest decay was reduced if sweet peppers 
were harvested one or two weeks after H2O2 application, but no benefit was observed in those 
harvested after three weeks. A high degree of stress tolerance has been shown to be associated 
with high levels of antioxidants. The levels of antioxidants in sweet potatoes were measured by 
oxygen-radical absorbance capacity (ORAC). Our preliminary data did not always illustrate a 
direct correlation between reduction of chilling injury and increased levels of antioxidants, 
therefore further studies are required to determine the relationship and to devise appropriate H2O2 
applications for assured benefits in crop production systems. 
 
Keywords: H2O2, chilling injury, postharvest, cultivation methods, crop husbandry 
 
Introduction 
Crop plants are subjected to environmental 
stress throughout their life cycles. Such 
stresses are related to reactive oxygen species 
(ROS). Hydrogen peroxide (H2O2) is one of 
the key signaling compounds that play a role 
in sensing the environmental stress and trigger 
the biochemical and physiological responses 
to such stimuli (Mittler 2002). Excessive 
levels of H2O2 may lead to cell death, but at a 
certain range of low concentration H2O2 leads 
to adaptation of crop plants to subsequent 
stresses. If endogenous H2O2 leads to stress 
tolerance, then it may be possible to use 
exogenous H2O2 to prepare crop plants for 
various stresses. Among environmental 

stresses to crops, salt and temperature may be 
considered the most common, in view of 
climate change (Uchida et al. 2006). Our 
preliminary data, and results of others, 
indicated that exogenous H2O2 was able to 
alleviate chilling injury under certain 
conditions (Lin and Saltveit 2005; Yu et 
al.2002). Our study was designed to evaluate 
the beneficial effects of H2O2 on chilling 
tolerance of a model plant (sweet potato) and 
a greenhouse crop (sweet pepper). The 
potential roles of antioxidants in H2O2-related 
physiological responses were also explored. 
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Materials and Methods 
Both a model plant (sweet potato) and a 
greenhouse crop (sweet pepper) were used in 
this study.  
 
Model plant. First, sweet potato (Ipomoea 
babatas L.) leaves were excised and each 
petiole was incubated in a 12 ml test tube 
filled with 0 mM (control) or 15 mM H2O2. 
The leaves were allowed to regain turgidity 
overnight, and then moved into a cooler at 
2.5°C for 3 days. After a further 7 days at 
room temperature, chilling injury was visually 
observed. Scores of injury index were based 
on a range of 0 to 5: 0 for non-injury; 1 for the 
first signs of injury or damage; 2, 3, and 4 
corresponding to damage up to 25, 50, and 
75% of surface area; and 5 for severe injury 
covering 100% area, or death. Secondly, 
rooted cuttings of 6 cultivars were used and 
pre-conditioned at 8h or 16h photoperiod. 
Half of the population was drenched with 150 
mM H2O2, and the other half with water 
(control), 2 days prior to a 2-day chilling 
treatment at 2.5°C. Chilling injury following 7 
days at room temperature was assessed. 
Thirdly, un-rooted shoot tips of cv. Purple 
with half the population under 8h photoperiod 
and the other half under 16h, were incubated 
in 50 ml centrifuge tubes filled with 150 mM 
H2O2 for 2 days, and transferred into water 
immediately prior to chilling at 2.5°C for 3 
days. Antioxidant capacity was measured 
according to the ORAC assay (Cao et al. 
1993), with minor modifications, 2 days after 
the end of chilling. Injury index was assessed 
7 days after the end of chilling. The ORAC 

assay involves the generation of free radicals 
which react with a fluorescent reagent and 
quench its activity in a time and dose 
dependent manner. A sample with antioxidant 
capacity will preferentially bind the free 
radicals, making them unable to react with the 
fluorescent reagent, thus diminishing the 
quenching of the fluorescence signal. 
Integrating the fluorescence of a blank, 
standard (Trolox) and sample, over time, 
yields an ORAC equivalence value. These 
standardized values (µmol Trolox equivalent 
per g dry wt) can be compared between 
treatments, cultivars, and experiments. 
 
Greenhouse crop. Sweet pepper (Capsicum 
annuum L.) crop was grown in a greenhouse 
compartment. Commercial production 
practice was followed (British Columbia 
Ministry of Agriculture, Fisheries and Food 
1996). Application of 500 ppm (15 mM) H2O2 
was made in 2 different ways. First, in the 
continuous mode, H2O2 was constantly 
supplied to the irrigation system for the 
duration of the crop. Secondly, in the pulsed 
mode, a one-time application of H2O2 lasting 
3 – 7 days was made through the irrigation 
system. Commencing one week after H2O2  
application three weekly harvests of colored 
sweet peppers were stored at 2.5°C, 5°C, 
7.5°C and 10°C for 4 weeks followed by 3 
days at room temperature. Decay index was 
measured 3 times a week, and the cumulative 
index was calculated on day 31. This pulsed 
application was administered three times 
throughout the season, once in spring, once in 
summer, and once in fall. 

H2O2 Non chill 3-Day chillZ 

0 mM 0.12 2.25Y 

15 mM 0 0.38 

 

Table 1. Excised sweet potato leaves showed less chilling injury when incubated in 15 mM H2O2.  
       

Z Chilled at 2.5°C for 3 days. 
Y Injury index 0 to 5 (no injury to severe injury; n=8) observed after 3 days at room temperature. Interaction 
between chill and H2O2: Pr > F (0.0128). 
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Results 
Model plant. First, the 3-day chilled control 
leaves showed injury with brown to chlorotic 
foliage, while H2O2 incubated leaves showed 
negligible symptoms (Table 1). Secondly, the 

degree of chilling injury observed with 6 
rooted cvs showed interaction among cultivars, 
H2O2 drench and photoperiods (Table 2). 
There was a tendency of reduced injury in a 
combination of H2O2 drench and 16h 
photoperiod, especially in cvs Purple and 

Source DF Type III SS Mean Square F Value Pr > F 
cvZ 5 6.6692708 1.33385417 7.21 <.0001 
H2O2

Y 1 4.3776042 4.37760417 23.68 <.0001 
photoperiod (photo)X 1 0.1276042 0.12760417 0.69 0.4067 
cv x H2O2  5 4.6692708 0.93385417 5.05 0.0002 
cv x photo 5 2.3567708 0.47135417 2.55 0.0277 
H2O2 x photo 1 0.2109375 0.2109375 1.14 0.2862 
cv x H2O2 x photo 5 2.2109375 0.4421875 2.39 0.0375 

 

Table 2. Chilling injury index of 6 cultivars of sweet potato rooted cuttings varied with cultivars, H2O2 
drench and photoperiods. 
    

Z Cultivars are Ace of Spades (Ace), B18, Owairaka Red (Owa), Purple, Tainung 65 (T65), and Toka 
Toka Gold (TTG). 
Y H2O2 concentrations are 0 or 150 mM. 
X Photoperiods are 8h or 16h. 
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Figure 1. Injury index of sweet potato rooted cuttings chilled at 2.5°C for 2 days affected by cultivars,
photoperiods and H2O2

Z. Z Cultivars are Ace of Spades (Ace), B18, Owairaka Red (Owa), Purple, Tainung 65
(T65), and Toka Toka Gold (TTG). 
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TTG (Fig. 1). The H2O2 drench increased the 
number of surviving leaves per plant, while 
16h photoperiod increased shoot tip survival 
(data not shown).  Thirdly, when un-rooted 
shoot tips of cv. Purple were incubated with 
50 ml of 150 mM H2O2, the ORAC measured 
2 days after chill was increased in the 16h 
treatment, and injury index observed 7 days 
after chilling decreased, showing a negative 
correlation (R2=0.95). However, there was no 
effect of H2O2 on injury index or ORAC 
values in the 8h photoperiod treatment.  
 
Greenhouse crop.  The continuous 
application of H2O2 did reduce storage decay 
index sum from 7.2 to 5.2 in the first harvest 
of sweet peppers, stored at 2.5°C, 5°C, 7.5°C 
and 10°C, when harvest took place 23 days 
after the commencement of H2O2. However, 
inconsistent results were observed with three 
subsequent harvests over a total duration of 3 
months (data not shown). This diminishing 
effect of H2O2 was similar to the subsequent 
pulsed H2O2 application. Sweet peppers 
showed less degree of injury with pulsed H2O2 
application in the harvests one and two weeks 
after application (Table 3), when stored at 
2.5°C, 5°C or 7.5°C, however the beneficial 
effect diminished on the third harvest: decay 
index was 11.7, 11.8, and 14.4, 
correspondingly. The over-all effect of pulsed 
H2O2 was to reduce the decay index from 13.2 
to 12.1. 
  
Discussion and Conclusion 
Model plant. The negative influence of 
environmental stress on crop yield has been 

widely discussed in recent years, especially in 
view of climate change. This study illustrated 
that exogenous application of the signalling 
compound H2O2 at certain concentrations 
alleviated chilling injury in sweet potato, 
either as excised leaves, rooted cuttings or un-
rooted shoot tips. This study also illustrated 
that treatment with H2O2 could not fully 
alleviate chilling injury, but only partially 
reduce it. Furthermore, such reduced chilling 
injury by H2O2 appears to occur only under a 
specific set of conditions. For example, the 
beneficial effect of H2O2 was observed when 
cuttings were under 16h photoperiod rather 
than 8h. The fact that H2O2 increased 
antioxidant capacity, as measured by ORAC, 
gives further support to the involvement of 
oxidative stress in chilling injury of sweet 
potato leaves and shoots.  
 
Greenhouse crop. Greenhouse-grown sweet 
peppers are chilling sensitive, and are 
recommended to be stored at 7.5°C. This 
study indicated that H2O2 pre-treated fruit 
actually had lower decay index than 
corresponding control fruit when stored at 2.5 
or 5°C. This shelf life experiment extended 
our observation of H2O2-reduced chilling 
injury from the model plants of sweet potato 
to the major greenhouse vegetable of sweet 
peppers.  
 
Agricultural use of H2O2. Although we 
illustrated the effectiveness of using H2O2 for 
increased chilling tolerance in two vegetable 
crops, the practical application may not be 
straightforward. For example, one successful 

Storage temperatures Harvests after H2O2 
application 2.5°C Y 5°C 7.5°C 10°C 
Week 1  4.64 X  6.85 13.62 21.77 
Week 2  6.02  8.45 15.25 17.66 
Week 3  7.47 12.70 17.43 19.89 

 

Table 3. Decay index of stored sweet peppers affected both by harvests 1, 2 and 3 weeks after pulsed H2O2

application and by storage temperatures Z.  

    

Z Three harvests each in spring, summer and fall of 2007.
Y Interaction between weeks after application and storage temperature: <0.0001 (Pr>F). 
X Decay index was the cumulative index of 0 to 5 (no to severe decay) observed 3 times a week for 4 weeks in
storage plus additional 3 days at room temperature. 
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application in sweet potato cuttings can not 
easily be repeated within a week, even when 
all precautions were taken to keep 
experimental procedures consistent. In other 
words, the results can be surprisingly different 
from one experiment to the next. In sweet 
potato cuttings, the interaction of cv, 
photoperiod and H2O2 indicate the complexity 
in potential agricultural use. However, our 
experiments illustrated the possibility that one 
moderate stress, such as H2O2 doses, can 
increase the tolerance to a subsequent stress 
(chilling). This points to the further possibility 
that any other moderate stress can be applied 
to higher plants for increased tolerance to a 
subsequent stress of higher magnitude (Neill 
et al. 2002). As was also demonstrated, model 
plants can be used to assess possible outcomes 
and refine parameters in an efficient manner 
before testing on major crops. In short, a new 
way of cropping may be possible using a 
planned moderate stress such as H2O2 to avoid 
severe damage caused by subsequent stress in 
plant crop species. In practice, H2O2 is 
convenient to use. The immediate effect of 
increased ORAC following H2O2 application 
may also indicate a new possibility of 
increased antioxidant capacity in moderately 
stressed vegetables for the benefit of human 
health. 
  
Conclusion. Sweet potato is suitable for 
studying chilling stress in the laboratory. 
There are numerous cultivars with different 
degrees of chilling sensitivity, and they are 
easy to propagate and fast growing. Sweet 
peppers have become a major greenhouse 
vegetable crop in Canada in recent years. 
Chilling injury, and associated storage decay, 
may be reduced by H2O2 during crop 
production. The use of H2O2 in agriculture 
merits further investigation in terms of crop 
tolerance to environmental stress and possible 
enhancement of antioxidants to benefit human 
health. 
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Abstract 
Nitrification, a step in nitrogen (N) cycle, results in gaseous N emissions and NO3

- leaching. In most natural 
ecosystems, where nitrification is reduced to a minor flux, do not leak N. In contrast, modern agricultural 
systems are characterized by unrestricted rapid nitrification, resulting in the loss of nearly 70% of fertilizer N 
inputs. Recently we proposed that certain plant species suppress nitrification by releasing inhibitory compounds 
from roots, a phenomenon termed ‘biological nitrification inhibition’ (BNI). Using a recombinant luminous 
Nitrosomonas europaea assay to detect and quantify nitrification inhibitors released from roots (i.e., BNI-
activity), several plant species including tropical pastures, cereals and legumes were surveyed for BNI capability. 
Several major crops including wheat lacked significant BNI capacity. Tropical forage grass - Brachiaria 
humidicola and cereal crop - sorghum, showed the highest BNI-capacity. Significant genotypic variability for 
BNI-compound release was detected in B. humidicola and several high-BNI genetic stocks are identified. Volga 
or mammoth wildrye (Leymus racemosus) a perennial member of the Triticeae and a wild relative of wheat 
showed high-BNI capacity, thus can potentially provide necessary genes for introducing BNI capacity into 
cultivated wheat. Once released from roots, BNI-compounds are functionally stable in suppressing soil 
nitrification. Field plots planted with B. humidicola suppressed nitrification and N2O emissions; in contrast, 
soybean, a species that lacked BNI-capacity, stimulated soil nitrification. Our quest in seeking genetic solutions 
to reduce nitrification and N2O emissions will result in the development of low-nitrifying, low-N2O emitting 
agricultural systems and contribute towards restraining climate change and global warming. 
 
Keywords: Biological Nitrification Inhibition (BNI), genetic strategies, greenhouse gases, N2O emissions. 
 
Introduction 
The biological oxidation of ammonia to nitrate is 
termed “nitrification”; and the process is carried out 
by two groups of chemo-lithotropic bacteria, 
Nitrosomonas spp. and Nitrobacter spp.  Nitrification 
along with N-fixation and denitrification are the key 
processes that have profound influence on the 
terrestrial N cycle. In agricultural systems, rapid, 
unchecked nitrification results in inefficiencies in N-
use and environmental pollution (Subbarao et al. 
2006a). Most plants have the ability to utilize both N 
forms, i.e. NH4

+ and NO3
-, thus nitrification is not 

absolutely essential for N nutrition of plants and N 
cycling in most agricultural systems (Subbarao et al. 
2006a).   
 
Why Suppress Nitrification? 
The rapid conversion of NH4

+ to NO3
- in soil results 

in the ineffective use of much of the applied N 
fertilizer. Nearly 90% of all the N-fertilizer is applied 
(or hydrolysed i.e. from urea) in NH4

+ form but is 

converted into NO3
- within weeks (Mason, 1992). 

Being a cation, NH4
+ in the soil is held by 

electrostatic forces to negatively charged clay 
surfaces and functional groups of SOM (soil organic 
matter). This binding is sufficient to limit the loss of 
N from leaching. In contrast, NO3

- does not bind 
strongly to soil and therefore is highly mobile, and 
has a much greater potential to be leached out of the 
root-zone. Several heterotrophic soil bacteria 
denitrify the NO3

- formed (i.e. conversion of NO3
- 

into gaseous N forms - N2O, NO, N2) under anaerobic 
or partial anaerobic conditions (i.e. this often 
coincides with heavy rainfall or improper drainage) 
(see Mosier et al. 1996). These N losses results in a 
lower effectiveness of N fertilization and can have 
serious environmental implications. Also, 
assimilation of NO3

- by plants requires more 
metabolic energy than NH4

+ (20 moles of ATP per 
mole of NO3

- vs. 5 moles of ATP per mole of NH4
+) 

(Salsac et al. 1987). In addition, the assimilation of 
NO3

- also results in the emission of N2O from crop 

PROCEEDINGS OF ICSA2008   248



 

canopies further reducing N-use efficiency in 
agricultural systems (Smart and Bloom, 2001). Thus, 
keeping N in the NH4

+ form has many advantages for 
efficient use of N in agricultural systems (Subbarao et 
al. 2006a).  
 
Are Agricultural Systems moving towards high 
rates of nitrification? 
Nitrification seems to play a relatively minor role (i.e. 
only a small portion of the total N go through 
nitrification process) in many climax communities of 
natural ecosystems; this is in contrast to agricultural 
systems where nitrification plays a dominant role in 
impacting N cycling (Vitousek et al. 1997). Modern 
agricultural systems heavily depend on large external 
N inputs (through inorganic N fertilizer) to maintain 
optimum productivity, as naturally fixed N is seldom 
adequate. In addition, several changes that took place 
during the 20th century, as part of modernizing the 
production systems have led to rapid nitrification in 
most agricultural soils (Subbarao et al. 2006a). 
Current production systems that depend heavily on 
industrially produced inorganic N, have replaced 
production systems of 1950’s that depended on 
legumes for N inputs in cereal production. In addition, 
separation of crop and animal production enterprises 
has lead to a greater dependence on inorganic N 
fertilizers (i.e. bypassing agricultural systems for 
organic matter recycling) and this resulted in reduced 
SOM levels worldwide. Heavy dependence on 
mineral fertilizers also contributed to stimulation of 
nitrification in agricultural soils (Bellamy et al. 2005).  
 
Potential Impacts on Environment 
Due to the inability to control rapid and unrestricted 
nitrification in our present agricultural systems, 
nearly 70% of the fertilizer-N inputs into agricultural 
systems are currently wasted; this amounts to a direct 
economic loss of nearly 17 billion US$ annually from 
cereal production systems alone (Raun and Johnson, 
1999); in addition, this leads to massive 
environmental problems (Giles, 2005). The two major 
pathways of N loss during and following nitrification 
are - gaseous emissions of N (N2O, NO and N2), and 
leaching of NO3

- (Fig. 1). Nitrous oxides are 
produced and emitted from soils during the 
nitrification and denitrification processes (Smith et al. 
1997). Also, assimilation of NO3

- rather than NH4
+ by 

plants results in substantial amounts of N2O 
emissions being emitted from crop canopies (Smart 
and Bloom, 2001). In the atmosphere, N2O acts as a 
powerful greenhouse gas and has a global warming 
potential of 296 times higher than that of CO2 (IPCC, 

2001). Agricultural systems are the major sources of 
N2O emissions, contributing nearly 70% of the total 
anthropogenic emissions. By 2100, global emissions 
of N2O are projected to be four times higher than the 
current emissions due to large increases in N-fertilize 
use. Currently 100 Tg N yr-1 as fertilizer is used for 
agricultural production, and this is expected to be 
doubled by 2025 (Vitousek et al. 1997). Another 
major environmental issue associated with 
nitrification is the leaching of NO3

- from root zone 
and NO3

- contamination of ground- and surface 
waters (Giles, 2005). This is demonstrated in many 
production systems where N-fertilizer usage has been 
linked to groundwater NO3

- levels, health and 
environmental problems (Vitousek et al. 1997). 
   
Options to control nitrification in agricultural 
systems 
Synchronizing fertilizer application with crop N 
requirements will facilitate rapid uptake of N and 
reduce the residence time of NO3

- in soil and to limit 
N losses from denitrification and/or leaching (see 
review by Subbarao et al. 2006a). Several agronomic 
N-management options were developed to enhance 
the use efficiency of applied N, but have limitations, 
thus minimizing their effective 
implementation/adoption. In addition, synthetic 
nitrification inhibitors are proposed to control 
nitrification in production agriculture, but have not 
been adopted due to lack of cost-effectiveness and 
consistency in performance across diverse agro-
climatic and soil environments (Subbarao et al. 
2006a).  
 
2. Biological Nitrification Inhibition (BNI)  
BNI Concept 
The ability of certain plant species to release organic 
molecules/compounds that specifically impair/inhibit 
the function of nitrifying bacteria in soil, is a 
phenomenon termed “biological nitrification 
inhibition” (BNI) (Subbarao et al. 2006a,b). A 
schematic presentation of the BNI concept along with 
various processes of the soil N-cycle that are 
impacted due to inhibition of nitrification is presented 
in Fig. 1. Since nitrification can be the single most 
important process that determines N-cycling 
efficiency (i.e. the proportion of N that stays in the 
ecosystem along a complete recycling loop) (Fig.1), 
controlling nitrification through suppression will 
minimize various processes leading to N leakage (i.e. 
NO3

- leaching and gaseous nitrous oxide emissions), 
and facilitate N flow through the NH4

+ assimilation 
pathways (Fig. 1). Unlike NO3

-, NH4
+ is relatively 
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immobile in soil, will have longer residence time in 
the root zone to facilitate N uptake and requires less 
metabolic energy to assimilate, thus leading to higher 
NUE in agricultural systems. Nitrogen-use efficiency 
(NUEagronomic) is a function of intrinsic N-use 
efficiency (NUEintrinsic) and total N uptake.  
 
NUEagronomic = NUEintrinsic X Total N uptake   
 

Intrinsic N-use efficiency (NUEintrinsic i.e. dry 
matter produced per unit N uptake) of a plant is 
physiologically conservative, thus difficult to 
manipulate genetically. Improvements in NUEagronomic 
can only come through improvements in crop N 
uptake. As described earlier, BNI function can 
improve N uptake due to inhibitory effect on 
nitrification, thus can improve the agronomic-NUE of 
the production system (Subbarao et al. 2006a).  
 
Methodology to detect nitrification inhibitors 
(BNIs) released from plant roots. 
A bioluminescence assay using a recombinant 
Nitrosomonas europaea was developed to detect 
nitrification inhibitors released from plant roots 
(hereafter referred to as BNI activity) (Subbarao et al. 
2006b). The recombinant strain of N. europaea 
carries an expression vector for the Vibrio harveyi 
luxAB genes (Fig. 2), produces a distinct two-peak 
luminescence pattern during a 30-s period (Subbarao 
et al. 2006b). The functional relationship between 
bioluminescence emission and nitrite production in 
the assay was demonstrated using a synthetic 
nitrification inhibitor, allylthiourea (AT) (Subbarao et 
al. 2006b) (Fig. 3).  
 
Is BNI phenomenon a regulated attribute? 
The synthesis and release of BNIs is a highly 
regulated attribute in B. humidicola (Subbarao et al. 
2007a). In particular the form of N applied (i.e. NH4

+ 
vs. NO3

-) has a major influence in the synthesis and 
release of BNIs from roots in B. humidicola and in 
wild wheat, L. racemosus (Subbarao et al. 2007a; 
2007e). Plants grown with NO3

- as the N source did 
not release BNIs from roots (Subbarao et al. 2007a). 
Further, for NH4

+ grown plants, the presence of NH4
+ 

in the rhizosphere is critical for the sustained 
synthesis and release of BNIs from roots (Fig. 4) 
(Subbarao et al. 2007a; 2007e). The availability of 
NH4

+ in the soil from either soil organic N 
mineralization or through applications of N-fertilizers 
such as urea or ammonium sulfate enhances nitrifiers’ 
activity and stimulates nitrifier populations. The 
regulatory role of NH4

+ in the synthesis and release of 

BNIs suggest its possible adaptive role in protecting 
NH4

+ from nitrifiers, a key factor for the successful 
evolution of BNI capacity as an adaptation 
mechanism (Subbarao et al. 2007a).  
 
Stability of BNIs in soil systems 
The BNI activity of roots was determined based on 
the inhibitory effect of root exudate (i.e. compounds 
released from roots) during a 30 min incubation 
period of the assay. However, to have a stable 
inhibitory effect on soil nitrification, the inhibitory 
compounds released from roots must be stable in the 
soil environment for several weeks. This was 
conformed by adding BNIs (Subbarao et al. 2006b) to 
the soil along with NH4

+ as N source to determine the 
inhibitory effect on soil nitrification during a 120 d 
period (Subbarao et al. 2006b; 2008). Also, it is 
important to note that the inhibitory compounds in the 
soil needs to reach a threshold level of about 5 ATU 
g-1 soil before the inhibitory effect becomes evident in 
a standard dose-response test, with a near total 
suppression of nitrification at/about 20 ATU g-1 soil 
(Fig. 5).   
 
How extensive is the BNI phenomenon in plants?  
Evaluation of tropical pastures, cereal crops and 
legumes indicated that BNI capacity is wide-spread 
among plant species (Table 1). The highest BNI-
capacity was located in Brachiaria spp. (Table 1). 
The BNI capacity varied widely among plant spp.; 
there were substantial inter-specific differences 
among tropical pasture grasses (Subbarao et al. 
2007b). Pastures of B. humidicola that are highly 
adapted to low-N production environments of the 
South American Savannas, showed the highest BNI-
capacity (Table 1). In contrast, P. maximum, which is 
adapted to high N input and intensive production 
systems showed the least BNI-capacity (Subbarao et 
al. 2007b). Among cereal crops evaluated, only 
sorghum showed significant BNI-capacity (Subbarao 
et al. 2007b; Hossain et al. 2008); other important 
cereal crops such as rice, maize and wheat lacked any 
detectable BNI-capacity (Table 1). Most legumes 
tested did not show BNI-capacity (Table 1). 
Inhibition of nitrification (i.e. BNI capacity) is likely 
part of an adaptation mechanism to conserve and use 
N efficiently in natural systems under N-limiting 
environments (see review of Subbarao et al. 2006a). 
Recent studies indicate that a wild relative of wheat, 
Leymus racemosus, has BNI-capacity similar to that 
of Brachiaria spp. with root BNI activity levels 
ranging from 20 to 30 ATU g-1 root dry wt d-1 
(Subbarao et al. 2007e).  
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Evidence for BNI function from field studies 
To demonstrate BNI phenomenon under field 
conditions, field plots planted with B. humidicola, a 
high BNI-capacity spp., Panicum maximum (low-BNI 
capacity spp.) and soybean (a sp. that lacked BNI-
capacity in roots) were monitored for nitrification 
potential in soil and N2O emissions over a 12 month 
period after receiving similar amounts of N fertilizer 
(as ammonium sulfate) (Subbarao et al. 2007d). 
Nitrous oxide (N2O) emissions, the byproducts of 
nitrification and denitrification, were clearly 
suppressed in B. humidicola field-plots. In contrast 
the soybean, a sp. that lacked BNI-capacity in their 
roots had N2O emissions nearly 10-fold higher than 
those from B. humidicola (Fig. 6). These results 
indicate plants can suppress or stimulate nitrification, 
which is a biological attribute, and can be used to 
control nitrification using plant-based strategies 
(Subbarao et al. 2007d).  
 
Potential for genetic improvement of BNI capacity 
Existence of genotypic variability is a prerequisite for 
genetic improvement of BNI attribute in a breeding 
program. Significant and substantial genotypic 
variability for BNI capacity in roots of B. humidicola 
exists (Table 2). BNI capacities of roots among 
genotypes of B. humidicola ranged from 7.1 to 46.3 
ATU g-1 root dwt d-1, indicate substantial potential for 
improvement of BNI-capacity through selection and 
breeding approaches. Using chromosome-addition 
lines derived from hybridization of wild-wheat (L. 
racemosus) with cultivated wheat, it was shown 
recently that the high BNI-capacity of wild-wheat is 
located in chromosome Lr#n, and can be successfully 
introduced into and expressed in cultivated wheat 
(Subbarao et al. 2007e). These recent developments 
with cultivated wheat demonstrated the potential for 
empowering the new generation of wheat cultivars 
with high-BNI capacity to control nitrification in 
wheat-production systems. 
 
Concluding Remarks and Future Outlook 
Modern agricultural systems have become unduly 
dependent on inorganic N inputs as the primary N 
source for crop production. In addition, changes in 
the cropping systems (i.e. moving away from diverse 
crop rotations to monoculture dominated) and crop 
management practices have resulted in the 
development of high-nitrifying soil environment in 
production agriculture. Most modern high-yielding 
crop varieties that are bred for this environment are 
inadvertently selected for their preference for NO3- 

over NH4
+, thus possibly forcing a genetic shift 

towards NO3
- preference. It appears that most food 

crops lacked sufficient BNI-capacity in roots to 
control nitrification. All these factors contributed 
immensely towards evolution of the current 
nitrification dominated N-cycle, a system that is 
inefficient and extremely leaky for N, plus causing 
massive environmental problems due to N pollution. 
Exploiting the use of BNI-capacity in major crops 
and pastures could provide a range of biological 
options based on genetic strategies to deliver the 
biologically produced inhibitors close to the nitrifer 
activity sites, where they can effectively suppress 
nitrification. Developing the next generation crops 
with a built-in genetic BNI-capacity to suppress 
nitrification will thus become an integral part of many 
strategies to improve N-recycling efficiency in 
production agriculture. Moving away from the current 
NO3

- dominated/addicted production systems will 
contribute towards environmentally responsive and 
sustainable production systems. Such production 
systems will lessen the undesirable impact of N-
fertilizers on the environment.   
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Abstract 
Under a laboratory condition, seeds of rice (Oryza sativa. L. cv. Hoshinoyume) and Gramineous weeds 
(Echinochloa oryzicola Vasing. (early watergrass), and Echinochloa crus-galli (L.) Beauv. var. crus-galli 
(barnyard grass)) were sown in a submerged soil with powdered rice straw (Experiment I). The ratio of straw 
to soil was 0 (as control), 0.3, 0.6 or 0.9 %. 1) The suppression of seedling emergences of rice and weeds 
increased with the increase in the straw contents. 2) The suppression of rice recovered with the increase in 
growth period. On the contrary, the rates of weed emergence at the 1st week hardly change throughout the 
subsequent 2 weeks. 3) Rice and early watergrass could emerge when those seeds ware placed at 2 cm below 
soil surface. While, less than 0.5 cm of soil depth was necessary for the emergence of barnyard grass. The 
findings indicate firstly that the application of straw suppressed the seedling emergence of rice as well as 
those of weeds, and secondly, the order of tolerance for the suppression was as follows: rice> early 
watergrass > barnyard grass. Under the condition, the Fe(II) content in soil solution increased with the 
increase in the straw content. The amount of Fe in soil solution was less than 100 mg L-1 in the presence of 
0.9% of straw. Based on a germination experiment with less than 100 mg L-1 of Fe in solution (Experiment 
II), the Fe tolerance of germination and root elongation was as follows: rice> early watergrass > barnyard 
grass. Therefore, the presence of Fe was one of the factors that were associated with the suppression by the 
addition of straw.  
 
Keywords: rice, paddy weed, paddy soil, Fe toxicity, growth inhibition by rice straw 
 
Introduction 
Utilization of rice residues in paddy fields has long 
been recognized as an important source to improve 
the organic matter status of soil, and was also 
reported to suppress the emergence of weeds. For 
example, Xuan et al. (2001), Kuk et al. (2001) and 
Xuan et al. (2003) showed that the incorporation of 
by-products of rice suppressed the emergence of 
weeds such as Echinochloa oryzicola Vasing. (early 
watergrass) and improved rice yield. One 
mechanism of this suppression is associated with an 
allelopathic effect of organic materials. Although 
the growth suppression of weed by the application 
of organic materials is well known, it is not clear 
which compounds play major roles in allelopathy 
(Khanh et al. 2007).  

Iron (Fe) toxicity is a widespread nutrient 
disorder of wetland rice (Sahrawat 2004). 
Especially in direct sowing of paddy rice, soil 
reduction suppresses the seedling emergence and 
establishment of rice (Hagiwara and Imura 1993a). 
Ferrous iron (Fe(II)) produced in reductive soil has 
been shown to be one of the factors responsible for 
the suppression (Hagiwara and Imura 1993b). The 

application of organic materials to paddy soil 
sometimes suppresses the seedling emergence of 
rice because the Fe(II) content in soil solution 
increase with the increase in the amount of organic 
matter (Yoshida 1981). On the basis of these facts, 
it can be expected that Fe(II) in soil solution 
suppress the growth of weeds by application of 
organic materials. In this study, therefore, we 
determined the difference in Fe tolerance among 
rice and weeds (Echinochloa crus-galli (L.) Beauv. 
var. crus-galli (barnyard grass) and E. oryzicola), 
and discussed the contribution of Fe toxicity to the 
suppression of weedsby the application of organic 
materials.  

 
Materials and methods 
Plant and soil materials 
Rice seeds were collected from the field of the 
National Agricultural Research Center (NARC) for 
Hokkaido Region, Sapporo City, Japan (43° 0´N, 
141° 24´E). Rice variety used in this study was 
Oryza sativa. L. cv. Hoshinoyume. The variety is 
widely cultivated in Hokkaido, the northernmost 
island of Japan (Fujino 2003). Seeds of early 
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watergrass and barnyard grass were sampled from 
pots in NARC for Tohoku Region, Daisen City, 
Japan (39° 29´N, 140° 29´E). To break dormancy, 
seeds of weeds were placed in moist soil for two 
months at 5°C in a refrigerator. Volcanic-ash soil 
was sampled from the plow layer (0-15 cm) of a 
paddy field at NARC for Hokkaido Region. The 
soil sample was air-dried and passed through a 
2-mm mesh sieve. pH (soil:water(w/v)=1:2.5), total 
nitrogen (N) analyzed using Kjeldahl’s method, 
amount of free iron oxide (Asami and Kumada 
1959) and bulk density of the soil were 5.8, 3.4 g 
kg-1, 4.6 g kg-1 (as Fe) and 0.89 Mg m-3, 
respectively. 

 
Experiment I 
Three of 4 main-plots were conducted to determine 
the rate of seedling emergence of rice and weeds, 
and the other was for the determination of Fe 

contents in soil solution. Each main-plot had 4 
sub-plots with different amount of rice straw as 
shown below. One hundred grams of soil with 
powdered rice straw (0, 0.3, 0.6 or 0.9 % (w/w)) 
were put into a polyethylene vessel. After distilled 
water was added to the soil, 9 seeds of rice, 16 of 
early watergrass, or 16 of barnyard grass were sown 
in the soil. The sowing depth was 2 cm. Seeds of 
barnyard grass were sown also at 0.5 cm of soil 
depth. For the determination of Fe in soil solution, 
same experiment sets were prepared. No seed was 
sown in the soil. To collect the soil solution, a small 
hole was pricked in the vessel at 2 cm below the 
soil surface. A porous cup was inserted to the hole 
and set horizontally to the soil surface. The porous 
cup was connected to a flexible plastic tube, and the 
soil solution obtained was introduced into a 10 mL 
evacuated test tube. The vessel was allowed to 
stand in incubator (30°C). 

straw/soil

(%) % ±SDb)

0 50 ±6
0.3 31 ±19
0.6 17 ±14
0.9 0 ±0
0 64 ±6

0.3 69 ±19
0.6 53 ±11
0.9 50 ±16
0 64 ±6

0.3 67 ±16
0.6 61 ±19
0.9 53 ±11
0 61 ±8

0.3 35 ±6
0.6 16 ±13
0.9 9 ±6
0 63 ±9

0.3 38 ±9
0.6 19 ±9
0.9 16 ±4
0 63 ±9

0.3 39 ±8
0.6 16 ±11
0.9 19 ±0

c): sowing depth: 2cm

Table1 Changes in rate of seedling emergence of rice and early watergrass

a): days after sowing; b): standard deviation; 
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Experiment II 
Ferrous solution was prepared by dissolving 
FeSO4•7H2O in distilled water. The seeds of rice, 
early watergrass and barnyard grass were incubated 
as follows. A tall Petri dish was used for the 
incubation of those seeds. After a given amount of 
ferrous solution was added to the dish, the 10 (rice) 
or 15 (weed) seeds were placed on a filter paper in 
the dish. The amount of solution for rice and that 
for early water grass was 15 mL, and that for 
barnyard grass was 10 mL. The Fe concentration in 
the solution were 0, 25, 50, 75 and 100 mg L-1. The 
incubation period of Hoshinoyume was 5 d, and 
that early watergrass and barnyard grass was 7 d. 
The Petri dishes were placed in the incubator whose 
condition was same as that in Experiment I. 

 
Results and discussion 
In Experiment I, the addition of rice straw 
suppressed the seedling emergence of rice and early 
watergrass at the 7th d period of incubation (Table 
1). The inhibition increased with the increase in the 
straw contents. The seedling emergence of rice 
recovered with the increase in incubation period. 
On the contrary, that of early watergrass hardly 
changed during the subsequent incubation periods. 
These findings indicate that the presence of straw 
delayed the seedling emergence of rice. On the 
contrary, that inhibited to emerge the early 
watergrass. As stated in the Materials and methods, 
the bulk density of the soil was 0.89 Mg m-3. Based 
on this value, the soil weight of a field with a plow 
layer of 10 cm in depth is calculated to be 890 t ha-1. 
If 0.89 t of rice straw is applied to this field, the 
ratio of straw to soil by weight is 0.1%. In 
Experiment I, 0.3, 0.6 or 0.9% of rice straw was 
added to the soil. Those values were calculated on 
the basis of assumption that 2.7, 5.3 or 8.0 t of 
straw was applied to the field of 1 ha ) 10 cm. The 
ratio of straw to soil in the current experiment was 
reasonable because it can be estimated that the 
amount of straw is less than 10 t h-1 if all of rice 
straw was incorporated to soil after cultivation 
under field condition. Actually, farmers in Japan 
apply about a few hundred kg of rice hull on 1 ha of 
field to control weed. Thus, further studies are 
necessary to investigate the weeding by the 
application of organic materials on the fields. 

None of barnyard grass could emerge 
irrespective of the amount of rice straw when the 
sowing depth was 2 cm (data not shown). When the 
sowing depth was 0.5 cm, the emergence of 
barnyard grass was suppressed with the increase in 
straw contents (Table 2). This suppression hardly 
changed during the subsequent 2 weeks. Those 
findings indicate that the order of inhibitory effect 

by the addition of rice straw was barnyard grass > 
early warer grass > rice. Although both barnyard 
grass and early watergrass can grow under paddy 
condition, the latter is more suitable to the condition 
than the former because latter has a stronger 
tolerance to reductive condition than the former 
(Yamasue 2001). It can be estimated that the 
reductive condition increase with the increase in 
soil depth, and with the increase in the amount of 
straw. Therefore, the addition of rice straw exerted 
the most harmful affect to barnyard grass. 

The amount of Fe(II) in soil solution increased 
with the increase in the amount of rice straw (Table 
3). The greatest amount of Fe(II) was at most 100 
mg L-1 in the presence of 0.9% of rice straw. Iron 
toxicity is one of widespread nutrient disorders 
especially in tropics (Sahrawat 2004). It is reported 
that the amount of Fe(II) in soil solution was more 
than 100 mg L-1 under a field condition of double 
crops (Nozoe et al. 2008). This high content of Fe 
was attributed to the reductive condition of soil 
during cultivation because of high temperature, and 
insufficient soil oxidation during fallow. On the 
contrary in Japan where the fallow is enough to 
oxidize reduced Fe(II), mostly the Fe(II) contents 
change below 100 mg L-1. Based on this fact, the 

straw/soil
(%) % ±SDb)

0 6 ± 9
0.3 0 ± 0
0.6 0 ± 0
0.9 0 ± 0
0 9 ± 9

0.3 2 ± 3
0.6 0 ± 0
0.9 0 ± 0
0 6 ± 9

0.3 2 ± 3
0.6 0 ± 0
0.9 0 ± 0

c): sowing depth: 0.5cm
a): days after sowing; b): standard deviation; 

Barnyard
grassc)

7

14

21

Table2 Changes in rate of emergence of barnyard grass

DASa) Rate of seedling

straw/soil
(%) (mg L-1) ±SDa)

0 38.9 ±6.3 21
0.3 62.0 ±7.2 11
0.6 74.0 ±2.4 11
0.9 103.1 ±10.2 17

a): standard deviation; b): days after sowing

Fe(II) content
DASb)

Table 3 Highest amount of Fe(II) in soil solution
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amount of Fe(II) in this experiment is reasonable. 
However, the amount of Fe(II) in soil solution 
during the cultivation period is affected by 
temperature during the cultivation period, 
oxidation-reduction status of soil that is closely 
related to e.g. temperature, rain and snowfall during 
fallow, the amount of rice straw applied in the 
previous cultivation, decomposition ratio of soil 
organic matter, the amount of organic materials in 
soil, soil pH and the amount of reducible iron oxide. 
Therefore, it can be estimated that he amount of 
Fe(II) in soil solution fluctuates very widely. 

Based on the results obtained in Experiment I 
(Table 3), germination experiment of rice and 
weeds was conducted in the presence of less than 
100 mg L-1 of Fe(II) (Experiment II). The 
suppression of root elongation of rice, early 
watergrass and barnyard grass increased with the 
increase in Fe(II) content (Table 4). The order of 
inhibition was barnyard grass > early watergrass > 
rice. The germination rate of rice, early watergrass 
and barnyard grass were 100, about 60 and about 
30 %, respectively, and the differences of Fe 
concentration did not affect the germination rate of 
Although an aerobic condition is preferable for the 
germination of the rice and Echinochloa weeds, the 
condition in paddy soil is anaerobic. Therefore, 
further study regarding the germination is necessary 
because this study was conducted under an aerobic 
condition. Based on the findings obtained in the 
study, however, the Fe(II), whose content in soil 
solution was less than 100 mg L-1, suppressed the 

root elongation even in the aerobic condition. This 
finding indicate that the suppression of growth by 
the application of rice straw was responsible for the 
increase in Fe(II) content in soil solution. 

Generally, it is recognized that early watergrass 
can grow more vigorously in the paddy field than 
barnyard grass because early watergrass has a 
tolerance to severe anaerobic conditions (Yamasue 
2001). The findings obtained in this study indicate 
that this difference was associated with the 
tolerance for the iron toxicity. The addition of rice 
straw exerted a harmful effect on the growth of rice 
as well as on that of weeds. While rice is mainly 
transplanted after rising of seedling in Japan, weed 
seeds are placed in or on flooded soil. This 
condition can be advantageous for rice under Fe(II) 
toxic condition because Fe(II) toxicity can 
selectively suppress weed emergence. 
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Abstract 
A high phosphorus (P) fertilizer level (160–200 P2O5 kg ha-1) is applied for maize (Zea mays L.) cropping 
system in Hokkaido, Japan. Arbuscular mycorrhizal (AM) fungi colonizing maize roots enhance its P uptake 
by extensive hyphal networks constructed in rhizosphere soils. The objectives of this study were to assess 
and analyze AM fungi colonization rates in maize genetic resources towards selection of abundantly 
colonized genotypes. One-hundred-and-fifty elite inbred line (EIL), thirty-eight F1 hybrid cultivars (FHC), 
and eighteen Hokkaido native cultivars (HNC) were grown in field conditions (Ando soil) with two 
replications at NARCH to determine the root AM colonization rate by the cross-hair method. The AM 
colonization at 40 days after sowing (DAS) significantly differed between the three group of maize 
genotypes; EIL (av. 20.7%), FHC (30.4%) and HNC (28.5%). For the EIL, those released from the Tokachi 
area in Hokkaido had larger AM colonization rates (27.2%) than those from other countries and areas (19.3% 
and 19.3%). Interestingly, for the Tokachi EIL, the rates tended to decrease with release year (45.0% for the 
1960’s to 22.9% for the 1990’s). The current results showed that the AM fungi colonization rate for an early 
growth stage greatly varies between maize genotypes as related to their breeding histories and conditions. 
 
Keywords: maize, arbuscular mycorrhizal fungi, colonization rate, genetic resource, cultivar 
 
Introduction 
A high level of phosphorus (P) fertilizer is adapted 
(160–200 P2O5 kg ha-1) for maize (Zea mays L.) 
cropping system in Hokkaido, Japan. However, P 
use efficiency by maize plants is generally low (Zhu 
et al 2001). The excess P may not be easily 
accessible as it is tightly bound to soil particles, and 
utilization of the P is an important aspect for 
agricultural management system (Gant et al. 2005; 
Kaeppler et al. 2000).  

Arbuscular mycorrhizal (AM) fungi that form 
symbiotic associations with plant are known to 
enhance P uptake (Smith and Read 1997). In past 
studies, an increased AM fungi colonization rate in 
maize roots led to reduced P fertilizer input while 
maintaining the yield level. Kelly et al. (2001) 
observed that maize crops associated with AM 
fungi had increased P uptake and, plant dry weight 
with a large P concentration, compared to those 
without AM fungi. Thus, AM fungi plays important 
roles for P uptake and growth of the host plant in 
lower-input agriculture systems. 

Differential responses of plants to mycorrhizal 
colonization in terms of improved P uptake and/or 
growth have been reported and attributed to 
genotype variations in different cultivars (Bryla and 
Koide. 1990; Kesava Rao et. al. 1990; Krishna et al. 
1985; Zhu et al. 2001). These past results indicate 
that plant response to the symbiosis differs between 
genotypes, and that genotypes with a large 

symbiotic effect can be selected to improve plant P 
uptake. Thus, this study aimed to assess and analyze 
AM fungi colonization rates in maize genetic 
resources in order to select abundantly colonized 
genotypes. 
 
Materials and Methods 
One-hundred-and-fifty elite inbred lines (EIL), 
thirty-eight F1 hybrid cultivars (FHC), and eighteen 
Hokkaido native cultivars (HNC) were grown under 
field conditions in two replicates. Experiments were 
conducted in May 2006 in a volcanic ash soil (Ando 
soil) at the National Agricultural Research Center 
Hokkaido Region (NARCH), Sapporo, Japan. The 
EIL included genotypes with different phenotypes 
(i.e., heading dates, disease resistance) with a wide 
range of release years and breeding locations. The 
field received 150 kg N, 60 kg P2O5 and 130 kg 
K2O ha-1, respectively, throughout the growth 
period.  

For each genotype, 15 plants were grown and 
the roots of 3 plants were collected at 40 days after 
sowing (DAS). Maize plant samples were 
oven-dried at 70  for 2 days and weighed to 
determine the shoot dry weight. The root samples 
were washed, cleaned in 10% KOH and stained 
with trypan blue. Samples were mounted on 
microscope slides with coverslips, and the 
percentage of the root colonized by AM fungi was 
estimated by the cross-hair method (McGonigle et 
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al. 1990). Statistical analysis (analysis of variance, 
ANOVA) was performed using the SAS version 9.1 
(SAS Institute Inc. Cary, USA) supported by 
affiliated Scientific Computing Systems (SCS) of 
Ministry of Agriculture, Forestry and Fisheries 
(MAFF), Japan. 
 
Results 
The average of AM colonization rates of maize 
roots in EIL, FHC and HNC at 40 DAS were 20.7%, 
30.4% and 28.5%, respectively (Fig. 1). The AM 
colonization rates of FHC were higher than those of 
other genotype groups (EIL and HNC). Significant 
variations in AM colonization were observed 
among the three groups of maize genotypes (P < 

0.01). EIL released from the Tokachi area (27.2%) 
in Hokkaido showed higher AM colonization rates 
than those from other countries (USA and Canada) 
and areas (Sapporo, Miyakonojyo, and 
Nishinasuno) in Japan (19.3% and 19.3%; Table 1 
and Fig. 2). The differences in the AM colonization 
rates between the Tokachi EIL and the other EIL 
were statistically significant (P < 0.01). For Tokachi 
EIL, the AM colonization rates tended to decrease 
with the release year (45.0% in the 1960s to 22.9% 
in the 1990s) (Table 2). The shoot dry weights of 
the Tokachi EIL were positively correlated with the 
AM colonization rates (Fig. 3). 

 
Discussion and Conclusion 
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Figure 1. Frequency distributions of AM 
colonization rates of maize in elite inbred line (a), 
F1 hybrid line (b), and Hokkaido native cultivar (c). 
Closed triangles indicate the average of AM 
colonization rates, and horizontal bars 
indicate standard deviation.
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Figure 2. Frequency distributions of AM colonization 
rates of maize elite inbred lines, a) from USA and 
Canada, b) from Japan except for Tokachi, and c) 
from Tokachi. Closed triangles indicate the average 
of AM colonization rates, and horizontal bars indicate 
standard deviation.
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rates of maize elite inbred lines, a) from USA and 
Canada, b) from Japan except for Tokachi, and c) 
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Release year No. Line Average of AM colonization rates (%) SD 

1960 4 45.0 2.1 

1970 3 23.2 6.9 

1980 4 25.0 9.9 

1990 9 22.9 8.5 

 

Table 2. The mean AM colonization rates of the Tokachi elite inbred line (EIL) in different
release years. 
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To select abundantly AM colonized genotypes, we 
assessed three types of maize genetic resources  
(i.e., EIL, FHC, and HNC) at an early growth stage 
in low-P fertilizer conditions. Since P status is 
important in the early stages of crop growth, 
mycorrhizal infection must be established quickly 
after seed emergence (Grant et al. 2004). The high 
AM colonization rates in FHC, compared to those 
of EIL and HNC, suggest that F1 hybrids are highly 
compatible with AM fungi, and that the 
compatibility is enhanced with F1 hybridization. In 
addition, significant variations in AM colonization 
were observed between genotypes in the same types. 
The AM colonization rates of the Tokachi in EIL 
were significantly higher than EIL from other areas 
in Japan and other countries. Interestingly, the AM 
colonization rates in the Tokachi lines decreased 
with release year. Hetrick et al. (1992) and Zhu et al. 
(2001) observed that wheat cultivars developed 
before 1990s were more responsive to AM fungi 
than cultivars developed after the 1990s. These 
results correspond to the current results, suggesting 
that modern cultivars may have an inherent genetic 

Cultivar 
Breeding 
country 

Breeding 
location 

No. Line
Average of AM 

colonization rates (%) 
SD 

Elite inbred line (EIL) USA Indiana 5 21.1 28.3 
  Iowa 3 32.4 8.8 

  Minesota  9 19.1 8.1 
  Missouri 4 18.4 5.3 

  Nebraska 3 20.3 12.8 
  New Jersey 1 11.7 ? 

  Ohio 8 19.4 3.1 
  Pennsylvania 3 16.3 7.5 

  Wisconsin 15 25.7 9.6 
 Canada Manitoba 12 12.8 6.1 

  Ontario 2 17.4 12.9 
 Japan Miyakonojo 6 14.2 5.9 

  Nishinasuno 2 24.2 ? 
  Sapporo 49 19.0 9.0 

  Tokachi 22 27.2 11.4 

Total  150 20.7 7.7 
Analysis of variance (ANOVA)  

Breeding country    ns  
Breeding location     *  

 

Table 1. The mean AM colonization rates of elite inbred line (EIL) in different breeding location 
with results of analysis of variance (ANOVA). 

ns indicates not significant, and * indicates significant at 0.05 levels. 
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Figure 3. Relationship between AM colonization 
rates and shoot dry weights at 40 DAS in the 
Tokachi elite inbred line (EIL). The correlation 
was significant at the 0.01 level (n=21).
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rates and shoot dry weights at 40 DAS in the 
Tokachi elite inbred line (EIL). The correlation 
was significant at the 0.01 level (n=21).
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compatibility. The growth of the Tokachi maize 
lines exhibited highly positive response to AM 
infection, indicating that genetic resources from 
Tokachi may have a potential for enhancing AM 
colonization and initial maize growth, compared 
with other lines.  

This study showed that AM colonization at an 
early growth stage significantly differed among 
maize genotypes. Furthermore, the difference was 
associated with release year and breeding location. 
Selection of maize genotypes with a high AM 
responsiveness may have a great potential for 
acceleration of the growth and for minimizing P 
input to agricultural systems. 
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Abstract: 

To explore the usefulness of prescribed burning for the forest management in the Hokkaido region, we 

conducted experimental burning and analyzed its effects on the dynamics of plant utilizable nutrients in soil. 

Experimental burning was conducted in early July 2007 in the Teshio Experimental Forest of Hokkaido 

University in northern Japan (142
o
10’E, 45

o
05’N). The burnings were conducted in four white birch (Betula 

platyphylla var. japonica) stands with dwarf Sasa bamboo (Sasa senanensis) in the understory. The area of 

each burning plot was 5m by 5m, and only the forest floor (including the standing dwarf bamboo) was 

burned. As a control, untreated plots were also established. Soil sampling was conducted just before burning 

and 1 week, 1 month, 2 months and 4 months after burning for the first growing season of plants. The 

experimental burning significantly increased the concentrations of available P, exchangeable Ca and Mg, and 

decreased all extractable heavy metals compared to the control plots in the end of the first growing season. 

On the other hand, although NH4 and exchangeable K increased drastically comparing to the control plots, its 

effects were detected only just after the burning treatment. From 1 to 4 months after the fire, no effects on 

concentrations of NH4 and exchangeable K were detected. These results suggested that experimental fire 

before planting would be useful to ameliorate the soil nutrient conditions in the long term (the effects last 

least one season after the burning) in forests where phosphorous tends to be limited, and where heavy metals 

are often in excess (e.g. in the serpentine and volcanic ash soils which are broadly distributed in Hokkaido). 

 

Keywords: sustainable forest management, prescribed fire, soil nutrients, heavy metals 

 

Introduction 

In northern Japan, traditionally we have used fires 

for the the control of forest vegetation. However, 

due to the strengthening of the “fire protection law” 

and the difficulty in handing down safe operating 

techniques, fire management in forests has recently 

been carried out only in a few regions in northern 

Japan (Takahashi 2007). However, artificial fire 

treatment preceding the establishment of man-made 

plantation plantation) is effective in some cases; for 

example in enhancing soil nutrients by so called 

“ash bed effects” (Humprey and Draig 1981), and 

in eliminating snow blight disease in the forest floor 

(Sakamoto and Miyamoto 2005). To explore the 

usefulness of intentional fires, we should firstly 

evaluate the effects on soil nutrients which are the 

most critical factors for successful plant growth. 

Furthermore, safe methods of burning should be 

confirmed for the experimentation and future 

implementation of fire as a management tool. 

Therefore as a case study, we describe the 

experimentally burning method in the forest in the 

northern Japan. 

 

Site description 

The experimental burning was conducted in the 

Teshio Experimental Forest (TEF) of Hokkaido 

University, in northern Japan (N45°00’, E142°05’: 

Fig.1). In the TEF, we set four sites independently. 

Based on the FAO-UNESCO system, the soil type 

was classified as Cambisol. The dominant woody 

species in all sites was white birch (Betula 

platyphylla var. japonica) mixed with some 

Japanese larch (Larix kaempferi), Japanese ash 

(Fraxinus mandshurica var. japonica), Japanese 

Elm (Ulmus davidiana var. japonica). Pan mixed 

coniferous-broad leaved forest is typical in this 

region (Tatewaki 1955).  

 

Methods of the experimental burning 

Experimental burning was conducted during early 

July in 2007, just after the “fire prevention weeks” in 

Japan. In each site, we set control plot (CON) and 

burning plot (BURN) respectively (n=4). Each plot 

was a square of 5m by 5m. The heterogeneity of 

post fire soil condition is often quite large 

depending on the micro-scale difference of site 

conditions (i.e. micro-topography and amount of 

fuel). Taking these factors into account, to assess 

the effects of fire on soil conditions, the most 

appropriate method would be to sample repeatedly 

in a limited area with small squares in which 
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sufficient soil could be sampled throughout the 

study period, and which belong to a relatively 

uniform environment. Additionally assessment of 

the pre-fire conditions and comparison with those 

post-fire is also necessary. All sites were located 

near a small stream to provide enough water for the 

extinction of unintended fire. We chose sites with a 

flat topography because fire tends to reach the 

canopy on slopes more easily than on flat places, 

and this could result in unintended fire spread. 

Furthermore, three of the four sides in each plot 

were paneled by corrugated wall to avoid the spread 

of fire outside the 5m by 5m plot (Fig. 1). We also 

covered the lower trunk of standing white birch trees 

with corrugated wall to avoid fire spread to the canopy 

thgough the stem (Fig. 1). During the burning, at least 

10 peoples monitored the burning of each plot and 

controlled flying ash to prevent the spread of fire 

outside the plot, with portable fire extinguishers (Jet 

Shooter S, Ashimori Co, Japan). Once flames could 

no longer be observed, fire extinction was conducted 

with a small amount of water using a fire hose. Main 

fuels in the forest floor were litter from white birch 

and dwarf bamboo (Sasa senanensis) as well as the 

standing dwarf bamboo. Soil temperatures during 

burning were logged with thermocouples (CHINO 

SUS310S) both at surface of the litter layers and at 

a depth of 0cm (ie. the boundary between the 

organic and mineral layers). While the maximum 

temperature was about 400-480 
o
C, and the time 

above 400
 o

C was for 2-4 minutes at the surface, 

temperatures at the 0cm depth increased only 3-5
 o
C 

throughout the burning. 

 

Soil sampling and chemical analysis 

Soil sampling was conducted five times in total 

throughout the first growing season (one week 

before fire, just after the fire, one, two and four 

months after burning; until the study site was 

covered by snow around mid November, 2007). In 

sampling we took three sub-samples at random 

from each plot. Each sub-sample included only 

organic layers because the most abundant fine roots 

could be seen within and just under the organic 

layers in TEF (Fukuzawa et al. 2007), and the 

effects on the soil in these layers should contribute 

most to the change in tree nutrient conditions of 

plants. In this study, we sampled organic layers 

under the charcoal layers in BURN plots and those 

under the litter layers in CON plots. After that, we 

combined each set of three subsamples and shook 

well them to make one sample for analysis. The 

samples were taken to the laboratory within a few 

hours and stored at 4! until the following analysis. 

10g of fresh soil was extracted with 2M KCl 

(100ml), and shaken for 1h before NH4 and NO3 

measurement. NH4 and NO3 in the extracted 

Fig. 1. Forest floor during the experimental

burning. The three of fourth of the sides in the

each plot were paneled by the corrugated walls

to avoid the spread out of fire in the 5m by 5m.

We also rolled up the standing white birch at

the bottom of each stem with corrugated wall to

avoid the fire spread to the canopy.

 
solution were analyzed with an auto-analyzer 

(AACS-4, BL-TEC, Inc., Japan). Ammonium ion 

(NH4) was determined using the 

salicilate-nitroprusside method, and NO3 was 

determined by using the cadmium reduction method. 

For testing plant-available P in the soil, we 

followed the Bray No 2 method. The remainder of 

each soil sample was then air-dried at room 

temperature for 3 weeks, and extracted with 1 N 

ammonium acetate solution and shaken for 1 h. 

After that, exchangeable base cations (Ca, Mg, K, 

Na) and extractable heavy metals (Al, Fe, Mn, Ni, 

Cu, Zn) were analyzed with the solution by 

inductively coupled plasma spectroscopy (IRIS, 

Jarrel Ash, Franklin, MA). Soil pH was determined 

on 10g of fresh soil suspended in 100ml of 

deionized water (1:10) which was shaken for 1 h 

before measurement. The concentration of all 

nutrients, elements and pH were in Table 1 and 

their seasonal dynamics were in Fig. 2. 

 

Statistical analysis 

Differences in the effects of burning tresatment 

were evaluated by one-way analysis of variance 

(ANOVA) and t-test for each nutrient, element, and 

pH in the BURN plots comparing with the CON 

plots. The analysis was conducted in each season 

for each fator.. Differences were considered 

significant at p<0.05. The statistical results were 

showed in the Table2. The analysis was performed 

with the R software, version 2.6.0.  

 

Results and Discussion 

Experimental method of burning 

We were able to regulate fire in the experimental 

forest. No standing trees were dead after the 

burning treatment; those covered by the corrugated 
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walls were especially well protected.  
 

Nutrient dynamics 

While all nutrients and elements beside NO3 were 

affected by the burnings at least in one sampling 

season during 4 months after the burning, the season 

when the effects were detected varied among the 

nutrients and elements. Ammonium ion (NH4) and 

exchangeable K drastically increased just after the 

burning. This would be partly due to the large amount 

of their mass in the ash (Christensen and Muller 1975). 

After the drastic increase, the concentrations of NH4 

and exchangeable K decreased to the same levels as 

those in the CON plots. This would be due to leaching 

owing to their high solubility (Christensen and Muller 

1975).  

Exchangeable Ca and Mg concentrations in BURN 

plots started to show the higher concentrations 

compared to CON plots after 1 month and remained 

high in the end of the first growing season, reflecting 

their potential lower solubility by forming salts 

(Khanna et al. 1994, Ulery et al 1993) and slow 

release from the deposited ash and charcoal. For the 

heavy metals, all elements of the extractable states 

decreased in the BURN plots compared to the CON 

plots. While extractable Al and Fe concentration 

showed gradually decreasing concentration with time, 
concentrations of heavy metals (Mn, Zn, Cu, Cd, 

and Ni) decreased from just after the fire to 4 

months after the burning. Such different behaviors 

among the heavy metals could be due to the 

different tendencies to be extractable (high 

tendency of Al and Fe to precipitate or be adsorbed 

to soil colloids) when other nutrient concentration 

and pH changed to around neutral (Schulze et al. 

2005) as observed in this study by the experimental 

burning. It seemed that, with the slow increase of 

exchangeable Ca and Mg concentrations, those of 

extractable Al and Fe decreased co-relatively. More 

research to reveal these relationships is necessary.  

Available P drastically increased just after the fire. 

This would be a result of the large relative mass of 

phosphate in the ash due to the originally large mass 

in the plant body and low tendency to be volatilized 

(Humphreys and Craig 1981). From one month after  

Fig. 2 The relationship between the time after the burning (month) and average 

concentrations of each nutrient, element, and pH in the organic layers in each treatment 

plots throughout the first growing season. CON show the average concentrations in the 

control plots and BURN show those in the burnt plots.  
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Table 1. The average values and standard deviations of each nutrient, element, and pH among four sites in each

treatment plots (Con=control plot, Burn =burning plot) and sampling season after the burning. Ave=average value,

SD =standard deviation.
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Table 2. The analysis of covariance of concentration and pH

between the control plots and burning plots (Con/Burn p) for each

nutrient, element, and pH in each sampling season. We only shows

the p values under 0.1, and significance was evaluated p<0.05
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burning, although the increased available P had 

decreased drastically, it remained at higher 

concentrations than in the control plots from one to 4 

months after burning. This would be due to the low 

solubility of phosphate in the ash (Khanna et al. 1994) 

and less leaching. Furthermore, phosphorous has a 

peak for the available state when the pH is around 6.5 

(Certinii 2005) whose range was observed in our 

study after the burning. These dual mechanisms would 

result in the long retention of P at the surface.  

In conclusion, these results provide us the useful 

burning methods to analyze whether the prescribed 

fire is efficient as a forest management tool or not,. 

Furthermore, this study and suggest the usefulness of 

fire for forest management especially in the serpentine 

soil widely distributed in Hokkaido, where typically 

low P and high Ni could be limiting factors for the 

plant growth (e.g. Kayama et al. 2007). Previous 

studies have documented the role of burning in the 

forest to decrease fuel loads and prevent severe fire, 

and to improve nutrient conditions in planted areas. 

However, from our study, with respect to its effect on 

soil nutrient and element concentrations, burning 

could be a useful tool for forest management, to 

ameliorate serpentine soil with respect to the 

enhancement of phosphorous and heavy metals in the 

Hokkaido region. 
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Abstract 
The hydroponic experiments were carried out in the greenhouse to investigate the responses of rice (Oryza 
sativa L. cv. Akitakomachi) seedlings at the higher As concentrations in presence and or absence of 
additional Fe for 14 days. This report consists of two experiments. Experiment 1 was the basis of the 
experiment 2. In experiment 1, As (sodium meta-arsenite, NaAsO2) concentrations in the medium were 0, 
6.7, 13.4, 26.8 and 33.5 µM (equal to 0, 0.5, 1.0, 2.0 and 2.5 mg As l-1, respectively) in presence of 10 µM 
Fe3+-EDTA (Fe3+-ethylene diamine tetraacetic acid). Whitish chlorotic symptom was more pronounced in the 
fully expanded young leaf of 13.4 µM As treatment, suggesting that As might induce Fe-chlorosis. 
Chlorophyll indices and Fe concentrations decreased in the shoots of As-treated plants as compared to 
control plants. Experiment 2 was conducted to prove that As-induced chlorosis was Fe-chlorosis. In 
experiment 2, the treatments were 0 µM As + 10 µM Fe3+-EDTA (control), 13.4 µM As + 10 µM 
Fe3+-EDTA (As-treated) and 13.4 µM As + 50 µM Fe3+-EDTA (additional-Fe3+). In experiment 2, 
chlorophyll index and Fe concentration were lower in the shoot of As-treated plants as compared to control 
plants. However, the chlorotic symptom disappeared and Fe concentration was elevated in additional-Fe3+ 
plants as compared to As-treated plants. The result showed that As-toxicity at 13.4 µM level largely 
depended on the concentration of Fe3+-EDTA in the medium. The result suggested that As-induced chlorosis 
was Fe-chlorosis caused by Fe-deficiency. 
 
Keywords: arsenic, induced, Fe-chlorosis, Fe3+-EDTA, young leaves 
 
Introduction 
The toxic metalloid arsenic (As) is one of the worst 
pollutants in trace element. Arsenic is considered as 
the king of poison for its severe toxic effect on 
living beings at very low concentration and widely 
distribution in nature. It could decrease rice growth 
at low concentration (6.7 µM) in the growth 
medium (Shaibur et al. 2006). However, the same 
concentration (6.7 µM As) sometimes showed 
slight stimulating effect on hydroponic sorghum 
(Shaibur et al. 2008). Elevated concentrations of As 
in plants have been shown to be associated with 
necrosis in the leaf tip and chlorosis in the fully 
developed young leaf of rice (Shaibur et al. 2006). 
Inorganic As in the medium sharply governs the 
As-toxicity, and the higher is the concentration, the 
higher is the toxicity (Shaibur et al. 2006). 
Arsenic-toxicity also depends on chemical forms of 
As present in the medium (Knauer et al. 1999). 
Beside As concentrations and chemical forms, As 
phytotoxicity is also dependent on soil properties, 
such as pH, concentration of phosphate (P), iron 
(Fe), aluminium (Al), amount of organic matter and 
the sensitivity of the crops (Carbonell-Barrachina et 
al. 1995). Especially, As-Fe interaction may be a 
significant matter to be investigated. 

Previously, we found that NaAsO2 in the 
rooting medium could induce whitish chlorosis 

symptom in the fully expanded young leaf of 
hydroponic rice (Oryza sativa L. cv. Akihikari) 
where Fe was applied as Fe3+-citrate (Shaibur et al. 
2006). Subsequently, we did two experiments 
consecutively by taking Akitakomachi rice variety 
as the experimental plant where Fe was applied as 
Fe3+-EDTA. Experiment 1 was conducted to find 
out the response of Akitakomachi rice variety in 
presence of elevated concentrations of As. We 
found that As induced conspicuous chlorosis in the 
young leaves. Experiment 2 was conducted to 
confirm that As-induced whitish chlorosis in the 
fully developed young leaf was Fe-chlorosis caused 
by Fe-deficiency. 
 
Materials and Methods 
In experiment 1, Rice (Oryza sativa L. cv. 
Akitakomachi) seeds were surface sterilized with 
2% Ca(OCl)2 for 45 min and washed with tap water 
for 1 h. Seeds were germinated in an electric 
incubator for 60 h at 25 ± 2˚C and were transferred 
on a net in plastic box containing 2% CaCl2 for 7 d 
in the greenhouse. Seedlings were raised in 
½-strength nutrient solution for another 14 d and 
were transplanted in bucket at the 4-5th leaf stage. 
Each bucket (5 l) contained 8 bunches (5 
seedlings/bunch). Treatments were started with 
full-strength solution containing 1 mM NH4NO3; 1 
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mM K2SO4; 0.8 mM MgSO4; 0.5 mM CaCl2; 0.5 
mM NaH2PO4; 10 µM MnSO4; 1 µM CuSO4; 1 µM 
ZnSO4; 3 µM H3BO3; 0.05 µM H2MoO4 and 10 µM 
Fe3+-EDTA. Arsenic (NaAsO2) concentrations were 
0, 6.7, 13.4, 26.8 and 33.5 µM (equal to 0, 0.5, 1.0, 
2.0 and 2.5 mg As l-1, respectively) for 14 d. The 
pH was adjusted daily at pH 5.5 with a digital pH 
meter and with 1 M HCl and/or 1 M NaOH 
(June-July, 2007). Solution was renewed every 
week and was not aerated. The detailed 
methodology was described earlier (Shaibur et al. 
2006). 

The methodology of experiment 2 was almost 
similar to the methods of experiment 1. The 
treatments were 0 µM As + 10 µM Fe3+-EDTA 
(control), 13.4 µM As + 10 µM Fe3+-EDTA 
(As-treated) and 13.4 µM As + 50 µM Fe3+-EDTA 
(additional-Fe3+) for 14 d (July-August, 2007). The 
10 l bucket contained 16 bunches (5 

seedlings/bunch). 
 

Environmental Condition of the Greenhouse 
The experiments were carried out in the greenhouse 
with ambient light (roughly 14 h day/10 h night). In 
experiment 1, temperature fluctuations were from 
25ºC to 12ºC during day and night time, 
respectively, however, for experiment 2, 
temperature was around 32ºC to 20ºC, respectively. 
 
Sample Preparation and Analysis 
Collected seedlings were washed with deionized 
water. Shoots were separated from the roots. 
Additionally, the young leaves were separated from 
the old leaves of experiment 1, because the 
chlorosis was found in the young leaves. Plants 
contained fully expanded young leaves at 0, 6.7 and 
13.4 µM As levels but we did not have the fully 
developed young leaves at 26.8 and 33.5 µM As 
levels. Samples were dried at 55-60˚C for 48 h in an 
oven and were digested with nitric acid-perchloric 

acid mixture. Phosphorus was determined 
colorimetrically using a UV-visible 

Treatments (µM) P Fe Mn Zn Cu 
Concentration 
As Fe3+-EDTA -(mg g-1DW)- -------------------------------(µg g-1DW)----------------------------------
  Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
0 10 9.29b 5.92a 94.0a 545c 773a 133c 72.2a 67.2b 23.4a 167a
6.7 10 12.3a 5.49a 82.9b 565c 700a 169b 57.9b 117a 20.4b 84.3b
13.4 10 13.1a 4.86b 64.9c 870b 365b 334a 44.6c 71.5b 15.7c 41.0c
26.8 10 12.1a 4.09b 69.2c 1506a 202d 75.0d 40.2c 56.5c 11.2d 34.1d
33.5 10 11.2a 3.77c 82.1b 1753a 272c 58.5d 48.0c 68.0b 15.2c 46.1c
Accumulation 
  -(mg plant-1)- --------------------------------(µg plant-1)---------------------------------

  Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root
0 10 1.04a 0.23a 10.5a 21.4c 86.4a 5.25b 8.09a 2.65b 2.61a 6.56a
6.7 10 1.14a 0.24a 7.68b 24.8c 64.8b 7.41b 5.37b 5.12a 1.89b 3.71b
13.4 10 0.96a 0.18b 4.75c 33.0b 26.8c 12.7a 3.26c 2.72b 1.15c 1.55c
26.8 10 0.64b 0.12c 3.64d 44.9a 10.6d 2.23c 2.11d 1.68c 0.59d 1.01d

33.5 10 0.48c 0.08d 3.48d 38.4a
b 11.7d 1.27d 2.04d 1.47c 0.64d 0.99d

Translocation (%) 
0 10 82a 33a 94a 75a 28b 
6.7 10 83a 24b 90a 51b 38a 
13.4 10 84a 13c 68c 55b 43a 
26.8 10 84a 8d 83b 56b 37a 
33.5 10 85a 8d 90a 59b 39a 

 

Table 1. Concentrations (mg/µg g-1
 DW) and accumulations (mg/µg plant-1) of P, Fe, Mn, Zn and Cu in shoots 

and roots of hydroponic rice with varied As concentrations (experiment 1) 

Means followed by the different letters in each column of individual parts are significantly different (p=
0.05) according to Ryan-Einot-Gabriel-Welsch multiple range test. DW = dry weight. Translocation refers
to the ratio of accumulation of elements in shoot to the total accumulation (shoot + root). The translocation 
is expressed as %. Iron translocation included the total Fe of root (apoplastic Fe + inside of root Fe). 
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Spectrophotometer at 420 nm wavelengths after 
developing the yellow color with vanadomolybdate 
(Imamul Huq and Alam 2005). Iron was determined 
with atomic absorption spectroscopy. Arsenic was 
measured by using hydride generation Atomic 
Absorption Flame Emission Spectrophotometer 
(AA-6200; Shimadzu Corporation, Kyoto, Japan). 
In case of experiment 2, the apoplastic Fe of root 
was removed (Bienfait et al. 1985) to observe the 
actual Fe and As concentrations present inside of 
the root. 
 
Other Parameters 
Determination of chlorophyll indices, calculation 
for the parameters and statistical analysis were 
described recently (Shaibur et al. 2006). 
 
Results 
Experiment 1 
Fully developed young leaves showed whitish 
chlorotic symptom at 6.7 and 13.4 µM As levels on 
10 DAT (days after treatments), in which the 
symptom was more pronounced at 13.4 µM As 

compared to others. Physiological responses were 
clear in warmer season (August-September; Shaibur 
et al. 2006). The results of experiment 1 lead us to 
select the concentration of 13.4 µM As for 
experiment 2. Arsenic-treated root was white up to 
3 DAT and after that the roots showed reddish color 
in As-treated plants. Iron plaques were clearly 
visible as a reddish coating on the root surface of 
As-treated plants. Chlorophyll index decreased with 
the increase of As concentrations of the media. The 
values were 29.0, 23.3 and 12.8 for 0, 6.7 and 13.4 
µM As levels, respectively. At the 26.8 and 33.5 
µM As levels, we could not measure chlorophyll 
data, because the 5th leaf did not develop fully. 
Chlorophyll index of the fully developed young 5th 
leaf was measured. Arsenic is known to have 
phytotoxic effects and one of them is the reduction 
of chlorophyll index (Shaibur et al. 2006; Shaibur et 
al. 2008). Shoot dry weight (DW) were 111.8, 92.6, 
75.1, 52.5 and 42.6 mg plant-1 for 0, 6.7, 13.4, 26.8 
and 33.5 µM As treatments, respectively. The 
values were 39.3, 43.9, 37.9, 29.8 and 21.7 mg 
plant-1 in root, respectively, indicating that 

Treatments (µM) ------- As (µg g-1
 DW)----- ------- As (µg As plant -1)---- Translocations

As Fe3+-EDTA Shoot Root Shoot Root (%) 
0 10 nd nd nd nd nd 
6.7 10 44.7b 414d 4.14a 18.1b 18.6a 
13.4 10 36.8b 685c 2.70b 25.9a 9.39b 
26.8 10 43.8b 762b 2.30b 22.6a 9.26b 
33.5 10 58.7a 866a 2.47b 18.6b 11.8b 
 

Table 2. Concentrations (µg g-1
 DW), accumulations (µg plant-1) and translocation of As in hydroponic rice 

with varied As concentrations (experiment 1) 

Means followed by the different letters in each column are significantly different (p= 0.05) according to
Ryan-Einot-Gabriel-Welsch multiple range test. DW = dry weight. Arsenic translocation included the total As
of root (apoplastic As + inside of root As). 
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Figure 1. Polynomial two order growth curve (a) shoot and (b) root of rice seedlings with different As 
concentrations in plant tissues (experiment 1). DW = dry weight. 
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As-toxicity increased with the increase of As 
concentrations. 

Concentrations of P increased in shoot but 
decreased in roots of As-treated plants as compared 
to control (Table 1). Accumulation of P was also 
decreased by the higher As treatments. Arsenic 
decreased Fe concentrations in shoots but increased 
in roots, resulting in higher Fe concentrations in 
roots (Table 1). Concentrations and accumulations 
of Mn, Zn and Cu decreased in shoots by the As 
toxicity (Table 1).  

As concentrations increased both in shoots 
and in roots at the 33.5 µM As treatment as 
compared to the others (Table 2). Root 
concentration of As was 9.26, 18.6, 17.4 and 14.8 
times higher than that of shoots. Arsenic 
accumulations decreased in the shoots of 13.4, 26.8 
and 33.5 µM As treatments as compared to the 6.7 
µM As treatment (Table 2). The CTL (critical 
toxicity levels) of As defined as the reduction of 
10% DW in this rice variety were calculated as 13.3 
µg g -1 DW in shoot and 714.6 µg As g -1 DW in 
root. The CTL was calculated from the polynomial 
2 order growth curves (Figs. 1ab). The CTL of As 
is a little bit different from the previously reported 
data (Shaibur et al. 2008). These differences were 
most probably due to the differences of variety, 
environment, experimental methods and the source 
of Fe. The CTL might be very much dependent on 
some factors e.g.- content of mineral nutrients, 
species of the experimental plants and also the 
species of As used.  
 
Experiment 2 

Arsenic-treated (13.4 µM) plants produced 
chlorotic symptom in the fully expanded young 
leaves. Chlorophyll index decreased in As-treated 
plants as compared to control, however, 
additional-Fe3+ increased chlorophyll index as 
compared to As-treated plants (Fig. 2a), suggesting 
that As-induced chlorosis was most probably 
Fe-chlorosis. Dry weight decreased in shoots of 
As-treated plants as compared to control; however, 
shoot DW increased in additional-Fe3+ plants as 
compared to As-treated plants (Fig. 2b), indicating 
that As-toxicity at 13.4 µM level could be 
recovered partially by the additional-Fe3+. 

Phosphorus concentration increased in shoot 
but decreased in roots in As-treated plants as 
compared to control (Table 3). Additional-Fe3+ 
could not increase P concentration in shoot but 
could increase in root as compared to As-treated 
plants. Additional-Fe3+ enhanced P accumulations 
both in shoots and roots as compared to As-treated 
plants (Table 3). It was found that Fe concentration 
decreased in shoot but increased in root of 
As-treated plants as compared to control (Table 3), 
resulting in whitish chlorotic symptom in the fully 
expanded young leaves (Fig. 2a). The Fe 
concentrations increased in shoots and roots of 
additional-Fe3+ plants as compared to As-treated 
plants (Table 3). Increase of Fe concentration in 
shoots of additional-Fe3+ plants might be 
responsible for the disappearance of chlorotic 
symptom. Arsenic concentration was lowered from 
65.9 (As-treated) to 42.1 (additional-Fe3+) µg g -1 

DW in shoot by additional -Fe3+ (Table 3). But 
additional-Fe3+ increased the value from 80.5 
(As-treated) to 148.5 (additional-Fe3+) µg g -1 DW 

Treatments (µM) -P (mg g-1
 DW)- ---P (mg plant-1)--- --Fe (µg g-1

 DW)- ---Fe (µg plant-1)--
As Fe3+-EDTA Shoot Root Shoot Root Shoot Root Shoot Root 
0 10 9.59b 4.12a 1.48a 0.19a 84.7b 66.1c 13.1a 3.08b 
13.4 10 13.4a 2.07c 1.07c 0.07c 65.1c 100.3b 5.23b 3.55b 
13.4 50 12.8a 2.69b 1.36b 0.12b 130a 149.8a 13.7a 6.74a 
 ------- As (µg g-1

 DW)----- ------- As (µg As plant -1)---- Translocations
  Shoot Root Shoot Root (%) 
0 10 nd nd nd nd  
13.4 10 65.9a 80.5b 5.26a 2.85b 68.8a 
13.4 50 42.1b 148.5a 4.53a 6.57a 41.3b 
 

Table 3. Concentrations (mg/µg g-1
 DW) and accumulations (mg/µg plant-1) of P, Fe and As in shoots and 

roots of hydroponic rice with different treatments of As and Fe (experiment 2) 

Means followed by the different letters in each column of individual parts are significantly different (p= 0.05)
according to Ryan-Einot-Gabriel-Welsch multiple range test. In experiment 1, As translocation included the
total As of root (apoplastic As + inside of root As), however, in experiment 2, the apoplastic As was removed. 
Removal of apoplastic As was responsible for the higher translocation values of As in experiment 2 than those 
of experiment 1. DW = dry weight, nd = not detected. 
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in root. Our result showed that additional-Fe3+ 

accumulated higher As in the roots (Table 3). 
 
Discussion and Conclusion 
Iron concentration was 64.9 µg g-1 DW in the 
shoots of 13.4 µM As treated plants in experiment 1 
(Table 1). In this case, the Fe concentration of the 
whole shoots (stems + old leaves + young leaves) 
was measured. We separated the young leaves from 
the old leaves to measure concentrations of P and 
Fe. Iron concentration in green young leaves of 
control was 80.7 µg g-1 DW. But the Fe 
concentrations were 50.6 and 43.9 in the chlorotic 
young leaves at 6.7 and 13.4 µM As levels, 
respectively. The significantly lower concentration 
of Fe in the chlorotic leaves was mostly responsible 
for the induction of chlorosis symptom. The ratios 
(%) of Fe:P concentrations in whole shoots were 
1.01, 0.674, 0.495, 0.572 and 0.733 (from Table 1) 
for 0, 6.7, 13.4, 26.8 and 33.5 µM As treatments, 
respectively. In the young leaves, the Fe:P ratios 
(%) were 1.37, 0.655 and 0.418 in 0, 6.7 and 13.4 
treatments, respectively. It meant that Fe 
concentrations decreased much more than the P 
concentrations in total leaves and or in young 
leaves according to the increase of As concentration 
of the media. The higher reduction of Fe 
concentrations was mostly responsible for the lower 
chlorophyll indices in As treated plants (experiment 
1). It is reported that lower Fe:P values is the most 
responsible for the lower chlorophyll indices 
(Ladouceur et al. 2006). Among the metal 
micronutrients, Fe translocation was the most 
affected (decreased by 1/4 at 26.8 or 33.5 µM As 
treatment) as compared to the other metals by the 
As treatments (Table 1; experiment 1), suggesting 
that As-induced chlorosis was mostly due to 

Fe-translocation problem. Arsenic may immobilize 

Fe in roots. 
Arsenic concentrations were higher in roots as 

compared to shoots (Table 1; experiment 1). 
Arsenic has high affinity to react with sulfhydryl 
group of protein in root (Speer 1973) and Fe3+ has 
high affinity to absorb As (Hartley et al. 2004), 
resulting in higher As concentrations in roots in this 
experiment. Yamane (1989) suggested that Fe and 
As may be concentrated on the root surface of rice. 
It was shown that As translocation was lower in 
higher As treatments as compared to 6.7 µM As 
treatment (Table 1).  
 

The CDL (critical deficient levels) of Fe is 
almost similar for C3 and C4 species and ranging 
from 66-72 µg g-1 DW (Marschner 1998). Iron 
concentration was 65.1µg g-1 DW in shoot of 
As-treated plants in experiment 2 (Table 3) and was 
almost similar to the CDL. Additional-Fe3+ 
increased Fe concentration in shoot (130 µg Fe g-1 
DW; Table 3) as compared to As-treated plants, 
resulting in increased chlorophyll index (Fig. 2a) 
and disappearance the chlorotic symptom. 
Experiment 2 confirmed that As-induced chlorosis 
was Fe-chlorosis caused by Fe-deficiency. If the 
chlorosis in the young leaves is partially 
disappeared by the additional-Fe3+, the chlorosis is 
considered as Fe-chlorosis. In experiment 2, 
additional-Fe3+ did not show any toxic effect on rice 
growth. Iron concentration in the shoots was almost 
similar to the normal concentration. The normal 
concentrations of Fe in the leaf tissues are 50-100 
µg g -1 DW (Mengel and Kirkby 2001) and 
concentration >500 µg Fe g -1 DW in leaf tissues is 
considered to be the toxic for plant growth 
(Marschner 1998). The Fe:P ratios (%) were 
calculated form the data of Table 3 as 0.883, 0.486 
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Figure 2. (a) Chlorophyll index (SPAD-value) and (b) dry weight (DW) as affected by treatments (experiment 
2). 
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and 1.01 in experiment 2. The lowest chlorophyll 
index was obtained for the lowest ratio of Fe:P 
(0.486) at As-treated plants.  

Concentrations of Fe and As in roots of 
experiment 2 seemed to be lower than those of 
experiment 1. This was most probably due to the 
fact that apoplastic Fe together with As was 
removed from the roots in experiment 2 by the 
method of Bienfait et al. (1985). Similarly to 
experiment 1, Fe concentration increased in root of 
As-treated plant as compared to control in 
experiment 2. Iron concentration was further 
increased by additional-Fe3+ (Table 3) which is a 
usual phenomenon. Furthermore, As translocation 
was lowered by additional Fe3+. Probably increased 
Fe in roots may interfere translocation of As in 
shoots. 
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Abstract 
World food prices increased dramatically in recent years. The rate of increase in prices has further 
accelerated in 2008. China, as a huge food-consuming nation of the world, has caught attention from the 
world. The guarantee food supply is very significant for China and the word. There has been focus on the 
growing of japonica rice in new production area that has expanded rapidly at Sanjiang Plain in China. This 
paper studies the formation process and current situation, and examines the sustainability of rice farming 
management in a State Farm at a huge flat wetland, Sanjiang Plain, China. 
 
Keywords: food security, sustainable development, land use at Sanjiang Plain, state farms in China 
 
Introduction 
This paper focuses on the development of paddy 
fields and the management of rice farming and a 
brief establishment of land use order in Sanjiang 
Plain, which is a large wetland area formed with the 
Amur River, the Songhua River and the Ussuri 
River. The study area is concentrated on X State 
Farm that mainly exports rice to Japan and the 
location is relatively close to a base area of Jiamusi 
City in Heilongjiang Province. 

Research have been conducting in this area 
since 1997(Park et al., 1999, 2001), and it was 
found out that paddy fields have been decreased 
from 1999 to 2002 and the large areas have been 
changed to dry fields. But the drastic conditions 
found in 2003(Sakashita et al., 2004). The main 
reasons were that drop in market rice price has been 
decreased by natural disasters and overproduction 
of rice (excess of supply). However, the rice price 
has been increased again from 2004. Therefore, it is 
necessary to conduct further studies to reinvestigate 
the recent trends and the actual situation of rice 
farming. It is because the management stability of 
rice farming is a key determinant for the succession 
of land use. 

Primary data and case studies are used in 
this study. The data were collected from 10 farm 
households of one production group (PG) those 
who belongs to different farm scales. The 10 farm 
households kept their farm-records (cash revenue 
and expenditure, work diary and interview records) 
separately for one year from spring of 2007 to 2008. 
As a pre-research, this study has been conducted on 
top officers of the production group to hearing their 
personal opinions and the 10 farm households, and 
arranged the trends of rice farming management 
with a focus on the paddy fields development 
history. 
 

Development of paddy fields and position of 
focus area at X State Farm 
 
1) Development of paddy fields at X State Farm 
The Songhua River and its five tributary rivers run 
within the boundaries of X State Farm. Annual 
rainfall is 550-600mm, mainly concentrated in the 
months of July and August.  

The farm can be generally divided in three 
regions, namely West region, East region and 
Southwest region. The oldest irrigation facilities 
project in the farm is the enclosing bund of Heli 
River in the Southeast region. The enclosing bund 
was reconstructed into a fixed concrete dam in 1988 
now irrigating 1000ha including Hegang City of 
Tangyuan Prefecture. The irrigation areas in the 
farm are 300ha. The second part is Fuerji River dam 
in the east, the dam was completed in 1982. It was 
designed to provide irrigation for 400 ha, but it 
actually provided water for 667 ha for PG No. 18. 
Part of the PG No. 20, 21 and 27 utilized the water 
from this dam from 1982. In addition, since this 
dam was built, a dam of PG No. 16 was built in 
1999 and has been irrigating 133 ha.  

Nowadays, new areas developed the barren 
and dry fields under paddy cultivation are irrigated 
by a groundwater well constructed from 1989. This 
is part of a program called the ‘Sanjiang Plain 
Agriculture Multidiscipline Development Plan’ 
planned by the Baoquanling Administration Bureau 
in 1987 with construction work starting in 1989. X 
State Farm is under control of this bureau. Until 
1991, 10 production groups, mainly PG No. 29, of 
East region irrigated 4,667ha. From 1992 to 1993, 5 
production groups but mainly PG No.17 opened up 
another 4,000ha for farming in the Southeast 
Region (PG No.13 and east). Then PG No. 15, 16, 
24, 25 and part of 27 started farming in another 
4,000ha from 1996 to 1997. It is standard that one 
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groundwater well pumps up 10ha worth of water 
for irrigation. In order to increase the water 
temperature, 4% of the irrigation area, 40a, was 
installed with water storage pond. Generally, one 
farm household owns one groundwater well.  

As a result, a groundwater well irrigation 
covered an area of 12,666 ha, dam irrigation 2,000 
ha, and the rest of the 13,333 ha were fields. The 
percentage of paddy fields in the West region was 
6%, the East region 55%, and the Southeast region 
93 %. The following study is about PG No. 17 from 
the Southeast region that only produces paddy 
fields from 1993, and has high percentage of 
groundwater well irrigation. 
 
2) Characteristics of Production Group No. 17 
The PG No. 17 is located in the Southeast region, 
and until 1990 its irrigation source was mainly 
provided by the Songhua River. However, in 1991, 
irrigation from the river was suspended, and since 
then the dam has mainly played drainage functions 
rather than irrigation. The reasons for the change 
are because of its difficulty to pump water, as there 
was a lack of water supply from the river, and the 
repeated flooding during the rainy season.  

Since 1992, there has been planned 
promotion of a groundwater well irrigation. In 1992 
and 1993, the production group started the 
well-digging project. The digging was conducted by 
contract with construction companies; the farm 
households would be responsible for the cost where 
50 % of the cost could be financed loan by the state 
farm. The two finance loan periods are one-year 
and three-years, and the repayment of the loan is 
either by cash or by commodities.  

With construction of groundwater wells, 
many areas rapidly changed into rice farming. In 
1994, out of 673.7ha, 552.6ha（82％）had been 
changed into rice farming. The 121.1ha areas left 
along the rivers are lent to the surrounding villages 
as field farms, since conditions in these areas were 
unsuitable for rice farming. PG No. 17 has 
specialized in rice farming since 1994. The paddy 
fields are composed of 15 blocks, and the small 
blocks are areas rent out to farms. There are 65 
households, and one an average, each household 
has 8.5ha land.  

There were 70 groundwater wells and one 
groundwater well irrigates 7.9ha of farmland. One 
an average, every farm household has one 
groundwater well. The farmland were less than 5ha 
for 9 households, 5-7.5 ha for 19 households, 
7.5-10ha for 18 households, 10-12.5ha for 11 
households, 12.5-15ha for 4 households, and more 
than 15ha for 4 households. The number of farm 
households within different operation scales will be 
illustrated later. Groundwater wells irrigate 37 

households, which are 57% of the total number, due 
to the groundwater wells’ irrigation ability, and 
other very small scale and large scale households 
are irrigation by groundwater wells. 

The farm households were selected in this 
study are as follows: two large scale farm 
households for more than 10ha (No.7, 14.4ha;No. 2, 
12.0ha); three upper-medium scale farm households 
for 7.5-10ha (No.4, 9.9ha; No.3, 9.0ha; No.6, 8.0ha); 
three lower-medium scale farm households for 
5-7.5ha (No.8, 7.2ha; No.9, 6.5ha; No.5, 5.0ha); 
one small scale farm households for less than 5ha 
(No.10, 4.1ha) were selected for focusing of this 
study.  

In addition, from 2003, there had been 
selected by XM Fine Rice Processing Co. Ltd., 
about 90%’s area has been cultivated on contract. 
Also, on the during production process, it has to 
follow all the instructions by XMFRP Co, such as 
species, fertilizers, pesticides etc. The organization 
of top officials of the Production Group composed 
of one chief, one secretary, one assistant chief (one 
of them would do the statistics), one accountant (do 
the accounting of management area as groundwater 
well) and three technicians. 
The responsibility of the Production Group has a 
big change since the adoption of the ‘Liangfeizili’ 
policy. The ‘Liangfeizili’ policy is that farm 
households have to be responsible for both 
production and daily lives related cost. Due to the 
policy, the Production Group is not involved in 
services of transporting production resources to 
farm households’ yard, guarantee for funding, 
adjustment for crop rotation during field crops era; 
but concentrate on farm policies, transmission of 
orders and collect money by deputy. 
 
Key features of Paddy fields development by 
Production Group No. 17 
 
1) Conversion of the government-run farm 
system to farm households’ contract system  
In 1982 and 83, the contract system, already used in 
general farm villages, was introduced to the State 
Farms. At this point, the number of farm 
households were 86, cultivated acreage of 483.1 ha. 
Of them, 400 ha is dry field and a mere 83.1 ha is 
paddy field. For heavy machinery, they possessed 8 
tractors (one 54 ps and one 75ps) and 2 combine 
harvesters. The contract system was separate for 
field farming and rice farming.  

As for dry field farming, several members 
of the mechanic’s team shared machineries and 
operated in large scales during 1982-83. However, 
the Production Team later on changed their 
strategies where cultivators (39 households) were 
each given 2ha of land, and former mechanic teams 
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would receive contract for cultivation with their 
machineries. Although, cooperative operation still 
remained as the majority for former mechanic team. 
35 members of the mechanic team were divided 
into several groups, 6-14 members each, who 
shared about 1-2 machineries within their group.  

For field crops（main products were wheat, 
bean, and corn）, a rotation of one year wheat – two 
years soy beans – one year corn was suggested. 
However, the low yield and low buying prices of 
wheat and the troublesome labor of growing corn, 
made these two crops unappealing to most farmers, 
causing continuous cropping of high value soy 
beans. Thus, a strengthening of the overseeing 
system was introduced by the administrators of the 
Production Group to reinforce rotation cropping in 
order to restore soil capabilities.  
For paddy farming, 2 ha for one household was 
distributed to 12 households. The remaining 
areas were left as extra, and were able to be 
utilized upon request.  
 
2) History of paddy fields development 
The paddy fields development can be divided in 
two periods: the incentive measures to switch from 
dry field to paddy fields from 1985, and planned 
full-scale switch to rice farming in 1993. During 
that time, here was special attention to 'invited farm 
households' which is farm households from the 
outside of the State Farm that have the know-how 
of rice farming. The PG No.17 introduced the 
‘invited farm households’ proactively from 1989. In 
the first year, only six households have joined, after 
that three to five households have joined every year. 
It becomes stable after latter part of 1990s, and 
terminated in 2001. Currently, within the 65 
households of the Group 17, there are 36 laborers in 
the farm (first generation laborers are 33, second 
generation laborers are 3), the remaining 29 people 
are employed laborers (invited farmers). 

From 1985, there was a promotion period for 
switching into rice farming, but there was limitation 
for the increase of paddy farming areas, mainly 
because of techniques of cultivation. Within the 
case studies, 3 households developed paddy fields 
during this period. For case No.2 in 1985, a case of 
existing farm households, 4 people cooperatively 
undertook an area of 15ha (Block 5). At that point, 
it was a wheat field, but the four converted 10ha 
into paddy fields, with an average of 2.5ha per 
person. This was a successful case. For the case 
No.1 in 1989, a case of invited farm households, 6 
households have emigrated from Hua-Nan 
Prefecture with introduction by friends. In terms of 
the Production Group, 16ha in 8-3 blocks were 
evenly divided among 6 households, 2.7ha each. 
The Farm constructed two new groundwater wells 
(diameter 20cm, depth 20cm) to be shared among 
the 6 households. Total cost of groundwater wells 
for 6 households was 20,000Yuan and per 
household was 3,333Yuan, and the cost should be 
returned within three years. However, the initial 
year turned out to be unsuccessful, and this led two 
out of the 6 new households, dropped out and 
returned to Hua-Nan. The 5.4ha of land initially 
owned by the 2 households that left was dived by 
the rest, adding 1.35ha to their original size. Each 
farm household had 4.05ha of land. In 1991, 
another 2 households dropped out, and today only 2 
households are left. This situation shows that the 
starting period of rice farming was very difficult. 

Although the second stage started from 
1993, basically all areas have converted into rice 
farming in 1994 because the rice price recovered, 
and the government effort to improve the land, etc. 
An additional reason was that the PG No. 17 had 
relatively low topographical features that it was 
easier to have rice farming from the water resource 
management point of view. Although X State Farm 
started rice farming in 1985, which was mentioned 
earlier, they prioritized the PG No.22 which had the 

Table1　Mobility and scale variation in PG No.17（1994-2006） Unit: Household

～5 5～7.5 7.5～10 10～12.5 12.5～15 15～17.5 17.5～ Sub total
～5 6 1 1 8 1 9

5～7.5 15 15 4 19
7.5～10 1 11 1 13 5 18
10～12.5 1 1 6 8 3 11
12.5～15 2 2 4 4
１５～17.5 2 1 3 3

17.5～ 1 1 1
Sub total 6 20 14 8 2 1 1 52 13 65

4 8 6             1 1 1 21
10 28 20 9 3 2 1 73

　　Note: Developed from PG No.17 data. 86 households in the original list.
Total

Scale

Composition

in 2006

Emigration

Scale composition in 1994 Move-in Sum total

  Table 1. Mobility and scale variation in PG No. 17 (1994-2006). 
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lowest topographical features among all, and 
therefore delayed the transition of PG No. 17 for 10 
years.  

With the transition to rice farming, the land 
use rights were distributed to the farm households 
who had been doing joint operation till then in 1993. 
As a result, the farm households were forced to 
operate individually. The restored paddy fields 
work in 1993 was uniformly done in the production 
group. And the costs for the works was 15,000Yuan 
per ha, and most of the costs was used for 
groundwater wells and seedling houses. The 
groundwater wells and seedling houses were 
constructed uniformly in 1993-94 and 1996 
respectively.  
As preferential treatment to the transition of dry 
fields to paddy fields, the agricultural tax and rent 
for the initial year was exempt. On the other hand, 
the heavy machineries for dry field farming were no 
longer used, and a gradual shift to paddy field 
machinery was observed. However, the finance 
loans from the farm were abolished. 
 
Characteristics of rice farming management and 
economics of farm households 
 
1) Mobility of farm households and change of 
scale 
First, the retention rate and scale changes of farm 
households can be clarified with Table 1. The table 
was created from a series of data on cultivated land 
area for each farm households between the years 
1994-2006. Most of all, the 73 households in 1994 
dropped to 65 households in 2006, a decrease of 8 
households. However, from 1994 to 2006, the 
continued existence of households only 52, 21 
households emigrated, 13 households immigrated. 
In 1994, the migration rate was 29%. At that point, 
in 1994, there were already numerous numbers of 
invited farmers, and the rate of existing farms was 
only 55.4%. It was found that mobilization of some 
areas were very high.  Migration happens after 

decrease in rice farming income, especially in 2003 
during which rice farming area dropped 
dramatically throughout the farm. Following are the 
changes of the hierarchy of scale. 

As mentioned earlier, management scale 
was mainly medium that range from 5 to 10ha, but 
the highest migration rate was seen in the group that 
owned less than 5ha (40%), which illustrates the 
larger impact of drop in rice prices on relatively 
small scale farmers. On the other hand, immigration 
concentrated in the medium scale class, with the 
largest scale not exceeding the 10-12.5 ha range. 
Out of the 19 large scale households, 6 households 
have actually increased their scale during this time. 
Therefore, even though there was fluctuation of rice 
price, certain stock of rice was available exclusively 
in these large scale farm households. We should 
investigate the details of scale expansion. Following 
is the study of ten households that had 
scale-increase. The basic information is shown in 
Table 2. 
The composition of family is relatively small, from 
three to five family members; half of the main 
operator’s age was less than 40 years old, which is 
quite young. The range of scale is from 4.1ha to 
18.3ha. Most of the large scale farm is invited farm 
households, and small scale farms are immigrants 
or part-time farm households (No.10 is a staff of PG 
No.17). 

According to the mobility of farmlands, all 
the five large scale farm households (until 9ha) 
have scale increase. No.1 and No.2 developed their 
paddy fields during the first period, and moreover, 
they returned their initial fields in return for another 
with better conditions. In this process, they also 
increase their scale by further borrowing 
groundwater well conditioned fields. In the case of 
No.8, already mentioned earlier, this farm is stuck 
with the initial paddy field with bad conditions, 
unlike the case with No.1 and No.2 who traded 
them with better fields. They were unable to take 
advantage of the opportunities to increase their 

　　Table2　Basic information of the 10 farm households （Family, Land, History）
*1 *7 *2 *4 *3 *6 *8 *9 *5 *10

Number of family 3 3 3 5 5 5 5 4 3 3
Operator m33,f32 m41,f37 m40,f40 m26,f26 m26,f24 m56,f54 m46,f44 m30,m26 m44,f41 m33,f31
Children m10 m17 m15 m1 f2 m25,f24 m24,f24 m19 m2
Parents m48,f47 m57,f52 m1 m1 m61,f57
Operation area 18.3ha 14.4ha 12.0ha 9.9ha 9.0ha 7.9ha 7.2ha 6.5ha 5.0ha 4.1ha
Classification Invited Invited Machinery tea Invited Machinery teaFarming Team Invited Machinery tea Move-in Staff
Move-in year 1989 1995 1974 1998 1978 1968 1990 1973 2004 1996

Before move-in

Farmer in
Huanan
Pref（1.4ha
dry field）

Farmer in
Boli Pref
（1ha）

Machinery
team in
Helihe
State Farm

Rice
farmer in
Wuchang
Pref

PG No.14
in X State
Farm

PG No.13
in X
StateFarm

Farmer in
Bin
Pref(0.5ha)

Snadong
Prov.
Pingyuan
Pref

Engaged in
carrier
business at
home

Vice chief of
PG No.17.
Parents work
in the factory
in the X
StateFarm

Note: Data from hearings

    Table 2. Basic information of the 10 farm households (Family, Land, History). 
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farmlands. Unlike normal farming villages where 
increase of farmland will involve payment of land 
prices, but State Farm does not require this. Instead, 
however, the new incoming farmer is obligated to 
pay beneficial expenses for the use of existing 
facilities, such as groundwater wells, etc (Tenant 
Right). It is obvious that it is necessary to have the 
renewal fee of groundwater wells, and investment 
of machineries and facilities that can meet the scale 
increase. Following are the characteristic of 
machineries at different production scale and, 
income and expenditure. 
 
2) Characteristic and economic balance of rice 
farming management in different scales  
The above-mentioned scale increase was bolstered 
by the advance in agricultural machinery. As for 
tractors, the Rotary Tiller stage was between the 
mid 80’s to mid 90’s. No.1, one of the largest scale 
households, introduced 25ps in 1998, followed by 
an introduction of 40ps in 2004. In the middle scale 
range, 30ps was introduced in the 2000’s. In the 
smallest scale range, contract (200Yuan/ha for both 
plowing and rotary) has been the main means of 
farming.  

The earliest introduction of rice planter was 
by No.1 in 1993, mid 90’s in the upper-middle scale 
class, and 2000’s in the lower-middle scale class. 
The machine was a six-row planter made in 
Yanbian, and the quick spread was partly due to the 
fact that it was affordable (10,000 Yuan each). 
Although they had seedling houses, the smallest 
scale class had to rely this as groundwater well, on 
contracts. The seedling houses are introduced in 
every farm households, transformed from its initial 
brick structure, largely with the help of finance 
loans from the farm. In the 2000’s, expansion of 

houses has been done, corresponding to its scale. 
This was financed through individual funds or 
resources.  

For combine harvesters, only No.1, 7, and 3 
own this large machinery. These 3 households have 
established a large machinery system. Since all 
farm households financed this 50,000-60,000 Yuan 
investment with their personal funds, it is fair to 
state that these farm households possess 
considerable amount of savings. For other farm 
households, most of them, except for No.5, 
switched from hand harvesting to contracts 
(500-750 Yuan/ha) between the years 1999-2004. 
No.5 still continues to harvest with man-power. 
No.3 (9ha), who introduced the combine harvester 
in 2006 is willing to accept a consignment contract, 
and with the payment, it wishes to pay off the initial 
investment. As conclusion, mechanization in the 
harvesting stage shows the greatest disparity 
between the operation scales.       

In the past, the large scale production in 
Sanjiang Plain mainly depended on hiring contract 
laborers during planting and harvest time. Now 
tractors, the rice planting machine, four-lines 
combine, ordinary combine harvesters are available 
for planting and harvesting. There is a clear 
relationship between operation scale and 
mechanization. The large scale farmers have 
advancement in machineries, however, the small 
scale farmers still harvest partly by hands and partly 
by contracting machines. The contract fee is 
relatively high and contractors can use this as part 
of repayment for the large machineries. 
Table 3 shows the income and expenditures of 
different operation scales. Unit crop differs from 7.5 
tons to 9.9 tons, and obviously small scale farmers 
have low production amounts. In the case of 

   

　　Table3　Balance of payments of the farm househodls（2005）
Unit：ha、ton/ha、ton、Yuan

*1 *7 *2 *4 *3 *6 *8 *9 *5 *10
Paddy area 18.3 14.4 12.0 9.9 9.0 7.9 7.2 6.5 5.0 4.1
Unit crop 8.5 8.0 8.0 9.9 8.0 9.2 8.7 9.0 7.5 8.7
Volume of sales 113.1 115.2 96.0 90.0 72.0 72.7 62.2 58.5 37.5 35.7
Gross income 192,270 172,800 153,215 135,000 115,200 130,860 81,516 81,900 56,210 65,129
Fertilizer 11,970 16,580 18,000 12,000 10,000 1,976 8,000 7,600 4,100 4,800
Pesticide 3,600 7,045 7,000 5,000 4,000 1,500 3,000 2,900 2,200 1,830
Raising seedlings 5,000 5,750 4,800 4,500 3,850 1,600 890 1,050 490 600
Sub total 20,570 29,375 29,800 21,500 17,850 5,076 11,890 7,504 6,790 7,230
Employment fees 9,800 24,000 10,000 4,000 4,500 3,627 4,500 2,600 0 4,500
Land Rent 31,920 32,829 29,807 24,255 20,250 17,775 20,020 960 12,250 14,145
Others 14,500 17,420 12,500 14,000 9,500 8,200 20,000 11,064 5,000 15,770
Gross expenditure 76,790 103,624 82,107 63,755 52,100 34,678 56,410 22,128 24,040 41,645
Net income 115,480 69,176 71,108 71,245 63,100 96,182 25,106 19,475 32,170 23,484
Note1: Data from farm research.
Note2: Numbers for No.9 and No.10 are from 2006.

     Table 3. Balance of payments of the farm households (2005). 
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expenditures, the rent is about 30 percents to 50 
percents. This high percentage of land rent limits 
the income of farm households. In addition, it is 
found out that hiring fees range from a few 
percentages to close to nearly 25 percent. Even 
though there is advancement in machineries, the 
cost for temporary contract is high. The results also 
showed that the net income does not always 
correspond to scale.  

In all cases, the gross income is 
100,000-200,000 Yuan, and net income is 
60,000-100,000 Yuan which implies that rice 
farming operation has higher stability, both 
technologically and economically.  
 
Conclusions 
This study has arranged with regard to the history 
of paddy fields development and the current 
conditions of rice farming by the hearing survey 
from the production group and its 10 farm 
households in Sanjiang Plain.  

The findings of the study concluded that a 
certain degree of stability as well as scale expansion 
in a group of farm households despite of most of 
the farm households have the highly mobile 
characteristics in this area. In comparison to the late 
1990s, it can be understood that the mechanization 
level has been upgraded greatly, and that the 
technical basis of large-scale management has been 
strengthened. 

However, it will lead to the situations of the 
farm economy unclear, if only according to the 

hearing survey. Therefore it is necessary to analyze 
elaborately, especially regarding the land 
rent-bearing capacity and the ratio of employment 
expenses to production cost in the large scale 
operation of farm households. 

Therefore, as mentioned earlier, farm 
households kept farm records for one year. After 
this, we are hoping to resolve this remaining task. 
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Abstract 
Agricultural water use has long been recognized as a free gift. Climate changes have challenged the 
sustainability of such a free-gift resource. To ensure food supply to a high growth rate population, the 
requirement for better use of water resources is crucial. Many countries have recently adopted various 
measurements to endorse the efficiency of agricultural water management. Among these measurements, 
pricing of the free-gift is commonly a strategy in water resource governance reform. Indeed, economic 
values and prices of water have been widely studied to determine the appropriate water charges that farmers 
are willing to pay. Although, water resource for agriculture in the Lao PDR (Laos) can be considered as 
redundant, the recent governance reform aims to improve efficiency of water use through the application of 
water charges. A rural-community pump irrigation system, “Ban Vuen-Tonhen Water User Association”, with 
common characteristics in plain-area irrigation was selected for the study of farmer willingness to pay or 
farmer irrigation water use demand. The study highlights that the price elasticity of irrigation water demand 
is low but significantly influent the change of water use pattern. On the other hand, annual household 
revenue and household size have otherwise increased water demand. The study also reveals that farmland 
located in different water user unit (WUU) has different water demand pattern. However, Location of head 
reach farmland is not statistically significant in the study to impact on water demand. 

 
Keywords: water resource governance, willingness to pay, IMT, Laos. 

 
Introduction 
Agricultural water resource use has long been 
recognized as a free gift. Climate changes have 
challenged the sustainability and availability of 
such a free-gift resource. To ensure food supply to 
high growth populations, demand for better use of 
water resources is crucial. Although the discussion 
on water saving has been long, the major swift on 
water management has been emphasized during 
1992’s Dublin International Conference on Water 
and the Environment, which the conference 
endorsed that managing water as an economic 
good is the most important approach to achieve 
efficiency, equity and preserving of water 
resources. Indeed, water pricing has now been an 
economic instrument for water conservation. 
Furthermore, with efficient water pricing policies, 
demand of water use can be changed effectively 
as well as reducing water pressure on water 
resources and improve water allocation (EU, 2000 
and  Johansson, 2000). Therefore, water pricing 
in irrigated agriculture has now became a 
common and most efficient strategy to improve 
not only water use sufficiency, but also state 
finances and ensure the physical integrity of and 
continued benefits from irrigation systems 
(Maestu, 2001). However, under-pricing and 
uncompetitive markets of water will usually 
encourage the water waste (Hanemann, 2006). 

With economic incentives to preserve water 

resources by pricing water for cost recovery alone 
is not enough, total economic and environment 
cost should be also included in order to effectively 
conserve water resource (Cornish, Bosworth, 
Perry, & Burke, 2004). In addition, 
implementation of water pricing policies is often 
facing not only technical difficulty but also 
cultural and political resistances (Saleth, 2001; 
and Dinar & Saleth, 2005). As a result, the 
impacts of agriculture water pricing are mixed, 
some countries that endorse water pricing or water 
charges have improved the condition of water use 
efficiency, but others have shown that such 
policies have failed (Tsur & Dinar, 1995; 
Johansson, Tsur, Roe, Doukkali, & Dinar, 2002; 
and Bosworth, Cornish, Perry, & van Steenbergen, 
2002).  

Studies have embraced that demand 
management is a primary means to solve water 
scarcity (Louw & Kassier, 2002), which many 
developing countries have now encouraged and 
employed legal support and policies for water 
charges, including Malaysia, Brazil, Bangladesh, 
South Africa, Vietnam, China and Pakistan (Molle 
& Berkoff, 2007). However, the endorsed water 
policies were normally to cover operational cost 
without a clear guideline to achieve substantial 
demand management, therefore the concepts of 
marginal costs or opportunity costs are found to 
be incompatible as well as volumetric pricing 
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approach. 
Indeed, Lao PDR (hereafter Laos) that has 

largely developed irrigation to secure food 
production since 1975, has also applied irrigation 
service fee (ISF) rather than using water charges 
to avoid misunderstanding and conflict with water 
users in the early 1990s. The development of 
water market in Laos is very limited; but most of 
the water charges for agriculture are mainly to 
cover the operational and recovery costs (DOI, 
1998). Although the ISF is charged differently 
among the types of irrigation systems, the ISF is 
charged in a fixed amount at the market price of 
150 kilograms of paddy per hectare. This levy has 
been estimated by the department of irrigation 
with less participation from farmers. Other than 
estimating profit and benefit projection by the 
irrigation engineer, willingness to pay for 
agricultural water use was not of great concern by 
the authorities, which has led to inefficiency in 
water management and conservation.  

In order to measure the willingness to pay for 
ISF, several methods can be applied; 
programming methods, contingent valuations, 
hedonic methods and etc (Griffin, 2006). As water 
demand function can be used to interchange with 
willingness to pay, demand function can be used 
simply to study the rural water user community, 
where actual water precipitation and quantity of 
water farmer delivered are limited. Therefore, this 
study attempts to derive the irrigation water 
demand function and base it on the water charges 
and quantity of water pumped rather than using 
water-crop production factors, because most 
farmers do not have sufficient knowledge about 
water-crop relationship and requirements. 

This paper is structured as follows; model 
formation and data will be discussed in next 
section. Section three describes the background of 
the study area. Section four discusses the results 
of the analysis with the insight for policy 
adjustment. Conclusion will be provided in 
section five. 
 
Analytical model and data 
To simplify the analysis of irrigation water 
demand in rural areas where the accurate unit of 
water delivery to farm land is limited, the study 
will employ two main stages in the multivariate 
analysis. Firstly, a cross-section estimate for the 
year 2005 will be tested with a double log demand 
function, because the cross-section method is 
relatively easy to interpret and understand. Also, 
although the amount of water pumped for 
cultivation in the studied area cannot be 100 
percent accurate, using electricity unit use for 
irrigation with the capacity of pumps could 

produce a reliable estimation of water pumped. 
Also, because electricity used is the most reliable 
for estimation of pumped water quantity1. Indeed, 
this stage will set up a reference point to measure 
changes from 2005 to 2006. The amount of water 
pumped is hypothesized to be influenced by the 
rate of water charge, the previous year of water 
charge, per household annual revenue, per 
household family size and location of farm area as 
well as the designated water user unit that farm 
area belonged to. 

In the second stage, pool data from 2005 and 
2006 is used to examine changes and the way in 
which changing prices and household incomes 
affected the demand of irrigation water pumped in 
2005.  In this stage the “Year” variable is 
included to capture the changes with a set of 
interaction variables, for example, year with water 
charge (Year*X1), year with household revenue 
(Year*X2) and so on. A multinomial regression is 
used to estimate the determinant of irrigation 
water demand, which the dependent variable is 
the amount of irrigation water pump per farm land 
hectare. The generic forms of models are specified 
as follows: 

The cross-sectional model used in the first 
stage is specified as follows:  

(Y) = X1 + X2 + X3 + Dummies     (1) 
The pooled cross-section model is specified 

as follows: 
(Y) = Year + X1 + X2 + X3 + (Year * X1) + 

(Year * X2) + (Year * X3) + (Year * X4) + 
Dummies       (2) 

Where, (Y) = Natural log of water pump for 
cultivation in year i in cubic meter per hectare; 
log(waterpump),  

Year = Survey year (2005 = 0 and 2006 = 1); 
Year, 

X1 = Natural log of water charges (kip/m3); 
log(ISF), 

X2 = Natural log of annual revenue per 
household (kip); log(AnnRev), 

X3 = Natural log of household size (person); 
log(hhsize), 

Dummies = headdum (head farmer dummy = 
1 and other = 0), wud1- wud6 (Water User Unit 1 
- 6 dummy = 1, others = 0), but wud7 was not 
included for collinear issue as there are 7 WUUs 
covered in the study area. 

                                                      
1 With the cross-section data from DOI’s 
estimation, the average capacity of each kilowatt 
hour will pump 2,885 cubic meters for the entire 
151 days of dry-season cultivation (DOI, 2007). 
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(Y) is the outcome variable of the interest. 
For the present study, water pump quantity per 
hectare basis was used to represent the water 
demand function. Although the crop water 
demand will be substantially different from the 
amount of water pumped, this data was the only 
reliable information gathered from rural earthen 
irrigation system. Figure 1A and 1B can represent 
the actual situation clearly. In Figure 1A, units of 
water pumped were charged at the average of 20 
and 15 kip/m3 in 2005 and 2006 respectively. In 
Figure 1B, water pump ratio or the rate of water 
pump against the estimated crop water demand 
quantity was estimated among water user units 
(WUU) in the irrigation scheme. The figure shows 
that the deviation of water pumped ratio or 
irrigation efficiency is large, but with 1.5 times 
higher for over pumping on water WUU 3, 4, 5, 6 
and 7, for both 2005 and 2006. On the other hand, 
under-pumping of irrigation water is found on 
WUU 1. For both cases, the soil conditions, 
location and watering methods are the main 
causes. However, this study will not include the 
study on such different. 

X1or log(ISF) is defined as natural log of 
water charge or ISF in kip/m3. This variable is 
used to identify price elasticity of water demand 
use in the study area. The study expects for 
negative sign of magnitude.  

X2 or log(AnnRev) is a variable to define the 
natural log of annual revenue per household in 
local currency kip. The study focus on house hold 
revenue rather than revenue per capita because a 
total lump sum of revenue in a household has 
more significant effect on household welfare, 

whose dependent members have largely shared in 
total household population2. 

X3 or log(hhsize) is representing natural log 
of the household size in person. Although 
irrigation water has no direct relationship with 
water usage of household members, household 
size can be used to represent available labor for 
cultivation, which implies that the larger size of 
the household can cultivate more than a smaller 
household and requires more water for cropping. 
Therefore, the study expects a positive correlation 
with the demand of water. 

                                                      
2 In the study area the average dependent member 
share in a household is about 30 percent (surveys 
2005 and 2006). 

0

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7

WUU

(B)

2005 2006

0

5

10

15

20

25

30

0 20,000 40,000 60,000 80,000 100,000

Quantity of water pump (m3/ha)

(A)

2005 2006

W
at

er
 C

ha
rg

e 
(K

ip
/m

3 )

0

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7

WUU

(B)

2005 2006

0

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7

WUU

(B)

2005 2006

0

5

10

15

20

25

30

0 20,000 40,000 60,000 80,000 100,000

Quantity of water pump (m3/ha)

(A)

2005 2006

W
at

er
 C

ha
rg

e 
(K

ip
/m

3 )

0

5

10

15

20

25

30

0 20,000 40,000 60,000 80,000 100,000

Quantity of water pump (m3/ha)

(A)

2005 2006

W
at

er
 C

ha
rg

e 
(K

ip
/m

3 )

Figure 1. Quantity of irrigation water pump and efficiency in Ban Vuen-Tohen WUA 
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For dummy variables, the study aims to seek 
for water demand changes that occur among 
WUUs on the different year, 2005 and 2006. The 
data of this analysis was gathered from two 
surveys conducted in 2005 and 2006 with the total 
number of households surveyed being 81 and 67, 
respectively. However, some household surveys 
were excluded from the study due to 
incompleteness of data. Also, tobacco farmers 
were also excluded from the study because 
tobacco farming is a special contracted farming 
system and the form of water use was different 
from others. Therefore the total household’s 
survey data used in this study was 124. With a 
cross-section data from department of irrigation, 
irrigation water pump quantity can be estimated at 
2,885 cubic meters per metered kilowatt hour3. 
For household revenues, both off and on farm 
revenues per household were estimated with 
nominal farm gate prices, the same was for water 
charges. Brief descriptions of data used in the 
analysis are highlighted in Table 1. 

 
Description of studied areas 
Ban (village) Vuen-Tonhen’s irrigation scheme 
has been selected for the analysis because of the 
typical characteristics that can represent electric 
pumping irrigation systems used in the central and 
southern regions of Laos. These characteristics of 
electric pumping irrigation systems include: (1) 
utilization of Mekong River or her tributaries as 
the direct source of water supply without any 
                                                      
3 Metered kilowatt hour recorded by farmer is 
different from billing kilowatt hour because 
electric company employs a specific conversion 
rate, which is not consisting with other meters. 

reservoir or storage; (2) more than two villages in 
the scheme; (3) experience with severe floods and 
geographically distant locations from major cities. 
The description of the study area is highlighted in 
the following overview. 

The study area is located approximately 80 
kilometers from the Savannakhet Province Capital, 
or 450 kilometers south of Vientiane Capital with 
a population of more than 7,800 people (Figure 2). 
There were five administrative villages in the 
study area, including Tonhen, Vuen-Nue, 
Vuen-Xay, Vuenxivilay and Vuen-Tai, however 
recently they have merged into three villages for 
the administrative reasons (Vuen-Xay and 
Vuensivilay were merged to Vuen-Nue and 
Vuen-Tai, respectively). 

The study scheme experienced their first 
irrigation in 1980 after collectively constructing 
an irrigation canal using traditional equipment and 
local farmer labor, using diesel pumps supplied 
from the provincial government. However, the 
first irrigation system failed with less than 5 
hectares being able to be harvested at a very low 
productivity. In 1985/86 an engineering team 
conducted a survey and designed the layout of an 
irrigation canal system and subsequently started 
construction in 1988/89, with operations 
commencing in 1990. 

By 1993 the Sustainable Irrigation 
Agricultural Project (known as SIRAP) 
rehabilitated the irrigation system and provided 
training for operation and maintenance to the Ban 
Vuen-Tonhen Water User Association (WUA) as 
a part of the transition to a modernized irrigation 
management. The scheme was one of nine pilot 
schemes implemented under the Irrigation 
Management Transfer initiative (IMT). The 

Variable Description Unit Mean Std. Dev. Min Max

Y Log of water pumped per hectare M3/ha 9.195 0.820 6.165 11.553
Ye Log of irrigation water pump efficiency Numeric 0.405 0.594 -1.546 1.927
Year Dummy Year (2005=0; 2006=1) Binary 0.444 0.499 0 1
X1 Log of water charge per m3 Kip/m3 2.804 0.396 0.814 3.230
X2 Log of annual household revenue Kip 14.037 0.719 11.290 15.499
X3 Log of household size Person 1.721 0.309 0.693 2.565
HeadDum Dummy for farm land location (head=1; other=0) Binary 0.677 0.469 0 1
Wud1 Dummy for Water user unit 1 (WUU 1=1; other=0) Binary 0.153 0.362 0 1
Wud2 Dummy for Water user unit 2 (WUU 2=1; other=0) Binary 0.105 0.308 0 1
Wud3 Dummy for Water user unit 3 (WUU 3=1; other=0) Binary 0.185 0.390 0 1
Wud4 Dummy for Water user unit 4 (WUU 4=1; other=0) Binary 0.113 0.318 0 1
Wud5 Dummy for Water user unit 5 (WUU 5=1; other=0) Binary 0.169 0.377 0 1
Wud6 Dummy for Water user unit 6 (WUU 6=1; other=0) Binary 0.113 0.318 0 1
Notes: 1). Number of sample was 124.
           2). Exchange rate was 9,600 kip/USD.
Source: Farm survey 2005 and 2006.

Table 1. Descriptive of data 
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scheme was fully transferred to Ban Vuen-Tonhen 
WUA in 1997. In 1998/99 the Ban Vuen-Tonhen 
WUA achieved a significant result by expanding 
the cultivated area up to 423 ha with 21 water user 
units (WUUs). The cultivated area and number of 
WUUs have been declining gradually from 350 to 
100 hectares in 1999/2000 and 2004/05, 
respectively. The average per hectare of electricity 
used widely fluctuated from 4.1 to 8 Kwh. 

The administrative structure of the studied 
WUA is one of the most common structures 
designed by the irrigation agency, consisting of a 
leader committee, advisory board, auditing board, 
administrative leaders, and head of water user unit 
(WUU). The roles of the committee board are to 
guide, monitor, look after the welfare of members, 
liaise with local authorities and resolve any 
conflicts.  

The objective of levies is to sustain the 
operation of irrigation. The total of charges is 
shared by all farmers that cultivated in the 
irrigation command area of that dry season 
through the share of electric unit use (kilowatt 
hour) and cultivated area. On the top of O&M, 
administration and development, farmers have to 
pay for investment cost recovery that were 

estimated about 223 million kips (300 
thousand USD) on the date of transfer, within 
12 years at 20,000 kip/ha or about 25USD 
plus a per hectare amortization amount that 
was to increase by an additional 20,000 kip/ha 
every four years. Thus, it is very clear that the 
estimation of water charges had no direct 
intention to manage the demand of water use. 
However, with a rising cost of electricity use 
at 45% annually, the ISF will potentially need 
to rise at the same ratio, which will encourage 
farmers to manage water use carefully in 
order to minimize their cost. Therefore, this 
study aims to identify farmer willingness to 
pay for the ISF through estimation of water 
demand function as described. 

 
Analytical results and discussion 
The pooled OLS regression result for analyzing 
water demand or willingness to pay for irrigation 
water charges and the factors rationalizing 
irrigation water pump efficiency are shown in 
Tables 2. The table shows both stages of the 
analysis. The models show relatively considerable 
value of R-squared for double log demand 
function and pooled cross-section water demand 
at 0.46 and 0.57, respectively. The regressions 
produce P-values at 0.0000 for all equations. 
Therefore, regression result shown in table 2 can 
significantly explain the relationship and 
influencing factors of water demand in the study 
area. Firstly, in the first stage of regression, the 
table shows that water demand in the study area 
was different among two years comparison. The 
result highlights that irrigation water demand was 
0.26 greater than in the year 2005 and statistically 
significant at one percent. Secondly, the 
regression result clearly suggests that water 
demand is inelastic against the price (X1) and 
declines against the raise of water charges. The 
price elasticity of water demand is -0.45 and 
follows the expected sign. The coefficient is 
statistically significant at 5 percent level. As 
irrigation water demand is depending on the 
crop-soil-water relationships, farmers face very 
difficult decisions in managing the demand of 
water against the raise of water charges, especially 
in the earthen irrigation canal system. However, if 
quality of irrigation facility can be improved, 
farmers may gradually able to manage water 
demand effectively.  

Next, the regression result suggests that 
rising in household revenue (X2) has also 
increased the demand of irrigation water with 
elasticity at 0.40 at one percent statistic significant. 
However, this does not imply that irrigation water 

Figure 2. Map of study area’s location and
canal layout 
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use will be raised because farmer will consume 
more water with more revenue. On contrary, the 
increased in revenue has improved the condition 
of budget constraint of farmer, which make 
farmer reluctant to maintenance their irrigation 
canal or water delivery canal to minimize the 
seepage with their limited and competitive labor. 

Furthermore, on household size (X3), the 
result further implies that larger household tends 
to virtually demand more irrigation water with an 
elasticity of 0.76 at one percent significant level. 
However, this result should be interpreted that the 
increase of household member tends to divert 
household labor away from maintenance work to 
reduce seepage, but rather to participate in other 
activities, especially in child rearing, household 
activities or off-farm activities. 

Although location of farmland along the 
irrigation system, specifically head reach farmer, 
was not statistically significant influent the 
irrigation water pump demand, the sign shows an 
interesting and expected signal of minus (-). The 
sign indicates that those farmlands that locate on 
the head reach of irrigation canal tend to demand 

less pumping irrigation water than others. This 
signal can be more interesting for further 
investigation if specific distance from water gate 
can be measured. Also, if types and method of 
watering can be included into future study, the 
result will provide good insight for future 
development policy on irrigation water 
management. 

The analysis further confirms that water 
demand tends to be increased and hold high 
coefficient values among water user units 
(WUUs), with the elasticity from almost 0.5 to 1.1. 
They all have very high statistical significant 
levels. Thus, it is quite clear that irrigation 
pumping demand is rising in all WUUs, which 
will need further necessary investigation to 
identify quality of maintenance and seepage level 
that could result in rising demand. 

In the second stage, the study focuses on the 
changes between 2005 and 2006, by adding 
“Year” and a set of interaction variables to the 
model. The estimates are reported in the third 
block in table 3 following the same sequence as 
that in second block. The estimates were remained 
significant and followed the previous estimation, 
except “Year” and “Wud6”. However, over the 
year changes the interaction of “Year” and 
studying variables were mostly not significant, 
except “Year”x“Wud1”, “Year”x“Wud4” and 
“Year”x“Wud6”, which implied changes over the 
year have certain degree of the impact on 
irrigation water pump demand. However, there 
are no clear outstanding changes on water user 
institution from 2005 and 2006, which could not 
be used for further discussion. Therefore, it is 
necessary to use this outcome as a base for future 
study. 
 
Conclusion 
This study is the first empirical attempt to 
estimate irrigation water pump demand from 
limited information on water delivered to the 
farmland. By using the unit of electricity use for 
pumping as a proxy for water pump volume, the 
study could finally link and able to identify the 
willingness to pay for irrigation through water 
demand function. The result shows that the price 
elasticity of irrigation water demand is low but 
significantly influent the change of the water use 
pattern. On the other hand, annual household 
revenue and household size have otherwise 
increased water demand. The study also reveals 
that farmland located in the different water user 
unit (WUU) has different water demand patterns. 
However, Location of head reach farmland is not 
statistically significant in the study to impact on 
water demand. Since this paper is an early attempt 

t-statistic t-statistic
Constant 2.83 ** 1.98 5.89 *** 3.48
Year 0.26 ** 2.15 -6.80 * -1.77
X1 -0.45 ** -2.56 -0.67 *** -3.51
X2 0.40 *** 4.62 0.25 ** 2.39
X3 0.76 *** 3.89 0.35 1.36
HeadDum -0.07 -0.48 0.05 0.26
Wud1 0.56 *** 2.64 1.07 *** 3.52
Wud2 0.51 ** 2.20 0.83 ** 2.56
Wud3 0.75 *** 3.43 1.26 *** 4.30
Wud4 0.99 *** 4.32 1.50 *** 5.30
Wud5 1.13 *** 5.51 1.53 *** 5.78
Wud6 0.46 * 1.95 0.12 0.38
Year*X1 0.63 0.83
Year*X2 0.37 1.97
Year*X3 0.43 1.00
Year*HeadDum -0.20 -0.71
Year*Wud1 -0.85 * -1.82
Year*Wud2 -0.41 -0.90
Year*Wud3 -0.61 -1.34
Year*Wud4 -1.17 ** -2.40
Year*Wud5 -0.46 -0.94
Year*Wud6 0.79 * 1.72
Obs: 124 124
R2: 0.46 0.57
Prob>F: 0.00 0.00
Note: ***, ** and * indicate statistically significant at 1, 
         5 and 10 percent levels, respectively.

Dependent Variable = Y (m3/ha)Variable
Coef. Coef.

Table 2. Estimation result of irrigation water
pump demand 

    

PROCEEDINGS OF ICSA2008   287



to quantify and currently explain the relationship 
of irrigation water pumped and water charges in 
rural communal managed irrigation in the Laos, 
the result of study however can be used as a 
baseline for further study on water governance in 
Laos.  
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Abstract 
This paper estimates the CO2 efficiency of bio-ethanol production using IO analysis for a case study in 
Hokkaido, Japan. Previous studies have measured CO2 emission from bio-ethanol production mainly by 
lifecycle assessment, but this approach cannot measure economic impact. Furthermore, initiating a 
bio-ethanol industry leads to structural changes throughout the regional economy; this in turn, causes 
changes in the CO2 emission of each sector. In Hokkaido, plans call for production of bio-ethanol from 
substandard wheat, sugar beets and rice. According to our calculation, up to 350,000kl of 3% bio-ethanol 
blended gasoline (E3) can be produced from substandard wheat annually in Hokkaido. We modify the 
conventional IO table of Hokkaido to incorporate the bio-ethanol sector and then estimate CO2 emission by 
sector. Next, by assuming that production of 10,000kl of E3 replaces the equivalent domestic gasoline 
demand, we measure the repercussions of CO2 emission as well as the economic impact (direct, indirect, and 
induced). Finally, we estimate the CO2 efficiencies of both E3 and gasoline,  

As a result, the economic impact of E3 is much larger than that of gasoline. On the contrary, E3 
production causes less CO2 emission than gasoline, and the CO2 efficiency of E3 is 80% higher than that of 
gasoline. From these results, we conclude that bio-ethanol production brings a larger economic impact with a 
smaller increase in CO2 emission, thus contributing to the CO2 efficiency of a specific region. 
 
Keywords: bio-ethanol production, E3, repercussions of CO2 emission, CO2 efficiency 
 
Introduction 
In recent years, people have paid more and more 
attention to bio-ethanol as a useful tool of global 
warming mitigation. Promotion of bio-ethanol has 
various effects on the environment, energy security, 
and economy etc., and many researchers have 
analyzed its effects. Studies, such as Shapouri et al. 
1995, Pimentel and Patzek 2005, Kim and Dale 
2006, and Masuda 2008 have measured CO2 
emission from bio-ethanol production and energy 
balance mainly by lifecycle assessment (LCA). On 
the other hand, Evans 1997, Hu 2007, and 
Urbanchuk 2007 have estimated the economic 
impact of bio-ethanol. However, these studies focus 
only on a single aspect of bio-ethanol. To 
understand the impact with ease, we need 
comprehensive evaluation of bio-ethanol 
considering both the environmental and the 
economic side. Furthermore, initiating a bio-ethanol 
industry leads to structural changes throughout the 
regional economy; this in turn, causes changes in 
the CO2 emission of each sector. So, initiation of 
bio-ethanol production causes change of CO2 
exhausted in a region. 

This study estimates the CO2 efficiency of 
bio-ethanol production, defined by the ratio of the 
economic impact to CO2 emission, using IO 
analysis for a case study in Hokkaido, Japan. First 

of all, we explain the plans of bio-ethanol 
production in Hokkaido. Then, we modify the 
conventional IO table of Hokkaido to incorporate 
the bio-ethanol sector and then estimate CO2 
emission by sector with reference to previous 
sector-based studies that estimated CO2 intensity. 
Next, by assuming that additional demand of 
10,000kl of 3% bio-ethanol blended gasoline (E3) 
and the equivalent domestic gasoline, we measure 
the repercussions of CO2 emission as well as the 
economic impact (direct, indirect, and induced). 
Finally, we estimate the CO2 efficiencies of both E3 
and gasoline. 
 
Analysis  
1) Bio-ethanol production in Hokkaido 
In Hokkaido, Hokkaido Bio-ethanol Co. Ltd. is now 
constructing a bio-ethanol plant in Tokachi region, 
Hokkaido, to be launched in 2009. The plans call 
for 15,000kl of bio-ethanol production, and 
substandard wheat is one of the main raw materials 
available in this region. According to our 
calculation, up to 10,490kl of bio-ethanol equaling 
349,668kl of E3 can be produced annually from 
substandard wheat. At present, wheat farmers sell 
substandard wheat to dairy farmers as cattle feed, 
and its price is about 1/10 of high-quality wheat. 
Bio-ethanol producers focus on substandard wheat 
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as raw material of bio-ethanol because of its 
cheaper price and its convenience of collection, 
transportation, and preservation. As agriculture is 
one of the main industries in Hokkaido, and major 
types of agriculture are arable crops—rice cropping 
and dairy farming—it is convenient for bio-ethanol 
producers here to collect raw material, such as 
wheat and sugar beet. 
 
2) Modification of IO Table 
In this study, we apply the 105-sector Hokkaido IO 
table of the year 2003, which is the latest available 
IO table. As the IO table doesn’t contain a 
bio-ethanol sector, we need to add a bio-ethanol 
sector in the table to analyze the impacts of 
bio-ethanol production. Therefore, we incorporate a 
bio-ethanol sector in the table, referring to the 
methodologies applied in Kunimitsu and Ueda 
2006.  

First, we assume that the product of bio-ethanol 
sector is E3, and E3 substitutes for generic gasoline, 
which is one of the products in the petroleum 
refinery sector. As we mentioned above, if 
production of bio-ethanol is launched in the Tokachi 
region, 10,490kl of bio-ethanol, which equals to 
349,668kl of E3, is produced from substandard 
wheat annually (Table 1). This E3 volume is about 
14% of gasoline consumption in Hokkaido and 
accounts to 35.6 billion yen in 2003(1). In the 
conventional IO table, production of petroleum 
refinery sector is 624.0 billion yen. As the 
bio-ethanol sector substitutes a part of generic 
gasoline production, the production of petroleum 
refinery sector amounts to 588.4 billion yen 
(calculated by deducting 35.6 from 624.0). This 
means that 5.7% of the production in petroleum 
refinery sector is substituted by bio-ethanol sector. 
Therefore, we separate the bio-ethanol sector from 
previous petroleum refinery sector using the share 
of 5.7%. In regards to the demand side, we assume 
that the bio-ethanol produced in Tokachi is 
consumed in Hokkaido and there is no export to 
other areas in Japan. This assumption is quite 
rational because the volume of bio-ethanol 

produced is much smaller than that of consumed in 
Hokkaido and there is no room for export.  
As the result of the modification, domestic 
production in Hokkaido accounts for 33,498 billion 
yen, which increased by 0.4 billion yen from the 
conventional IO table. This is because of the result 
of adjusting input and output.  
 

( 1 ) The difference of contained heat value 
between E3 and gasoline is taken into account 
in the calculation. Although economic value 
includes taxes imposed on gasoline, ethanol is 
untaxed. Therefore, tax levied on E3 is 3% 
lower than that on generic gasoline. 

 
3) Estimation of increase in CO2 (CO2 impact) 
Initiating a bio-ethanol industry leads to structural 
changes throughout the regional economy; this in 
turn, causes changes in the CO2 emission of each 
sector. So, initiation of bio-ethanol production 
causes change of CO2 exhausted in a region. To 
measure the amount of induced CO2 emission by 
bio-ethanol production, we refer to previous 
sector-based studies that estimated CO2 intensity; 
Nansai et al. 2002. In that study, they define CO2 
intensity as the following equation: with intensity 
vector e, vector of direct impact per unit production 
d, input coefficient matrix A, and diagonal matrix of 
import M. 

    (1) 
 
This equation means that CO2 intensity e includes 
primary induced CO2 impact, therefore, we can 
calculate the primary CO2 impact of bio-ethanol 
production as follows: 

     (2) 
 
where, the CO2 intensity of bio-ethanol sector   
and the primary increase in final demand in 

Table1 Volume of bio-ethanol production from substandard wheat
Volume Heat value Economic value

(kl) (TOE) (billion yen)
Ethanol 10,490 5,906 ----

Gasoline for E3 339,178 280,364 ----
E3 349,668 286,270 35.6

Gasoline substituted by E3 346,323 286,720 35.8
Note:
(1)1 TOE (Ton Oil Equivalent) equals 10,000,000Kcal.

    

- .> ? 1,,,' AMIIde

bioethanolbioethanol FeE 11 *5'*

PROCEEDINGS OF ICSA2008   290



bio-ethanol sector . The secondary CO2 impact is 
defined by the impact caused by the secondary 
induced economic impact. We can formulate the 
impact by the following equation: where secondary 
CO2 impact , CO2 intensity in sector i  , and 
secondary increase in final demand in sector i  ; 

     (3) 
 

In this study, as we calculate CO2 impact up to 
secondary effect, we can calculate total impact   
by summing up and: 

 
     (4) 
 
2.3Scenarios 
In this study, we assume that 10,000kl of additional 
demand of transportation fuel arises in Hokkaido. 
To meet the additional demand, there are two 
options for its supply: (1) 10,000kl of E3; and (2) 
10,000kl of generic gasoline (2). We measure the 
repercussions of CO2 emission, as well as the 
economic impact (direct, indirect, and induced). 
Finally, we estimate the CO2 efficiencies of both E3 

and gasoline. We define the CO2 efficiency by the 
ratio of the economic impact to CO2 impact, shown 
as the following equation, where   is ecomonic 
impact (primary, and secondary) measured by 
monetary term: 

    (5) 
 
The unit of the efficiency is million yen/t-CO2. 
 

(2) As there is a difference between heat content 
of E3and generic gasoline, strictly speaking, 
10,000kl of E3 equals to not 10,000kl but 
9,904kl of generic gasoline from a viewpoint of 
heat content. Of course, we consider the 
difference in the analysis but, in the paper, we 
say “10,000kl of generic gasoline” and 
“10,000kl of E3” for easy understanding. 

 
Results 
Results of the estimation are shown in Figure 1. 
Due to increase in E3 demand, indirect and induced 
economic impact, which is brought by sales of 
10,000kl of E3, account to 0.29 billion yen, and by 
adding to the direct economic impact, total 
economic impact accounts to 1.31 billion yen; and 
the multiplier, which is defined by ration of 
economic impact to the additional increase in final 
demand, is 1.29. On the other hand, when the 
demand of gasoline increased, indirect impact is 

- .9
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Table2 Economic impact and increase in CO2 by sector

E3 Gasoline E3 Gasoline
Crop cult ivation 9 0 0 0
Livestock 1 0 1 0
Forest ry 0 0 0 0
Fisheries 0 0 0 0
Mining 2 18 0 0
Bio-ethanol 1,031 0 2,210 0
Petroleum refinery p roducts 144 1,053 9 3,716
Other manufacturing p roducts 8 6 6 5
Construction 3 3 1 1
Electricity, gas, and water supp ly   7 16 21 36
Commerce 11 10 2 2
Financial, insurance and real estate   32 31 4 4
Transport, t elecom., and broadcasting 34 31 35 31
Public administration 0 0 0 0
Public services 9 9 1 1
Business services 19 21 5 5
Office supp lies       0 0 0 0
Act ivities not elsewhere classified 1 2 0 0
Total 1,311 1,200 2,296 3,801

Sector
Economic Impact : ΔX

 (million y en)
Increase in CO2 :ΔE

 (t -CO2)
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0.17 billion yen and total economic impact accounts 
to 1.20 billion yen, and the multiplier is 1.16, which 
is smaller than that of E3. From these results, we 
can recognize that, from an economic point of view, 
E3 brings larger economic impact than generic 
gasoline.  

Table 2 illustrates the economic impact by sector. 
Of course, the sector that has the largest impact is 
the bio-ethanol for E3 and the petroleum refinery 
for gasoline, respectively. Although gasoline gives 
no impact to the crop cultivation sector, E3 brings a 
production increase of 9 million yen to the sector. 
As we mentioned, the main industry in Hokkaido is 
agriculture, so additional demand of E3 impacts the 
main industry in Hokkaido. In terms of CO2 impact 
by sector, in the case of E3, CO2 emission from the 
energy sector (electricity, gas, and water supply) is 
lower than that of gasoline (21t-CO2 and 36t-CO2, 
respectively). Despite E3 causing economic impact 
on the crop cultivation sector, increase in CO2 in the 
sector is nearly zero. This is because CO2 intensity 
in the sector is low. 

In terms of CO2 impact, increase in E3 demand 
brings an increase in CO2, by 2,296t (Figure 1). 
However, increase in gasoline demand causes an 
additional 3801t of CO2. These results show that in 
spite of larger economic impact, E3 can keep the 
increase in CO2 smaller than gasoline. This is 
because E3 induces larger economic impact on the 
sectors whose CO2 intensity is smaller. Finally, we 
estimate CO2 efficiency of both E3 and gasoline: 
0.571 million yen/t-CO2 for E3 and 0.316 million 
yen/t-CO2 for gasoline (Figure 1). CO2 efficiency of 
E3 is 1.8 times that of gasoline. These results also 

show the advantages of E3 compared to generic 
gasoline.  
From these results, we conclude that from the 
regional perspective, bio-ethanol production in 
Hokkaido brings a larger economic impact with a 
smaller increase in CO2 emission, thus contributing 
to the CO2 efficiency of a specific region. 
 
 
Conclusion 
This paper measures economic and CO2 impact of 
bio-ethanol production using IO analysis for a case 
study in Hokkaido, Japan, and then estimates the 
CO2 efficiency. In spite of larger economic impact, 
E3 can keep the increase in CO2 smaller than that of 
gasoline, and the CO2 efficiency of E3 is 1.8 times 
larger than that of gasoline. Therefore, bio-ethanol 
production brings a larger economic impact with a 
smaller increase in CO2 emission, thus contributing 
to the CO2 efficiency of a specific region. These 
results also show the advantage of bio-ethanol 
compared to gasoline. 
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Abstract

This study analyzed how new direct-payment programs introduced in 2007 and reductions in CO2

emissions will affect farm income in Hokkaido. Four linear programming models (A–D) were

developed for a sample farm. Model A was based on past payment programs; Models B, C, and D

were based on the new programs; Models C and D assume that farmers continue to crop half and all,

respectively, of the area they previously cropped using each of the crops targeted by the new programs.

The objective of all four models was to maximize farm income. Each model calculated income,

emissions of CO2 caused by energy use and how reduction in CO2 emissions affects farm income.

Income under Models B, C, and D was lower than that under Model A. Emissions of CO2 were lowest

under Model B. As CO2 emissions decreased, the income under Model A became lower than those

under Models B and C. On the one hand, the new programs reduce farm income, but on the other hand,

they lessen the decline in income while reducing emissions of CO2.

Key words: Arable farming; Linear programming; New agricultural policy; Emissions of carbon

dioxide

Introduction

Under a new agricultural policy, the Japanese

Government introduced new programs of direct

payment for crops in the 2007 fiscal year. The

new programs change the criteria by which

agricultural subsidies are paid to farmers for

certain produce. Under the previous programs,

subsidies were paid depending on the quantity

and quality of production (“variable payment”).

Under the new programs, some subsidies are

paid depending on the average of the area which

farmers cropped using each of the crops in 2004,

2005, and 2006 (“fixed payment”), in addition to

a variable payment. Under the new programs,

the fixed payment is about 70% of the subsidies

for the targeted produce, and the variable

payment is about 30%. And the new programs

require farmers to act environmental-friendly

such as reducing use of pesticide, fertilizer and

energy. This study mentioned emissions of CO2

caused by energy use.

The crops targeted by the new programs are

wheat, soybean, sugar beet, and potato. As these

are the main crops grown in Hokkaido, it is

inevitable that farmers in Hokkaido will be

affected by the new programs. Amano (2007)

and Matsuki (2006) considered the economics of

fixed payment before the details of the new

programs had been published. This study

considered the influence of the new program on

farmers not only from an economic point of

view, but also from an environmental point of

view after the details of the new programs had

become clear. It investigated how both the new

programs and reduction in CO2 emissions will

affect farm income.

Materials and Methods

Four linear programming (LP) models were

developed for a sample farm in Hokkaido. The

objective of all models was to maximize farm

income. Each optimized crop production and

then calculated farm income and emissions of

CO2. Comparison of the results of each model

showed the influence of the new programs on

both outcomes.

Constraints on CO2 emissions were added

to each model to investigate how reduction of

CO2 emissions affects farm income. Income

without constraints was compared with income

with constraints to reveal the rate of income

decline.

The general structure of each model is as

follows:

Maximize !=
i

iixcZ +pf–cf

subject to iii bxA !  and 0!ix ,

where Z is farm income; c is a coefficient based

on crop sales, variable payment, and variable

costs for each product i per unit of land area; x
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Table 1  Base data for each model (per 10 are).

A B, C, D B, C, D AllModel

Produce

Crop sale  and

variable payment

(1000 yen)

Diff.

from A
Fixed payment

(1000 yen)

Variable cost

(1000 yen)

Yield

(kg)

Labor

need

(h)

Emissions

of CO2

(kg)

winter wheat

soybean

sugar beet

potato for chips

sweet corn

pumpkin

92.5

72.0

107.7

110.5

47.8

55.1

49.2

50.1

61.6

110.5

47.8

55.1

–43.3

–21.9

–46.1

–

–

–

38.5

25.5

30.1

–

–

–

25.6

31.6

47.8

60.8

26.1

17.4

590

267

6590

3378

1468

1621

3.7

4.4

10.0

12.5

3.1

12.2

55.1

30.9

58.2

62.1

18.1

16.5

stands for variables of land for product i; pf is

the fixed payment for the targeted produce under

the new programs; cf is fixed costs per year; A is

a matrix of technical coefficients; and b

represents the constraints of land availability,

rotation restrictions, and supply of farm labor.

Farm income includes crop sales and

variable and fixed payments. Variable costs are

direct crop production costs (various operations,

pesticide use, energy use, etc.) and the costs of

manure and fertilizer. Fixed costs include the

depreciation costs of machinery and buildings.

Four models (A–D) were developed for a

sample farm, typical of Hokkaido. Model A was

based on the past programs and Model B on the

new programs. As farmers expect that the basis

of the fixed payment will be changed from the

average of their land area in 2004, 2005, and

2006 to the average of a later, they may continue

to grow the produce on the same land area to get

the fixed payment continuously. To reflect such

decisions, Model C was based on the new

programs and half of the average land area in

2004, 2005, and 2006 of the produce targeted by

the new programs; and Model D was based on

the new programs and all of the average land

area.

All models deal with winter wheat, soybean,

sugar beet, potato for chips, sweet corn, and

pumpkin, as grown on the sample farm in 2006.

Base data are shown in Table 1. Crop sales and

the variable payment in Model A are calculated

from 2006 data, and those of Models B, C, and

D from 2007 data; those of Models B, C, and D

for winter wheat, soybean, and sugar beet are

lower than those of Model A. To make up for

their decline, a fixed payment is added, as

specified by the Ministry of Agriculture,

Forestry and Fisheries of Japan (2007). Variable

costs come from the records of the sample farm

in 2006. Yields are the averages of the sample

farm in 2004, 2005, and 2006, and labor need is

based on the journal kept by the farmer.

Emissions of CO2 were calculated from

electricity, gasoline, and light oil inputs. The

amount of inputs for typical farming at Memuro

town, where the sample farm is located, was

given by Memuro Agricultural Cooperative, and

CO2 emission from each input was calculated by

the data from The Ministry of the Environment,

Government of Japan (2000). Fixed costs on the

sample farm were ¥10.675!10
6
 per year.

All models have constraints of land

availability, rotation restriction, and supply of

farm labor. Land availability is 44.7 ha, as on

the sample farm. There are three rotation

constraints. First, sugar beets and potatoes are

grown once in 4 years and soybean is grown

once in 5 years to avoid disease. Second, winter

wheat can be grown on half of the previous

year’s winter wheat cropping area, but the

maximum land for winter wheat is one third of

the total. Third, winter wheat follows potatoes or

sweet corn harvested before the middle of

September. Three people work for 9 h a day

normally and 10 h in the busy season. The

supply of labor is influenced by rainfall, so

rainfall is included as a constraint on labor.

Precipitation data from Memuro town came

from the Japan Meteorological Agency. If the

precipitation over the 5 years from 2002 to 2006

averaged 0.5 to 9.0 mm, farmers can’t work for

half a day; if it averaged 10 to 29 mm, they can’t

work for 1 day; if it averaged more than 30 mm,

they can’t work for 2 days. An example of the

labor supply in each season is shown in Table 2.

Models C and D have one more land

constraint. The minimum land areas in Model C

were half each of 54.6 ha for winter wheat, 2.9

ha for soybean, and 7.5 ha for sugar beet (the

average of the cropping areas in 2004, 2005, and

2006), and those in Model D were all each of

them.

XLP software, developed by the National
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                                                 Table 2  Typical labor supply.

Season Supply of labor (h)

Mid-March

Late March

Early April

Mid April

…

240.3

232.2

224.1

218.7

…

Agricultural Research Center of the National

Agriculture and Food Research Organization,

was used for calculations.

Results

The optimal cropping under each model is

shown in Table 3, with farmer income and

emissions of CO2. The optimal cropping

calculated by the LP models is reflected by crop

sales, variable payment, and variable costs, but

not by fixed payment and fixed costs. The crop

sales and variable payment for the targeted

produce decrease under Models B, C, and D,

whereas those for the non-targeted produce do

not change (Table 1). So land area of sweet corn

and pumpkin, which are not targeted, increases,

while land area of sugar beet decreases in

Models B, C, and D (Table 3).

Farm income decreases under Models B, C,

and D even if the fixed payment is added.

Incomes are about 16% lower than Model A in

Model B, 23% lower in Model C, and 30%

lower in Model D. Emissions of CO2 also are

lower under Models B, C, and D. So although

the new programs reduce farmer income, they

also reduce emissions of CO2.

How reduction in CO2 emissions affects farm

income under the new programs was calculated

next. CO2 emission constraints ranging from 5 to

40% of the emissions of Model A were added to

all models. If the rate of reduction of CO2

emissions is more than 20%, the income under

Model A drops below that of Model B (Fig. 1).

If the rate of reduction is more than 30%, the

income under Model A drops below that of

Model C as well. Model D doesn’t allow optimal

cropping when CO2 emissions decrease by more

than 20%. Thus, the new programs lessen the

decrease of income that occurs while reducing

emissions of CO2.

Model A Model B Model C Model D

Amount Amount
(B – A) / A

! 100 (%)
Amount

(C – A) / A

! 100 (%)
Amount

(D – A) / A

! 100 (%)

Land (ha)

 winter wheat

! soybean

 sugar beet

! potato for chips

 sweet corn

! pumpkin

Income (1000 yen)

Emissions of CO2 (kg)

14.8

8.9

10.0

5.1

4.9

1.0

11,365

20,931

14.8

7.8

0.0

5.1

14.8

2.2

9,520

16,774

–

–12.4

–100.0

–

+202.0

+120.0

–16.2

–19.9

14.8

6.5

3.7

5.1

12.4

2.2

8,721

18,108

–

–27.0

–63.0

–

+153.1

+120.0

–23.3

–13.5

14.8

5.3

7.4

5.1

10.0

2.1

7,923

19,441

–

–40.4

–26.0

–

+104.1

+110.1

–30. 3

–7.1

Table 3  Optimal cropping for each model and farm income and emissions of CO2.
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                      Figure 1  Impact on farm income when CO2 emissions are reduced.

Conclusion

On the one hand, the new programs decrease

income; on the other hand, they lessen the

decline in income that occurs while reducing

emissions of CO2. The fixed payment introduced

by the new programs is important in supporting

farm income. The new programs encourage

farmers to reduce CO2

emissions.Acknowledgements

The author acknowledges the staff of Memuro

Agricultural Cooperative for the provision of

data for the models, and Wataru Oishi for advice

on LP.

References

Amano T. (2007). Issues upon growth of upland

farms under gross-commodity policies.

Hokkaido J Agric Econ 13(2): 20–39.

Matsuki Y. (2006). The influence of the farm

management and the subject to examine of

“Japanese de-coupling policy”. Mem

Hokkaido Musashi Women’s Jun Coll 38:

233–267.

The Ministry of Agriculture, Forestry and

Fisheries of Japan (2007).

http://www.maff.go.jp/ninaite/335.html

The Ministry of the Environment, Government

of Japan (2000).

http://www.env.go.jp/earth/ondanka/santeih

o/kento/h1209/01.pdf

PROCEEDINGS OF ICSA2008   297



Analysis of Actual Situation of the Sustainable Upland Farming by Fallow
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Abstract

The purpose of this paper is approach on actual situation of fallow green manure. This paper showed the

following factors;

1. Analyze the continuity of fallow green manure choice of farmers, continuity is different in farmers.

2. The factor of that introduction/cancellation, four factors of introduction and three factors of

cancellation.

3. This paper simulate crops choice; fallow green manure choice occurred by an area of the farmland and

ratio to occupy is few when it's chosen.

Keywords: Farm management; Cropping system; Crop rotation; Fallow green manure crop

Introduction and methodology

In Hokkaido, Japan, there is large-scale upland

farming farmers. These farmers adopt crop rotation

system for four years mainly on the crops (wheat,

sugar-beet, potato, and beans). The enforcement of

the crop rotation in upland farming is sustainable

farming technology that is a long-term examination

study and continued being improved by a constant

effort of the farmers.

Today, Economic character of the upland farming

crops is changing, and the crops choice of the

farmer depends, belonging to changes into the high

crops of the profitability of the saving of labor force.

Therefore it causes an evil influence, such as fall of

the soil-fertility, so it concern about for four years

crop rotation system.

Under this situation, sustainable-agriculture to

introduce a fallow green manure into the upland

farming cropping system attracts attention.

Introduction of the Fallow green manure stabilizes a

crop rotation system. But, it is non-profit-like crop,

so farmers carrying it out are few. However, there is

the large-scale upland farming that it continues for a

long term and practices. We can expect the

elucidation of the process that was able to turn to

generalization with a fallow green manure cropping

by evaluating practice of the pioneer of these

farmers.

Therefore this paper approaches on the actual

situation with a fallow green manure cropping in

the large-scale upland farming. First, we analyze

the characteristic of the action for the fallow green

manure with all planted crops data of the individual

farmer. Next, we show a factor of introduction /

cancellation of the fallow green manure by the

hearing investigation of the individual farmers.

Thirdly, we use linear programming and evaluate a

factor of introduction / cancellation of the fallow

green manure. In particular, "continuation" of

fallow green manure is necessary that with the

long-term crop rotation that incorporated a fallow

green manure. We focus on this point in this paper.

In addition, Field is Sarabetsu, Tokachi district,

Hokkaido. Becoming it attracts attention the large

scale of the farming in Tokachi district in Hokkaido

upland farming areas, and it is Sarabetsu that

represents this movement. This study uses

individual farmers cropping data for the 27 years

and data of the hearing investigation that we

performed as an analysis.

2. Case study

Firstly we take up a farmer fixing a fallow green

manure product to be concrete and watch the land

use. T farm is four family work forces, large-scale

(70ha) upland farmer. These upland farming that

did including T farm adopt basically following crop

rotation, Sugar Beet ! Potato (Beans)! Beans

(Potato )! Wheat. But as for the wheat, the work

in the short time is demanded from wheat seeding

by Beans or Potato cropping because a kind is

winter wheat. Table 1, as for land use of the T farm,

there is positioning as wheat previous a fallow

green manure. The ratio holds 54.8% and the half of

wheat crop farm belonging to. Therefore the wheat

repeated cultivation is not almost watched.

With the case of T farm, it was referred a product

to the degree that a fallow green manure crop held

10% of the whole management area. The continuity

with a fallow green manure cropping is the

technology that is effective to assure the

enforcement of the crop rotation.
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3. Continuity of fallow green manure cropping

From a result of case study, fallow green manure

cropping contributes to the enforcement of crop

rotation. Then how is there the farmer practicing

with product as expected? Following, we perform

the type of action with fallow green manure

cropping for 138 samples upland farming. It is as

follows to be concrete.

"Distribute annual with fallow green manure

cropping, in 1980's and after 1990's, and count

it each.

"About the number of each counts, make cross

tabulation list.

" From the cross tabulation list, confirm the

continuity with a fallow green manure cropping.

Table 2 is the result. It showed distribution by the

fallow green manure cropping frequency of the

individual farmers in two periods. From there,

classify it in the following types.

(i) "Crop of the fallow green manure is high in

both periods"#Continuation$
(ii) "Crop is low in the first period, but frequency

with crop is high in the latter period"

#New continuation$
(iii) "Crop is high in the first period, but

frequency with crop is low in the latter period"

#Cancel it after continuation$

(iv) "Crop is low in both periods"#Spot$
(v) "Not product of the fallow green manure in

both periods"#Not cropping$
The result of analysis, the continuity of fallow

green manure cropping choice of farmer is different

in each, the similar type such as “continuation”

“cancellation after the continuing” “not

continuation” was cleared. In addition, in the case

of "continuation", there is a difference in the time of

the continuation, and a planted area ratio of that

case is around 5%.

     

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

17

/

17

Total

0 29 10 7 2 4 3 4 1 1 1 1 1 64

1 5 3 2 1 1 4 1 1 18

2 6 2 1 1 1 1 3 1 1 1 18

3 1 2 1 2 1 1 1 1 10

4 2 3 1 1 1 1 9

5 1 1 1 3

6 1 1 2

7 1 1 1 3

8 1 1 1 3

9 1 1 1 3

10/10 1 1 1 1 1 5

Total 42 19 12 9 10 9 3 9 2 1 2 3 3 1 3 4 2 4 138

* N=138

* The face shows the the number of years when a product referred a fallow green manure to during a period of ten years from 1980 to 1989. The

list head shows the the number of years when a product referred a fallow green manure to during a period of 17 years from 1990 to 2006.

Table 2  Distribution of the farmers by frequency of the fallow green manure cropping   

From 1990 to 2006 !17 years"

From 1980

to 1989

(10 years)

Wheat Sugar beet Potato
Potato for

starch

Adzuki

bean

Kidney

bean

Fallow

green

manure

Wheat 4.8 83.6 15.6 13.4

Sugar beet 23.4 16.0 71.4 8.6

Potato 40.0 1.4 14.3 19.6 42.6 50.4

Potato for starch 4.2 19.4 6.2 57.4 9.5

Adzuki bean 0.4 7.0 40.1 56.3 28.5

Kidney bean 3.8 2.8

Fallow green manure 54.8 1.5 3.1

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

*Count each crops area of 1997 to 2003 and a total for seven years.

The previous

crops (%)

Table 1  Farm land use of T farm

The second crops (%)
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4. Hearing investigation

There is a difference of the character for action of

fallow green manure cropping at a point of the

continuity. Table 3 shows the factor of type looked

at with hearing investigation. It was separated by an

introduction factor and the cancellation factor that it

showed below. The introduction factor with a

fallow green manure cropping is as follows.

(i) Farmers recognition of the outbreak of the

soil-fertility issues.

(ii) Improvement of crop rotation for disease and

pest risk reduction.

(iii) Improvement of crop rotation for

discontinue of repeated cropping of wheat.

(iv) Improvement of the new acquisition

farmlands soil-fertility.

The cancellation factor with a fallow green

manure cropping is as follows.

(i) Necessity of the profit security.

(ii) Switch to the other crops.

(iii) The achievement of the introduction

purpose.

By these factors, following points are suggested as

a condition for introduction / continuation of the

fallow green manure cropping.

(i) Recognition for the review of the crop

rotation system.

(ii) Necessity of the profit security of the single

year.

(iii) Present farming scale and farming scale

expansion condition.

5. Evaluate of the fallow green manure cropping

Next, we simulate crops choice of the large-scale

upland farming with linear- programming and

examined rationality of introduction of the fallow

green manure. In the real farming, limitation with

tight product is demanded on the construction of the

crop rotation system. As a result of having been

conscious of this point in particular, from a

relationship with the repeated cultivation of the

wheat, the following points became clear (Figure

1).

101 ! ! ! !

102 ! ! !

103 ! !

104 ! ! ! ! Scale expansion

105 ! ! !

201 ! ! !

202 ! ! ! ! ! ! Continuation of grant

203 ! ! !

204 ! ! ! ! Scale expansion

205 ! ! ! ! " Scale expansion

206 ! ! !

207 ! ! !

208 ! ! ! " Continuation of grant

209 ! ! !

210 ! ! "

301 ! ! ! ! !

302 ! ! ! ! Improvement of profit

303 ! ! ! !

304 !

305 ! ! ! " Improvement of profit

401 ! ! !

402 ! ! ! "

403 ! ! ! !

404 ! ! ! "

405 ! !

Fertility of

soil

(iii)

(iv)

*! :continuation,":examining,!: cancellation.

(i)

(ii)

The

achievement

of the

introduction

purpose

Intention of

the

continuation

Condition of the

continuation

Security of

the profit

Switch to the

other crops

New

acquisition

farmlands

soil-fertility

Table 3  Introduction factor / cancellation factor of the fallow green manure cropping

Type
Farmer

No.

 Introduction factor Future intentioncancellation factor

Disease and

pest

Discontinue

of repeated

cropping of

wheat
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First, when a farmer adopts the action that was

conscious of rational crop rotation, a difference

occurs in the fallow green manure choice by a scale.

Second, when a fallow green manure is chosen,

share of the fallow green manure planted area is 5-

7% in 60ha. Furthermore, when a scale spreads to

70ha, it occupied 10%. Third, therefore the

enforcement of a long-term crop rotation system is

not demanded. Furthermore, when the increase

effect of the harvest is watched by the continuation

of the fallow green manure, the influence to give

increase of the income is big.

6. Conclusion

The purpose of this paper is to show the actual

situation of introduction with fallow green manure

cropping in the large-scale upland farming. The

analysis is as follows.

First, the continuation with a fallow green manure

cropping contributes to enforcement of the stability

of the crop rotation. Second, there is a difference of

the character in continuity with a fallow green

manure cropping between each farmer. Third,

depending on the difference, there are some

introduction factor and some cancellation factor,

and continuity with a fallow green manure product

is decided by the combination of these factors. In

the last, choice of a fallow green manure cropping

is selected by farming scale.

Current upland farming crop rotation has been

formed by longtime experience, but it may be said

that extremely tight crop rotation system. Therefore

a longer-term crop rotation system should be

groped for in future. Though the fallow green

manure crop is non-profit-like, in the long term it

has a function to replace it in organic quality

manure and promotes the land productivity

improvement by raising soil condition. As a result,

it may contribute to the profit improvement of the

farming incomes. Our findings suggest that

sustainable-agriculture of the upland farming in

Hokkaido.
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Figure 1  Simulation result
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Abstract 
We measure the potential economic and environmental impact caused by the Japan-New Zealand Free Trade 
Agreement (JNZFTA) using the Global Trade Analysis Project (GTAP) model and the OECD Nitrogen 
Balance Database.  First, the GTAP model is used to estimate the changes in economic activities, such as 
agricultural production, caused by the JNZFTA.  Second, the GTAP results and the OECD Nitrogen 
Balance Database are used to estimate the potential impact of nitrogen pollution from agriculture caused by 
the JNZFTA. 
 
Keywords: trade and environment, computable general equilibrium modeling, nitrogen balance 
 
Introduction 
The purpose of this paper is to measure the 
potential impact of nitrogen pollution from 
agriculture caused by agricultural trade 
liberalization under the Japan-New Zealand Free 
Trade Agreement (JNZFTA), using the Global 
Trade Analysis Project (GTAP) model (Hertel, 
1997) and the OECD Nitrogen Balance Database 
(OECD, 2001).  The nitrogen surplus ends up in 
the water environment and contributes to 
eutrophication.  Figure 1 shows Japan’s nitrogen 
surplus (kgN/ha) is the fourth-highest among 
OECD countries, while New Zealand’s nitrogen 
surplus is the lowest among the OECD countries.   
 
Materials and methods 
We measure the potential economic and nitrogen 
impact caused by the JNZFTA using the GTAP 
model and the OECD Nitrogen Balance Database 
(Rae and Strutt 2004, 2007).  First, the GTAP 
model is used to estimate the changes in economic 
activities, such as agricultural production, caused 
by the JNZFTA.  Second, the GTAP results and 
the OECD Nitrogen Balance Database are used to 
estimate the potential impact of nitrogen pollution 
from agriculture caused by the JNZFTA.  

We use a standard static version of the GTAP 
model to estimate the potential economic impact of 
an FTA between Japan and New Zealand.  This 
model measures the static impact of trade policy 
changes without incorporating dynamic effects. 

Version 5.4 of the GTAP database is used in this 
analysis.  It divides the world into 78 regions, each 
containing 57 sectors or commodities.  Since this 
study focuses on a bilateral FTA between Japan and 
New Zealand, the database is aggregated into 24 
regions and 24 sectors.  This regional aggregation 
is designed to distinguish the OECD countries, for 
which nitrogen balances are available, and the 

non-OECD regions. Three regional groupings of 
Central and South America, the Rest of Asia and the 
Rest of the World are used to represent non-OECD 
countries.  Nitrogen balances are not available for 
these groupings.  The commodity aggregation 
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Figure 1. Nitrogen Balance by Region (kgN/ha)
Source: OECD 2001. 
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framework is designed to focus on the farm sectors 
for which nitrogen balances are computed.  In 
terms of the aggregated commodities in Table 1, the 
farm sector is defined as commodities from paddy 
rice to wool, silk-worm cocoons.  

As seen in Table 1, high tariffs remain on farm 
and food sectoral commodities in Japan. The 
highest Japanese tariff on imports from New 
Zealand is levied on processed rice (409%).  
Commodities whose tariffs are higher than 50% in 
Japan are wheat (249%), oil seed (76%), cattle 
sheep, goats (149%), wool, silk-worm cocoons 
(55%), other meat (58%), dairy products (287%), 
processed rice (409%), and sugar (116%).  The 
highest New Zealand tariff on imports from Japan is 
levied on other food products (12%).   

The scenario we model assumes the complete 
removal of all import tariffs between Japan and 
New Zealand, not only in the agricultural sector but 
in non-agricultural sectors, as well.  While it is 
unlikely that the JNZFTA would remove all import 
tariffs in all sectors between Japan and New 
Zealand, this scenario provides an upper bound of 
the economic impact caused by the possible 

JNZFTA. 
We focus only on nitrogenous pollution from 

agriculture, due to the limitation of available data 
on other kinds of pollution, such as SOx, NOx, etc.  
The nitrogen balance is used to estimate the 
potential changes in nitrogenous pollution from 
agriculture caused by the JNZFTA.  The nitrogen 
balance is defined by OECD as the physical 
difference (surplus/deficit) between nitrogen inputs 
into, and outputs from, an agricultural system, per 
hectare of agricultural land (OECD, 2001).  The 
annual total quantity of inputs for the soil surface 
nitrogen balance includes fertilizer, livestock 
manure, and other nitrogen inputs.  The annual 
total quantity of uptake for the soil surface nitrogen 
balance includes harvested crops, and forage and 
pasture. 

We use the OECD Nitrogen Balance Database 
for 1997, corresponding to the base year of version 
5.4 of the GTAP database used.  This very detailed 
information is aggregated into a form compatible 
with the GTAP database used.  The OECD 
database includes OECD country data on nitrogen 
coefficients for crops and livestock.  

Commodity
Japanese tariffs on

 imports from Australia
New Zealnd's  tariffs on

imports from Japan
Paddy rice 0 0
Wheat 249 0
Other cerial grains 20 1
Vegitables, fruits,nuts 45 2
Oil seed 76 0
Sugar beet, cane 0 0
Plant based fibers 0 0
Other crops 22 4
Cattle, sheep, goats 149 0
Raw milk 0 0
Other animal products 5 1
Wool, silk-worm cocoons 55 0
Cattle meat 36 4
Other meat 58 11
Vegitable oils, fats 7 2
Dairy products 287 11
Processed rice 409 0
Sugar 116 0
Other food products 37 12
Forestry 0 0
Fishing 5 0
Mineral products 0 5
Manufacturing 1 9
Service 0 0

Source: Derived from Version 5.4 of GTAP Database.

Table 1  Ad Valorem Tariffs on Different Commodities on Bilateral Basis (%)     
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Nitrogen inputs and outputs are calculated as the 
relevant quantity of crop outputs or livestock 
numbers multiplied by nitrogen coefficients in the 
OECD Nitrogen Balance Database.  We assume 
that these coefficients will remain constant when 
trade is liberalized, and that the level of nitrogen 
inputs and outputs will change by the same 
proportion as the levels of crop outputs or livestock 
numbers (Rae and Strutt 2004, 2007). 
 
Results 
The impact on real GDP and total farm output under 
full trade liberalization between Japan and New 
Zealand is shown in Table 2.  Under full trade 
liberalization, New Zealand is likely to experience a 
more substantial gain in real GDP and total farm 

output than Japan.  The impact of full trade 
liberalization is more observable in total farm 
output than in real GDP. As shown in Table 2, under 
full trade liberalization real GDP in New Zealand 
expands by 0.22%, whereas real GDP in Japan 
expands by 0.01%. Total farm output in New 
Zealand expands by 13.3%, whereas total farm 
output in Japan declines by 1.1%. 

As shown in Table 3, under full trade 
liberalization farm production of most commodities 
declines in Japan, while output from the raw milk 
sector exhibits expansion in New Zealand.  In 
percentage terms, the decline in output from the raw 
milk sector is the highest (-11.3%) in the farm 
sectoral outputs of Japan.  The increase in output 
from the raw milk sector is the highest (50.1%) in 
the farm sectoral outputs of New Zealand. 

The impact on nitrogen balance under the full 
trade liberalization between Japan and New Zealand 
is shown in Table 4.  While Japan’s nitrogen 
balance is projected to decrease, the extent of the 
decrease is rather small.  Japan’s nitrogen balance 
is projected to decrease by only 1.9% from the 
initial level of nitrogen surplus.  The decrease in 
each farm sectoral output results in a small decrease 
of uptake and inputs, leading to a rather small 
decrease in Japan’s nitrogen balance. 

New Zealand’s nitrogen balance is projected to 
increase by 12.5% from the initial level of nitrogen 
surplus.  The increased inputs from fertilizer and 
livestock manure are the key driving force behind 
the anticipated deterioration in the overall nitrogen 
balance of New Zealand.  This arises mainly due 
to the large increases in output from the raw milk 
sector.   
 
Discussion and Conclusion 
The GTAP results show that farm outputs increase 
significantly in New Zealand and decrease slightly 
in Japan.  The nitrogen balance results show that 
nitrogen balance increases significantly in New 

Japan New Zealand
Real GDP 0.01 0.22

-1.1 13.3Total Farm Output

Table 2 Impacts of the JNZFTA on Real GDP,
and Total Farm Output (%)

Note: All projections are percentage deviations from the initial
period.
    

Japan New Zealand
Paddy rice 0.1 -10.3
Wheat 1.0 2.1
Other cerial grains -0.9 1.8
Vegitables, fruits,nuts -0.3 6.5
Oil seed 0.8 0.1
Sugar beet, cane -1.0 2.8
Plant based fibers 0.9 1.0
Other crops -1.1 -12.3
Cattle, sheep, goats -0.7 1.2
Raw milk -11.3 50.1
Other animal products 0.0 -37.4
Wool, silk-worm cocoons -0.3 -6.3

Table 3 Changes in Farm Sectoral Outputs (%)

Note: All projections are percentage deviations from the initial
period.

    

Japan New Zealand
Uptake

Harvested crops 368.2 26.2 367.7 (-0.1) 26.9 (2.9)
Forage and Pasture 226.5 3,332.4 210.7 (-7.0) 3,658.7 (9.8)
Total Uptake 594.7 3,358.6 578.4 (-2.7) 3,685.6 (9.7)

Inputs
Fertilizer 568.5 138.9 552.9 (-2.7) 152.4 (9.7)
Livestock manure 487.6 1,212.6 475.1 (-2.6) 1,347.5 (11.1)
Other nitrogen inputs 179.3 2,081.2 179.1 (-0.1) 2,269.1 (9.0)
Total Inputs 1,235.3 3,432.8 1,207.1 (-2.3) 3,769.0 (9.8)

Total Nitrogen Balance 640.7 74.1 628.7 (-1.9) 83.4 (12.5)
Note: Fertilizer means inorganic fertilizer; livestock manure means net livestock manure; other nitrogen inputs include
biological nitrogen fixation, atmospheric deposition, and seeds and planting materials. Figures in parenthesis are percentage
deviations from the initial period.

Japan New Zealand

Table 4 Impacts of the JNZFTA on nitrogen balance (1,000t, %)
Initial JNZFTA
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Zealand and decreases slightly in Japan.  
Even though our results should be treated as 

preliminary due to inevitable limitations with this 
kind of research, these results suggest that the 
possible JNZFTA will have a relatively greater 
impact on the nitrogen pollution from agriculture in 
New Zealand than in Japan.   
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Abstract

An agri-environmental scheme that financially promotes communal activities among residents for preserving

farmland, irrigation water, and the rural environment has been enforced in Japan since April 2007. We

applied a multi-agent simulator to predict the number of participants engaged in the activity of preserving the

rural environment in a village by considering that a resident’s decision to participate in the activity is

influenced by the decisions of other residents. After 100 simulation trials, the average participation rate in the

activity was predicted to be 57%. However, according to a sensitive analysis, the average participation rate

was found to be unstable since the choice probability of participation for one-third of all the residents at

convergence was between 0.5 and 0.7. This implies that the number of participants may become half or less

of all the residents when their utilities of participation decrease slightly.

Keywords: Resource management, environment, agricultural canal, multi-agent, discrete choice model

Introduction

An agri-environmental scheme that financially

promotes communal activities among residents

(farmers and non-farmers) for preserving farmland,

irrigation water, and the rural environment (in

Japanese, “Nouchi Mizu Kankyou Hozen Koujyou

Taisaku”) has been enforced in Japan since April

2007. Although statistical analysis researches of

survey data indicated interaction among residents as

one of the factors influencing residents’

participation in such activities (e.g., Aizaki et al.

2006), computer simulation studies are more

suitable for examining the effect of interaction

among residents on their participation and for

forecasting the number of participations therein. We

applied a multi-agent simulator to predict residents’

decision-making related to the preservation of the

rural environment. Multi-agent simulators have

been applied to various issues related to agricultural

and environmental resource management (e.g.,

Janssen 2002). One of the previous related studies

is Yamashita and Hoshino (2006), who applied the

Agent-based Simulation Model for Agricultural

Planning (Yamashita and Hoshino 2005) to simulate

the effect of supplying non-farmers’ labor forces to

farmers on preserving farmland in a given area.

Although Yamashita and Hoshino (2006) modeled

that non-farmers helped farmers in return for wages,

non-farmers’ decision-making process to participate

in the activity of preserving the rural environment

in our simulator was modeled on the basis of

random utility theory and was set to be affected by

other agents’ decision-making to participate in it.

Materials and methods

This paper presents a case study that applies a

multi-agent simulator developed by Kozo Keikaku

Engineering Inc., called the Agent Based Simulator

(currently, KK-MAS), to predict the number of

residents who intend to participate in the activity

plan of improving agricultural canals in order to

make the area habitable for fireflies. Since the

Japanese generally prefer to watch fireflies at night,

such improvements have been recently carried out

in Japan.

An agent’s decision-making rule

Each participant (hereafter, agent) is modeled on

the basis of random utility theory (e.g., Louviere et

al. 2000; Train 2003), where each agent makes his

or her decisions based on the utility maximization

rule. An agent is assumed to select the alternative

with the highest utility from among choice sets

having two alternatives: “participation in the

activity of preserving the rural environment”

corresponds to alternative i and “nonparticipation in

the activity of preserving the rural environment”

corresponds to alternative j. However, since utility

cannot be exactly measured by others, the agent’s

decision-making is treated as a probabilistic choice

behavior. Under this assumption, an agent’s

probability of choosing i and j is as follows:

P(i) = Pr (Ui > Uj), (1)

P(j) = 1 – P(i). (2)

Although some statistical models are derived from

this probabilistic choice model, in our study, the

binary logit model is used as the basic statistical

model. The choice probability of alternative i in the
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The p articipation rate in my 
neighborhood is 0.6 (3 agents are 
participants from among a total of 
5 agents).  

Participa nt

 

 

 

  

Nonparticipa nt 

Nonparticipa nt 
Participa nt 

Participa nt 

Nonparticipant 

Agent 1’s neighborhood 

Agent 1 

Agent 2 Agent 3 

Agent 4 

Agent 5 
Agent 6 

Agent 7 

Agent 7 is not included in 
agent 1’s neighborhood. 

Fig.1. Image of the neighborhood and the participation rate of other agents for agent 1

binary logit model is given by

P(i) = exp(Vi) / [exp(Vi) + exp(Vj)]

    = 1 / [1 + exp (Vj – Vi )], (3)

where Vi and Vj are systematic (or deterministic)

components of the utility of alternative i and j,

respectively. Each of the components (therefore, the

difference of them) is assumed to be the function of

the agent’s individual characteristics (e.g., his/her

gender, age, family size, etc.) and the attributes of

each alternative. One of these factors is the

interaction between agents, which is operationally

defined in our case as the participation rate of other

agents (hereafter, the neighbor participation rate)

(Fig.1). This neighbor participation rate is obtained

by dividing the number of agents within the agent’s

neighborhood who are forecasted as participants in

the activity by the total number of agents within the

agent’s neighborhood. The most important point is

the sign of the coefficient of the neighbor

participation rate (Aizaki 2006) since it represents

the effect of other agents’ participation on the

agent’s participation (the effect of neighborhood).

On the basis of the sign, agents are divided into

three categories. The first category, denoted by a

positive sign of the coefficient, represents the case

where the higher the neighbor participation rate, the

higher the agent’s utility of participation

(conformity effect). The second category, denoted

by a negative sign of the coefficient, represents the

case where the higher the neighbor participation

rate, the lower is the agent’s utility of participation

(derivative effect). The third category, denoted by a

zero coefficient, represents the case where the

neighbor participation rate does not affect the

agent’s utility of participation.

Empirical setting of the agent model

In order to set coefficients in the abovementioned

model, estimation results of Aizaki (2006) were

used, who conducted a questionnaire survey that

examined the effect of the neighbor participation

rate in an activity on agents’ intention to participate

in it by using stated preference methods (e.g.,

Louviere et al. 2000). In February 2005, a copy of

the questionnaire was distributed to a total of 231

households—farmers and non-farmers—living in a

small village in Aomori Prefecture, Japan. The

survey was returned by 168 households, out of

which 130 completed the questionnaire.

    Each participant was questioned about his/her

intention to participate in the activity plan to

improve the ecological condition of agricultural

canals in order to make some part of the area

habitable for fireflies, given the percentage of

others residents who agreed with it, and were asked

to select one of the following five options: agree,

moderately agree, neutral, moderately disagree, and

disagree. Agree and moderately agree were

considered to indicate the intention of participation

in the plan (hereafter, “participation”), whereas

neutral, moderately disagree, and disagree

represented the intention of nonparticipation

(hereafter, “nonparticipation”).

    In order to determine the category into which

each respondent is classified, based on the

coefficient of the neighbor participation rate, the

model was estimated by using the binary logit

model with random parameters (Greene 2002). The

systematic component of the utility of

nonparticipation is normalized to zero and that of
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participation is assumed to be as follows:

Vi = !0 + !1X1 + !2X2 + !3X3 + !4X4 +

!!!!!5X5 + (!61 + !62Y + !63Z) X6, (4)

where, X1 is the respondent’s perception of the

environmental benefits of the agricultural canal, X2

is the respondent’s perception of the problem of the

agricultural canal, X3 is a dummy variable that takes

the value of 1 if the respondent is male and 0

otherwise, X4 is a dummy variable that takes the

value of 1 if the respondent is over 60 years and 0

otherwise, X5 is a dummy variable that takes the

value of 1 if the respondent’s household has over 4

members and 0 otherwise, X6 is the neighbor

participation rate, Y is a dummy variable that takes

the value of 1 if the respondent’s household is a

non-farming household and 0 otherwise, Z is a

random term that is normally distributed, and each

! is the coefficient. The coefficient of X6 moves

from the overall average !61 by coefficient !62 in

accordance with the value of Y, which varies with

respondent n. The difference between the

respondents in terms of coefficients that cannot be

calculated by using explicit respondent

characteristics is represented by the probability item

Z and coefficient !63. By using the above setup

conditions, we can obtain the coefficient of the

neighbor participation rate that varies with the

respondent.

    Fig. 2 shows the histogram of each

respondent’s estimated coefficient of neighbor

participation rate (Aizaki 2006). Non-farmers

showed only the conformity effect, and farmers

showed both the conformity and derivative effects

(in addition, the coefficient for some agents was not

significantly different from zero). In the simulator,

the estimated coefficients and survey data were

used for the initial setting for each agent.

    Each resident was randomly assigned to one of

144 locations arranged on a 12 "  12 lattice,

modeled on a person who considered the intention

of the participation of other residents in all the three

locations that immediately surround him/her (Fig.3).

If the systematic component of utility of

participation is larger than that of nonparticipation

for agent n based on Eq. 3 and 4, that is, the agent

n’s choice probability of participation is larger than

0.5, agent n is forecasted as the participant,

otherwise as a nonparticipant. Two cases of

simulation were examined: (1) that in which each

resident’s characteristics were set as the same as

those found in the survey results, and (2) that in

which each resident’s perception of the

environmental benefits of agricultural canals was

larger than that found in case 1. The latter case

corresponds to the situation where agents’

knowledge about the environmental benefits of

agricultural canals in the village is improved as a

result of publicity activities or workshops related to

the benefits.

               

0

5

10

15

20

25

30

Farmer Non-farmer

Number of agents

!1.5 !1 !0.5 0 0.5 1 1.5 2 2.5 3 3.5

Range of the estimated coefficient

Fig.2 Histogram of each agent’s estimated coefficient of the neighbor

participation rate.
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 12 cells 

12 cells 

Agent n 

Agents located within 
this box are treated 

as the neighborhood 
of agent n. 

Note:    and    indicate the participating and nonparticipating agents, respectively.

Fig.3  Example of the map of agents in our case simulation.

Results

After 100 simulation trials for each of cases 1 and 2,

the average participation rate in the area, which is

obtained by multiplying the number of agents in the

area who have the intention to participate in the

activity by 100 and dividing this by the total

number of agents in the area, was predicted as 57%

and 81%, respectively. This result indicates that it is

important to disseminate information about the

environmental benefits of agricultural canals among

residents.

    Fig.4 shows the results of the sensitive

analysis that examined the effect of threshold level

on the participation rate in the area. Threshold is a

variable that forecasts the agent n as the participant

if the choice probability of participation for the

agent n is larger than its value. In general, when the

binary logit model is applied to forecast choice

behaviors, the threshold is set to 0.5, that is, if the

choice probability of an alternative is larger than

that of the other alternative, the former is forecasted

to be chosen. Increasing the threshold to more than

0.5 (the threshold shifts to the right on the

horizontal axis of Fig. 4) implies that the choice

probability of participation for each agent decreases

if the systematic component of the utility of

participation remains constant. This is equivalent to

keeping the threshold at 0.5 and increasing the

systematic component of the utility of

nonparticipation for each agent. According to Fig.4,

the participation rate in the area decreases rapidly

when the threshold becomes more than 0.5 in case 1.

On the other hand, the participation rate in the area

does not decrease so much in case 2 even when the

threshold becomes more than 0.5. The participation

rate in the area at the threshold of 0.7 in case 2 is

almost the same as that at the threshold of 0.5 of

case 1. However, the participation rate in the area

significantly decreases in case 2 when the threshold

exceeds 0.7.

Discussion and conclusion

According to the results of the sensitive analysis,

the average participation rate in the area was not

stable at thresholds from 0.5 to 0.7 in case 1, since

the choice probability of participation for one-third

of all the agents at convergence was between 0.5

and 0.7. This implies that the number of participants

may become half or less of all the residents when

their utilities of participation decrease slightly. In

order to maintain a high participation rate in the

area, it is important to increase the one-third of all

agents’ utility of participation in the activity by

conducting activities such as publicity activity

related to the environmental benefits of agricultural

canals. This conclusion cannot be generalized

because it undoubtedly depends on the condition set

in our case study. However, one of the advantages

of the multi-agent simulation analysis is that it

enables us to obtain such quantitative conclusions

depending on various conditions, which are difficult

to obtain only through statistical analysis of survey

data.
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Fig.4  Effect of threshold on the participation rate in the area (average of 100 trials).
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Abstracts

The maintenance and operation of Common-pool resources such as the pond, irrigation canal and farm road is done by

collective action organized by WUA (Water Use Association) or rural areas. Collective action for Common-pool

resource’s management has been done successfully in Japan. However, it does not go well in recent years.

So, in this paper, we examine factors whether farmer participates in collective action for the maintenance and

operation of irrigation canal. A case study is irrigation canal maintenance management activity by WUA in Takasu Town

of Hokkaido. Using cross-section survey data on the feature of Farmer who belong to WUA in the Japan, logistic

analysis is conducted to identify factors underlying whether farmer participates in collective action for the maintenance

and operation of irrigation canal. The results of this paper are as follows. First, the feature of the farmer who participates

in collective action is to belong to WUA that provides the rule such as penalty and reward and to have the expansion

tendency to the farmland that can become a principal farmer in this region in the future. Second, the farmer who resides

outside this region has the tendency not to participate in collective action. Our findings suggest that it is necessity to make

clear rule in WUA and to reconstruct WUA which removes the heterogeneity between the members of WUA in Japan.

Keywords:: Collective action; Common-pool resources; Irrigation canal; Agricultural water

Introduction

In rural area Common-pool resources (CPRs) such as

Pond, Irrigation canal and Farmer’s road have been

managed by the farmer who is the member of the farm

village. These CPRs are natural or hand-made resources

where exclusion is difficult, and yield is subtractable

(Ostrom ea al []).CPRs is easy to fall to “the tragedy of

Commons ” because of having these characters. But Not

all CPRs are to fall to “the tragedy of Commons ”. There

are many success case of the management of CPRs by

community. In addition, the success factor of the

management is made clear by empirical research in

experiment and field.

There are these problems in Japan not only

developing country. In Japan the management of CPR

was done well. But decrease tendency of the management

level of CPR is pointed out in recent year. And many

farmer feel burden about managing CPRs .

Fujie!2006"studied the relationship between

community and the management level of CPRs in Japan

by econometric approach. It is point out that

heterogeneity among member of community, increase of

part time job opportunity and strengthening the norm of

the village due to the assembly influence the management

level of CPRs. But this research has no consideration

about influencing the management of CPRs by farmer’s

characters.

Therefore, we examine factors whether farmer

participates in collective action for the maintenance and

operation of irrigation canal. As an analysis object,

Hokkaido is selected. because Hokkaido has the feature

of individual CPR and is misgiven about sustainability of

the management of CPR.  

The Management Subject of common pool resource

in Takasu Town

Table1 shows the maintenance system of CPRs in Takasu

Town. It has become layer management system from

Taisetsu Land Improvement District (LID) to farmers.

Taisetsu LID is only LID in Takasu Town. Most of

Takasu Town has become the benefit farmland of LID.

This LID has done the maintenance of the basic facility

such as head works and water gate. Concretely this LID

does decision of water flow plan, operation of facility,

round of water facilities, maintenance and repair of water

facilities.

Subject

Head works,Water gates Taisetsu LID

Mian irrigation canal Water users association

Branch irrigation canal Water users association

individuak irrigation canal Each farmers

Table1. The maintenance of CPRs 

Water Facilities

Note:Field survey, 2005. 
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Distribution of fair agricultural water

Execution of the water distribution with “to discuss, to compromise”

Protection of irrigation canal

!redging and mowing of watercanal

Repair of irrigation canal

Mangement WUA headman ,Secondary WUA headman and accountant

(in each case there is a reward) 

Action by the Member

Subsidy and grant from Taisetsu LID 

Collection of WUA fee 

Note:Field survey,2005.

Item

Table2. The role of WUA

Administration

Affair

Object

Water Users Association (WUA) is organized under LID

and manages main and branch irrigation canals. The

range of this WUA does not correspond with the

agriculture union range and the village range and is

organized to the water system unit every of each branch

irrigation canal or main irrigation canal. The member of

WUA consists of the persons who have fields inside the

range of WUA. Table2 shows the role of WUA. Main

administrative work of management is dredging and

mowing of the main and branch irrigation canal.

Dredging is executed in May before water flow starts.

Work day of dredging job is appointed from LID.

Dredging job is done with collective action by the

member of WUA. Mowing is done in the middle of June.

Same as dredging, there is appointment of day and time

from LID. Mowing around the main and branch irrigation

canal is done. The attendee to dredging and mowing is by

all means all the members of WUA. Therefore, if farmer

from other WUA is inside WUA, the farmer must

participate in each management action of WUA. Each

WUA decides a Punishment when member of WUA did

not participate in dredging and mowing. In the same way

each WUA, when participating in dredging and mowing,

decides also reward. It takes from three hours to five

hours to do dredging and mowing. But in this Town

because of decreasing the number of farmers, Job load

per farmer is increasing. It has coped with reduction of

labor of the management with the use of the herbicide and

introduction of the large-sized mowing machine with the

support of LID, but the collective management of water

facilities has reached to the limit.

Relation between Participation in Collective Action

and Characteristics of Farmer and WUA in Takasu

Town

In this section we examine relation between participation

in collective action of WUA and characteristic of farmer

and WUA in case of in the mowing work of collective

action performed by WUA in Hokuto area of Takasu

Town. Table3 shows the number of members of WUA

and the number of participants in mowing action

performed by Four WUA that located in hokuto of

Takasu Town in 2005. Among 115 of the number of four

WUA, 92 people participate in mowing , 23 people

(20.0%) do not . No1. of WUA and No4. WUA decide

reward in 3000 Yen and No3 of WUA decides reward in

2000 Yen. No2. of WUA decides punishment in 3000

Yen. No3. of WUA decides punishment in 5000 Yen.

              

Reward Punishment

No1.of WUA ! ! 28 21

No2.of WUA ! ! 30 29

No3.of WUA ! ! 28 22

No4.of WUA ! ! 29 20

Total " " 115 92

Note:Field survey, 2005.

Table3. Participation in mowing (2005)

The number of

members of

WUA

The number of

participants
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Table4 shows relation between Participation in

mowing around irrigation canal and Characteristics of

Farmer and WUA. Suggestion from Table4 is as follows.

One, 55.4% of participants to mowing and 30.4% of

non participants to mowing are the member of WUA

which decides a punishment. From this, existence of the

penalty for the non participation to collective action

which WUA decides is a possibility where there is a

tendency which raises the participation rate to collective

action.

Second, 66.3% of participants to mowing and 87.0%

of non participants to mowing are farmers who have

come to cultivation form other WUA. It is guessed that

This Hokuto area is mountainous area, so, as for the

farmer who has come to cultivation from other area in

Hokuto area and has cultivated land in the area whose

condition is good, economic interest for the irrigation

canal management which is necessary for the farming in

this area has become low. From this, the farmer who has

the land which is cultivated outside WUA is a tendency

which does not participate to collective action.

Third, the cultivation area (15.4ha) of participants to

mowing activity is larger than the cultivation area

(11.6ha) of the non participant.

Fourth, ratio of the farmers having the schedule which

expands the agricultural management within the

participants to mowing activity (42.4%) is higher than

that of the non participant (30.4%). Conversely, ratio of

the farmers having the schedule which maintains or

discontinues the agricultural management within the

participants to mowing activity is higher than that of the

non participant. It is thought that farmers who have the

schedule which expands the agricultural management and

larger cultivated area has the tendency which participates

to collective action to have interest to maintenance of the

irrigation canal In regard to farming.

Logit Analysis

In this section we analysis factors of participation in

mowing activity for management of irrigation canal. The

analysis object is the mowing activity by four WUA

which is Hokuto area. Analysis object year is 2005.

Sample size is 103 members that we can obtain the data

which are necessary for analysis in 115 of WUA’s

members. Because the analysis object is whether farmers

which belong to WUA participate in mowing activity of

irrigation canal by WUA, I apply Binary logistic model.

Probability that farmers participate in mowing activity is

represented.

              

                   farmer and WUA

yes No

Characteristics of WUA

The member of WUA which decides punishment 55.4% 30.4%

The member of WUA which decides reward 76.1% 73.9%

Characteristics of Farmer

The farmer who has come to cultivation from other WUA 66.3% 87.0%

Full time farmer 62.0% 65.2%

Part-time farmer 38.0% 34.8%

Cultivated acreage 15.4ha 11.6ha

Management direction

  Expansion 42.4% 30.4%

  keeping 37.0% 39.1%

  Discontinuance 20.7% 30.4%

Wheater there is a succsesor 63.0% 56.5%

Age 57.6 59.8

!30!genaration 5.4% 8.7%

!40!genaration 9.8% 21.7%

!50!genaration 28.3% 30.4%

!60!genaration 30.4% 13.0%

!70!genaration more 20.7% 26.1%

!na 5.4% 0.0%

Total number 92 23

Not:Field survey, 2005.

Table4. Relation between Participation in Collective Action and

Item
Participation in mowing
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X k ,i is independent variable. p (Y i) is probability which

represents 1 or 0. !,"is parameter which estimates.

Table 5 shows estimates of parameter. Significant

variables are ‘The farmer belong to WUA which decide

Punishment if not participate in mowing activity’ ‘The

farmer belong to WUA which decide reward if participate

in mowing activity’ ‘The farmer who expands

management’ ‘The farmer is 60 generations or more’ and

‘The farmer is full time farmer and has come to cultivate

in this area from another WUA’.

One, the sign of ‘The farmer belong to WUA which

decide Punishment if not participate in mowing activity’

is positive and significance. The penalty for the non

participation in mowing activity to the member of WUA

has positively influenced on participation to collective

action. And the sign of the’The farmer belong to WUA

which decide reward if participate in mowing activity’is

positive and significance. Rewards to the mowing

activity’s participant have the positive effect on the

participation in collective action. The rule which is

decided by WUA positively influences on farmer’s

participation in collective action.  

Two, the sign of ‘The farmer who expands

management’ is positive and significance. The farmer

who will expand farm management , keeps becoming the

bearer at this area , participates to collective action than

farmer who will maintain or discontinue farm

management.

Third, the sign of ‘The farmer is 60 generations or

more’ is positive and significance. As this interpretation, it

is thought that the norm of the farmer of 60 generations

that should participate in the collective action is higher

than the other generation.

Fourth, the sign of ‘The farmer is full time farmer and

has come to cultivate in this area from another WUA’.is

minus and significance. It is thought that Because this

area is conditional disadvantageous area, for the farmer

which farming income is main revenue source and who

have come to cultivate from another area ,particularly

good condition area, interest in management of the

irrigation canal is not higher in comparison with other

area in regard to farming.

Conclusion  

In this paper, we examine relation between

Characteristics farm and WUA and participation in

collective action by WUA. The results of this paper are as

follows. First, the feature of the farmer who participates in   

Z value

The farmer belong to WUA which decide Punishment if not participate in mowing activity 2.7920
**

2.225

The farmer belong to WUA which decide reward if participate in mowing activity 2.8666
**

2.151

Area -0.0165 -0.301

The farmer who expands management 2.7424
**

2.106

The farmer who maintains management 0.5222 0.571

The farmer is Full time farmer 0.8986 1.324

The farmer has a successor -1.3098 1.369

The farmer is Certified farmer 0.9169 1.245

The farmer has the position of LID or WUA 0.0651 -0.081

The farmer is 30 generations 1.3958 0.801

The farmer is 40 generations 0.8529 0.714

The farmer is 50 generations 0.8333 0.775

The farmer is 60 generations or more 2.5838
**

2.316

The farmer is full time farmer and has come to cultivate in this area from another WUA -1.6968
*

-1.911

Constant -3.4113
*

-1.822

Sample size

Log-Likelihood Value

McFadden-R
2

Note1)*denotes significance at 10% !** at 5%, and *** at 1%.

        2)The position is LID's director or WUA's Leader.

0.229

Table5.Logit Estimates

103

-97.97

Coeficient
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collective action is to belong to WUA that provides the

rule such as penalty and reward and to have the expansion

tendency to the farmland that can become a bearer in this

region in the future. Second, the farmer who has come to

cultivate in this are of WUA from another area has the

tendency not to participate in collective action. Our

findings suggest that it is necessity to make clear rule in

WUA and to reconstruct WUA which removes the

heterogeneity between the members of WUA in Japan.
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Abstract

From the late 1980’s onwards, spider mite pests seriously damaged moso bamboo

(Phyllostachys pubescens) forests in the Fujian province of China. This important plant provides

materials for industry and housing, and is widely used to make handicrafts.  Its shoots are also

considered a delicacy in many Asian cuisines.  Furthermore, the bamboo forests help prevent

soil erosion in mountainous areas.  The pest mite outbreaks coincided with a change in

cultivation practice from polyculture to monoculture.  We attempted to identify the factors that

resulted from such a shift.  By using a systems simulation approach, we could determine that

systems consisting of one common predator and two host-specific pest mites on two different

host plants can frequently attain stability at low pest mite density.  This means that at least two

plant species, moso bamboo and Chinese silvergrass are necessary to maintain stable predator-

prey interactions.  This finding clearly indicated that bio-diversity, even if it consists of only 2

plants and 3 mite species as in this study, is necessary to sustainably regulate large-scale forests,

such as moso bamboo plantations.  We also address several biotic factors that have historically

conserved moso bamboo forests in China, and discuss possible reasons that have lead to the

over-vegetated conditions of bamboo plantations in today’s Japanese Satoyama.  

Introduction

Recently, the concept of “conservation

biological control” was proposed by

Tscharntke et al. (2007), and the use of

banker plants as nurseries of natural enemies

has also become widely accepted (Osborne

and Barrett 2005; Funderburk et al. 2007).

This novel concept utilizes indigenous

natural enemies that may have coevolved

with native pest species and are therefore

potentially important agents of pest

regulation in native vegetation.  A switch in

cultivation practice from polyculture to

monoculture is thought to have lead to the

loss of these native natural enemies from

many agricultural fields, which may be one

of the prime reasons why farmers are

compelled to use many chemical compounds

to regulate pest populations.  However, the

rapidly changing agriculture systems of the

20th century make it difficult to evaluate the

effects of such potential regulation agents.  

   Outbreaks of pest mites on Moso bamboo

(Phyllostachys pubescens) have occurred

since the late 1980’s, and many bamboo

forests have suffered in Fujian province,

China (Zhang and Zhang 2000).  A joint

research initiative between Japan-China

aimed at restoring Moso bamboo forests

suggested that the outbreaks were possibly

triggered by a change in bamboo cultivation

practice from polyculture to monoculture,

which inevitably lead to a decrease in

arthropod (both pests and their natural

enemies) diversity (Zhang et al. 2004a).

During this program, we determined that a

phytoseiid mite, Typhlodromus bambusae

Ehara is the most important predator species

of Stigmaeopsis nanjingensis Ma et Yuan, a

tetranychid mite and the most serious pest of

Moso bamboo (Zhang et al. 2004b).

However, in the monoculture Moso bamboo

forests there were no nursery plants on which

the predators could persist during periods of

low prey (pest) density.  Furthermore, we

knew that this native predator species also

inhabits Chinese silvergrass Miscanthus

sinensis, a common component of

PROCEEDINGS OF ICSA2008   316



polyculture Moso bamboo forests.  

   In this report, we attempted to show what

happens in pest mite populations when Moso

bamboo plantations switch from polyculture

to monoculture practices, and to define the

causal keys to the outbreaks from the view of

sustainable pest management using bio-

diversity.  In order to evaluate the effect of

the nursery plant M. sinensis on the predator-

prey systems of Moso bamboo plantations,

we adopted a system simulation approach to

demonstrate how such “two-plant - two host

specific pest species - single natural enemy”

systems can attain stability.  

Materials and Methods

Stigmaeopsis nanjingensis Ma et Yuan, the

most important spider mite pest species

inhabiting P. pubescens, is only distributed in

China (Zhang and Zhang 2000). and

Stigmaeopsis miscanthi (Saito) however,

inhabits Chinese silvergrass and can be found

in Japan, China, Korea and Thailand

(Sakagami et al. in press).  The former

species never reproduces on M. sinensis, and

the latter never on moso bamboo.  These

two Stigmaeopsis species show a typical life

type in which individuals live gregariously

within dense woven nests constructed over

depressions on the leaf undersurface (Saito

1997; Zhang 2002).  A phytoseiid predator,

T. bambusae, a known predator of these two

prey species, is able to intrude into the woven

nests of Stigmaeopsis species and feed upon

the mites inside (Saito 1986; Zhang et al.

2004a).  

Field survey

To ascertain the population dynamics of T.

bambusae and its prey, S. miscanthi on

Chinese silvergrass (M. sinensis), we

conducted a field survey in a mixed forest (M.

sinensis, P. pubescens, an unknown bamboo

species and several tree species) in Fuzhou,

China.  Fifty leaves each were collected

from 5 M. sinensis stands in polyculture

moso forests (250 leaves in total) at ca. 15

day intervals and taken to a laboratory at the

Fujian Institute of Plant Protection.  The

collected leaves were observed under

dissecting microscopes and the numbers of

prey mites, predatory mites and their

immature stages were recorded.  This

survey was conducted from Apr. 2, 2001 to

Jul. 15, 2002.  

   For comparison, the mite population

dynamics in monoculture P. pubescens

forests (conducted by Zhang (2002) in

Yongan, Fujian province, China from Sept.

26 1996 to Oct. 29, 1998) was referred to.

The sampling methods and observation

procedures appear in Zhang (2002).

 Simulation

  The simulation model of predator-prey

systems was developed using the software

Mathematica ver. 6.0 (Wolfram Media) on a

Macintosh computer (G5, Apple Co. Ltd.).  

Results

Field survey  

One-year population dynamics of S.

miscanthi and T. bambusae (all stages were

lumped) on M. sinensis (hereafter called MS)

in a polyculture bamboo forest are shown in

Fig. 1.  The S. miscanthi population

periodically fluctuated and the T. bambusae

population showed similar fluctuations but

with a short time lag.  This appeared to be a

typical oscillation pattern of predator-prey

interaction as hypothesized in Lotka-Volterra

model (Lotka 1925; Volterra 1926).  On the

other hand, Fig. 2 shows that there was no

synchronization in the pattern of fluctuation

between S. nanjingensis and T. bambusae in a

monoculture P. pubescens (hereafter called

PP) forest, and that there were frequent

outbreaks of S. nanjingensis (data from

Zhang 2002).  

Simulation

In order to ascertain the factors causing the

trends observed in the above two fields, we

developed a simple system model that can

simultaneously simulate “one predator - two

prey” interactions on two host plant species

(Tsuji et al. unpublished).  Most data for S.

nanjingensis were referred from Zhang and

Zhang (2000), those for S. miscanthi from

Sato et al. (2000), and for the predator, T.

bambusae from Saito (1990) and Zhang

(2002).  By substituting data from closely

related species, such as Stigmaeopsis longus

(Saito) (the long seta form of

Schizotetranychus celarius in Saito and Ueno
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Fig. 1. Predator (T. bambusae) and prey (S. miscanthi) populations on Chinese silvergrass (M. sinensis)

growing in a mixed (polyculture moso bamboo) forest (no. of mites per 50 leaves).
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Fig. 2. Outbreaks on monoculture Moso bamboo forests in Fuzhou, China (number of mites

per 10 leaves). Arrows show predator extinction. (From Zhang 2002).
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1979), we could fill in several unknown

parameters for prey species.  Data on the

predator-prey interactions was taken from

Saito et al. (1996a,b).  Climatic conditions

were deemed constant and all life history

parameters were fixed as being under 25±1˚C,

favorable humidity (50-80% r.h.) and no rain

conditions.  Furthermore, host plants (MS

and PP) were all considered to be infinitely

abundant, such that there were no food

limitations for the two prey species. The

ultimate purpose of this simulation model

was thus to ascertain both the previously

undetermined effect of successful predator

migration between PP and MS, and the effect

of predation success under field conditions

on stabilizing the overall system.

  The program consisted of two distinct host

plant subsystems, i.e. MS and PP.  No

compatibility in prey species exists between

the host plants, with S. nanjingensis

occurring only on PP, and S. miscanthi

occurring only on MS (Zhang unpublished).

The predator T. bambusae on the other hand,

can readily eat both prey species by

migrating between the two host plants at

particular probabilities of immigration

success.  In the present model, we adopted

two stages, one is non-reproductive (stage-1;

immature females from egg to deutonymph)

and the other is reproductive (stage-2; mature

females) in order to make the situation as

realistic but as simple as possible.  The

model was defined as difference equations (a

more detailed explanation is given by Tsuji et

al., under submission).  We called this the

“TOSS model” hereafter.  Strictly defining

systems stability in systems simulation is

usually difficult, such that we tentatively

defined the “stable state” to be when the

predator-prey system continued for at least

1,100 days (about 3 years) except for cases

when both the predator and prey populations

increased finitely (see overshooting, later).  

   If there is no predator migration between

plants (meaning that each plant system is

completely isolated), we simulated whether

two sub-systems (PP and MS) reach stable

states: Initial prey and predator densities are

fixed. The parameters of predator

immigration success coefficients from one

subsystem to the other (from MS to PP and

from PP to MS) were 0, and the predation

success coefficients vary artificially (trial and

error method).  There were basically three

kinds of outputs with time. If predation

success coefficients were sufficiently high,

prey population first became extinct and

thereafter predator did. If these coefficients

decreased, predator population first became

extinct and thereafter prey population

overshot, or the both populations increased

gradually.  Fig. 3 shows the result of a

simulation where the predator population

first became extinct and thereafter the prey

population overshot.  Here we assumed that

that the predator could not find all prey at

low density because of habitat heterogeneity.

These two coefficients in Fig. 3 were used as

constant values in the following simulation.

   Next we simulated when the predation

success coefficients are fixed at the values in

Fig. 3 and when the migration-success

coefficients vary arbitrarily.  Whether both

subsystems (=whole system) become stable

or not depended upon the values of the

migration-success coefficients.  There were

three possibilities; both subsystems became

stable, one system became stable, but the

other system did not (both predator and prey

gradually increase infinitely) and both

systems became unstable.  However, as Fig.

4 shows, there are several combinations of

the two migration success coefficients that

can make the system stable at low levels of

prey and predator density.

Discussion

In these outlined simulation attempts, we

could reveal that a “two-plant - two host

specific pest species - single natural enemy”

system sometimes attains stability through

predator migration rates between two plant

species.  Although this systems simulation

is too simplistic and its outputs too abstract to

simulate the actual dynamics of mite

populations in Chinese bamboo forests, it at

least shows that a “two plant - two pests -

single natural enemy” complex (here P.

pubescens / M. sinensis - S. nanjingensis / S.

miscanthi - T. bambusae respectively) can

potentially attain stability, suggesting that
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Fig. 3.  An example of the predator becoming extinct, then the prey overshooting in

both systems.

Fig. 4.  When plant systems are connected by predatory migration,

systems easily attain stablity.
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Fig. 5.  Hypothesized historic relationships in native moso bamboo forests. Here we supposed that

over-vegetation is disadvantageous for the sustainability of moso bamboo forests.

effective control of pest mite outbreaks might

be possible simply by recovering bio-

diversity.  These findings can partly explain

the phenomenon that has occurred in Fujian:

A change in bamboo cultivation practice

from polyculture to monoculture, which

simultaneously eliminated Chinese

silvergrass vegetation, may have triggered

the outbreaks of S. nanjingensis.

   As such, we have established that the re-

introduction of Chinese silvergrass (M.

sinensis) is necessary to restore moso

bamboo plantations in China.  Although

traditional polyculture moso plantations

involve abundant plant and arthropod

diversity, it is noteworthy that even the

recovery of just a single plant species can

greatly improve system stability, i.e.

sustainability in agricultural fields.  Thus we

could show that the conservation of

diversified systems must contribute to the

stability of bio-systems as well as provide

biological control of pest species by using

native natural enemies.  In other words, we

could prove that bio-diversity works as an

effective regulator of pests.  In China,

therefore, we should recommend all P.

pubescens farmers to plant a banker plant

near their plantations, in this case Chinese

silvergrass, on which alternative prey species

for the important predator, T. bambusae can

be found (Fig. 2).

    Lastly we must address an epilogue to

this study.  Although, we could provide a

possible means of regulating pest mite

outbreaks in Chinese bamboo plantations by

introducing the conservation of bio-diversity,

the question of why Japanese Satoyama have

been destroyed by the over-vegetation of

introduced moso bamboo remains

unanswered.  

   Moso bamboo, believed to have been

introduced into Japan ca. 350 hundred years

ago from China through the Ryukyu Islands,

is now destroying traditional Japanese forests,

(or Satoyama).  This is because poorly

maintained bamboo forests rapidly cover

over and eliminate other native plant species,
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which subsequently triggers landslides.

Cheap imported bamboo shoots from Fujian

province are the prime reason discouraging

Japanese farmers from maintaining their

bamboo forests.  The sustainable pest

management proposed in the present study, if

widely adopted in China, might have further

adverse affects on the sustainability of

Japanese Satoyama.  Thus a fundamental

conflict exists between Chinese and Japanese

bamboo plantations.  We have learned that

the establishment of sustainable agriculture

in one country sometimes causes unexpected

problems for sustainability in another.

   In order to resolve this problem, we must

identify the mechanisms that prevent moso

bamboo from covering over and eliminating

other plant species in its native areas, such as

Fujian province in China.  Conservation of

Japanese Satoyama through the prevention of

unchecked moso bamboo growth is a serious

and difficult problem.  As the introduction

of exotic pest species (mites, bamboo rats)

carries inherent dangers to indigenous flora

and faunas, we cannot recommend such a

course of action.  Instead, we strongly

recommend the heavy exploitation of moso

bamboo both as materials for industry and as

a source of bio-energy.
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Abstract 
Desert locusts are potentially the most destructive pest insect in the world. In the last outbreaks in 2003-2005, 
as many as 26 countries were affected, covering approximately 20 % of the land surface on earth. Another 
locust, the migratory locust, is distributed in a wide area including tropical, temperate and cool temperate 
regions. Small-scale outbreaks of this locust were also recorded in Asian countries in 2003-2005. The present 
paper describes what the locusts are, how destructive they can be as pests, and what we know about them.  
 
Key words: locust outbreaks, phase polyphenism, hormonal control, latitudinal adaptation 
 
Introduction 
Outbreaks of the desert locust, Schisticerca 
gregaria, recently occurred in Africa, Middle East, 
Pakistan and India in 2003-2005 and caused serious 
damages to agricultural crops. In the same years, 
another locust, the migratory locust, Locusta 
migratoria, also formed huge swarms in Asian 
countries including Kazakhstan, China and Japan. It 
has been suggested that various climatic factors 
such as rainfalls, droughts and floods influence the 
locust populations and recent studies indicate that 
locust activity and population size have some 
correlation to global events such as Pacific El Niño 
(Zhang and Dianmo 2004). 
     
1. What are the locusts ?  
Locusts and grasshoppers belong to the same insect 
family, Acrididae. This family consists of about 
10,000 species. Among them, only less than 20 
species are called locusts and the rest grasshoppers 
(Uvarov 1966; Song 2005). The locusts are not 
particularly different in morphology from 
grasshoppers. The distinction is mainly based on the 
gregarious habits of the former, but another 
criterion often used is the manifestation of 
polyphenism in which individuals living separately 
differ in many characters from those living in 
groups (Pener 1983, 1991). Neither of the criteria 
distinguishes locusts from grasshoppers completely. 
Locusts are not representatives of serious pests in 
this family. In fact, some grasshoppers are even 
more serious pests than locusts. Among the locusts, 
two species, S. gregaria and L. migratoria have 
been intensively studied in the world because of 
their economical importance and their wide range 
of distribution. In the past two decades, our 
laboratory also has been studying on these locusts.  
 
2. How much do they eat? 
Locusts are small, but voracious eating machines. 
According to Chapman (1976), each adult locust 

may eat its own body weight (1.5 g) of vegetation 
each day. Extensive damage only occurs at 
outbreaks. Locust swarms may touchdown on a 
pasture with a density of adults ranging from 30 – 
150/m2 so that they could consume 45 – 225 
g/m2/day if the insects remained feeding in the area 
all day. If large swarms landed on an area of 1km2, 
this would amount to a total of 45,000 to 225,000 
kg (45 to 225 tons) of vegetation each day. A cow 
eats about 12 kg of vegetation per day, and the 
grazing capacity of land in the tropics is about 15 
cows per km2. This means that cows could consume 
a total of 180 kg of vegetation per day, which 
indicates that locusts at swarm density over the 
same area can eat about 1,000 times as much grass 
as the cattle would eat. This indicates that once a 
large swarm of locusts lands at grassland, all 
grasses there would be eaten completely by hungry 
locusts within a few days and there would be no 
grass left for livestock.  
 
3. Locust outbreaks  
Desert locusts underwent outbreaks twice in the 
past 20 years. In 1987-1989, outbreaks occurred in 
African countries, especially in Sahelian countries 
including Mauritania, Mali, Niger and Chad. Locust 
swarms migrated extensively and over very long 
distances (Lecoq 2005). The media covered this 
situation intensively. It is well known that some 
desert locusts left the western edge of Africa, 
crossed the Atlantic Ocean and reached Carabian 
islands. The most recent outbreaks were recorded in 
2003-2005, as mentioned above. During this period, 
as many as 26 counties were affected by the 
outbreaks, which covered approximately 20 % of 
the entire land surface on earth. FAO helped 
spraying 13 million tons of insecticides in the 
affected counties and contributed to the control of 
the locust plague (FAO, 2005).  

Interestingly, gregarization of migratory 
locusts (L. migratoria) was also observed in Japan 
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at similar times, one in 1987-1988 on an 
uninhabited island, Mage Island, Kagoshima and 
the other in 2005 on Iheya Island, Okinawa. In both 
cases, darkened nymphs marched here and there on 
the islands and adult swarms were frequently 
observed, although no serious economic damage 
was reported even on Iheya Island. Before the 
outbreaks on Mage Island, we had outbreaks on 
Minami- and Kita-Daito Islands in 1972-4 (Ito and 
Yamagishi, 1976). Such outbreaks are rare in Japan, 
although local gregarization sometimes occurs at 
artificially created grassland such as newly built 
airports (e.g. Kansai International Airport and Kobe 
Airport) and reclaimed land (e.g. Isahaya Bay, 
Shiozaki, Y. personal communication).   

In 2003, migratory locusts established large 
swarms in Kazakhstan and some migrated to the 
northern part of Jiminay County, China where they 
propagated and underwent outbreaks in 2004 (Fig. 
1; Tanaka and Zhu 2005). The area infested in 
Jiminay County was 36,670 ha and locusts caused a 
42 % reduction in grass production. In 2004, huge 
numbers of hatchlings appeared after thawing and 
grew in the grazing land and pastures. In May, 
hopper density reached 1,500 individuals per m2. At 
Beishawo, one of the most heavily infested areas in 
Jiminay County, approximately 20,000 ha of 
grazing land was infested with locusts and the 
highest density reached more than 10,000 
individuals per m2 for early stadium nymphs. 
Swarms of locusts migrated at night from 
Kazakhstan to Jiminay County at least four times in 
July and August. The locust density was 110 per m2 
on average, with the highest density of 3,000 adults 
per m2 in July. A total of 245.2 t of insecticides 
were sprayed over 325,000 ha to control locusts.  

 
 

4. Geographic variation in migratory locusts 
One major difference between desert locusts and 
migratory locusts is that the latter occur not only in 
the tropics but also in the temperate and cool 
regions. In Japan, L. migratoria is distributed 
throughout the whole area ranging from the cool 
climatic region to the subtropical region. The life 
cycle of the migratory locust varies with latitude 
and the overwintering capacity appears to be the 
pivotal adaptation that enables this species to 
survive over such a wide range of climatic gradient 
(Tanaka 1994). The overwintering capacity consists 
of cold hardiness and diapause (dormancy) in the 
embryonic stage. It has been known that embryonic 
diapause of Japanese populations is determined by 
3 factors including maternal photoperiod, 
incubation temperature of the eggs and genetic 
make up (Tanaka 1992).  
    To determine how migratory locusts are 
adapted to the wide range of latitudinal gradient in 
China, we collected locusts at various localities 
ranging from the cool region (47°N) to the tropical 
region (19°N) and compared their developmental 
traits in the laboratory. As a result, it was found that 
locusts from the cool region have embryonic 
diapause that is induced under any parental 
photoperiod and under any incubation temperature 
tested. In other words, they enter embryonic 
diapause at every generation, indicating that the life 
cycle is univoltine (one generation per year) in the 
cool region. In the temperate region, embryonic 
diapause is controlled in a complicated fashion. 
High incidences of diapause are obtained only when 
the parental generations are exposed to a short 
photoperiod and their eggs kept at a low 
temperature. Such conditions are found in the 
autumn in the field, indicating that diapause is 
induced in the autumn. Eggs obtained under 

A

B

C

Figure 1. The migratory locust (Locusta migratoria). A, locust remains after spraying in
Jiminay County, China in 2004; B, gregarious adult; C, solitarious adult. 
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summer conditions, i.e. long parent photoperiods 
and high incubation temperatures, develop to hatch 
without entering diapause. Therefore, their life 
cycles are likely to be bivoltine (two generations 
per year) in the temperate region. In the tropical 
region, it is known that several generations are 
produced in each year. Our preliminary surveys 
indicate that Hainan populations (19.2°N) consist of 
mainly adults in November. This suggests that 
adults are the main stage for overwintering in the 
tropics. This was recently confirmed by Z.-Q. Peng 
(personal communication) who sampled 
overwintering populations on Hainan Island. Our 
laboratory experiments indicate that no embryonic 
diapause is induced at 25°C or higher temperature 
irrespective of the parental conditions. However, 
some eggs enter diapause if they are incubated at a 
low temperature of 20°C. Therefore, it seems likely 
that at least some individuals overwinter as eggs, 
although the majority may overwinter as adults or 
nymphs. The way in which the migratory locust 
inhabits the wide range of geographic distribution is 
similar in Europe (Verdier 1972), Japan (Tanaka 
1992, 1994; H Tanaka 1994a and b) and China 
(Tanaka and Zhu 2008). The cold hardiness of eggs 
also shows an adaptive variation related to the 
geographic gradient both in non-diapause (Jing and 
Kang, 2003) and diapause eggs (Tanaka and Zhu 
2008).  
    The life history traits are not fixed, but change 
in different environments. As claimed for many 
other insects and organisms already, climatic 
changes associated with global warming and 
droughts are likely to impact the life cycles of 
locusts. It would be important to monitor how the 
life cycle and the distribution range would be 
modified in the future. Such monitoring will 
provide basic information to predict further 
expansion of the distribution range of this locust in 
response to global climatic changes.  

Global warming does not necessarily expose 
organisms to a warmer environment. For example, 
as a result of an increase in temperature, the 
duration of snow cover in the northern areas would 
be shortened. Organisms at the beginning and end 
of winter then may have a risk to be exposed to 
extreme coldness close to air temperatures that have 
been avoided previously owing to a thick snow 
cover. Under such circumstances, those organisms 
which do not have enough cold hardiness would be 
frozen to death. Tanaka (2008) has recently pointed 
out such a possibility based on his studies with a 
terrestrial isopod and a spider in Hokkaido. 
Organisms living in northern areas often have not 
evolved extreme cold hardiness, because they are 
normally protected from subzero temperatures by a 
thick snow cover. A shift in patterns of seasonal 

changes in microhabitat temperature is an important 
factor to be considered when one predicts the 
effects of global warming on organisms. 
   
5. Progress in Studies of Locust Phase 
Polyphenism 
One of the most unique features of locusts is that 
locusts show a phenomenon called phase 
polyphensim in which they change the morphology, 
body color, physiology and behavior in response to 
population density. This phenomenon was first 
recognized by Boris Uvarov who formulated the 
phase theory in 1921. Because some grasshoppers 
do not exhibit such changes, yet known as serious 
pests, some may argue that phase polyphenism does 
not explain consistently why insects of this group 
often increase in number and cause agricultural 
damage. However, studying phase polyphenism is 
important because some of the density-dependent 
changes are apparently adaptive and closely 
associated with establishment of huge locust 
populations at outbreaks (Maeno and Tanaka 2008). 
Some progresses were made in the studies of phase 
polyphenism in locusts after 1970.  

 
1) Discovery of lipophorin 
Flying insects require tremendous amounts of fuel 
to sustain the flight activity. The power output of 
insect flight muscles is greater than that of nay 
muscles in any other animal; the flight muscles of a 
locust produce over 35 W/kg when the insect are in 
flight (Chapman 1976). Locusts use mainly 
trehalose as a main fuel for flight during the first 15 
min or so, and then switch to diacylglycerol. The 
latter is released to the hemolymph from the fat 
body where it is stored as triacylglycerol. This 
process is controlled by the adipokinetic hormone 
that is released from the corpus cardiacum. Emer. 
Prof. Haruo Chino (Hokkaido Unviersity) 
discovered the lipoprotein (named later as 
lipophorin) that carries diacylglycerol from the fat 
body to various organs such as flight muscles in the 
hemolymph of locusts (Chino 2005). Unlike the 
lipophorin in mammals, insect lipophorin works as 
a shuttle in the hemolymph without being broken 
down each time after carrying lipids to the muscles. 
The presence of lipophorin was later confirmed in 
all other insects examined and his discovery 
contributed to the understanding of the fat 
metabolism during flight in locusts.  
 
2) Identification of pheromones and their roles in 

phase polyphenism 
Thanks to the recent advances in analytical 
apparatus and equipments, some of the key 
pheromones controlling locust behavior and 
developmental processes, including gregarization, 
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social cohesion, synchronous maturation, mating, 
oviposition were identified and their roles in 
chemical communication in locusts were elucidated 
(Ferenz and Seidelmann 2003; Hassanali et al. 
2005), although much of the information is derived 
from one species, S. gregaria.   

 
3) Discovery of corazonin as a factor controlling 

phase-related characters 
Locusts exhibit various phase-related differences in 
morphology, physiology and behavior. Among these 
differences, body-color polyphenism is probably 
one of the most familiar and impressive differences 
between the solitarious and gregarious phases. In L. 
migratoria, for example, solitarious nymphs assume 
various body colors such as green, grey, yellow, 
reddish, brown and black matching the background 
color of their habitat. The function of this variation 
is apparently camouflage against predators. 
Gregarious nymphs all look alike and develop black 
patterns with an orange background color. Half a 
century ago, Joly and Joly (1954) discovered that 
the green body color in locusts is induced by a 
hormone (juvenile hormone) produced by the 
corpus allatum, but the lack of this hormone 
induces neither gregarious body coloration nor 
other solitarious non-green body colors (Pener, 
1991). Our laboratory discovered that a laboratory 
albino strain of L. migratoria was deficient in the 
factor inducing various body colors except for a 
green color. By transplanting various organs from 
normal (pigmented) nymphs to albino ones, the 
brain and some other organs were found to contain 
a factor responsible for the induction of non-green 
pigmentation (Tanaka 1993). In 1999, this 
neuropeptide was determined to be identical to 
[His7]-corazonin through an international 
collaboration of Japan, Belgium and Israel (Tawfik 
et al. 1999). It had been isolated from a grasshopper, 
Schistocerca americana without known function 
(Veenstra, 1991). The physiological function of this 
neuropeptide in the control of body color 
polyphenism in L. migratoria, S. gregaria and S. 
americana was then intensively studied (Tanaka 
2001, 2004, 2006).  
     
6. Other phase-dependent differences in locusts 
Two morphometric ratios, F/C and E/F ratios (F, 
hind femur length; C, head width; E, fore wing 
length) are often used to distinguish the two phases. 
Gregarious adults have a smaller F/C ratio and a 
larger E/F ratio than solitarious counterparts (Dirsh 
1951). In other words, the former have relatively 
longer wing length and shorter hind femur than the 
latter. It was demonstrated recently that corazonin 
induces morphometric ratios typical of gregarious 
forms when injected into solitarious nymphs in S. 

gregaria (Hoste et al. 2002; Maeno et al. 2004) and 
L. migratoria (Tanaka et al. 2002).  

Another intriguing morphological difference 
between the two phases occurs in the abundance of 
antennal olfactory sensilla: gregarious locusts have 
fewer antennal sensilla than solitarious locusts 
(Greenwood and Chapman 1984). Injection of 
corazonin into solitarious nymphs causes them to 
have fewer antennal sensilla after adult emergence 
just like those in gregarious adults 
(Yamamoto-Kihara et al. 2004; Maeno and Tanaka 
2004). It appears that corazonin is involved not only 
in the control of body-color polyphenism but also in 
morphogenesis in locusts. Although little is known 
about the significance of these phase-related 
changes, corazonin might provide a useful tool to 
explore this problem. 

Solitarious and gregarious locusts display 
conspicuous differences in behavior. The former are 
sedentary and tend to stay away from one another, 
whereas the latter are migratory and tend to 
aggregate both as nymphs and adults. Intensive 
studies of gregarious behavior in locusts have been 
carried out by Ellis (1953, 1959, 1962) who 
identified various environmental factors responsible 
for the phase-related behavioral changes. However, 
little is known about the physiological and 
endocrine mechanisms controlling locust behavior 
except for some fragmental information (for a 
review, see Tanaka 2006).  

 
7. Concluding remarks 
It is often mentioned that the current problems 
associated with locust control are not locust biology 
and control methods, but mainly logistic, 
organizational, financial and political (e.g. 
Symmons 1997; Lecoq 2005). Before the 
1987-1989 outbreaks, no major outbreaks had 
occurred for as long as 25 years. During this long 
period of recession, people’s attention to locusts 
diminished and the number of scientists studying 
locusts also declined. Thus, much of our present 
knowledge about locust biology depends upon the 
studies conducted before 1970, and the classical 
textbooks written by Sir Boris Uvarov (1966, 1977) 
are still the major source of information even now. 
Therefore, we need to study more about locusts, 
particularly the physiological, biochemical and 
molecular mechanisms controlling phase-related 
changes in locusts, which would be important in 
improving the monitoring and control methods of 
locusts in the future. FAO sprayed 13 million km2 
to control locusts in 2003-4. That prevented further 
damages by locusts to agriculture crops, but 
environmentally more sound measures are desirable. 
FAO supports development of biological control 
(FAO 2005). Because locust outbreaks do not occur 
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every year, it is sometimes difficult for scientists to 
keep appealing the importance of their studies to 
continue locust research. It would be important to 
pay attention to changes in life cycles and 
distribution range of locusts as climate changes 
with global warming because such information 
would be useful to predict the range of expansion of 
their distribution and risk of outbreaks in the future.  
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Abstract 
Most of the sustainability problems that challenge the human society and environment are fundamentally ecological 
in nature. Therefore, policy decisions for sustainable environment should be based on the knowledge and 
understanding of the ecological systems, which means that there is a wide scope or niches for ecological scientists 
to contribute in the field of sustainability science. However, because of the short history as a research discipline and 
complexity and diversity of sustainability issues, many researchers including ecological scientists are unable to 
share knowledge and develop a common framework to promote sustainability studies. This study reviews the 
approaches of sustainability science and the differences between sustainability science and ecology as scientific 
disciplines, and explores key concepts for a possible collaboration between the two disciplines. Following an 
extensive literature survey, six different papers were used to examine the definition and perspective of sustainability 
science and its relationship with ecology, and over 100 articles were selected for meta-analysis. The results showed 
that in the U.S. sustainability science has been strongly affiliated with ecology and many ecological scientists have 
contributed to this field, whereas in Japan, ecology has played a minor role in sustainability science. Four bridging 
concepts between ecology and sustainability science were identified in this study. Finally, this study discusses the 
application and interpretation of these findings in the context of the nature restoration projects that require 
ecological scientists to collaborate with scientists of different fields as well as policy makers and local people. 
 
Keywords: sustainability science, ecology, interdisciplinary collaboration, adaptive management 
 
Introduction 
The Sustainable Biosphere Initiative (SBI) was 
launched by the Ecological Society of America 
(ESA) in 1991, and since then it has been 
emphasizing the importance of ecological science in 
the wise management and maintenance of Earth’s 
resources and life support systems (Lubchenco et al. 
1991). In 2005, ESA launched the Sustainability 
Science Initiative, which is intended to develop a 
series of activities that examine and articulate the 
intellectual foundations for an emerging 
sustainability science. Because of the increasing 
interest in worldwide sustainability issues, in 2007, 
the Proceedings of the National Academy of 
Sciences (PNAS) launched a new section of the 
journal dedicated to sustainability science. 
Sustainability science can be characterized by its 
interdisciplinary approach for solving ongoing 
problems. It also serves the quest for advancing both 
useful knowledge and informed action by creating a 

dynamic bridge between basic and applied research. 
However, because of its short history as a research 
discipline and the complexity and diversity of 
sustainability issues, many researchers, including 
ecological scientists, are unable to share knowledge 
and develop a common framework to promote 
sustainability studies. Moreover, most of the 
sustainability problems that challenge human society 
and the environment are fundamentally ecological in 
nature. Therefore, policy decisions for a sustainable 
environment should be based on the knowledge and 
understanding of ecological systems, which means 
that there is a wide latitude for ecological scientists 
to contribute in the field of sustainability science. 
This study reviews the approaches of sustainability 
science and some movements promoting 
sustainability science in the field of ecology, 
examines similarity and differences between 
sustainability science and ecology as scientific 
disciplines, and explores key concepts and agendas 

 
Category Journal Title URL 
Sustainab
ility 
Science 

Sustainability Science 
Sustainability: Science, 
Practice, & Policy 
PNAS-Sustainability Science 

http://www.springerlink.com/content/120154/ 
http://ejournal.nbii.org/ 
http://www.pnas.org/cgi/collection/sustainability_sci 

Applied 
Ecology 

Ecological Applications 
Journal of Applied Ecology 
Ecological Research  

http://www.esajournals.org/perlserv/?request=index-html&issn=1051-07
61 
http://www.blackwellpublishing.com/journal.asp?ref=0021-8901&site=1
http://www.springerlink.com/content/112404/ 

Table 1 Journal titles for meta-analysis 
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for a possible collaboration between the two 
disciplines.  
 
Materials and methods 
Following an extensive literature survey, six 
different articles were used to examine the definition 
and perspective of sustainability science and its 
relationship with ecology. Over 100 articles, which 
could be classified under both sustainability science 
and ecology, were selected from three major journals 
on sustainability science and five ecology-related 
scientific journals for meta-analysis (Table 1). The 
articles were selected by “ecology,” “ecological 
science,” and “ecosystem” from Table 1 Journal 
titles for meta-analysis sustainability-related journals, 
and similarly selected by the words “sustainability” 
and “sustainability science” from applied 
ecology-related journals. The implications of this 
research are discussed in the context of the nature 
restoration projects implemented in Japan. 

 
Results 
1) Discipline’s Objectives and Core Questions 
Table 2 indicates the descriptions on definition and 
core questions of sustainability science. Based on 
these descriptions, we can summarize that 
sustainability science stresses (1) understanding 
dynamic interactions between nature and society, (2) 
problem-driven and problem-solving efforts, (3) 
multi-criteria assessment and systems approach, (4) 
multi-, inter-, or trans-disciplinary characteristics, (5) 
adaptive management and social learning, and (6) 
collaboration between scientists and practitioners; 
(1) is a major target of this discipline, while (2) to (5) 
are related to approach and method (Fig. 1); (4) to 
(6) are concerned with interaction and collaboration 
not only between disciplines but also between 
science and society. These attributes are more or less 
required by other fields today, but their importance is 
much higher for sustainability science.  

 

(2) Problem-driven and 

problem-solving efforts 

(4) Multi-, inter-, or trans-disciplinary characteristics 

(3) Multi-criteria assessment 

and systems approach 

(5) Adaptive management and social learning 

(6) Collaboration between 

scientists and (1) The dynamic 

interactions between 

Figure 1 Major target and characteristics of sustainability science 

Target (What) Approach and method (How) Player (Who) 

Research 

Education 
Environmental 

Decision-making 

 
SBI: 

Ecology for a 
Sustainable 
Biosphere 

Three Research Priorities: 
!"Global Change 
!"Biological Diversity 
!"Sustainable Ecological 

Systems 

Figure 2. Scheme of the Sustainable Biosphere Initiative
(SBI) 
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Regarding interactions between nature and 
society (1), sustainability science considers both  
“how social change shapes the environment and 
how environmental change shapes society” (Clark & 
Dickson 2003). In this sense, it often attempts to 

assess not only the magnitude of pressure that causes 
environmental impacts, but also the resilience and 
vulnerability of the systems that are affected by the 
pressure. 

Since “sustainability science is a field defined 

 
References Description on Sustainability Science
Kates et al. 
(2001) 

“A new field of sustainability science is emerging that seeks to understand the fundamental character of interactions between 
nature and society. Such an understanding must encompass the interaction of global processes with the ecological and social 
characteristics of particular places and sectors.” 
“CORE QUESTIONS OF SUSTAINABILITY SCIENCE  
(1) How can the dynamic interactions between nature and society—including lags and inertia—be better incorporated into 

emerging models and conceptualizations that integrate the Earth system, human development, and sustainability?  
(2) How are long-term trends in environment and development, including consumption and population, reshaping nature—society 

interactions in ways relevant to sustainability?  
(3) What determines the vulnerability or resilience of the nature-society system in particular kinds of places and for particular 

types of ecosystems and human livelihoods?  
(4) Can scientifically meaningful "limits" or "boundaries" be defined that would provide effective warning of conditions beyond 

which the nature-society systems incur a significantly increased risk of serious degradation?   
(5) What systems of incentive structures—including markets, rules, norms, and scientific information—can most effectively 

improve social capacity to guide interactions between nature and society toward more sustainable trajectories?   
(6) How can today’s operational systems for monitoring and reporting on environmental and social conditions be integrated or 

extended to provide more useful guidance for efforts to navigate a transition toward sustainability?  
(7) How can today’s relatively independent activities of research planning, monitoring, assessment, and decision support be better 

integrated into systems for adaptive management and societal learning?” 
Clark and 
Dickson 
(2003) 

“In seeking to help meet this sustainability challenge, the multiple movements to harness science and technology for sustainability 
focus on the dynamic interactions between nature and society, with equal attention to how social change shapes the environment 
and how environmental change shapes society.” 
“Finally, they (these movements) are grounded in the belief that for such knowledge to be truly useful it generally needs to be 
‘coproduced’’ through close collaboration between scholars and practitioners. 
“Sustainability science is not yet an autonomous field or discipline, but rather a vibrant arena that is bringing together scholarship 
and practice, global and local perspectives from north and south, and disciplines across the natural and social sciences, 
engineering, and medicine. Its scope of core questions, criteria for quality control, and membership are consequently in substantial 
flux and may be expected to remain so for some time.” 

Wilson 
(2005) 

“The very term ‘sustainability’ is murky and difficult to define and will only evolve into a coherent discipline through 
well-informed debate. Disciplines feeding into the field, as well as professionals already examining its practices, come from highly 
diverse arenas. The beliefs and priorities from different sectors, countries, and cultures are equally divergent. For example, 
examining how to sustainably manage a large and complex coral reef environment will draw dramatically different views from 
fisheries managers, scientists, local and indigenous peoples, and political players. Action will not be possible unless all parties are 
willing to compromise to reach consensus. Such negotiation is a tedious process, which must be held in an open forum.”
“Because studies of sustainable practice problems are, by nature, cross-disciplinary, stakeholders are forced to read and interpret 
language, models, and references that are outside their home domains. These differences in discourse styles and expectations can, 
more easily than we’d like to admit, lead to misinterpretation. Much time can be wasted talking about semantics while skirting the 
substantive issues at hand.” 

Komiyama 
and 
Takeuchi 
(2006) 

“we approach the problem of sustainability at three levels of “system”―global, social, and human―which we define below. All 
three systems are crucial to the coexistence of human beings and the environment, and it is our view that the breakdown of these 
systems and linkages among them.” 
“The ultimate purpose of sustainability science is to contribute to the preservation and improvement of the sustainability of these 
three systems. Although sustainability science has its origin in the concept of sustainable development, we propose that it is, in 
reality, a much more multifaceted concept.” 

Clark (2007) “sustainability science is a field defined by the problems it addresses rather than by disciplines it employs.” 
“Research relevant to the goals of sustainable development has long been pursued from bases as diverse as geography and 
geochemistry, ecology and economics, or physics and political science. Increasingly, however, a core sustainability science 
research program has begun to take shape that transcends the concerns of its foundational disciplines and focuses instead on 
understanding the complex dynamics that arise from interactions between human and environmental systems.” 
“From its core focus on advancing understanding of coupled human-environment systems, sustainability science has reached out 
with focused problem-solving efforts targeted to urgent human needs.” 
“Sustainability science is thus most usefully thought of as neither ‘basic’ nor ‘applied’ research. Rather, it is an enterprise centered 
on the ‘use-inspired basic research’” 

Jäger, J. 
(2008) 

“Transdisciplinary sustainability science implies that the problems to be solved are not predetermined by the scientific community 
and need to be defined cooperatively by science and society; 
This kind of science connects problem definition, searching for solutions, and implementation of solutions in a recursive (iterative) 
societal negotiation and learning process;” 
“Sustainability science involves participatory processes of negotiation in which interests and thus power constellations play a 
major role as well. Consequently, apart from expert and professional competence, transdisciplinarity requires a high degree of 
social competence and a willingness among scientists to be aware of the values inherent to scientific knowledge and to make 
values explicit.” 

 

Table 2 Definitions and core questions of sustainability science  
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by the problems it addresses rather than by 
disciplines it employs”(Clark 2007), and because it 
is a young and emerging field, it is difficult to clearly 
draw a boundary of the field. Rather, one of the 
conspicuous features in sustainability science may 
be the fact that its boundary and the scope of its core 
questions, assessment criteria, and membership are 
in substantial flux (Clark & Dickson 2003). 
 
2) Some Movements Promoting Sustainability 
Science in the Field of Ecology 
ESA founded the SBI in 1992 to promote the 
continued development of ecological science and its 
integration into decision-making and education, 
linking the ecological research and management 
communities. Motivation for the SBI lies in the brief 
that “many of the environmental problems that 
challenge human society are fundamentally 
ecological in nature” (Lubchenco et al. 1991). 
Without a fundamental understanding of the ways in 
which the natural systems of Earth are affected by 
human activities, policy makers, resource-managers, 
and citizens cannot make decisions effectively 
(Lubchenco et al. 1991). The SBI calls for three 
basic directions (research, education and 
environmental decision making) and proposes three 
research priorities (Table 3, Fig. 2) with 10 key 
research topics that cut across the three priority 
areas. 

In addition, to promote a sustainable biosphere, 
the SBI requires ecological science 

(a) determine patterns and 
indicators of ecological system 
responses to stress, 

(b) provide guidelines and techniques for the 
restoration of ecological systems, 

(c) develop and apply ecological theory to the 
management of ecological systems, 

(d) further develop our ecological understanding 
of introduced species, pests, and pathogens, 
and applies ecological theory to the 
management of infectious diseases, and  

(e) develop interdisciplinary and 
multi-disciplinary approaches that integrate 
ecology economics, and other social 
sciences (Lubchenco et al. 1991). 

The last point articulates the need to develop an 
integrated research approach such as sustainability 
science. Probably this is an important statement that 
addresses the archetype of today’s sustainability 
science, which suggests that sustainability science 
was rooted in ecological science, at least in the U.S. 
The fact that the core components of SBI are 
research, education, and environmental 
decision-making also overlaps the approaches of 
sustainability science, which emphasizes 
problem-solving efforts, collaboration with 
multi-stakeholders, and social learning (Fig. 1). 

Table 3 Initiatives concerning sustainability science by the Ecological Society of America 
References Description on the Initiatives Concerning Sustainability Science 

Lubchenco et al. 
(1991) 

Sustainable Biosphere Initiative (SBI): 
The SBI calls for (1) basic research for the acquisition of ecological knowledge, (2) 
communication of that knowledge to citizens, and (3) incorporation of that knowledge 
into policy and management decisions. 
Three Research Priorities: 
- Global Change, including the ecological causes and consequences of changes in 

climate; at atmospheric, soil, and water chemistry (including pollutants); and in 
land- and water-use patterns 

- Biological Diversity, including natural and anthropogenic changes in patterns of 
genetic, species, and habitat diversity; ecological determinants and consequences of 
diversity; the conservation of rare and declining species; the effects of global and 
regional change on biological diversity 

- Sustainable Ecological Systems, including the definition and detection of stress in 
natural and managed ecological systems; the restoration of damaged systems; the 
management of sustainable ecological systems; the role of pests, pathogens, and 
disease; and the interface between ecological processes and human social systems 

Ecological 
Society of 
America 
<http://www.esa
.org/science_res
ources/sustainab
ility.php> 

ESA Sustainability Science Initiative (SSI): 
The SSI began formally with a special session, “Ecological Sustainability in a World 
of Constant Change: Developing a New Research Agenda for ESA,” organized by 
Vice President for Science Gus Shaver, President Nancy Grimm, and Science Director 
Cliff Duke at the 2005 Annual Meeting.  
A steering committee led by Gus Shaver held an NSF-sponsored workshop 
“Ecological Foundations of Sustainability in a Constantly Changing World” at Woods 
Hole, Massachusetts in March 2007. This workshop reviewed recent advances in 
ecological theory and identified how those advances can improve our understanding 
and achievement of sustainability. 
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In 2005, ESA launched the Sustainability 
Science Initiative (SSI) to develop a series of 
activities to examine and articulate the intellectual 
foundations for sustainability science. This new 
initiative seems to have evolved from the former 
SBI, but the current condition of human and 
ecological systems requires ecological scientists take 
additional actions toward sustainability. The SSI has 
not officially issued any report or document on its 
activities and plans, except the brief description on 
the ESA web site (Table 3).  

There are no such initiatives in the British 
Ecological Society, but Sutherland et al. (2006) 
report 100 ecological questions of high policy 
relevance in the U.K. In the process of identifying 
key questions, representatives from 28 organizations, 
together with scientists from 10 academic 
institutions, generated 1,003 questions. A 2-day 
workshop was organized to generate a short list of 
100 questions on the basis of the preferences of the 
representatives from the policy-led organizations. 
This attempt can be interpreted as an 
implementation of sustainability science because it 
emphasizes not only interactions between nature and 
society but also collaboration between scientist and 
policy makers. This is also a contextualized version 
of identifying key questions characterized by the UK 
ecosystems. Such contextualization and place-based 
problem setting and solving are important features 
for implementing sustainability science. 
 
3) Review of the Selected Articles 
Table 4 summarizes review results of the selected 
articles in connection with research priorities 

addressed by SBI (Lubchenco et al. 1991; Table 3) 
and the core questions of sustainability science 
(Kates et al. 2001; Table 2). It shows that half of the 
PNAS-Sustainability Science section articles are 
relevant to ecological science and management, 
while the share of ecological research in both 
Sustainability Science and Sustainability: Science, 
Practice, & Policy (SSPP) is 24%. This reflects the 
editorial policy and scope of each journal on one 
hand and implies the strong affiliation between 
ecology and sustainability science in PNAS on the 
other. In total, three sustainability-related journals 
cover the research priorities evenly, but the coverage 
of the core questions is uneven. Merely 8% of the 
reviewed articles cover the core question (4) 
concerning “limits” or “boundaries.” Defining 
scientifically meaningful “limits” or “boundaries” 
for more sustainable coupled socio-ecological 
systems is a challenging task for sustainability 
scientists. I assume that this is partly because in the 
present state of the dynamics of coupled 
socio-ecological systems, “there is fundamental 
uncertainty about both the structure of the system 
and the measures of its performance” (Perrings 
2007), and partly because such tasks usually entail 
time-consuming decision-making processes, 
cooperation with policy makers and stakeholders, 
and consequently larger social responsibility. 

Among the applied ecology-related journals, 
Ecological Applications issued by ESA contains 
many articles relevant to sustainability science 
(Table 4), which suggests that many ecological 
scientists have shown interest in and contributed to 
this field. In contrast, the contributions of Journal of 

Table 4 Reviewed results of the selected articles 
  Research Priorities (Lubchenco et al. 

1991)  Core Questions (Kates et al. 2001) (Table 2) 

    

No. of 
articles 
issued 

No. of 
articles 
reviewed 

Global 
Change 

Biological 
Diversity 

Sustainable 
Ecological 
Systems 

 
(1) (2) (3) (4) (5) (6) (7) 

Sustainability-related Journals            

 Sustainability Science 50 
 

12[24%] 
(100%) 

8 
(67%) 

0
(0%)

6
(50%)  8

(67%)
5

(42%)
7

(58%)
3 

(25%) 
1 

(8%) 
1

(8%)
1

(8%)

 Sustainability: Science, 
Practice, & Policy 

37 
 

9[24%] 
(100%) 

1 
(11%) 

2
(22%)

5
(56%)  2

(22%)
1

(11%)
3

(33%)
1 

(11%) 
3 

(33%) 
7

(78%)
6

(67%)

 PNAS-Sustainability 
Science 

115 
 

58[50%] 
(100%) 

16 
(28%) 

24
(41%)

21
(36%)  40

(69%)
16

(28%)
29

(50%)
2 

(3%) 
15 

(26%) 
8

(14%)
11

(19%)

 Total 202 
 

79[39%] 
(100%) 

25 
(32%) 

26
(33%)

32
(41%)  

50
(63%)

22
(28%)

39
(49%)

6 
(8%) 

19 
(24%) 

16
(20%)

18
(23%)

Applied Ecology-related Journals             

 Ecological Applications -* 25** 
(100%) 

4 
(16%) 

5
(20%)

12
(48%)  21

(84%)
5

(20%)
7

(28%)
4 

(16%) 
10 

(40%) 
3

(12%)
5

(20%)

 Journal of Applied 
Ecology -* 2 

(100%) 
1 

(50%) 
0

(0%)
1

(50%)  1
(50%)

0
(0%)

1
(50%)

0 
(0%) 

0 
(0%) 

2
(100%)

1
(50%)

 Ecological Research -* 6 
(100%) 

2 
(33%) 

1
(17%)

4
(67%)  5

(83%)
0

(0%)
1

(17%)
0 

(0%) 
2 

(33%) 
0

(0%)
3

(50%)

 Total - 33 
(100%) 

7 
(21%) 

6
(18%)

17
(52%)  

27
(82%)

5
(15%)

9
(27%)

4 
(12%) 

12 
(36%) 

5
(15%)

9
(27%)

*: Due to long history of each journal, the exact number of articles issues is not available. **: Articles published since 2005. 
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Applied Ecology and Ecological Research to 
sustainability science are smaller. The research 
priority of the reviewed articles in these journals is 
mainly on sustainable ecological systems (Table 4), 
including the detection of stress in natural and 
managed ecological systems, restoration of damaged 
systems, management of sustainable ecological 
systems and interface between ecological processes 
and human social systems (Lubchenco et al. 1991). 
In addition, the core question (4) again indicates the 
least share among the seven core questions (Table 4). 
This suggests difficulty of thresholding and 
demarcation or “boundary work” (Gieryn 1995; 
Swart & Van Andel 2008). 
 
Discussion and Conclusion 
1) Sustainability Science and Ecology 
“Ecology is the science dealing with the 
environment” (Moore 1920), and it has contributed 
to our understanding of not only the natural 
ecosystems but also the coupled human–ecological 
systems. This article reviewed the definitions and 
core questions of sustainability science, particularly 
with regard to the relationship to ecology. Although 
it is difficult to clearly draw boundaries of the field 
due to its embedded problem-driven nature, I 
identified six characteristics or requirements of 
sustainability science (Fig. 1). Recent articles 
selected from both sustainability-related journals and 
ecology-related journals were then analyzed to 
examine the relationship between sustainability 
research and ecological research. Close affiliation 
between ecology and sustainability science can be 
observed in ESA, which launched the 
sustainability-related initiative in 1992. Ecological 
Applications, one of the ESA journals, publishes 
many articles on sustainability research. The review 
analysis shows that there are a small number of 
articles that attempt to define scientifically 
meaningful “limits” or “boundaries” for sustainable 
coupled socio-ecological systems—core question (4) 
for sustainability science (Table 2). 

The underlying intention of this meta-analysis is 
to contribute to promoting collaboration between 
sustainability science and ecology. Although a vast 
space is available for ecologists, coupled with a large 
stock of knowledge on ecology, in sustainability 
science, it has not been substantially explored, 
except in the U.S. Because half of the articles in the 
PNAS-Sustainability Science section are related to 
ecology, more and more research models are 
available today (Table 4). Acknowledging that our 
future depends on how humans manage ecosystems 
and natural resources, ecological scientists must take 
a step forward in sustainability research, and “play a 
greatly expanded role in communicating their 
research and influencing policy and decisions that 

affect the environment” (Palmer et al. 2005). 
Historically, establishing ecology was an attempt to 
integrate all the fields of biology (Moore 1920). 
Similarly, establishing sustainability science may be 
considered an attempt to integrate all the fields of 
ecological and social sciences. Such integration and 
alliance will enable cross-fertilization of 
sustainability science and ecology. Practically, 
introducing the perspectives and approaches of 
sustainability may contribute to reframing of a 
curiosity-driven ecological study and shed light on a 
new problem in the context of global, regional, or 
local sustainability. Ecological studies, on the other 
hand, can provide significant knowledge to 
understand complex and diverse ecosystems and 
their interactions, and to define carrying capacity 
and thresholds based on contextualized, 
placed-based analysis. 

The review result of selected articles (3.3) and 
discussion above suggest four bridging as well as 
critical concepts between the two fields. 
$% Contextualization: Regionalized or localized 

context, an applicative context, and extended 
forms of accountability are more important 
than the classic approach of pure, curiosity 
driven, autonomous science (Swart & van 
Andel 2008). Comparing sustainability science 
with conventional ecological research, social 
and human, sometimes even political, contexts 
are taken into account. 

$% Co-benefits and trade-offs: Assessing coupled 
human–ecological systems by multiple impact 
criteria including climate change, biodiversity, 
ecosystem functioning, human health and local 
economies, and balancing these different 
benefits and risks (Graham & Wiener 1995; 
Steffan-Dewenter et al. 2007), not optimizing 
based on a single criterion. 

$% “Threshold work” and “Boundary work”: 
Threshold work implies defining sustainably 
meaningful limits or thresholds to provide 
effective warning of conditions and feedbacks 
(Kates et al. 2001). Boundary work explores 
the interface between science and society and 
seeks ways to bridge the boundaries and 
stimulate collaboration of stakeholders, 
including scientists, toward sustainability goals 
(Swart & van Andel 2008) 

$% Adaptive management and social learning: 
Independent activities of research planning, 
monitoring, assessment, and decision support 
are integrated into systems for adaptive 
management and societal learning (Kates et al. 
2001). Scientists encourage policy makers, 
resource managers, and citizens to acquire 
knowledge about socio-ecological relationships, 
facilitating information flows among policy 
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actors and creating shared understanding 
among them (McLain & Lee 1996). 

 
2) The Case of Nature Restoration Projects in 
Japan 
Nature restoration in Japan is based on “Legislation 
for Natural Restoration” legislated in December 
2002. The purpose of this law is to restore nature 
from a comprehensive perspective, to conserve the 
diversity of the biosphere to achieve compatibility of 
nature and society. Today there are more than 20 
restoration projects officially supported by the 
Ministry of Environment and local governments. 

In most of these projects, the restoration goal 
cannot be achieved without consensus and alliance 
between local mangers, experts, and residents. Many 
ecological scientists have been involved in these 
restoration projects and developed a site-specific 
approach and method for restoration, but some 
difficulties, barriers, or even failures have been 
reported. Many target areas for nature restoration are 
facing difficulties concerning both ecological and 
social systems. In this regard, the problem-driven 
and problem-solving approaches of sustainability 
science must be effective for such restoration 
projects. Table 5 summarizes these pitfalls along 
with the bridging concepts between sustainability 
science and ecology, based on the interview survey 
with 14 practitioners and scientists who have 
experience with the projects. Further research 
includes collecting and analyzing these pitfall 
examples, and examining ways to avoid or 
overcome them in the context of sustainability 
science. 
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Abstract 
Intercommunication and cooperation among several subjects concerning biological resource management 
may improve the efficiency of research and practice. The purpose of this paper is to discuss this issue with 
respect to the cases of ecology and biological resource economics. I indicate several issues and provide 
some solutions based on recent research trends. Although it is argued that economic sustainability and 
non-market values should be included in decision processes, these factors continue to present certain 
persistent problems. 
 
Keywords: sustainability, natural resource management, economics, ecology 
 
Introduction 
This paper surveys and discusses biological 
resource management from ecological and 
economic perspectives. The terms “biological 
resources” and “biomass” generally refer to the 
targeted species that are managed; however, 
biomass appears to be more commonly used in 
the field of biological resource management. 
Both of these terms refer to resources that are 
renewable and of biologic origin. To the best of 
my understanding, ‘biological resource’ implies 
living resources. In addition to this meaning, 
biomass includes organic waste such as waste 
materials of biological origin and chaff, which 
are residuals in the industrial process. Biomass 
also refers to the amount of living biological 
resources. This paper treats living biological 
resources, which can be classified into fauna 
(fishery resources, wild animals and insects), 
flora (forestry resources, forestry products and 
grass plants) and microbe; however, these 
resources are primarily referred to by the generic 
term, biological resources. 

I focus on population management because it 
concerns all of the related fields of resource 
management sciences. Resource management is 
pertinent to various academic fields. Without 
emphasizing the existence of an inclusion 
relationship, the fields that are included in 
resource management are mathematical biology, 
conservation biology, landscape ecology, wildlife 
management, demography, forestry, fisheries 
science, fishery economics and epidemiology. 
Normally, these subjects are independent of each 
other and have their own systems. I speculate that 
the interactions between these subjects are rare 
except in recent cases of the application of the 
mathematical models used in fishery economics 
to wildlife economics (Kawata, 2008). 

This is a tragedy. As specializations have 

been segmented, we have a tendency to focus our 
learning entirely on a single specialized subject 
and neglect elective subjects. As the segments of 
academic fields become more complex, it seems 
rational to specialize in learning and conducting 
research in our own fields; however, at the same 
time, in other fields that differ considerably from 
our own, similar researches are being conducted 
on different subjects. For instance, a similar 
mathematical model for fishery resources and 
wild animals has been developed; it is akin to the 
Grecian tragedy, which has a deeper meaning 
than mere misfortune. Individuals are inexorably 
driven to tragedy in that a rational personal 
decision that they take results in irrationality in 
society as a whole, and what we suffer from in 
academic intercommunication is almost the same 
tragedy. However, in this case, there is a solution. 

There exist a few papers and symposiums 
concerning this type of situation, the oldest of 
which, to the best of the author’s knowledge, is 
an article by Shea et al. (1998) entitled 
Management of populations in conservation, 
harvesting and control. This article inferred that 
theory and management methods can be 
applicable to each other among the three fields of 
‘conservation’, ‘pest control’ and ‘fisheries’. In 
December 2000, the University of Tokyo held a 
symposium––‘Frontier of population 
management’––where researchers from various 
fields in Japan gave presentations and exchanged 
opinions (Anonymous, 2000). Takahashi (2001) 
reviewed the population management trend as he 
introduced the abovementioned article and 
symposium. 

The purpose of the paper is to discuss the 
necessity of communication between the different 
disciplines to which biological resources are 
pertinent. Biological resource economics, which 
the author specializes in, considers the 
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sustainable use of biological resources from 
economic perspectives, and this approach is often 
required for the effective utilisation of ecological 
knowledge. 

The linguistic origins of ‘ecology’ and 
‘economics’ share common roots: ‘ecology’ is 
derived from the Greek words ‘oikos’ (house) and 
‘logia’ (study), and ‘economics’ is derived from 
the Greek words ‘oikos’ and ‘nomos’ 
(management). In spite of this commonality, the 
chasm between ecology and economics has 
gradually widened over time, and this has 
resulted in different standpoints. One of the most 
crucial differences is how these standpoints grasp 
‘sustainability’ and ‘value of the environment or 
nature’. Ecology lacks sustainability in terms of 
economics, whereas economics lacks a vision of 
the total value of the environment. In this paper, 
we discuss these chasms in further detail. 

 
Materials and Methods 
I have researched biological resources, especially 
fishery resources and wild animals from 
economic perspectives. This type of research can 
be categorized as resource economics, which 
consists of both renewable and non-renewable 
resource economics that use similar mathematical 
models. My focus is on renewable resource 
economics, which deals with sustainable resource 
use or conservation. In what follows, I use the 
term biological resource economics, which is a 
branch of renewable resource economics and 
requires knowledge of both economics as a 
sustainable science and biology. 

Economic analysis in this academic field 
began with the seminal articles of H. Scott 
Gordon in 1954 and Anthony D. Scott in 1955, 
both of which appeared in the internationally 
eminent Journal of Political Economy. Gordon 
(1954) indicated that if fishery resources are 
under open access, over-fishing may occur, in the 
economic sense. In order to avoid this, the stock 
and harvest of fish should be managed so as to 
maximize the net benefit from fishing (total 
income of the fishing minus total cost of the 
fishing). 

At the same time, biologist M. S. Schaefer 
built the biological growth model, which was 
later called the Schaefer model, and applied it to 
many kinds of fish populations (Clark, 1990, p. 
15). In biological resource economics, the 
economic and biological models by Gordon and 
Schaefer, respectively, were integrated into a 
standardized model. This model is often referred 
as the Gordon–Schaefer model. Therefore, the 
subject of biological resource management is 
relatively favoured because both disciplines use 

similar models. 
However, there exists a chasm between 

ecology and biological resource economics. The 
rest of this paper is based on the Gordon-
–Schaefer model; moreover, it specifies several 
chasms and examines corrective strategies. 
 
Results 
In this section, (1) we indicate the significance of 
considering the future issues of socioeconomic 
sustainability in the field of biology. In other 
words, the inappropriateness of using the 
maximum sustainable yield (MSY) as a criteria 
and the cost factor should be considered during 
decision making. (2) We discuss the importance 
of considering the values of organisms, 
particularly those values that do not appear in the 
market, as future issues in economics. In fact, 
there are some cases where the extermination of 
organisms is socially optimal when non-market 
values are not considered. We also state that the 
minimum viable population (MVP) concept 
should be introduced in the economic analysis. 
(3) We discuss the importance of acquiring and 
deepening mutual understanding among resource 
managers, scientists and local people. If the 
economic and social situations of the local people 
are not considered, it will result in poaching 
activities or a decrease in hunting activities, 
which may result in a decline of regional power. 
As a result, the local society will lose its 
sustainability and biological resource 
management will fail. 

Here, we briefly introduce the mathematical 
model (Gordon–Schaefer model) used in 
biological economics. To make the discussion 
concrete and understandable, we consider wild 
animals as an example. Assume that stock size, 
harvest, price per head and unit cost are given by 
N, h, p and c(N), respectively, where p is a 
constant. We further assume that stock growth 
can be described by a logistic equation (for a 
detailed model description, see Munro, 1981 and 
Munro and Scott, 1985). Therefore, the decision 
maker will face the following maximization 
problem. 
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where B , r and K are instantaneous discount rate, 
instantaneous growth rate and carrying capacity, 
respectively. Clark and Munro (1975) provided 
the modified golden rule as follows. 
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This equation indicates the optimal sustainable 
resource level and sustainable harvest rate. 
 
1) Future issues in ecology and their solutions 
a) Halibut case 
Sustainable harvest will be maximized when 
MSY is achieved. I will represent this stock level 
as NMSY. If we assume a logistic equation, we 
obtain the following relationship between 
carrying capacity and NMSY: 2)NMSY = K. We first 
review the halibut case mainly based on the 
recapitulative description provided by Kawata 
(2008). 

In the early twentieth century, due to the 
decline in the harvest of halibut landings, the 
United States and Canada established a 
cooperative management organization for 
resource management wherein MSY was adopted 
at the resource management level. Fishermen 
could catch fish until the amount of landing 
reached a certain level that was limited in order 
to attain MSY. This system worked effectively 
and the resource level appeared to have recovered 
to the NMSY level in 1950. As a result, resource 
level, annual harvest and harvest per fishing 
effort had increased 2.5, 1.5 and 3 times, 
respectively. From the ecological perspective, 
this appears to constitute success. 

However, nearly half of the fishermen who 
were investigated suffered from low fishing 
income and received unemployment pay. On the 
other hand, the number of fishing boats had 
increased from 421 in 1928 to 816 in 1950, and 
similarly, the number of fishermen had also 
increased from 2,269 in 1928 to 4,050 in 1950. H. 
S. Gordon investigated this occurrence and 
presented the following findings. Although the 
harvest limit was set, fishermen could fish freely 
until this maximum amount was fulfilled. 
Therefore, for each fishing boat, the number of 
workmen increased, fishing efficiency was 
improved and the smaller fishing boats were 
replaced with bigger ones; however, this resulted 
in over-capitalization and an increased fishing 
cost. Therefore, Gordon concluded that 
management should consider the fishing cost so 
that the net economic yield could be maximized. 

The Halibut case is a typical example of the 
over-capitalization problem associated with 
common property resources. This case suggests 
the importance of considering the sustainability 
of economic subjects. If only ecological 
sustainability is considered, economic resource 
management may fail. Hence, we manage 

resources based on an economic model such as 
the Gordon–Schaefer model described above. 
 
b) Hokkaido sika deer case 
The halibut case is associated with 
over-utilization; however, recently, there have 
been growing reports of an under-utilization 
problem with respect to the Hokkaido sika deer 
case. This problem is related to the fact that 
though the existence of fish and wild deer is 
generally beneficial, the latter can pose a problem 
since, on one hand, they serve as a source of meat 
(venison), while on the other hand, they cause 
agricultural/forestry and other damages. Thus, the 
under-utilization of wild deer results in increased 
damage, whereas that of fish results in an 
improvement at the resource level. 

In response to the under-utilisation problem 
of the wild deer, the Hokkaido government 
effectuated the Conservation and Management 
Plan for the Hokkaido sika deer in 1998, 2000, 
2002 and 2008, and feedback control was 
introduced in these plans. Feedback management 
is one of the most advanced management 
techniques in Japan. However, in this type of 
management, the targeted population size is 
determined mainly based on the ecological 
perspective. The importance of the utilization of 
dead animals is argued in the series of plans; 
however, it seems that it was not considered in 
the setting of the targeted population level. Kaji 
(2001) indicates the importance of the 
consideration from the economic perspective. In 
the 2008 plan, it is argued that the utilization of 
dead animals will increase the value of the hunted 
animal and improve hunters’ incentive to hunt. 

In short, two issues are derived from 
economic perspectives. One is that for 
maintaining a population size at an ecologically 
sound level, the number of hunters should be 
maintained. Therefore, some measurement for 
controlling the number of hunters is necessary. 
One solution is to increase the value of a hunted 
animal. The other issue is that if the value of the 
hunted animal increases, it must change the 
optimal number of the population size. In that 
case, the population size should also be 
re-examined from the economic perspective. 

Unfortunately, few studies have been 
conducted on this topic. One exception is Kawata 
(2004, 2006b), which used the 
Gordon–Schaefer-type model based primarily on 
Zivin, Hueth and Zilberman (2000) to re-examine 
the targeted population size proposed in the 2000 
and 2002 plans. In Kawata (2004, 2006b), some 
non-market values, excluding existence value, are 
incorporated; moreover, when considering the 
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pest aspect of the Hokkaido sika deer, it is 
appropriate to maintain the population size below 
NMSY. The implication of this is twofold. First, the 
targeted population size proposed in the 
Hokkaido government’s plan is confirmed. 
Second, when the pest aspect is strong, the 
population size should be maintained under NMSY: 
Normally, the number of wild animals is 
maintained above NMSY. 
 
2) Future issues in biological resource 
economics and their solution 
a) Consideration of non-market values 
Briefly put, we argued above that it is essential 
for wildlife management to incorporate models 
that contain economic aspects. However, even if 
we use such a model, we do not necessarily 
incorporate all the elements, and this is when 
economics faces criticism. Normally, economics 
considers only market value, which is less than 
the whole value of an object. In greater detail, 
economics can only deal with the instrumental 
value; however, the object also has intrinsic value. 
Unfortunately, no one knows the precise bids of 
the intrinsic value of an object. In this regard, it is 
impossible to consider the whole value in our 
decision making. Although intrinsic value cannot 
be revealed, instrumental value can be assessed; 
however, economics neglects part of the 
instrumental values.  

This may cause a problem. For example, if 
the market value is recognized while the 
non-market values such as the existence value, 
which was first argued in Krutilla (1967), is not 
considered in the market, extermination may be 
optimal from the economic perspective. Under 
the cultural and methodological limitation, Clark 
(1973) proffered the condition when the 
extermination of the biological resource is 
optimal. It is not clear if Clark was aware of 
Krutilla (1967); however, he stated that he could 
not guarantee the extermination to be socially 
optimal. Hence, from this point, the selection of 
extermination by the biological economic 
perspective was questioned; however, certain 
non-market values have not been considered in 
the decision making. 

Recently, however, non-market values have 
begun to be incorporated in the model. For 
example, Alexander (2000) examined the African 
elephant and warned that if its existence value is 
neglected, the extermination of the African 
elephant may be optimal. I present the modified 
Alexander model as follows (see Kawata (2007b) 
for more details).  
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where rp , R, up , U(N) and E(N) are the unit 
values of land that the targeted wild animal 
inhabits, the land area used by each wild animal, 
tourism cost per day for visitors, the number of 
tourism days and existence value, respectively. 
Then, the modified golden rule can be presented 
as follows. 
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In the above equation, the marginal value of 

the alternative use of the habitat Rpr,  makes 
the value of the numerator smaller and the other 
terms make it bigger. In the African elephant case, 
based on the existing research, the marginal 
benefit of tourism - .NUpu "  is less than Rpr, . 
Therefore, if we do not consider the marginal 
existence value - .NE" , the right hand side will 
have a higher value and the African elephant may 
not be conserved. 

We have already stressed the importance of 
considering non-use values. However, it is often 
the case that it is difficult to obtain accurate 
figures for the non-market value. In addition, the 
economic method can, at most, only estimate the 
instrumental value; however, this may be more 
beneficial than using values without a foundation. 
This is because if the conservation of certain 
species must come under this credible rational 
under-estimated value, the necessity of 
conservation is evident. Conservative estimation 
makes it easier to attain social agreement. 
Moreover, the estimated non-market value will 
change as society and awareness among people 
changes. Therefore, it would be better to use 
different methods in addition to the non-market 
value element rather than simply incorporating 
non-market values in the model. One of the 
promising ways to achieve this is to use 
minimum viable population (MVP) size as a 
constraint of the maximization problem. 
Alternatively, we can use the model that 
incorporates the Allee effects; although, using 
this model may be complicated and an analytical 
solution may not be obtained. 
 
b) Consideration of non-consumptive value 
Recently, under the increase in non-extracting 
resource use and under the recognition of 
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non-consumptive value, cutting-edge researches 
have been conducted. For example, Kawata 
(2003) considers the predator prey case and 
includes the existence value of the pest predator, 
which utilizes economically valuable prey. 
Hoekstra and van den Bergh (2005) also examine 
the case where the non-use value of the predator 
is included in the predator-prey model. 

Further, from a more advanced point of view, 
Kawata (2007a) considers a case where a 
decrease in the consumptive use of predators will 
eventually be replaced by non-consumptive use, 
and, after some time lag, the same change will 
occur for prey. This paper examines optimal prey 
and predator use under such a transitive situation 
and indicates the necessity of hunting for the 
conservation of these species even if the 
non-consumptive value is dominant. It also 
demonstrates that the optimal population size of 
the prey when the predator exists is larger than 
when the predator does not exist. 

 
3) The necessity of mutual understanding 
among various actors 
In biological resource management, it is crucial 
to achieve and deepen mutual understanding 
among resource managers, scientists and local 
people. If biological resource management 
proceeds without considering the economic and 
social situations of local people, it results in 
poaching activities or a decrease in hunting 
activity, which secures a decline in regional 
power. As a result, the local society may lose its 
sustainability and biological resource 
management will fail. 

Chambers et al. (2000) indicated that for 
sustainable development, not only the 
sustainability of natural capitals but also the 
quality of life should be fulfilled. Otherwise, 
sustainable development will not be attained. One 
of the promising methods to achieve this 
sustainability is through community-based 
management. There are some empirical examples 
for the case of the African elephant (Frost and 
Bond, 2008), wild deer (Raik, Siemer and Decker, 
2004; Lauber, Brown and Gore, 2004; Decker, 
Raik and Siemer, 2004) and others such as 
fishery resources and wetlands. 

It may be profitable to indicate that there is 
some gap between the observations of scientists 
and those of local residents. Scientists usually 
forecast based on various assumptions, but local 
people completely rely on scientists’ judgements 
and, thus, do not appreciate revised figures 
Because local residents are often under severe 
circumstances, they seek advice to assure their 
current profit and avoid future loss. On the other 

hand, scientists would like to update their 
assessment. This difference between scientists 
and local residents sometimes results in a conflict 
in deliberations. 

One way to avoid conflict is to involve local 
residents in biological resource management. For 
example, in Latvia, large carnivores, especially 
wolves, were regarded as pest predators because 
they compete with hunters for prey and/or cause 
damage to domestic livestock. Owing to the 
drastic changes under Latvia’s independence in 
1991 and accession to the EU in 2004, it is 
necessary to change attitudes towards large 
carnivores. Recently, hunters have been asked to 
report when they hunt wolves to the state officer 
and/or answer a questionnaire. Because of these 
involvements, they understand the research 
relatively well and their attitude has changed. In 
total, these attempts have been successfully 
carried out in Latvia (Andersone 2003, Kawata 
2006a). 

 
Discussion and Conclusion 
This paper discusses several issues concerning 
biological resource management. For the 
sustainable use of resources, both ecological and 
economic sustainability are necessary. I stated 
that the resolution of the gap between ecology 
and biological resource economics will bring not 
only efficiency in academic research but also 
more effective management. 

However, there are several issues that remain 
to be solved. To name a few, first, it is impossible 
to assess the whole value (intrinsic value) of an 
object. Such attempts result in non-optimal 
resource use even if we use MVP criteria as a 
constraint and/or use the growth function that 
incorporates the Allee effect. However, by at least 
incorporating non-market values, we may reduce 
the impact of an incorrect decision and 
substantially reduce the possibility of an 
extermination decision. Yet, there remain some 
difficulties in estimating non-market values. For 
example, it is not easy to assess the value of 
different populations of similar sizes (Kawata, 
2007b). Further research must be conducted in 
this field.  

Secondly, even if mutual understanding 
among scientists, managers and local residents is 
successfully attained, local residents may have 
less interest in managing biological resources as 
the socioeconomic situation changes. In fact, in 
some countries, as the economy develops, people 
are less willing to hunt wild animals (Kawata, 
2007a), which may result in the occurrence of 
issues concerning the non-consumptive use of 
biological resources (Kawata, 2007c). 
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Although there are many remaining issues as 
mentioned above and others, the most important 
thing is to proceed with effective management 
before it is too late. In fishery, many species have 
degraded drastically and some of them are nearly 
extinct. One of the reasons for this could be 
management’s delay in taking action. 
Intercommunication among different but closely 
related subjects may accelerate the accumulation 
of knowledge and experience and improve 
biological resource management. 
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Abstract 
Nanotechnology is the manipulation of matter at the atomic level and is a new field of science and technology 
crossing a range of disciplines including physics, chemistry and biology which offers new possibilities with a 
range of agricultural applications. Some of the main actual and potential benefits offered by nanotechnology for 
sustainable agriculture include new tools for the molecular treatment of diseases, enhancing the ability of plants 
to absorb nutrients, smart delivery systems that may help combat viruses and other crop pathogens to name but a 
few. This paper considers the emerging debates on regulation of nanotechnology with a particular focus on 
nanotechnology with applications in agriculture. It examines the work of a range of international organizations in 
considering the regulatory implications of nanotechnology including the United Nations Environment Program 
(UNEP), the Food and Agriculture Organisation of the United Nations (FAO), the World Health Organisation 
(WHO), the International Standards Organisation (ISO), and the Organisation for Economic Co-operation and 
Development (OECD). It is argued that these developments signal a growing awareness of the possible risks 
associated with the use of nanotechnology in agriculture and the regulatory implications of these risks. The 
development of regulatory responses is still a work in progress and much more still needs to be done to allay 
emerging community concerns about the widespread role out and use of nanotechnology especially in agriculture. 
 
Keywords: nanotechnology and agriculture; regulation emerging debate 
 
Introduction 
Nanotechnology is science and engineering resulting 
from the manipulation of matter’s most basic building 
blocks: atoms and molecules (Kulinowski, 2006).  
“Nanotechnology is the understanding and control of 
matter at dimensions of roughly 1 to 100 nanometres, 
where unique phenomena enable novel applications. 
A nanometre is one-billionth of a metre; a sheet of 
paper is about 100,000 nanometres thick” (Australian 
Research Council 2007). Scientific research across a 
range of disciplines including physics, chemistry and 
biology has advanced to such a stage that it is now 
possible to engineer matter at this scale, either by 
making particles or matter uniformly smaller, or by 
scaling up matter using nano-sized building blocks 
(Australian Department of Industry Tourism and 
Resources 2002). This convergence of scientific 
disciplines is leading to a multiplication of 
applications in fields as diverse as materials 
manufacturing, computer chips, medical diagnosis, 
biotechnology, energy and national security 
(Australian Department of Industry Tourism and 
Resources 2002). By working at the molecular or 
atomic level it is possible to create materials with 
properties with a wide range of new applications in 
all these fields. Recently attention has focused on the 
potential nanotechnology offers for agriculture. This 

paper considers the emerging debates on regulation of 
nanotechnology with a particular focus on 
nanotechnology in agriculture. It begins by firstly 
examining both the actual and the potential role of 
nanotechnology in agriculture. The paper will then go 
on to examine some of the concerns that have been 
raised in relation to nanotechnology in agriculture. 
The third part of this paper will then go on to examine 
the emerging international response to this issue 
 
The potential and actual role of nanotechnology in 
agriculture 
Nanotechnology has been identified by industry and 
governments globally as a priority area of research 
(Australian Research Council 2007). Since 2000 the 
US Federal Government has invested more than $1 
billion a year in nanotechnology research with similar 
amounts having been invested by industry in that 
country (U.K. Council for Science and Technology 
2007). Other developed countries have also invested 
heavily in nanotechnology research and development. 
For example in 2004 the Japanese government 
invested ¥97.1 billion while the German government 
invested €290 million in nanotechnology research and 
development (R&D) in the same year (U.K. Council 
for Science and Technology 2007). It is worth noting 
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though that it is not only developed countries that are 
investing in nanotechnology R&D. Countries such as 
China, India, South Korea, Iran and Thailand have 
also increased R&D across different fields of 
nanotechnology (U.K. Council for Science and 
Technology 2007). By 2004 venture capitalists had 
invested in excess of US$1 billion in nanotechnology 
companies worldwide and by 2014 the OECD 
estimates that nanotechnology will represent 15% of 
all global manufacturing output (Australian Research 
Council 2007).  

While there is much information available on the 
potential and actual role of nanotechnology in areas 
such as materials manufacturing, computing and even 
the defence industries information on the actual and 
potential applications of nanotechnology in 
agriculture is less readily available. Much of this 
information is often scattered in multiple locations 
including in the scientific literature and at various 
research organizations, companies and patent 
databases. Commercially sensitive information is 
even harder to access.  Clearly further detailed 
research and study is needed on the level of R&D and 
commercial interest in nanotechnology in agriculture. 
By far the most comprehensive data published so far 
are the various inventories on nanotechnology 
published by the Woodrow Wilson International 
Center for Scholars as part of their Project on 
Emerging Nanotechnologies. That ongoing research 
has resulted in a database of nanotechnology food and 
agriculture research which examines the landscape of 
research and investments being made by government  

in nanotechnology food and agriculture research. That 
information gives some insight into the potential 
products and applications of nanotechnology research 
in food and agriculture (Woodrow Wilson 
International Center for Scholars 2008). Figure 1 
below drawn from information contained in that 
database highlights some of the key areas where 
nanotechnology is likely to have direct impacts and 
applications. As of April 2006 some 146 of the 
databases 160 projects were clearly connected to food 
and agriculture applications of nanotechnology 
(Kuzma and VerHage 2006). 

Recent research funded by the European Union 
highlights that the main actual and potential benefits 
offered by nanotechnology for sustainable agriculture 
include new tools for the molecular treatment of 
diseases, enhancing the ability of plants to absorb 
nutrients and smart delivery systems that may help 
combat viruses and other crop pathogens (Joseph and 
Morrison 2006). Precision farming, that is 
maximizing crop yields while minimizing inputs such 
as fertilizers, pesticides and herbicides, is one of the 
major benefits nanotechnology potentially offers in 
agriculture (Joseph and Morrison 2006). Closely 
related to precision farming is the potential for 
development of nanotechnology enabled devices 
linked to GPS systems that will enable real time 
monitoring of on farm conditions such as soil 
conditions and crop growth (Joseph and Morrison 
2006). At the intersection of biotechnology and 
nanotechnology nanosenors may ultimately be able to 
measure the presence of contaminants such as 
bacteria (Joseph and Morrison 2006). 

 biosensors
17%

environmental
processing

5%

sustainable
agriculture

10%

plant/animal
production

10%

pathogen
detection

13%veterinary
medicine

8%

bioprocessing for
food
28%

nano-industrial
products

13%

Figure 1: Agriculture related nanotechnology Research and Development projects by topic category listed in the 
Woodrow Wilson Project on Emerging Nanotechnologies Searchable Inventory of nanotechnology-based 
consumer products (Adapted from Kuzma and VerHage 2006). 
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While data on ongoing R&D show an increasing 
interest in the potential role of nanotechnology in 
agriculture details on actual products in final stage 
development or even on the market is scant. For 
example a recent and reasonably comprehensive 
report published by the non-governmental 
organisation (NGO) Friends of the Earth which was 
highly critical of the use of nanotechnology in food 
and Agriculture could only identify three 
nanotechnology based products currently in use in 
agriculture (See Table 1 below). Thus while there is 
considerable R& D interest in the potential of 
nanotechnology in agriculture it appears so far that 
the actual commercialization and marketing of 
products incorporating nanotechnology in agriculture 
is still under-developed. Clearly more detailed studies 
are warranted to clarify the full extent of 
nanotechnology already in use in agriculture. 
 
The risks posed by nanotechnology 
While there are potentially many benefits offered by 
nanotechnology to agriculture there are also emerging 
concerns about the potential risks that 
nanotechnologies present to humans and the 
environment and the ability of current regulatory 
regimes to sustainably manage those risks. As 
nanotechnologies are an emergent field of science and 
technology it is not yet clear precisely what risks they 
pose to humans, animal health and the broader 
environment (Clift 2006). As Kuzma and VerHage 
(2006) have observed “the risks could be practically 
zero or they could be significant, depending on the 
properties of a particular product and exposure levels. 
For the most part, no one knows. Few risk 
assessments have been done that allow one to predict 
what happens when these very small materials, some 
designed to be biologically active, enter he human  

body or are dispersed in the environment” (Kuzma 
and VerHage 2006). 

The most significant issues raised so far relate to 
the toxicity of manufactured nanoparticles and their 
ability to enter the human body and reach vital organs 
via the blood (OECD and Allianz 2007). However, 
there are still “significant gaps in knowledge about 
how nanoparticles act, their toxicity and how to 
measure and monitor nanoparticle exposure” 
(Australian Senate 2006). Highlighting the lack of 
data on the potential health risks posed by 
nanotechnology a recent analysis of nanotechnology-
related environmental health, and safety research 
published by the Woodrow Wilson International 
Center for Scholars Project on Emerging 
Nanotechnologies “could find no research on the 
impact of nanomaterials on the gastrointestinal tract, 
though this will be of primary concern for food 
applications” (Kuzma and VerHage 2006). A 
subsequent cursory and one might suggest very 
rudimentary risk assessment conducted by Kuzma 
and VerHage (2006) examined who may potentially 
be exposed to risk from nanotechnology used in 
agriculture and suggested that the main categories of 
people exposed to risk are laboratory workers and 
those in industry involved in the development and 
manufacturing of products incorporating or based on 
nanotechnology. Farmers it seems are potentially 
exposed to less risk (Kuzma and Verhage 2006). But 
it must be stressed that these conclusions are only 
based on a cursory review of R& D projects by the 
reports authors and clearly many more scientifically 
rigorous studies and risk assessments still need to be 
undertaken to confirm these tentative conclusions, 
and perhaps more significantly to clearly delineate the 
nature and scale of the risks potentially associated 
with the use of nanotechnology in agriculture. 

Table 1: Nanomaterials in agricultural products (Adapted from Friends of the Earth 2008) 

 

Product name Manufacturer Form of nanotechnology Product claim or use 
Primo MAXX 
plant growth 
regulator 

Syngenta 100nm particle size 
emulsion 
(“micro-emulsion 
concentrate”) 

The extremely small particle size allows 
Primo MAXX to mix completely with 
water and not settle out in a spray tank. 

Geohumus Soil 
Wetting Agent 

Geohumus Biocompatible high 
performance polymer 

Soil enhancer with water storage capacity 
based on nanotechnology 

Irrigation 
emitter/plastic 
pipe 

Geoflow Nanoclay platelets 
(PolyOne’s Nanoblend 
MB) 

Not specified. 
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Given the sophisticated and expensive nature of 
nanotechnology R&D there are also ethical issues 
raised concerning the ability of less developed 
countries to benefit from and sustainably manage 
such advances in technology. What is unclear is 
whether developed countries will be able to readily 
access this new technology and perhaps more 
importantly whether they have the capacity to 
properly assess and manage those risks. 

The extent to which the public and perhaps more 
importantly civil society (which has a major role to 
play in shaping public responses and attitudes to 
nanotechnology) fully understands both the 
technology that lies behind nanotechnology and the 
potential risks and benefits offered by 
nanotechnology is unclear. In some sections of civil 
society and in the community more broadly there 
appears to be an emerging visceral response to 
nanotechnology which is both sceptical and in some 
cases out right hostile. In part this is motivated by 
very genuine and reasonable concerns about the 
scientific uncertainty surrounding the potential risks 
to human health and the environment posed by 
nanotechnology; in part there is also a lack of 
understanding of the new technology. Already we are 
seeing quite emotional comparisons between asbestos 
and genetically modified organisms or GMO’s. 
Whether those concerns are well founded remains to 
be seen, but for public trust and enthusiasm for 
nanotechnology to be maintained it is vital that 
developments in nanotechnology occur against the 
backdrop of a robust transparent and efficient 
regulatory regime for nanotechnology. 
 
The emerging debate on the need for regulation. 
Internationally there is increasing recognition of the 
need for closer examination of the regulatory 
implications of nanotechnology. As one recent author 
has noted “there are two key issues at the heart of 
regulation of nanotechnology applications and 
products. Does the nanotechnology create something 
new and currently unknown to the applicable 
regulatory regime? Does the unprecedented small 
scale of the nanotechnology application or product 
make a currently known material, process or product 
significantly different, from the perspective of 
regulatory goals? If the answer to one or both of these 
questions is yes for a given nanotechnology 
application, then regulatory changes are likely to be 
required. If neither of those two conditions exist for a 
given nanotechnology application, then the existing 
regulatory framework can effectively handle the 
application” (Matsuura 2006). 

As noted earlier in this paper, clearly more 
detailed research is required on the nature of potential 
risks associated with nanotechnology before 
regulators can determine what might be an 
appropriate regulatory response. So far no country 
has yet formulated regulations that apply specifically 
to nanotechnology, although many countries are 
currently examining proposals for such regulation. 
One of the few countries that has considered the 
regulatory implications of nanotechnology in any 
significant detail is the USA.  Thus in early 2007 the 
US Environmental Protection Agency (EPA) issued a 
White Paper on Nanotechnology which considers the 
future role of the EPA in environmental issues that 
may emerge from current and future developments in 
nanotechnology (US Science Policy Council 2007). 
But so far there is no wide ranging proposal in the US 
for nanotechnology regulation at the national level, 
while a number of proposals are in various stages of 
development at the State level. Similar developments 
at the national and state and or provincial level are 
also underway in other developed countries such as 
Australia and in Europe. 

At the international level the consideration of the 
regulatory implications of nanotechnology by 
intergovernmental organisations (especially within 
the United Nations System) has been at best 
rudimentary and fragmented and has so far failed to 
comprehensively grasp the full range of regulatory 
challenges posed by nanotechnology across all 
sectors, not just in agriculture. The following 
discussion highlights the work so far of the various 
UN organisations with potential mandates in this field. 

Despite having a wide mandate on a range of 
environmental issues the main United Nations 
organisation dealing with environmental issues the 
United Nations Environment Program or UNEP does 
not yet have a dedicated program or project related to 
nanotechnology. In 2007 UNEP’s fourth annual 
report on the changing global environment (GEO 
Yearbook 2007) highlighted the urgent need to adopt 
appropriate assessment and legislative processes to 
address the unique challenges presented by 
nanomaterials and their life cycles (UNEP 2007). As 
well as highlighting both the potential risks and 
benefits offered by nanotechnology that report 
highlighted a number of policy recommendations for 
future actions by nations and international 
organizations including, inter alia, the need to: 
standardise nomenclature and test protocols for 
assessing risks associated with nanotechnology; 
evaluate the potential environmental and human 
health impacts of nanotechnology, giving priority to 
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nanotechnology already being mass produced and 
potentially released into the environment; identify, 
evaluate and share private sector risk management 
methods and best practices relating to worker safety 
and materials handling procedures; and study what 
lessons can be learnt from the existing knowledge and 
experience related to environmental health issues. 
(UNEP 2007). 

Significantly this cursory UNEP study also 
recognised a high priority must be attached to 
sensitizing national regulatory and environmental 
agencies to the potential opportunities and risks of 
nanotechnology. It similarly endorses the need for 
action to educate the public about the benefits and 
risks of nanotechnology, raise awareness, and provide 
access to information about the health and 
environmental impacts (UNEP 2007). However, 
beyond highlighting some of the key issues 
warranting further action UNEP has so far had very 
little role to play on the debate on nanotechnology 
especially nanotechnology in agriculture. 

The United Nations Educational, Scientific and 
Cultural Organization (UNESCO) functions as a 
laboratory of ideas and a standard-setter to forge 
universal agreements on emerging ethical issues 
(UNESCO 2008). “UNESCO also serves as a 
clearinghouse – for the dissemination and sharing of 
information and knowledge – while helping Member 
States to build their human and institutional capacities 
in diverse fields”(UNESCO 2008). Consistent with 
that mandate in considering the implications of 
nanotechnology UNESCO through the work of the 
World Commission on the Ethics of Scientific 
Knowledge and Technology (COMEST) and the 
International Bioethics Committee (IBC) have 
focussed largely on the ethical implications of 
nanotechnology. The issues of nanotechnology and 
ethics were first explored during the Third Session of 
COMEST in Rio de Janeiro in December 2003. In 
2005 a group of experts was established in order to 
assist COMEST to draft a potential policy document 
in regard to ethics and nanotechnology. This group of 
experts was composed of members from South Korea, 
Canada, New Zealand, Japan, the Netherlands, China, 
Germany and Brazil. Key outputs from this work by 
UNESCO has included a number of short papers on 
the ethical implications of nanotechnology (UNESCO 
2008). But so far there has been little exploration of 
the implications of nanotechnology in agriculture in 
UNESCO’s work. 

Similarly the Food and Agriculture Organisation 
of the United Nations (FAO) has so far had little role 
to play in the debate concerning the regulatory 

implications of nanotechnology in agriculture. The 
FAO’s mandate is to raise levels of nutrition, improve 
agricultural productivity, better the lives of rural 
populations and contribute to the growth of the world 
economy (FAO 2008). While there has been some 
discussion of the implications of nanotechnology in 
food and agriculture so far there has been little in the 
way of substantive analysis of the issue by the FAO. 
However, in response to concerns raised by member 
countries on the possible food safety implications of 
the application of nanotechnology to food and 
agriculture the FAO and the World Health 
Organisation (WHO) are expected to convene a series 
of experts meetings on the issue in 2008 and 2009. 
Essentially marking the beginning of detailed 
consideration by the FAO and the WHO the experts 
meetings aim to develop a common view of actual 
and anticipated nanotechnology applications in the 
food and agriculture sectors and of the regulatory 
implications. One of the main outcomes of this 
meeting is expected to be agreement on priority 
actions that are needed to control potential food 
safety hazards associated with nanotechnology 
applications in food and agriculture. This process will 
also possibly develop guidance on the possible roles 
of the FAO and WHO in promoting sound 
governance of food safety issues linked to 
nanotechnology applications (FAO- Codex 
alimentarius Commission 2008).  

The WHO is the main directing and coordinating 
authority for health within the United Nations system. 
Its mandate is to provide leadership on global health 
matters, shaping the health research agenda, setting 
norms and standards, articulating evidence-based 
policy options, providing technical support to 
countries and monitoring and assessing health trends 
(World Health Organisation 2008). Yet like the FAO 
the WHO has so far had little role to play in the 
emerging debate on nanotechnology and currently has 
no dedicated program or project on nanotechnology. 
Its work to date on this issue has essentially involved 
providing updates to member States on the work of 
the Organisation for Economic Cooperation and 
Development (OECD) and the International 
Standards Organisation (ISO) principally through the 
WHO’s Intergovernmental Forum on Chemical 
Safety, the next meeting of which is due to be held in 
Senegal in September 2008.   

In fact by far the most advanced developments 
with respect nanotechnology regulation are occurring 
outside of formal UN processes and national 
government legislative systems. The most significant 
developments so far have occurred under the auspices 
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of the International Organization for Standardization 
or ISO, which is the world largest developer and 
publisher of International Standards. The ISO is a 
non-governmental organization which is essentially a 
network of national standards institutes of 157 
countries with a central Secretariat in Geneva, 
Switzerland (ISO 2008). In 2005 the ISO established 
a new technical committee “ISO/TC 229 
Nanotechnologies”hosted by the United Kingdom to 
develop International Standards for Nanotechnologies. 
(ISO 2008). The mandate of this committee is to 
examine standardization in the field of 
nanotechnologies that includes either or both of the 
following: “(1) Understanding and control of matter 
and processes at the nanoscale, typically, but not 
exclusively, below 100 nanometres in one or more 
dimensions where the onset of size-dependent 
phenomena usually enables novel applications [and] 
(2). Utilizing the properties of nanoscale materials 
that differ from the properties of individual atoms, 
molecules, and bulk matter, to create improved 
materials, devices, and systems that exploit these new 
properties” (ISO 2008). The current and future work 
of this committee include “developing standards for: 
terminology and nomenclature; metrology and 
instrumentation, including specifications for reference 
materials; test methodologies; modelling and 
simulations; and science-based health, safety, and 
environmental practices” (ISO 2008).  So far none of 
this work has been specifically focused on 
nanotechnology in agriculture. 

The OECD is an intergovernmental organization 
outside the UN system whose principal aim is to 
promote policies for sustainable economic growth 
and employment, rising standards of living and trade 
liberalisation. By “sustainable economic growth”, the 
OECD means growth that balances economic, social 
and environmental considerations (OECD 2008a). In 
2005 the OECD established a process to facilitate 
exchange of information on the development of 
regulation of nanotechnology and to assist OECD 
member countries in developing regulatory 
frameworks, and this process is ongoing. In March 
2007 the  OECD’s Committee on Scientific and 
Technological Policy established a Working Party on 
Nanotechnology. The objective of this Working Party 
is to promote international co-operation that 
facilitates research, development, and responsible 
commercialisation of nanotechnology in member 
countries and in non-member economies (OECD 
2008b). A work programme is under development to 
address some of the main policy challenges and will 
include work on statistics and indicators of 

nanotechnology; examination of the business 
environment for nanotechnology; work to foster 
international collaboration in nanotechnology 
research; work on public perceptions towards 
nanotechnology and the engagement of stakeholder 
communities in the debate on nanotechnology; as 
well as a dialogue on policy strategies to spread good 
policy practices towards the responsible development 
of nanotechnology (OECD 2008b). In 2006 the 
OECD also established a Working Party on 
Manufactured Nanoparticles which is currently 
looking at international co-operation in health and 
environmental safety related aspects of manufactured 
nanomaterials. Again little of this work touches 
directly on issues related to agriculture. 

Finally it is worth noting that outside of all of 
these processes pending the development of 
regulatory regimes there are also a number of 
initiatives underway to develop interim voluntary 
standards for the safe production, use and disposal of 
nanotechnology (Walsh et. al 2007). These include 
the Voluntary Reporting Scheme for engineering 
nanoscale materials sponsored by the government of 
the United Kingdom (United Kingdom Department 
for Environment Food and Rural Affairs 2007) and 
joint industry and civil society initiatives such as the 
Environmental Defense-DuPont Nano Partnership 
Nano Risk Framework (Dupont-Environment 
Defense Fund 2008). It is not clear if any of these 
initiatives are of direct relevance to agriculture. 
 
Conclusion 
All of the developments surveyed in this paper signal 
a growing awareness of the possible regulatory 
implications of nanotechnology and the need for 
closer scrutiny of nanotechnology across a wide range 
of industries. What is obvious from this review is that 
there is an urgent need for detailed studies on the 
nature and scale of both R&D and commercialisation 
of nanotechnology in agriculture. Detailed studies 
also need to be undertaken on the nature and scale of 
the potential risks of nanotechnology and the 
likelihood of those risks having serious or sufficiently 
serious implications which might in term warrant a 
more detailed regulatory and policy response. By far 
the most pressing immediate priority appears to be 
the need to educate policy makers that this is an issue 
that requires consideration. There appears to be 
widespread ignorance of the possible policy and 
regulatory implications of nanotechnology, especially 
in agriculture at both the national and international 
level. Perhaps greater understanding on the part of 
policy makers may then flow into increased funding 
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for research on the risks to human health and the 
environment posed by nanotechnology. The 
development of these regulatory regimes is still a 
work in progress and much more still needs to be 
done to allay emerging community concerns about 
the widespread role out and use of nanotechnology 
especially in agriculture. As regulators slowly start to 
grapple with this issue it is also very important that 
there is a greater level of engagement with the 
community and civil society and that as regulators 
slowly start to understand this complex issue they put 
in place appropriate programs to educate the public 
on both the risks and benefits that nanotechnology 
offers more broadly, but especially in agriculture.  
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Abstract 
Poverty is a term that could be used to describe small rice farmers in Thailand. However, many people, 
including prominent Thai economists, claim that rice farmers are economically benefiting from the 
sky-rocketing prices of (processed) rice in domestic and international markets, particularly the later. Is this 
true? Thus, the purpose of this paper is to examine whether small rice farmers in Thailand are economically 
benefiting from the high prices of rice (in both domestic and international markets). Thailand is the largest 
rice exporting country of the world. A high global demand of rice certainly drives up the prices of rice in the 
world market. The global rice production shortfalls are responsible for the high global demand of rice. 
Unfavorable weather conditions are mainly blamed for the production shortfalls of the global rice supply. To 
satisfy the purpose of this paper, relevant environmental factors and critical areas of the supply chain of rice 
relevant to the topic understudy are examined. Critical analyses on environmental factors cover e.g. global 
and domestic demand of rice, export, government, and production factors. On supply chain, critical analyses 
cover e.g. suppliers of farm products, small rice farmers, cooperatives, middlemen (intermediary), rice mills, 
government, and rice exporting/wholesaling/retailing. Both primary and secondary data are collected to 
support the critical analyses presented in this paper. Primary data are collected e.g. through a focus group (a 
group of 15 small rice farmers in Mahasarakham Province) on critical issues (such as, production costs) of 
rice farming. Secondary data are collected from e.g. the Rice Department, Ministry of Agriculture and 
Cooperatives of Thailand. Based upon the findings, in economic terms, small rice farmers are only modestly 
benefiting for some and none for others (depend on the market conditions) from the sky-rocketing prices of 
rice in both domestic and international markets. One factor is that the prices of the paddies in the domestic 
market do not reflect the prices of (milled) rice in the domestic and international markets due to unfavorable 
factors in the supply chain discussed in the paper. If the global production levels of rice clime back to normal 
and the production costs and other unfavorable factors in the supply chain remained, small rice farmers 
would be in even worse off positions in the future. In conclusion, vicious circles still continue into the future 
for small rice farmers in Thailand, despite high prices and high demand of rice in the domestic and 
international markets. Contributions, policy recommendations, limitations, and suggestions for future papers 
are provided. 
 
Keywords: rice, big players & small rice farmers, supply and demand, supply chain  
 
 
 

 
 
 
Introduction 
Apparently, a high global demand of rice drives up 
the prices of rice in the world markets. The global 
rice production shortfalls seem to be a major cause 
that drives up the global demand of rice in the 
world markets. The rising demand of rice in turn 
drives up the prices of rice in the world markets. 
Thus, many would think that producers (e.g. small 
rice farmers) and distributors (e.g. exporters) would 

likely benefit from the rising prices of rice in the 
world markets. Unfortunately, it is more so for the 
later, but less for so for the former. The purpose of 
this paper is to examine whether small rice farmers 
in Thailand are economically benefiting from the 
high prices of rice in the world markets. In addition, 
critical issues surrounded small rice farming both at 
macro (i.e. environmental factors) and micro (i.e. 
supply chain) levels in Thailand are discussed. 
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Objectives 
1. The first objective of this paper is to examine 

whether small rice farmers are economically 
benefiting from the skyrocketing prices of rice 
in the world markets.  

2. The second objective of this paper is to use the 
concept of supply chain as an analytical 
framework to analyze the supply side of rice in 
Thailand. 

3.  The third objective of this paper is to analyze 
the environment surrounded the supply chain 
under scrutiny. 

 
Methods 
This paper draws upon primary and secondary 
resources. Interpretative analysis is employed to 
analyze available secondary resources relevant to 
the context of this study. To satisfy the principle 
objective of this study, a focus group was conducted 
at Ban Wang Yoa, Mahasarakham Province. Fifteen 
farmers were invited to discuss economic situations 
of rice farming, in light of high prices of rice in the 
world markets in a focus group format. The purpose 
of the focus group is to learn whether small rice 
farmers (participated in this focus group) are 
benefiting from the high prices of rice in the world 
markets, and by how much. In summary, this paper 
draws upon both primary and secondary resources 
to provide a complete picture of the phenomenon 
understudy. 
 
Overview of Rice Production and Exporting in 
Thailand  
Thailand is the world’s largest rice exporter in the 
world. The current annual (paddies) rice production 
is about thirty million tons. Twenty million tons are 
(milled) white rice. Of which, the domestic 
consumption of rice is equivalent to about nine 
million tons and around nine million tons are  
available for exporting. However, Thailand only 
ranks sixth in global rice production. China, India, 
and Indonesia rank as the top three rice producers in 
the world cumulatively producing over 63 percent 

of the global yield, because these three countries 
have over 2 billion people to feed; thus, they also 
are importers of rice. The largest export markets for 
Thai rice are Indonesia, Nigeria, Iran, the United 
States and Singapore (see the Appendix). 
 
Supply Chain as an Analytical Framework 
To capture the phenomenon understudy, a supply 
chain is used as an analytical framework for this 
paper. The concept of supply chain (captured in 
Figure 1) is used as a framework for analyzing the 
phenomenon understudy. Supply chain is a concept 
that captures the supply side of products/services 
( from upstream to downstream) under scrutiny. The 
supply chain of rice is highlighted for this paper. In 
addition, the environmental factors (macro 
environment) surrounded the supply chain of 
interest are also discussed. Critical environmental 
factors are also captured in Figure 1. Discussion on 
critical environmental factors begins with a global 
demand of rice. This section explains why a global 
demand of rice is very high in comparison with the 
demands of rice in the last five years. Other critical 
environmental factors are also discussed: exporting, 
government, and production factors. After thorough 
discussion on critical environmental factors, the 
paper embarks on discussions of critical factors in 
the supply chain (Figure 1). This section begins 
with the input costs of rice production (e.g. costs of 
fertilizers). The prices of fertilizers have gone up 
over one hundred percent (100%). Way of rice 
production has changed since a long time ago from 
self-reliance farming to outsource farming. This 
phenomenon started a long time ago. Farmers (most 
if not all) have outsourced important rice 
production functions (e.g. plowing). Outsourcing, 
then, becomes a major cost of the rice production. 
The prices of gasoline have also gone up for the last 
three months. Why farmers need to urgently sell 
their paddies after harvesting is also discussed. The 
disadvantages of this are highlighted. What roles 
cooperatives play to help small rice farmers are also 
discussed. The roles of three major middlemen (rice 
mills, brokers, and exporters) are discussed. Issues 

Environmental Factors 

Global demand Export Government Production factors 

I I I I 

Supply Chain of Rice in Thailand 
Suppliers of farm products J Small rice farmers J Cooperatives/Middlemen 

(intermediary)/Rice mills/Government J Exporting & Domestic wholesaling/retailing 
J Rice consumers 

Figure 1. Environmental Factors & Supply Chain of Rice 
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deemed appropriate for this paper other than those 
relating to environmental and supply chain factors 
are also included. For example, the debt situations 
of farmers are discussed. Finally, the end of 
downstream is also discussed. This part places a 
focus on how domestic rice consumers are affected 
by the rising prices of rice in the domestic markets. 
 
Global Demand of Rice 
A major factor responsible for the high demand of 
rice in the world markets is a global production 
shortfall. Two major rice exporters, India and 
Vietnam, have restricted their rice exports, because 
their rice productions are adversely affected by the 
weather conditions. 

The reason is to secure their rice stock supply 
because rice is a staple food for these two, and other 
Asian countries (including Thailand). El Niño is 
blamed for the unfavorable weather conditions, 
which adversely affect the production of the world 
rice supply. Increased demand from rice exporting 
countries e.g. Indonesia and Philippines. Food 
security is also a major cause that drives the 
demand of rice. The prices of exported rice shifted 
from $US300 to $US1,200 (top). 
 
Costs of Rice Farming 
There are several costs associate with rice farming. 
Let’s begin with rice seeds. A small number of 
farmers do not set aside rice seeds for new rice 
farming seasons. As a result, they have to buy 
expensive rice seeds for new farming seasons, 
which they would not have to pay otherwise. Critics 
often claim that rice farmers having to buy seeds for 
new farming seasons contributes to the cost of rice 
farming. Fertilizers are a major cost of rice farming. 
Farmers often complain about the high costs of 
fertilizers. Farmers typically use chemical fertilizers 
(not biological fertilizers). They claim that chemical 
fertilizers are much better, because rice plants grow 
much faster and yield faster crops. However, the 
prices of fertilizers have gone up drastically. A price 
of one bag of fertilizer with different types and 
qualities ranged from 500 to 800 Baht last year. 
This year the same price goes up as high as 1,400 
Baht. Prices of fertilizers are more than double this 
year in comparison with last year. The prices of 
fertilizers are difficult to control because the 
production factors of chemical fertilizers produced 
in Thailand are imported. From time to time, the 
government attempts to become the fertilizer 
producers themselves. The purpose is to solve the 
problem of the high fertilizer costs. But, they have 
yet to achieve this. And, it is less hopeful that they 
will. Farmers have to pay for the fuel costs, because 
they use fuel-powered engines to pump water into 
their farmlands. Or, they have to pay a Local 

Administration Organization to pump the water into 
their farmlands (given their farmlands are adjacent 
to the water resources under the LAO’s authority). 
Farmers have to pay for other service costs e.g. land 
plough and harvesting, not to mention other minor 
costs (e.g. insecticides) associated with rice farming. 
When farmers want to sell their paddies, they have 
to hire a truck to transport their paddies to the e.g. 
rice mills. Farmers have to bare many costs 
associate with rice farming mentioned in this 
section, while these costs have already gone up and 
likely to remain high. Roughly, the costs of 
producing the paddies are around 5,000 Baht to 
7,000 Baht per ton (US$1 = 34 Baht). The prices of 
the paddies at the low-end are around 5,000 Baht, 
9,000 Baht for medium price, and 14,000 Baht for 
the high-end. A few months ago, the prices of 
paddies have shifted from the low-end to the 
medium range, probably due to the pressures of 
farmers and government. However, only few lucky 
farmers could sell their rice at the high-end prices. 
Most cold sell their rice at the medium prices, 
around 10,000 Baht. 
 
Energy Crops 
Critics claim that energy crops are competing for 
the farmlands. As a result, some of the farmlands 
for rice growing are used for energy crops. It means 
that the farmlands for rice production would be 
reduced. As a consequence, the levels of rice 
production would be reduced. This would make the 
prices of rice to go up. At present, this phenomenon 
is yet to happen in Thailand, because energy crops 
are typically grown in lands that are not existing 
rice fields. 
 
Small Rice Farmers 
Who are small rice farmers in the context of this 
study? Small rice farmers are those who have a 
small piece of land (between 1 – 20 Rai, 1 Rai = 0.4 
acre or 1,600 square meters). These farmers grow 
rice for living. Rice farming is a heritage. This 
heritage is passed on from generation to generation. 
However, this landscape is gradually changing 
because a large number of family members of rice 
farmer families who hold college education are now 
working in the industrial sectors.  

Farmers grow rice for two purposes. One reason 
is to feed their family. The other is to sell their rice 
surpluses. About eighty-percent of rice farmers 
have to take out loans from the Bank for 
Agriculture and Agricultural Cooperatives (BAAC). 
Farmers need upfront money to use in a new round 
of rice farming season. The ways of rice farming for 
the majority of small rice farmers, if not all, had 
changed a long time ago. In the past, rice farmers 
do all the farming tasks themselves. They would 
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use, for example, water buffalos to plough their 
farmlands. They would also do the harvesting 
themselves. Thus, the rice growing costs are much 
lower. Now, farmers typically outsource their 
farming tasks (e.g. hiring others to plough their rice 
fields). Thus, the costs of rice growing become 
much higher nowadays and likely to continue into 
the future. The majority of farmers are in debt. 
Some could not get out of their debts. They found a 
tragic way out, killed themselves. They had to 
borrow from both formal and informal loan sources. 
Thus, they have to sell their paddies as quickly as 
possible, because they have to pay their debts and 
other expenses. Another reason is that farmers do 
not have places to store their paddies. Selling their 
paddies too quickly becomes a major disadvantage 
for rice farmers, because they may sell their paddies 
at the prices much below their expectations. 
 
Provincial Rice Cooperatives 
In principles, cooperatives are supposed to create 
bargaining power for rice farmers in dealing with 
middlemen (e.g. rice mills). This is not the only 
purpose of their existence, of course. However, 
cooperatives are not as powerful in dealing with 
middlemen because middlemen know farmers’ 
weaknesses. They know that farmers have no 
choice, but to sell their paddies to pay their debts as 
quickly as possible. Thus, middlemen enjoy several 
advantages. For example, rice mills could set a 
period when to buy, or not to buy paddies. But, 
some cooperatives, such as Kalasin Province Rice 
Cooperatives, do voice the negative concerns of 
farmers to the public. They capture public attentions 
by dumping a large amount of paddies in front of a 
provincial government house. This is a classic way 
to draw a public attention. This type of action 
typically also draws media attention. When media 
publicize the rice dumping protests, the pressure is 
on the government. The purpose of rice dumping is 
to put the pressure on the government to (somehow) 
boost up the prices of paddies. In April this year, 
Kalasin Province Rice Cooperatives came out and 
voiced their concerns over the prices of paddies. 
They claimed that the prices of paddies were too 
low. Rice mills were buying paddies at 5,000 Baht 
per ton. The prices were not different than previous 
years. Other supporters also claim that there is a 
huge gap (80%) between the prices of paddies (5 
Baht per kilogram) and the retail (white) rice (30 
Baht per kilogram). 
 
Roles of Government 
The Thai government makes several attempts to 
take control over rice situations both at home and 
abroad. At the international level, the Thai 
government proposes to establish Organisation of 

Rice Exporting Countries (OREC). The group is 
made up of Thailand, Vietnam, Cambodia, Laos and 
Myanmar. It is yet unclear whether the 
organization's intention would be to create a rice 
price fixing cartel similar to the one of the OPEC 
for petroleum. Observers anticipate that OREC 
would focus on price coordination among member 
countries in attempting to boost the prices of rice in 
the world markets. However, the statements of 
prospective member countries in early May this 
year indicated that a price-fixing cartel would only 
serve to "worsen food security" and the 
organization's purpose is "to contribute to ensuring 
food stability, not just in an individual country but 
also to address food shortages in the region and the 
world". It is expected that the organization would 
be established by 2012. The government also helps 
farmers by providing loans through a 
state-enterprise bank, Bank for Agriculture and 
Agricultural Cooperatives (BAAC). According to 
BAAC, a large percentage of farmers (about 90%) 
are able to pay off their debts according to the bank 
terms. The conditions of the loans  is that farmers 
have to take out loans every year and they must  
pay off their BAAC debts at the end of the year 
before they could take out new loans for next years. 
Another loan scheme is that farmers could use their 
crops as collateral to take out loans. Of course, they 
have to pay interests on these loans. The former is 
more popular. The government also tries to help 
farmers by guarantee prices of paddies, but it does 
not work in practice because the government do not 
have adequate fund to purchase all the paddies. 
They also mill the rice themselves, but they could 
only do it on a small scale. As a whole, they could 
do very little to manipulate market mechanisms. 
Basically, the farmers have to deal with their own 
problems. Thus, the government must seek other 
ways to help small rice farmers. If they employ the 
same mechanisms used in previous years, the 
results would be the same for years to come. Small 
rice farmers continue to suffer into the future. 
 
Rice Mills 
Domestic rice mills are major players in the supply 
chain of rice in Thailand. They are often asked why 
they pay very low prices for paddies, as low as 
5,000 Baht per ton amid the skyrocketing prices of 
rice in the world markets. A buying price of 5,000 
Baht per ton is no different than the prices of 
paddies of previous years. The prices of 5,000 Baht 
is considered the lowest price for paddies. This 
price is probably below a break-even point for Thai 
farmers. The prices of paddies this year range from 
5,000 Baht to 20,000 Baht. But, in reality, around 
14,000 Baht to 15,000 Baht are considered 
premium prices for paddies. Only a small number 
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of farmers who are lucky could sell their rice at the 
premium prices. The government attempts to help 
farmers in term of boosting the prices of paddies by 
guarantee purchase at a fixed price of 14,000 Baht, 
for example. The prices of the guarantee purchases 
could change from period to period. The problem is 
the government could not absorb all the supply of 
rice available in the country at their guarantee fixed 
prices. Some, therefore, argue that the government 
only does this to calm down farmers and rice 
cooperatives. But, it is for certain that the 
government could not manipulate the market 
mechanisms in favor of farmers. Thus, rice mills 
could certainly take an advantage of the situation, 
because they know that farmers have no choice but 
to sell their rice. Therefore, rice mills would try to 
buy paddies from farmers at the lowest price 
possible. This led to a protest at Kalasin Province 
over the low prices of paddies mentioned in the 
above. Rice mills, however, claim that they could 
not pay high prices for paddies because the 
domestic exporters control the purchase prices of 
rice. In other words, if exporters purchase white rice 
at low prices, rice mills would have to purchase 
paddies from farmers at prices even much lower. In 
short, they claim that they are not the one in the rice 
supply chain who could exert considerable 
influence on the prices of paddies. 
 
Exporting Rice Brokers 
There are important rice brokers in the supply chain. 
These rice brokers are called “Yong”. They are a 
go-between domestic exporters and domestic rice 
mills. Basically, they are buying agents for 
exporters. They work on commissions. They 
receive rice orders from exporters. Then, they 
negotiate prices with rice mills on behalf of 
exporters. Yong is a group of small brokers in 
Songwad district in Bangkok. They make about 400 
million per year in commission. Thus, some view 
that the commissions earned by Yong add to the 
costs of the exported rice. This also implies that 
farmers are getting less for their paddies because 
exporters have to bare the brokerage costs. 
 
Thai Rice Exporters 
A number of Thai rice exporters is small. The 
number of exporters is probably only in hundreds, 
while rice mills in thousands and farmers in 
millions. There is a claim that the rice exporters 
(indirectly) control the prices of paddies. The 
general assumption is if the prices or exporting rice 
are high, the prices of the paddies would likely be 
high. In reality, exporters indirectly control the 
prices of paddies, but the exporting prices of white 
rice may not reflect the prices of the paddies sold 
by farmers at all. For example, amid the 

skyrocketing prices of rice in the world markets in 
March this year, rice mills were buying paddies at 
5,000 Baht (a very low price) per ton. Many 
farmers do not keep themselves informed on 
matters relating to rice farming and they do not 
have a bargaining power with middlemen at all. 
 
Thai Rice Exporters 
A number of Thai rice exporters is small. The 
number of exporters is probably only in hundreds, 
while rice mills in thousands and farmers in 
millions. There is a claim that the rice exporters 
(indirectly) control the prices of paddies. The 
general assumption is if the prices or exporting rice 
are high, the prices of the paddies would likely be 
high. In reality, exporters indirectly control the 
prices of paddies, but the exporting prices of white 
rice may not reflect the prices of the paddies sold 
by farmers at all. For example, amid the 
skyrocketing prices of rice in the world markets in 
March this year, rice mills were buying paddies at 
5,000 Baht (a very low price) per ton. Many 
farmers do not keep themselves informed on 
matters relating to rice farming and they do not 
have a bargaining power with middlemen at all. 
 
Rice-related Frauds 
Several rice-related cases of frauds occurred in 
government sectors and in private dealings. For 
example, collateral rice was stolen from the 
government warehouses. How could a large amount 
of rice was stolen from a number of government 
warehouses? Could government officials become 
involved? In private dealings, farmers sold their 
paddies on credit. Many farmers went back to get 
their money. They were surprised to find that the 
buyers already fled the scene. There was one case 
that rice stealers had harvested the paddies of a 
farmer over night. 
 
Conclusion 
If actions of players in the supply chain as 
described above continue in the same way into the 
future, vicious circle forced upon small rice farmers 
would never disappear. This paper would like to 
conclude with a policy recommendation to help 
small rice farmers to find possible ways out of 
poverty. It is strongly recommended that the supply 
chain needs to be manipulated. Competition needs 
to be strongly encouraged in the middlemen link 
(rice mills and exporters) of the supply chain. How 
could this be done? One possible way is that the 
Thai government needs to liberalize the rice sector. 
Foreign rice buyers should be allowed to set up rice 
purchasing agencies in Thailand. These 
foreign-owned buying agencies should be allowed 
to purchase paddies directly from farmers, rice 
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mills, and Thai exporters. Then, foreign buyers 
would have two choices. One is to hire Thai rice 
mills to mill their paddies for exporting. Two is to 
export the paddies to their target markets. The later 
makes less sense, however, because the 
transportation costs would be higher to ship paddies 
overseas than to ship white rice overseas. 
Liberalization of the rice sector proposed in this 
paper would definitely increase competition among 

paddies and rice buyers. This would ultimately 
encourage rival rice buyers to compete to obtain 
paddies and rice for e.g. exporting. As a result, 
these buyers are willing to pay higher prices for 
paddies and rice. Why? Because these exporting 
rice buyers (including foreign buyers) need to meet 
their target demand. This proposal is worth 
considering. 

 
 
Appendix 
 
Thailand’s Rice Export, Importing Countries and Quantity Imported 

Figures in millions of U.S. dollars  

COUNTRY  1996  1997  1998  1999  *2000  

IRAN  129.1 122.5 121.3 174.0 102.5 

NIGERIA  111.5 183.0 147.8 180.4 101.9 

HONG KONG  137.5 155.7 125.8 115.0 80.3 

UNITED STATES  114.2 147.4 129.9 118.6 75.6 

SINGAPORE  136.0 151.1 113.9 116.3 73.2 

SENEGAL  27.9 19.2 32.3 74.9 61.3 

CHINA  274.9 168.1 120.3 81.0 55.3 

SOUTH AFRICA  64.2 62.3 81.1 91.3 53.2 

MALAYSIA  175.5 185.0 132.7 95.9 52.7 

IRAQ  .0 57.4 44.0 58.1 41.2 

TOTAL 10 COUNTRIES  1,170.3 1,251.9 1,049.1 1,105.5 697.4 

OTHERS  841.4 823.8 1,049.7 843.4 315.8 

TOTAL EXPORTS  2,011.7 2,075.7 2,098.7 1,948.9 1,013.2 

Source: Department of Business Economics  

*Figures for 2000 are from January to August  
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Abstract 
While Japan is often reviled as an environmental pariah, many positive accomplishments, particularly in the 
area of pollution control, are to the nation’s credit. Japan’s nature conservation programs, however, often 
have lagged behind those of other industrialized countries.  In 1993, Japan took an important step toward 
securing its global place as an environmental steward by designating Shirakami Sanchi and Yakushima as 
World Heritage nature areas. Shirakami Sanchi, a 17,000-ha area of intact ancient beech forest, is located in 
Akita and Aomori prefectures. The forest was almost bisected by a road in the 1980s, but a concerted pro-
preservation effort brought construction to a halt.  Subsequently, a nature conservation area and forest 
ecosystem preserve were established, leading up to World heritage designation. This paper examines the 
Shirakami Sanchi experience using a model based on ecosystem protection, environmental justice, cost 
effectiveness, planning effectiveness, and civic engagement. Shirakami Sanchi’s management scheme 
provides ecosystem protection in the core portion of the World Heritage area, and does so in a cost-effective 
way.  But citizen engagement is limited mainly to public consultation and assistance to government agencies, 
with only a very limited role for citizens in policy formulation. Matagi—traditional users of the region—
have been marginalized. 
 
Keywords: Shirakami Sanchi, Japan, protected areas, sustainability 
 
Introduction 
Japan’s environmental sustainability record is a 
paradoxical one.  On the one hand, per-capita 
emissions of sulfur oxides, nitrogen oxides, and 
carbon dioxide are among the lowest for 
industrialized countries; recycling rates are among 
the highest; and two-thirds of Japan is covered by 
forests (Mason 1999, OECD 2002).  Development 
of pollution-control technologies, fuel-efficient 
automobiles, and renewable energy technologies are 
Japan’s strong suits, both domestically and through 
its ODA (Overseas Development Assistance) 
programs.  At the same time, Japan has earned 
something of an international reputation as an 
environmental pariah.  It has long been the leading 
importer of tropical timber (Dauvergne 1997), a 
major trader in legal and illegal wildlife, a laggard 
in signing onto the CITES (Convention on 
International Trade in Endangered Species) and 
World Heritage Conventions, and slow to designate 
wetlands under terms of the 1971 Ramsar 
Convention (Danaher 1999, OECD 2002).  Much of 
Japan’s extensive forest cover is in the form of 
monoculture plantations and the “iron triangle” of 
Liberal Democratic Party politicians, business 
interests, and powerful bureaucrats has given rise to 
a “construction state” mentality, resulting in the 
damming and channelization of most of Japan’s 
waterways and the reclamation or alteration of 
much of its coastline (Woodall 1996). 

Nature protection is not likely to be very 
comprehensive and effective without committed 

public support and involvement.  In contrast with 
most other industrialized countries, Japan’s 
environmental non-government organizations 
(NGOs) exercise rather little power or influence at 
the national level; they are hamstrung by 
government regulations and procedures that make it 
difficult to raise funds, participate in bureaucratic 
and legislative decision-making, or bring legal 
actions (Mason 1999, Schwartz and Pharr 2003).  
Although the 1998 “NPO (non-profit organization) 
law” made it easier for organizations to gain legal 
status, and tax reforms enacted in 2000 broadened 
the ability of groups to gain tax-exempt status, most 
NGOs still are subject to extensive government 
constraints, informal as well as formal.  Groups that 
engage in local cleanup efforts, recycling activities, 
and the like are quite common and do make 
important contributions at the local level.  But the 
contemporary environmental movement has had 
limited effectiveness in challenging national and 
even prefectural environmental policies; only a few 
major organizations, including NACS-J (Nature 
Conservation Society of Japan), WWF-J (World 
Wide Fund for Nature Japan), and the Wild Bird 
Society (Yacho no Kai) have had some voice 
regarding domestic environmental policies.  
Typically, those organizations that are most active 
focus on pollution and health-related issues rather 
than nature protection or land-use planning 
(Oyadomari 1985, Mason 1999). Yet world heritage 
area management regimes of the 1990s and beyond 
represent something of a departure from this pattern.  
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Forest Planning and Protection of Place 
Place-based planning can be broadly defined as 
planning that incorporates local knowledge and 
concerns, and provides an active role for local 
stakeholders through all stages of the planning 
process.  Technical support, financial support, and 
legal recognition may come from central 
government, but centralized,  “top-down” planning 
is rejected (Mason 2007).  In recent years, place-
based planning has become increasingly valued in a 
variety of forms and places.  The rise of community 
forestry in many Less Developed Countries is one 
example (Gibson, McKean, and Ostrom 2000).  
Biosphere reserves, designated under the United 
Nations Man and the Biosphere program, are meant 
to incorporate local economic and cultural interests 
into park planning.  Typically, a biosphere reserve 
includes an inner, core area where environmental 
preservation is the priority and an outer buffer area, 
where environmentally sensitive human uses of 
land and resources are supported (Batisse 1982, 
1997, Solecki 1994). 

Place-based planning encompasses a diverse 
range of interests and employs a variety of planning 
tools.  The principal focus is on local or regional 
places, rather than broad, generic planning 
prescriptions; adaptivity to evolving circumstances; 
and partnerships that include both governmental 
and non-governmental interests (Mason 2007).  
Several dimensions of place-based planning are 
described briefly here; while not all of them are 
fully applicable to the Shirakami Sanchi case, they 
do provide a broad framework for evaluation of this 
and other place-based planning efforts in Japan. 

 
Materials and Methods  
The Shirakami experience is examined using a 
multi-dimensional model that seeks to advance our 
understanding place-based planning. First, that 
model is described. Then, data gathered from 
personal interviews, visits to the region, analysis of 
planning documents, and consultation of the general 
literature are used to assess, in a broad sense, fifteen 
years of World Heritage planning in the Shirakami 
region.  

Listed below are the basic elements of an 
emerging model for assessing place-based planning.  
They are only the beginnings of a model, with much 
remaining to be developed.  But the important point 
is that this is a comprehensive approach to 
evaluation, trending away from the prevailing 
emphasis on single-perspective evaluations by 
government agencies, scientists, and consultants 
who each tend to come at this from rather narrow 
and often self-serving viewpoints.  The elements 
below are not necessarily additive; indeed, it may 

not be appropriate to assign weights to them or seek 
ways to combine them. As the model is more fully 
refined, it may be possible to develop methods for 
comparing and even trading off one element with 
another. In the paper’s latter sections, the Shirakami 
experience is considered with respect to each of 
these elements.   
 
Ecosystem quality. Ecological indicators, such as 
those for air quality, water quality, forest 
productivity, and species diversity, provide a 
picture of general environmental health and can 
assist in evaluating progress of conservation 
programs (National Research Council 2000).  Long-
term monitoring can provide valuable data about 
ecosystem response to climate change.   

Though program managers may want to claim 
credit when ecological indicators show 
environmental improvement, such trends often are 
attributable to multiple causes, some of which may 
not be related to regional management programs.  
Examples include declining local economic activity, 
export of polluting industries, and reduced timber 
demand. 
 
Environmental Justice. “Environmental justice” 
is a term that takes various meanings in 
different contexts, but generally refers to 
distribution of environmental benefits and 
burdens across populations.  With respect to 
nature protection, there are physical and 
economic benefits, including enhanced 
ecological “services” such as flood control and 
maintenance or improvement of water quality, 
as well as possible economic growth in the 
tourism sector.  Potential economic losses 
include those to private landowners whose 
plans for land development, resource extraction, 
and other ventures are precluded by protected-
area designation.   

If recreation/tourism/nature appreciation are, in 
fact, program objectives, how evenly is access to 
the protected area distributed across various 
populations?  What are the economic, social, and 
cultural effects of protected-area designation upon 
inhabitants of the place or region? (West and 
Brechin 1991, Wells and Brandon 1992). 
 
Cost effectiveness. Truly reform-minded 
governments will intensively query the cost-
effectiveness of government programs and 
plans.  With respect to land-use 
planning/protected areas programs, cost-
effectiveness is difficult to evaluate.  Are the 
costs—fiscal, political, and social—of 
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environmental preservation offset by the 
environmental and social benefits?  In making 
this determination, how are costs and benefits 
to be weighed and compared, and how are 
incommensurabilities in spatial scale 
accommodated? While economists have 
developed methodologies for doing so, they 
often fall short in accounting for intangible 
aspects of such culturally mediated values as 
wilderness and private property rights. 
 
Planning effectiveness. Does the place-based, 
collaborative infrastructure developed around the 
program "work" and will it continue to do so over 
the long term?  It is quite possible and feasible to 
develop collaborative arrangements as a single-
purpose, “one-shot” deal.  Once the program is 
underway, the collaborative infrastructure may 
deteriorate, due to the benign neglect of those who 
control the process, diminished interest on the part 
of participants, or both.  In the case of World 
Heritage designation, the most critical period 
usually is that leading up to designation.  Although 
monitoring of administrative arrangements 
continues after designation, the scrutiny may not be 
as intense or wide-ranging as that afforded before 
designation.    
 
Civic engagement. In the United States, the decline 
of civic engagement has become a rather widely 
debated issue (Putnam 2000).  In Japan, local civic 
engagement and volunteer commitment remain 
highly valued, if perhaps in decline in recent years.  
But extensive engagement that goes beyond local 
cleanup and service activities is not typical in Japan.  
As already noted, the barriers to significant citizen 
participation in government decision-making are 
extraordinarily difficult to surmount (Mason 1999, 
Schwartz and Pharr 2003).  World heritage 
management, however, is an internationally 
inspired activity and gaiatsu (foreign pressure) may 
implicitly or explicitly play a role in securing more 
than the usual level of civic involvement.   
 
Results 
The World Heritage List, maintained by the United 
Nations Educational, Scientific, and Cultural 
Organization (UNESCO), consists of cultural and 
natural sites of outstanding value to humanity.  The 
sites are administered by the countries within which 
they are located, while UNESCO, with the 
assistance of the International Union for the 
Conservation of Nature (IUCN), provides technical 
assistance and ensures that properties meet relevant 
conditions for inclusion on the list.  Currently, 851 

properties are listed; 660 are cultural, 166 are 
natural, and 25 are mixed (World Heritage 2008).  

Japan’s World Heritage list has 14 sites, only 
three of which are natural sites: Shirakami Sanchi 
(designated 1993), Yakushima (1993), and 
Shiretoko (2005). Protection of undisturbed—or 
minimally to moderately-disturbed—areas is of 
prime ecological importance for Japan.  Although 
approximately two-thirds of Japan is covered by 
forests, only 54 percent of that area is classified as 
“natural.”  And even these “natural” forests are 
mainly second-growth forests that have been 
subject to extensive past disturbance (Environment 
Agency et al. 1995).  The Shirakami Sanchi World 
Heritage Area, by contrast, has remained largely 
undisturbed. 

Shirakami Sanchi World Heritage Area is 
located in Akita and Aomori Prefectures, in the 
Tohoku region of northern Honshu (Figure 1). It 
consists of post-glacial beech forest (Seibold beech, 
or Japanese beech), with an estimated age of about 
9,000 years.  The average age of today’s trees is 
about 200 years.  While the World Heritage Area 
covers 17,000 ha, the historical beech forests 
ranged between 45,000 and 130,000 ha (Shirakami 
Mountains, n.d.)  The Shirakami Mountains are not 
particularly high—average elevation is about 1,000 
meters and maximum is 1,243 meters—but the 
region is deeply dissected.  Very rugged topography 
and extremely heavy winter snowfalls have played 
key roles in keeping this area undisturbed, even in 
recent times.  

Shirakami Sanchi’s biodiversity is estimated to 
be about five to six times that of comparable 
European beech forests.  Among the noted fauna 
are black woodpecker (dryocopus martius), 
Japanese serow (capricornis crispus), and Japanese 
black bear (selenarctos thibetanus).   Though 
human intrusion has been minimal, the area 
traditionally has been used for fishing, gathering of 
mountain vegetables, and hunting of bear.  Small 
numbers of Meya matagi, a distinct group of local 
people who engage in these activities, continue to 
live in the area. 

Typical of much of modern rural Japan, the 
region surrounding the World Heritage area has 
experienced substantial population decline in recent 
years.  Towns in Akita and Aomori Prefectures with 
land in or adjacent to the World Heritage area have 
lost between 2.5 and 10 percent of their populations 
between 1990 and 2000 (2000 Population Census). 

Shirakami Sanchi’s remaining beech forests 
came under threat in the mid-1980s.  Although 
plans to build a 28-km road (seishu rindo) through 
the forest, connecting Hachimori-machi in Akita 
with Nishimeya-mura in Aomori, were conceived in 
the late 1950s, formal approval by the Forest 
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Agency did not come until 1982.  This was swiftly 
followed by citizen mobilization against the project.  
Initially, the opposition was “home-grown”; 
comparable to the local groups that successfully 
protested pollution in the early 1970s (McKean 
1981, Mason 1999, Broadbent 2003).   In several 

ways, the timing was fortuitous; a major local 
campaign to prevent logging in Shiretoko National 
Park, in the far northeast of Hokkaido, was 
underway at the time.  With the support of two of 
the few national groups that had some influence 
over nature protection in Japan—NACS-J (Nature 

Figure 1. Shirakami Sanchi World Heritage Area Management Scheme. 
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Conservation Society of Japan) and the Wild Bird 
Society of Japan (or Yacho no Kai)—a significant 
campaign advocating protection of Shirakami 
Sanchi’s forests was launched (Mason 1999, Kato 
2006).  At the same time, the trend toward 
decreased cutting in Japan’s forests was already 
well established.  With imported wood favored over 
costlier domestic timber, the demand for forest 
development activities, including road construction, 
had declined notably.  Partly as a consequence, the 
Forestry Agency was shifting its policy emphasis, 
elevating the values of forests as watershed 
protection areas, ecological preserves, and tourism 
and recreation resources, rather than principally as 
commodity producers (Knight 2000, Iwai 2002). 
Construction of the Shirakami seishu rindo had 
already begun by the time of this policy shift, with a 
total of 8.5 km of road completed, but construction 
was suspended in the late 1980s by both prefectures. 

Management efforts tilted strongly toward 
ecological protection with the 1990 Forestry 
Agency designation of the Shirakami Forest Area 
Ecosystem Reserve (Figure 1).  This meant that the 
area would be protected essentially as wilderness, 
with no development and very limited human use.  
In 1992, the Environment Agency established a 
Nature Conservation Area (Figure 1).  Slightly 
smaller than the ecosystem reserve, the additional 
designation does not necessarily offer additional 
ecological protection, but it does comprise the 
largest single area in Japan’s modest system of 
nature conservation areas. 

On June 26, 1993, Shirakami Sanchi and 
Yakushima were designated as World Heritage 
areas.  Shirakami Sanchi World Heritage Area 
consists of a core area and buffer zone.  Though the 
area is not a United Nations-designated biosphere 
reserve, the core-buffer scheme is typical for 
biosphere reserves (Batisse 1982, 1997; Solecki 
1994).  In the core area, the Environment Agency 
must grant permission for construction of roads or 
cutting of trees; as a practical matter, these 
activities are precluded in the core area.  In 
biosphere reserves, buffer areas usually combine 
human use with nature protection, but in Shirakami 
Sanchi’s case, the buffer area is more an extension 
of the core area than a zone of transition between a 
highly protected core and the area outside the 
reserve.  

In order to gain approval from UNESCO and 
IUCN, Japan had to expand the area first proposed 
for designation, provide a firmer legal basis for 
land-use regulation, and create a body—the “World 
Heritage Liaison Committee”—that represents 
stakeholder interests in the area. Land-use 
regulation, in practice, has been rather stringent.  
Entry to the core area in Akita is prohibited, while it 

is allowed in Aomori via a system of 27 paths, with 
advance permission required for entry.  Public 
involvement in the region’s management has 
perhaps met the conditions put forward at the time 
of World Heritage designation, but little more.  
Public meetings are held and NGOs work with 
government agencies—but government sets policies, 
with little real input from the public regarding broad 
policy directions and policy implementation. 
 
Discussion and Conclusion 
The Shirakami Sanchi experience can be evaluated, 
preliminarily, based on the criteria described earlier 
in this paper.  The five elements of that model are 
not meant to be weighted equally; instead, they are 
broad issue areas that are central to place-based 
management.  They are not necessarily mutually 
supportive; greater progress in one area may 
impinge upon accomplishments in another.  But 
each of them is relevant to place-based management, 
and in varying degree, relevant to the Shirakami 
Sanchi experience. 
 
Ecosystem Quality. Clearly, the strong 
preservationist orientation in Shirakami Sanchi 
World Heritage Area reflects a solid commitment to 
ecological protection. World Heritage designation 
came at a time, in the early 1990s, when Japan was 
seeking to bolster its international image as a global 
environmental citizen. This era of increased global 
engagement is what Broadbent (2003) refers to as 
the “Phase 4”—“New Global and Local 
Demands”—of Japan’s environmental management 
regime. This phase, occurring in the 1990s and 
early 2000s, included signing of the Framework 
Convention on Climate Change, the Conventions on 
Biological Diversity and Combating Desertification, 
and Agenda 21 at the 1992 United Nations 
Conference on Environment and Development in 
Rio de Janeiro.   

Ecological preservation is paramount in 
Shirakami Sanchi World Heritage Area’s core area, 
which consists almost entirely of ecologically intact 
beech forest.  But the surrounding areas, by and 
large, are not being managed for ecological 
integrity.  With the exception of some experimental 
restoration projects, ecosystem management is not 
the guiding objective in the larger Shirakami region.  
The preserve, in other words, is only minimally 
integrated with surrounding regions, except in the 
realms of tourism promotion and limited 
commercial activities.  

A full ecoregional restoration project may be 
prohibitive in terms of cost and practicality, given 
current land-use patterns and the difficulties 
inherent in recreating entire ecosystems.  But 
greater attention might be given to such areas of 
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ecological planning as provision of wildlife 
corridors, controls on further spread of non-native 
species, and promotion of alternatives to 
channelization and damming of streams outside the 
core area. 

 
Environmental Justice. Environmental justice, it 
may be argued, is not an appropriate or major 
concern in the case of Shirakami Sanchi.  Yet, it is 
important insofar as the regional economy is 
concerned.  As the preservationist forces were first 
being consolidated in the mid-1980s, there was 
local opposition to regional preservation efforts—so 
much so that one pro-preservation local 
businessperson in the town of Fujisato, in Akita, 
had his business vandalized.  Given larger 
economic trends that do not especially favor this 
region—it has been losing population at a rate of up 
to 10 percent per decade—this opposition largely 
has evaporated.  World Heritage status provides 
new opportunities for local economic development. 
Place-based marketing has taken on a life of its own, 
with a Shirakami train line, locally-grown maitake 
mushrooms, and even Shirakami bottled water and 
wine.   

In another sense, however, it could be argued 
that an injustice has been visited upon the matagi 
that remain in the area.  Though matagi were very 
helpful to the government during the leadup to 
World Heritage designation, the official attitude 
now is that matagi no longer exit; they are 
something from the past.  It is left to NGOs to 
maintain what relationships there are with matagi.  
Formal permission for hunting and other activities 
in the core area is no longer granted to the Meya 
matagi, as was the case during the first decade of 
the World Heritage era.  A contrasting approach to 
treatment of local residents can be found in the 
Pinelands National Reserve in the United States, 
where second generation families are permitted to 
build homes in areas where permission is denied to 
others (Mason 1992).  This is in keeping with 
protected area management philosophies that regard 
local inhabitants as part of the larger ecosystem 
(West and Brechin 1991, Wells and Brandon 1992). 

 
Cost Effectiveness.  Management is taking place 
on the cheap in Shirakami Sanchi, and in this sense 
it can be argued that it is a good example of cost-
effective collaboration.   Collaboration can be 
costly, in terms of money and time, especially if it 
involves extensive meetings and other collaborative 
activities.  In Shirakami Sanchi’s case, local NGOs 
provide services to government agencies—research 
projects, staff for volunteer patrols, and the like.  
While this approach is cost effective, the total 
number of personnel working on ecological 

monitoring area patrols still may be far from 
adequate.  Also, the collaborative nature of the 
management scheme here may be called into 
question; as noted in the comment on civic 
involvement below, NGOs act more as service 
providers to government than co-equal partners and 
collaborators.  
 
Planning effectiveness. Before World Heritage 
designation could take place for Shirakami Sanchi, 
a consultative mechanism, involving local 
stakeholders, had to be set up.  This was done, but 
was it simply a one-time effort to satisfy the 
conditions set by UNESCO and the IUCN?  No 
enduring commitment appears to be in place for 
long-term, meaningful public consultation.  
Shirakami Sanchi does not seem to provide us with 
an example of “infrastructure building” for 
sustained place-based collaborative planning. Long-
term ecological and economic monitoring efforts, 
too, appear to suffer from limited funding and 
coordination. 
 
Civic engagement. World Heritage designation has 
brought increased civic engagement, but has also 
largely avoided the complicated, messy process of 
government having to work closely with local 
stakeholders.  Meetings do take place, but 
government officials seem more concerned with 
making a show of listening than with actually 
sharing decision-making authority (Arnstein 1969). 
As already noted, matagi are largely excluded from 
consultations. 

Shirakami Sanchi could be a model for 
meaningful civic engagement if government 
agencies choose to make it so.  But it is a difficult 
process, with high staff-time and other costs, and 
fraught with fear on the part of government about 
losing control of the planning and management 
processes.  If more public involvement is to take 
place, then questions about how to weight that 
involvement become critical.  Should all local 
interests be equally represented—or, perhaps, 
should those with the greatest stakes and the loudest 
voices have a greater role to play?  What if greater 
public involvement leads to greater complications 
with the basic ecological preservation mission?  
Although this outcome seems unlikely, it is a 
possibility.   

Clearly, World Heritage administration is 
simplified with a management scheme based on 
clear, overriding objectives whose implementation 
is left to professional managers.  Even the limited 
public consultations that have taken place in 
Shirakami Sanchi have complicated regional 
management; the designation of the 27 paths in 
Aomori’s core area, for example, involved 

PROCEEDINGS OF ICSA2008   363



 

considerable time and deliberation. The Forestry 
Agency and Ministry of the Environment may lack 
the appetite and resources to continue to engage in 
the time-consuming, costly, and arduous process of 
collaborative planning, instead opting for a more 
limited version that brings the public in as sources 
of useful information and volunteer staff that can 
extend the capacity of government agencies. 

In the end, the Shirakami Sanchi experience 
seems to be succeeding at ecological protection.  
Given that planning only takes place inside the 
uninhabited World Heritage area, with little 
attention to surrounding areas, the task is simplified.  
But a more coordinated effort to integrate areas 
outside the boundary would be more representative 
of an ecosystem approach, since ecological 
boundaries do not really end at the edge of the 
preserved area.  The narrower perspective may also 
appeal to government, however, because  the 
human dimensions of environmental planning can 
be safely minimized by planning only for the 
preservation area.  In keeping with this simple 
management approach, the traditional users of the 
World Heritage Area—the Meya matagi—have 
been thoroughly marginalized. 

The government has succeeded to a 
considerable degree at ecological protection, but 
has not really had to—or chosen to—give much 
attention to the broader elements of place-based 
planning proposed here.  Perhaps as regional 
planning efforts evolve, there will be greater 
attention to management issues that extend beyond 
basic ecological preservation. 
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Abstract  
Education is the aggregate of all the processes responsible for bringing about desirable changes in human 
behaviour enabling a person to improve his life style desirable with socio economic sector. Pakistan is the 
most populous country. The only way that helps in providing awareness to the rural masses is nonformal 
education system. Present study is conducted to analyze the role of television in nonformal education for the 
promotion of awareness in rural communities The objectives of the study were i) to identify and analyze the 
peasants’ problems in the use of educational television especially in rural communities, ii) to ascertain the 
role of television in developing awareness of peasants, iii) to recommend some measures for bringing 
improvements in the process for promoting awareness of peasants through television programmes. Sample of 
the study were 200 peasants belonging two Districts, Lodhran and Multan of Punjab, Pakistan were selected 
randomly. The main findings of the study indicate that a majority of peasants have TV sets but a few watch 
televisions regularly, quite a small of them agreed with the timing of television telecast. It is concluded that 
most the peasants have TV sets, the duration of the TV programme for peasants are not sufficient. More over, 
timing of TV programme for peasants is also not suitable and interesting. Likewise the information provided 
in these programmes is also not enough. Main recommendations of the study the timing of the programmes 
of TV need revision, information about forming, livestock, different kinds of crops, seeds, fertilizer, 
pesticides, and loaning may be enhanced. 
 
Keywords: nonformal education, awareness, rural communities, peasant 
 
Introduction 
Education is the aggregate of all the processes 
responsible for bringing about desirable changes in 
human behaviour enabling a person to improve his 
life style desirable with socio economic sector. It is 
a life long process and starts from cradle to grave. 
Islam lays special emphasis on the acquisition of 
knowledge “Are those equal? those who do not 
know.” (Al-Quran 39:9). Thus, education is the 
basic necessity of life of all human being. 

Pakistan is the most populous country. It has a 
population of 14 million. Its 75% masses live in 
rural areas, where educational facilities are either 
not available or are very poor, especially no access 
to education in formal system. The only way that 
helps in providing awareness to the rural masses is 
non-formal education system. 

According to Saeed (1996) non-formal 
education is an organized systematic teaching 
outside the formal system for groups of people with 
particular needs. It includes agricultural extension, 
adult literacy campaigns and instruction in health 
and nutrition etc.  

Thus, to cope with the needs of rural masses for 
their education, Distance Education System play an 
important role. According to Oxford Dictionary 
(1990), media especially television, radio and 

newspaper is the main means of communicating 
with large numbers of people. Media are those 
instruments of communication, which can present 
one-way in messages to large number of persons 
who are often physically separated.  

According to Mohanty (2002) educational 
broadcasting is the transmission and utilization of 
radio and television programme in education. It 
constitutes an important segment of educational 
technology which aims at improving the quality of 
education and widening access to education through 
the use of various mass media and all kinds of 
audio-visual aids in education. Educational 
broadcasting has made it possible to transmit 
knowledge and skills to a vast number of students 
as well as teachers through radio and television. 

According to Sharma (1994) by the virtue of 
centralized production, broadcasting can afford to 
spend considerable sums on making programmes 
which will be received by so many that the cost per 
user is very low, even when the cost of the support 
material is allowed for. Using the best authorities 
and the best expositors, it can serve as an 
incomparably rapid means for the diffusion of the 
newest knowledge and ideas. According to 
Mohanty (2001), many advantages of instructional 
television can only be realized by complete 
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coordination of the instructional process by  its all 
stake holders. 

Rashid (2006) expressed that use of television 
has fascinating and tremendous opportunities for 
the world of education. Television as an 
instructional tool is being used in a variety of ways; 
for direct teaching, supplementary or enriching the 
work of institusions, for eradicating illiteracy, for 
adult education etc. In most of the developing 
countries, television is used through satellite for 
adult education. However, in remote areas of 
developing countries, where there is no electricity 
only radio is effective, it also runs without 
electricity.  

According to Furqan (2007) television seems to 
be the most effective and efficient medium used to 
disseminate information among the community. It 
can be used as an effective teaching tool in different 
fields. Its success in teaching lies in the fact that it 
involves both audio and visual presentation. This 
combined effect of audio and visual signals 
increases the effectiveness of messages and 
strengthens the opportunities of learning. It can 
provide information very easily to a large audience 

dispersed over a wide geographical area which is 
impossible through personal contacts. 

In general, television broadcasts have 
demonstrated effectiveness in conveying useful 
knowledge to widely dispersed populations of 
people. As an instructional tool, radio and television 
holds unlimited opportunities and they are being 
used in a variety of ways for direct teaching, for 
supplementary classroom teaching, for enriching 
schools and colleges, for eradicating illiteracy and 
for educating adults. According to Malik (2008) 
television telecast has long interaction with viewers 
mind for effective learning.  

Agriculture occupies a prominent place in 
national economy of many developing countries 
including Pakistan where it is common and popular 
occupation. The primacy of agriculture in 
Pakistan’s economy is clearly established by a 
number of indicators. It is the largest single 
contributor to the gross national product. 

As Pakistan is an agro based country majority of 
population lives in rural areas. Their main source of 
income is agriculture. According to Sher (2001) 
television has played important role in the 

Statement Yes No 
Frequency % Frequency % Do you have a television? 

166 83.0 34 17.0 
 

Table 1. Information about possession of Television Sets 

Table 2. Watching of programmes of PTV Centre Lahore 
Statement Yes No 

Frequency % Frequency % Can the programmes of television Centre Lahore 
be watched in your area? 160 80.0 40 20.0 

 
Table 3. Information about watching of Television on a regular basis 

Statement Yes No 
Frequency % Frequency % Do you watch Television regularly? 

80 40.0 120 60.0 
 

Table 4. Timing of programmes Sona Chandi and Kissan Time 
Statement Yes No 

Frequency % Frequency % Are the timing of the programmes "Sona Chandi" 
and Kissan Time" telecast by PTV proper? 134 67.0 66 33.0 
 

Table 5. Information about animals 
Statement Yes No 

Frequency % Frequency % Is the information about animals provided in these 
programmes? 177 88.5 23 11.5 

 
Table 6. Information about farming 

Statement Yes No 
Frequency % Frequency % Is the information about farming found in these 

programmes? 185 92.5 15 7.5 
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development of our agricultural products.  
Television broadcast programmes for the rural 
communities in national and local languages. Our 
rural people watches television in their leisure times. 
TV producers invite experts to comments on 
modern techniques and methods of sowing, 
ploughing, harvesting and seeding. Television 
telecasts different agricultural programmes for the 
peasants. They also invite agricultural experts in 
studios for discussion. Television telecasts different 
agricultural programmes, which were produced 
specially for peasants. It means media particularly 
television play important role in promoting the 
awareness of rural communities in a number of 
ways. 
 
Objectives of the Study 
The aim of the study is to examine the role 
television in nonformal education to promote the 
awareness of peasants of rural communities of 
Pakistan. The objectives are: - 

i. To ascertain the role of television in 
Nonformal education in developing 
the awareness of peasants. 

ii. To identify and analyze the problems 
in the use of educational television 
especially in rural areas. 

iii. To recommend policy measures for 
bringing about improvements in the 
process for promoting awareness of 
rural communities through television 
programmes. 

 
Research Methodology 
The descriptive research was followed for the 
present research,. The population of the study 
included two categories, one peasants and the other 
programme producers for rural communities of 
Pakistan Television, Lahore. As for as the sampling 
is concerned, two hundred peasants of Multan and 
Lodhran Districts, 100 from each were selected 
through the process of random sampling. 
Programme producers for peasants of PTV, Lahore 
were also included in the sample. The 
questionnaires were used as the research tool for the 
present study. 

The data were collected through questionnaires 
duly filled in by the peasants, and television 
producers for agriculture programmes prepared for 
rural communities by PTV, Lahore and analyzed by 
applying  SPSS. The data were processed and 
analyzed in the form of percentage and mean score 
to identify the problems of peasants in the use of 
educational television to improve the programme of 
TV for the maximum benefit of the larger number 
of people of rural communities. 
 

Findings 
The findings drawn out from the data collected 
through the questionnaire and analysed in terms of 
mean score are given below. 
Table 1. Above table indicates that 83% peasants 
have television sets while 17% do not have, so it is 
concluded that a great number of peasants have 
television sets. 
Table 2. Above table indicates that in 80% of the 
area, the telecast of PTV Lahore are watched while 
in 20% of the area the transmissions of PTV Lahore 
could not watched, it indicates that the 
transmissions of PTV Lahore are watched in the   
maximum areas. 
Table 3. Above information indicates that 40% 
peasants watch television regularly while 60% do 
not watch it regularly. So it is concluded that less 
number of peasants watch television regularly. 
Table 4. Data in table 4 indicates that 67% peasants 
agree with the timing of the programmes Sona 
Chandi and Kissan Time. While 33% peasants do 
not agree with the timing, so it is concluded that 
most of the peasants are agreed with the timing of 
the programmes. 
Table 5. Table 5 indicates that 88.5% peasants are 
agreed that the information about animals are 
provided in these programmes while 11.5% 
peasants do not agree, so it is concluded that 
information about animals are provided in these 
programmes. 
Table 6. Above table indicates that 92.5% peasants 
are agreed that information about farming are 
provided in these programmes, while 7.5% peasants 
do not agree, so it is concluded that information 
about farming are provided in these programmes. 

Following table reveals that 29% peasants 
suggested that experts opinion should be presented, 
15% peasants suggested to peasant information of 
diseases and their prevention should be presented, 
53% of the peasants suggested that the duration of 
the programmes should be enhanced, 7% peasants 
suggested that information about modern 
technology should be provided while 23.5% 
suggested that the programmes should be presented 
after the sunset. 8% suggested that programmes 
about modern cultivation should be provided. 9% of 
the peasants suggested that television sets should be 
provided free of cost. 17.5% of the peasants 
suggested that information centres should be 
established at local level. 13% of the peasants 
suggested that consultations of the veterinary 
doctors should be provided. 6% of the peasants 
suggested that programmes about timely and proper 
use of fertilizers should be presented while 1% of 
the peasants suggested that information about 
orchards should be provided. 
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Table 7. Information about different needs of awareness of rural communities 

Statement Frequency Mean Score
Information about the milk yielding animals is found in these 
programmes. 200 2.78 

Information about the meat providing animals is found in these 
programmes. 200 2.94 

Information about cultivation and looking after of fodder is 
provided in these programmes. 200 2.93 

Information about the animals used for cultivation is found in 
these programmes. 200 3.33 

Information about poultry farming is found in these 
programmes. 200 3.14 

The information about fish farming and their nutrition is found 
in these programmes. 200 3.28 

The information about new methods of fish farming is found in 
these programmes. 200 3.40 

The information about the cure of diseases of fish is provided in 
these programmes. 200 3.49 

The information about the preparation of soil is provided in these 
programmes. 200 2.84 

The information about the loaning is provided in these 
programmes. 200 3.15 

The information about the timing of irrigation is provided in 
these programmes. 200 2.92 

The information about proper timing of cultivation and 
harvesting are provided in these programmes. 200 2.53 

The information about protection of crops is provided in these 
programmes. 200 2.70 

The information about the selection of proper pesticides and the 
appropriate use of  them is provided in these programmes 200 2.67 

The information about the acquiring and use of modern 
machinery is provided in these programmes. 200 3.02 

The information about crop marketing is provided in these 
programmes. 200 3.35 

The information about packing and storage of crops are provided 
in these programmes. 200 3.38 

The information about the analysis of soil is provided in these 
programmes. 200 3.19 

The information about the analysis of water is provided in these 
programmes. 200 3.28 

The information about the selection of specific type of seeds 
regarding different areas is provided in these programmes. 200 2.91 

The information about ratio of germination of the seeds is 
provided in these programmes. 200 2.98 

Help is provided to contact with the agriculture experts through 
these programmes. 200 3.08 

You follow the information provided by  Television. 200 2.82 

Benefits are being obtained through these information. 200 2.69 

Information about harvesting and threshing are provided in these 
programmes. 200 2.70 

Information about cultivation and looking after the vegetables 
are provided in these programmes. 200 2.93 
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Information about the looking after of orchards is provided in 
these programmes. 200 2.83 

Information about the diagnosis of diseases of orchards is 
provided in these programmes. 200 3.06 

Information about the preparation of nurseries of orchards is 
provided in these programmes. 200 3.36 

Information about the cultivation of cotton during shortage of 
water is provided in these programmes. 200 2.97 

Information about cultivation and protection of cotton are 
provided in these programmes. 200 2.61 

Information about the fulfillment of shortage of water is 
provided in these programmes. 200 3.08 

Information about the importance of fertilizers for crops is 
provided in these programmes. 200 2.55 

Information about "Goddi" and "Trimming" (Chidrai) of cotton 
are provided in these programmes. 200 2.61 

Information about destruction of weeds is provided in these 
programmes. 200 2.55 

Information about the cultivation and harvesting of paddy are 
provided in these programmes. 200 2.93 

Information about the cultivation and harvesting of Sugar Cane 
are provided in these programmes. 200 2.96 

Information about the fodder and other feeds of animals are 
provided in these programmes. 200 2.88 

Information about the diseases and cure of diseases of animals 
are provided in these programmes. 200 2.93 

Information about artificial breeding of animals is provided in 
these programmes. 200 3.20 

Information about raring of sheep and goats are provided in 
these programmes. 200 3.02 

Information about growth, diseases and their cure of diseases of 
sheep and goats are provided in these programmes. 200 3.01 

Information about oil producing crops is provided in these 
programmes. 200 3.18 

Information about cultivation of gram is provided in these 
programmes. 200 3.30 

Information about the opinion of the agriculture experts are 
provided in these programmes. 200 2.80 

Information about plantation is provided in these programmes. 200 2.88 
Information about the methods of eradication of water logging 
and salinity are provided in these programmes. 200 3.22 

Information about the reformation of water courses are provided 
in these programmes. 200 2.90 

You get the opinions of Doctors about diseases of animals 
through television. 200 2.86 

You get the information about proper use of fertilizers through 
the agricultural programmes telecast by television. 200 2.58 
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Conclusions  
On the basis of findings, the conclusions are as 
follows:  
Most of the peasants have television sets, the 
telecasting of Pakistan Television Centre Lahore 
covers approximately the whole area and rests of 
the peasants try to access to television. The timings 
of the programmes for peasants are proper and the 
duration and number of programmes concerning 
animals and farming be increased. The peasants try 
to listen and watch these programmes regularly.  
The items about fodder and vegetables are included 
in these programmes. 

Modern techniques of poultry and fish farming 
be provided in these programmes. Sufficient 
information about analysis of soil and water, 
eradication of water logging and salinity, be 
provided. Information about new variety of seeds, 
their availability and proper selection with respect 
to specific areas be provided in bulk. More 
information about modern methods of harvesting, 
storage and packing of crops be provided in these 
programmes. Agricultural experts should be invited 
in the programmes for proper guidance of the 
peasants. 

Information about pest warning, pest control and 
selection of appropriate pesticides for various type 
of crops and looking after of crops from sowing to 
harvesting be provided in these programmes. 
Information about the better management of water, 
proper and timely use of fertilizers for various crops 
in accordance with kinds of soil be provided. 
Consultation of experts be provided for the 
cultivation and marketing of oil producing crops. 
The plantation is encouraged through these 
programmes. The use of new technologies and 
machinery in agriculture be encouraged through 
these programmes. The peasants be remain in 
contact with the radio and television producers 
about their problems.  
 
Recommendations 
On the basis of findings and the conclusions of the 
study, following recommendations are made for the 
improvement in the awareness of peasants. 
Small centres at village level should be established 
where facility of radio and television may be 
provided to the peasants. The programmes may be 
in local languages and their duration may be 
doubled, and they may be re-broadcast and telecast 
at different times of the day. The programmes may 

Table 8. Suggestions proposed by rural community members 

Suggestions Responses % 
i.  Guidance of experts should be included in these 

programmes 
ii.  Information about the crop diseases and their prevention 

should be included in these programmes. 
iii.  The timings of the programmes should be enhanced  and the 

information must be given in local languages. 
iv.  The information about suitable timings of crop cultivation 

and usage of new machinery and seeds should be included 
in these programmes. 

v. The programmes should be broadcast and telecast at proper 
time especially after sun set. 

vi.  The programs should contain the information about modern 
techniques of cultivation and about the solution of problems 
of soil and water faced by peasants. 

vii.  Radio and Television set must be provided to the peasants 
free of cost by government. 

viii.  Information centres must be established at local level and 
information about loaning should be given at these centres. 

ix.  The information about dairy and poultry farming and 
consultation of veterinary doctors should be given in these 
programmes. 

x. The information about fertilizers and their proper and timely 
use must be included in these programmes. 

xi.  The information about orchards must be included in these 
programmes. 

xii.  The information about orchards should be provided. 
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be made interesting by including documentaries in 
the use of modern techniques and machinery, 
features, interviews, and music.  
The consultation of experts for different aspects of 
agriculture may be provided by television. The 
fertilizer and pesticide manufacturing companies 
may present their programmes through television 
for the appropriate and timely use of their products. 
The peasants might be in contact about their 
problems and share their experiences, with the 
television producers telephonically.  
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Abstract

Water is not only the essence of life but also a major factor in formation of human civilizations. Gamasyab

River is the biggest river of Hamadan Province is sourced from Karstic Springs in Nahavand Township

Southern Mountainous Region and supplies a major part of water needs of the region. In this research

seasonal variation of water quality and also the degree of pollution related to Gamasyab River water, which

is about 200 Km in length and its average flow rate is about 19.14 cubic meters per second, have been

assessed. This research survey was carried out in Nahavand Township during 2003 to 2007. First the general

status of the river was studied. Then according to the river length, status of its adjacent villages and cities,

and also according to the industries and farms of the region, 4 sampling stations were determined.

In this research the quality of river water including; DO, BOD, COD, Nitrate, phosphate, temperature, TH,

TSS, TDS and PH have been determined and assessed on a monthly basis within a five years period. All

analysis was performed according to the procedures outlands were made according to the standard methods.

The results were reported as seasonally and presented using statistical tables and graphs. These results

showed that Nitrate concentration in Gamasyab River is strongly depend on distance from Gamasyab spring.

By increasing the distance from Gamasyab spring, nitrate concentration increased. This pollution is more

tangible in spring, summer and autumn. The amount of DO in the river water is stable in each station within

the year. Air temperature changes have had no effect in the amount of DO. The above information shows

that the amount of DO in the river is high in station 1 but decreased in station 3 and becomes zero. Also the

amount of DO increases to 7 mg/l due to river water turbulent flow.

Based on this fact we recommend that river pollution control plans be implemented more serious than before,

non point source pollution related to agricultural activities be managed and prevent from pouring untreated

rural wastewaters to the mentioned river.

Keywords: Environment, Gamasyab River, Hamadan province, Nahavand Township, pollution, water

Introduction

Environmental pollution is a world-wide problem,

heavy metals belonging to the most important

pollutants. The progress of industries has led to

increased emission of pollutants into ecosystems

(Diagomanolin, 2004). Farming is a productive use

of land, yet some farms can be a threat to water

quality. Run off from farms carries no point

pollution. Eroding soil, pesticides and other

chemicals, animal waste, and loss of riparian zones

next to water bodies are common concerns (Reyahi

Khoram et al.,2007).

Nahavand Township covering 1535 square

Kilometers, is one of the cities of Hamadan

province in west of Iran. This area has an old

history, genuine culture and the economy is built

upon the improvement of agriculture and

aquaculture. Nahavand has a mountainous

temperate climate and Garin Mountain, with a

height of 3188 m from Zagros Mountains is located

in this are. Nahavand city, with vast agricultural

lands, fertilized soil and numerous water resources

has many capabilities and potentials in the field of

agriculture. Gamasyab, the biggest river of

Hamadan province originates from Karst spring in

southern mountainous regions of this city and

supplies a major part of water needs of the region.

Agricultural and industrial activities as well as

urban constructions around this river during the

recent years have made it unavoidable to study the

pollutions of this river. Therefore the aim of this

research is to identify the pollution of Gamasyab

River water, to assess the seasonal variations of

water quality of the said river and also identify the

degree the water quality of this river is influenced

by agricultural and industrial activities and urban

constructions development.

Methodology

This research survey was carried out in Nahavand

Township during 2003 to 2007. First the general

status of the river was studied by conducting library

studies and field visits. Then according to the river

length and status of its adjacent villages and cities,

and also according to the industries and farms of the
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region, 4 sampling stations were determined as

follows:

Station 1 (Sarab): is in the highest and closest point

to the natural spring which is the major supplier of

river water.

Station 2 (Moradabad): is located adjacent to

Moradabad village, 12.5 Km from Station 1. Station

3 (Dehfool): is located adjacent to Dehfool village,

9 Km from Station 2. Station 4 (Cheshmeh Mahi):

is located adjacent to Cheshmeh Mahi village, 30

Km from Station 3.

The location of the sampling stations is shown

in Fig 1. Samples from Gamasyab River were

collected from 2003 to 2007. Sampling of the river

water in the four stations was made on a monthly

basis. All samples were transported to the

laboratory under standard conditions (APHA, 1998).

In this study, the river water qualities including

Dissolved Oxygen (DO), Biochemical Oxygen

Demand (BOD)5, Chemical Oxygen Demand

(COD), Nitrate, phosphate, temperature, Total

hardness(TH), Total suspended solid (TSS),Total

Dissolved Solid (TDS) and PH were assessed and

measured. All analysis was performed according to

the procedures outlined and were made according to

standard methods (APHA, 1998).

Results

The results of this research are presented in two

parts as follows:

1- The results of library and field studies:

Gamasyab River, which is about 200 Km in length,

is one of the longest rivers of Iran (Reyahi Khoram

et al., 2005). The watersheds of this river are about

11200 square kilometers, width is 20 to 50 meters,

and depth is 2 to 5.5 meters and it is the major

branch of Karkheh River. The water flow of this

river is permanent and it originates from southern

of Alvand Mountain and northern of Garin

Mountain. The major branch of Gamasyab river,

Gamasrood, originates from northern of Garin

Mountain in south of Nahavand and after irrigation

of Nahavand plain receive Heramabad  river in

Aminabad village and  Gelgelrod river in Gerdian

village and leaves Hamedan province. But

Khoramrod River, which originates from Hamadan

Province, joins Gamasyab River after leaving this

province. After entering Kermanshah province,

Gamasyab River receives several branches and

finally it joins Qarahsoo River in Galehjar and

forms Karkheh River. Also Karkheh River enters

finally Persian Gulf after passing Khuzestan

province. The amount of water supply of Gamasyab

when leaving Hamadan province in Doab

Hydrometric station at the beginning of entering

Kermanshah province has been measured from

1969 to 1997. This river has a permanent regime

and their average annual flow rate is about 19.14

cubic meters per second. Also seasonal variations

of water flow in this river during 1969 to 1997 have

been shown in table 1. It should be noted that

during recent years, due to droughts and increased

consumption of underground water sources, at least

25-30% reduction has happened in river water flow.

According to the previous findings and studies, the

quality of this river water classified in the group of

C2-S1 based on Wilcox classification. On this basis,

the water of the said river has been identified as

having no limitation for ordinary cultivations. The

average electrical conductivity (EC) and Sodium

Adsorption Ratio (SAR)  of river water has been

measured and reported about .385  mmhos/cm and

0.8, respectively (HPMPO, 2003).

2- Tests Results: In this research, water quality of

Gamasyab River was assessed and measured in

different months within 5 consecutive years in 4

stations. These results have been summarized and

reported seasonally. A brief result of this research

has been mentioned in tables 2. Location of

sampling stations in Gamasyab River in Nahavand

Township are presented in Fig. 1. Also the process

of changes of water pollution of this river has been

shown in Fig. 2 to 9.

Table 1.  flow rate variations of Gamasyab river in different seasons

(mean of 29 years)

flow rate        as m
3
/s season

33.14 spring

3.16 summer

11.70 Autumn

28.54 winter

19.14 Ave

Reference: (HPMPO, 2003)
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Table 2.  The results of laboratory Analyses of Gamasyab River water samples collected from St.1 to St. 4

( mean of 2003 to 2007)

ST. season DO

As

mg/l

BOD

As

mg/l

COD

As

mg/l

NO3

As

mg/l

PO4

As

mg/l

PH T
 0

TH

As

mg/l

TDS

As

mg/l

TSS

as

mg/l

spring 7.3 .2 1.4 8.48 0.11 7.9 9.58 143.2 176.5 92.75

summer 7.15 .65 1.78 11.64 0.15 7.98 11.96 141.5 184.5 96.7

Autumn 7.36 .06 .54 9.86 0.12 7.88 8.98 155.2 172.8 26.5

winter 7.11 1.1 1.8 16.58 0.09 7.78 8.4 154.3 191.2 61.95

1

Ave 7.23 0.5 1.38 11.64 0.12 7.89 9.73 148.6 181.3 62.48

spring 6.65 8.1 20.4 10.3 0.13 7.85 13.4 229.9 269.2 127.1

summer 4.98 8.53 21.38 17.66 0.36 7.9 17.88 278.7 350 221.9

Autumn 5.75 7.71 16.93 11.74 0.36 7.9 10.86 268.1 308.3 103.6

winter 5.87 6.79 14.4 17.28 0.5 7.77 7.82 251.4 308.5 190.8

2

Ave 5.81 7.78 18.28 14.25 0.34 7.76 12.49 257 309 160.9

spring 3.8 11.3 35.4 16.95 0.35 7.71 15.74 277.2 331.6 123.6

summer 1.78 31.89 79.66 15.48 0.66 7.52 19.06 364.5 436.7 248.5

Autumn 3.64 22.98 64 15.8 0.56 7.76 11.07 301 394.5 148.5

winter 5.9 11.5 24.89 14.36 0.32 7.83 11.07 254.2 307 161.3

3

Ave 3.78 19.42 50.99 15.65 0.47 7.71 14.24 274.2 367.5 170.5

spring 6.63 1.3 6.57 19.5 0.11 7.97 17.2 278.6 316.1 116.9

summer 5.76 3.17 7.72 15.35 0.12 7.89 22.94 281.6 332.1 238.2

Autumn 6.85 1.75 4.29 14.16 0.13 7.72 11.56 264 329.2 54.4

winter 7.14 1.9 4.93 15.3 0.25 8.05 8.74 257.3 297.4 84.8

4

Ave 6.6 2.03 5.88 16.08 0.15 7.91 15.11 270.4 318.7 123.6

               

Fig. 1: Location of sampling stations 1, 2, 3 and 4 in Gamasyab River in Nahavand Township.  

Discussion and Conclusion

The obtained results indicate the process of changes

of water quality and its characteristics. These

changes are presented in several parts as follows:

1- Nitrate concentration: According to figures 2, 3,

4 and 5, Nitrate concentration in Gamasyab river

are strongly depend on distance from Gamasyab

spring. By increasing the distance from Gamasyab

spring, nitrate concentration increased. This

pollution is more tangible in spring, summer and

autumn. But, Nitrate concentration is stable and

high in winter. The variations of Nitrate

concentration from station 1 begins from 10 mg/l in

spring, summer and autumn and increase to about

30 mg/l in station 2. But this concentration is 18

mg/l in all stations in winter. Based on the obtained

results, although river water flow increases in

winter due to precipitations and non consumption of
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Fig.2: variations of water quality factors of 

Gamasyab river in the spring in different stations 

(mg/l)
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Fig.3: variations of water quality factors 

of Gamasyab river in the summer in 

different stations (mg/l)
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Fig.4:variations of water quality factors 

of Gamasyab river in the autumn in 

different stations (mg/l)

0

10

20

30

40

50

60

70

St.1 St.2 St.3 St.4

COD

BOD

DO

PO4

NO3

Fig.5: variations of water quality factors of 

Gamasyab river in the winter in different stations 

(mg/l)
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Fig.6: Annual variations of water quality factors of 

Gamasyab river in station 1(mg/l)

0

5

10

15

20

25

30

35

2003 2004 2005 2006 2007

COD

BOD

DO

PO4

NO3

Fig.7: Annual variations of water quality factors of 

Gamasyab river in station 2 (mg/l)
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water in agricultural activities, but Nitrate

concentration does not decrease. Because in autumn

and winter, the nitrated fertilizers remained in

agricultural lands are resolved in flowing surface

waters. According to land slope, these waters move

toward the river and transfer pollutants named non

point source pollution to the river. Fig. 6, 7, 8 and 9

shows that nitrate concentration in all stations

increase during 2003 to 2007, so that nitrate

pollution in station 1 begins from 5 mg/l in 2003

and increase to 30 mg/l in 2007.

2- BOD and COD variations: According to Table 2,

BOD and COD in station 1, the place of water

supply springs, is almost negligible. But these

amounts show increase in the next stations. Local

visits show that Nahavand Traditional

Slaughterhouse wastewater, without any treatment

is introduced Gamasyab River in the area before

station 2 sampling. This factor is effective in

increasing BOD and COD concentration in station 2.

Also, fig. 9 shows that the amount of pollution

around station 3 increased about 80 mg/l. This

status is associated with urban and rural pollutants

and wastewaters which are discharged in to

Gamasyab River in stations 2 and 3, without any

treatment. Fig. 9 shows that due to precision in

environmental monitoring and control of industrial

factories by the officials of Department of the

Environment, and closing down of dairy units

around Dehfool area, the amount of BOD and COD

in station 4 has decreased. But, in 2007, due to

decrease of climatic precipitation and the problems

occurred during environmental monitoring and also

construction of new industrial units and fish

farming workshops, the pollutions have increased in

2007.
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Fig.9: Annual variations of water quality factors of 

Gamasyab river in station 4 (mg/l)
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Fig.8: Annual variations of water quality factors of 

Gamasyab river in station 3 (mg/l)

0

10

20

30

40

50

60

70

2003 2004 2005 2006 2007

COD

BOD

DO

PO4

NO3

Table 2 shows that in all seasons the amount of

BOD and COD increase in stations 2 and 3 and

these factors are decreased again in station 4. This

indicates that, the amount of discharge of raw

wastewater is high in near stations 2 and 3. The

pollutants entering the river are treated as self

purification processes that occur in the river.

Therefore BOD and COD concentration reduces in

station 4.

3- DO variations: According to Table 2, the

amount of DO in the river water is stable in each

station within the year. Air temperature changes

have had no effect in the amount of DO. The above

information shows that the amount of DO in the

river is high in station 1 but decreased in station 3

and becomes zero. Also the amount of DO

increases to 7 mg/l due to river water turbulent flow.

The results of this study may be compared with

another study done related to Karaj river in near

Tehran and has been reported that the average of

COD was 23.6 mg/l with 16 water sampling. The

mentioned study, have shown that villages are main

sources of pollution in this river that discharge their

waste in to the Karaj river (Ramezankhani et al.,

2008).

The results of this study confirmed the

capability of self purification related to Gamasyab

River. Therefore it is recommended that the self

purification of above river be studied in the near

future. The result of the said studies shows that

using the water of this river has no prohibition for

agricultural activities at the present time. Quality of

Gamasyab river water is equivalent to the present

standards of Iranian Department of the

Environment on the condition that the river is

managed well so as to prevent from worsening the

water quality of this river in the future.
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Abstract 
Dry bean (Phaseolus vulgaris L.) is an important source of protein in the tropical developing countries. 
However, current yield level of the crop is very low especially when grown in semi-arid regions. A field 
experiment was carried out in 2006 at Dire Dawa, Ethiopia to determine the genotypic variation in the 
performance of fifteen dry bean genotypes with and without irrigation.  The field site has a semi-arid 
climate with an annual rainfall of approximately 600 mm.  The experiment was laid out following a 
randomized complete block design replicated four times. Data on phenology, growth, nodule development, 
components of yield and seed yield were collected. Significant differences existed between irrigated and 
non-irrigated treatments for nodule number/plant, pod number/plant, number of seed/ pod, total biomass, and 
dry bean yield. The dry bean yield under stress ranged from 54 kg/ha in Gobe Rasha to 683 kg/ha in Awash-1. 
Under irrigation, XAN-311 had the highest yield of 1489 kg/ha while EMP-444 produced the lowest yield of 
262 kg/ha. Genotypes differed in days to harvest, plant height, branch number, leaf number, nodule number, 
total biomass, pod number, seed/pod, hundred seed weight, seed yield, and harvest index.  Red Wolita 
produced the highest seed yield at 931 kg/ha.   There was significant difference among genotypes in their 
ability to partition photosynthate to the seed as evidenced from the range of harvest index from 0.04 to 0.25. 
The results clearly demonstrate the importance of irrigation and proper cultivar selection under both irrigated 
and non-irrigated conditions in order to obtain optimum dry bean yields in warm climates.  
 
Key words: dry bean, warm climate, water stress, germplasm diversity 
 
Introduction 
Dry bean is the most important food grain legume 
in the world (FAO, 2000). It is a crop of great 
importance for Africa because of its value as protein 
and calorie source for the poor with acreage 
exceeding 4 million hectares (Buruchara, 2003). 
Dry bean is grown in Africa in varying climates 
ranging from warm in low-to-mid elevation regions 
to cool in highland regions. The crop is commonly 
produced without irrigation. Due to substantial 
capital requirement, lack of reliable power supply 
and harvestable reservoirs, it is unrealistic to expect 
much increase in irrigated dry bean acreage in the 
near future.  

It is believed that 60% of world dry bean 
production is affected by the drought (Beebe, 2001). 
Dry weather can affect crop growth and yield in a 
number of ways.  Movement of nutrients is 
restricted in a drying soil because lower number of 
pores between soil particles is filled with water to 
facilitate transport from soil to root surface 
(Pugnaire et al., 1994). Plant roots shrink due to 
dehydration reducing intimate soil contact and 
hence ability to extract nutrients and water from the 
soil (North and Nobel, 1997). Water deficiency 
impedes processes ranging from photosynthesis to 
solute transport and accumulation essential for plant 
growth and development (Eastin and Sullivan, 
1984). In dry bean, N fixation by root nodules is 
curtailed under stress lowering the tissue N 

concentration and amount available for partitioning 
to different organs (Ramos et al., 1999; Serraj and 
Sinclair, 1998). Plants weakened by drought are 
also more prone to damage by diseases and insects 
(Beebe, 2001).  Moisture stress during the flower 
and pod setting period causes abortion of large 
number of flowers and developing pods resulting in 
significant reduction in yields (Hardman et al., 
1990). As drought causes water absorption by plant 
to lag behind transpiration, in severe cases, it may 
result in permanent wilting and death by 
dehydration (Passioura, 1994). 

The climate prevailing in the mid-elevation 
zones of Ethiopia is hot with annual rainfall less 
than the evapotanspiration. In this type of climate 
the effect of water deficit on crop production is 
compounded by the adverse effects of high 
temperature on the growth and development of the 
plant. Reproductive development is more affected 
by the high temperature than the vegetative 
development (Hall, 1992). In turn, heat affects 
pre-fertilization stage greater than post-fertilization 
stage (Gross and Kigel, 1994).  Subjecting 
flowering bean plants to high night temperatures, 
and to a lesser degree to high day temperatures, 
result in abscission of reproductive organs and 
reduced yields (Kigel et al., 1991; Konsens et al., 
1991).  

Ethiopia has two rainy seasons- one main 
season with major portion of rainfall and the 
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secondary season with relatively lower amounts of 
precipitation. Dry bean planting is aligned with the 
onset of the main rainy season. Intermittent drought 
periods as well as rainy season tapering off before 
the crop life cycle is complete causes reduced crop 
yield. This study was carried out to quantify the 
impact of drought on the growth and yield of dry 
bean in the semi-arid climatic zone of Ethiopia and 
to determine the level of increase in those 
parameters that can be achieved by using irrigation 
and adapted cultivars.   
 
Materials and Methods 
The field experiment was carried out during 2006 at 
the Research Center of Haramaya University at 
Dire Dawa, Ethiopia located at 9.36 0N latitude, 
41.510E longitude and 1260 m altitude. The station 
lies in the semi-arid belt of the eastern Rift Valley 
escarpment with average rainfall approximately 600 
mm. The soil is classified as Regosol with a gentle 
slope of 3-8%. It has a sandy loam texture with 
organic matter content of 1.18%.   

Field plots were prepared using appropriate 
tillage practices and planted on 8 July 2006.The 
experiment consisted of four replications of two soil 
moisture treatments, viz. irrigation and no irrigation 
and fifteen dry bean genotypes using randomized 
complete block design. Irrigation treatment was 
imposed at the initiation of flowering. Designated 
plots received irrigation as needed. Weeding was 
carried out manually. Plots were manually 
harvested and threshed.  

Five random plants were excavated from the 
outer rows at the pod set stage to collect data on 
aboveground and belowground vegetative growth.  
The measurements included branch number/ plant, 
leaf number / plant, plant height, root length and 
nodule number/ plant. The number of days required 
by the different cultivars to reach maturity was 
recorded.  At harvest time, ten random plants from 
the middle rows were sampled and pod 
number/plant and seed number/pod counted.  Pods 
were later thrashed and seeds collected. The 100 
seed weight was estimated from five random 
samples. The plants from the three middle rows 
were cut at the ground level and weighed. These 
plants were hand threshed to determine the grain 
yield. Harvest index was calculated as the ratio of 
grain weight to the total plant weight.   

Analysis of variance was carried out to test the 
statistical significance of differences in the mean 
value for various plant parameters as a result of 
genotype, soil moisture and soil moisture x 
genotypes treatment effects. Individual means were 
compared by least significance difference test 
(LSD).  Correlation analysis was calculated to find 
relationship between different vegetative and 

reproductive parameters. For data analyses general 
model version 10.2 of Genstat (2008) was used.   
 
Results 
Mean squares for the soil moisture treatments were 
significant for aboveground biomass, nodule 
number/ plant, pod number/plant, seed number/pod, 
and grain yield (Table 1).  Nodule number ranged 
from 2.1/plant in Alpine to 12.1/plant in P-94002 
under stress and from 1.3/plant in G-21212 to 
32.6/plant in P-94002 under irrigation (Table 2). 
Irrigated plants possessed approximately twice the 
number of nodules than those without irrigation.  
The aboveground biomass yield averaged 2332 
kg/ha under stress compared to 4492 kg/ha under 
irrigation (Figure 1). Ayenew and XAN-311 had 
highest biomass under stress and irrigation, 
respectively. The pod number/plant averaged 5.53 
under stress and 7.98 under irrigation. Awash Melka 
and Awash-1 had the highest number of pods under 
stress and irrigation, respectively. The seed 
number/pod averaged 3.86 under stress and 4.31 
under irrigation. The effect of irrigation was evident 
from more than doubling of yield under irrigation 
compared under no-irrigation.  

The dry bean genotypes exhibited significant 
differences for all vegetative parameters except of 
root length. EMP-312 was the shortest and Ayenew 
was the tallest genotype at 28.3 cm and 55.5 cm, 
respectively. On an average, individual dry bean 
plant possessed 8.3 nodules. The nodule number 
varied from 1.9 /plant in Alpine to 22.4 /plant in 
P-94002. The branch number/plant varied from 4.4 
in Gobe Rasha to 11.8 in P-94002 with an average 
of 8.35. The leaf number was highest at 58.7/plant 
in P-94002 and lowest in EMP 444 at 33.8/plant. 
The aboveground biomass yield at maturity 
averaged 3412 kg/ha ranging from1132 kg/ha in 
EMP-444 to 5988 kg/ha in P-94002.       

The difference in the timing of maturity of 
earliest and latest cultivar was of 37 days. Gobe 
Rasha was ready for harvest in only 57 days while 
it required 94 days for P-94002 to reach maturity. 
There was significant difference among genotypes 
for all components of yield. Pod number ranged 
from 2.2/plant in Gobe Rasha to 13.7/plant in 
Awash Melka with the mean value for the fifteen 
genotypes being 6.8/plant. Average of seed 
number/pod was 4.1 with the spread of 2.1 in Gobe 
Rasha to 5.8 in Awash Melka.  Seed weight ranged 
from 7.9 g/100 seed in EMP-444 to 31.1 g/100 seed 
in Gofta. Dry bean yield averaged 498kh/ha with 
genotypes showing wide variation in yield. It 
ranged from 182 kg/ha in Gobe Rasha to 931kg/ha 
in Red Wolita.  

Several correlations among growth and yield 
related variables were noteworthy (Table 3). Branch  
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Figure 1. Relative performance of 15 dry bean genotypes for biomass yield, grain yield and harvest index 
under irrigation and no-irrigation 
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number/plant was positively associated with leaf 
number/plant. Correlation coefficient of plant 
height and leaf number/plant with plant biomass 
was highly significant. Genotypes with longer 
maturity period produced higher aboveground 
biomass, more pod/plant, greater 100 seed weight 
and superior grain yield compared to those 
maturing earlier. Genotypes with greater biomass 
had higher 100 seed weight and grain yield 
compared to genotypes with smaller biomass. All 
three components of yield were positively related to 
grain yield with the highest correlation for seed 
number/pod, followed by pod/plant and 100 seed 
weight, respectively.  Harvest index was closely 
associated with pod/plant, seed/pod and the grain 
yield. 
 
Discussion  
The yield reduction in dry bean of more than 50% 
due to soil moisture stress found in this study is 
similar to those reported by Munoz-Perea (2006) in 
Idaho, USA.  Among the components of yield, pod 
number/plant was affected most by stress, reduced 
by 45.5% compared to 10.3% for seed number/pod 
and 11.2% for 100 seed weight.  Szilagyi (2003) 
reported the order of reduction for dry bean 
components in the order similar to this experiment.  
Dry bean is adapted to moderate temperatures 
because of its origin in the highlands of Central and 
South America (Wallace, 1980). Major reduction in 
pod number could be attributed to adverse effects of 
soil moisture stress accentuated by high night 
temperatures of mid-elevation tropical climate 
under which this study was conducted.  Konsens et 
al. (1991) observed that high night temperature was 
associated with cessation of flower bud production 
and with enhanced abscission of flower buds.  

The results indicated existence of wide 
variability among dry bean genotypes in the ability 
to accumulate dry matter and partition to the grain 
(Fig. 1).  For example, Gobe Rasha produced poor 
vegetative growth and also partitioned 
proportionately low amounts of dry matter to the 
grain.  In the case of Ayenew and P-94002, they 
accumulated high amounts of biomass both under 
stress and irrigation, but partitioned poorly to the 
grain. On the other hand, biomass yield of Awash-1 
did not change significantly between irrigation and 
no-irrigation but it partitioned dry matter to the 
grain with high efficiency under both conditions. 
Red Wolita belonged to yet another category. Its 
biomass yield increased significantly with irrigation 
and harvest index remained high irrespective of the 
soil moisture level.   

Based on the yields obtained, dry bean 
genotypes used in the study can be separated into 
four broad categories.  Genotypes such as Gobe 

Rasha and EMP-444 were not adapted to the 
semi-arid environment and as a result produced 
poor yield irrespective of the soil water level.  On 
the other hand, Awash-1 was better suited for 
production under this type of climate as evidenced 
by its ability to yield more than other cultivars 
without irrigation. However, it did not possess the 
ability to benefit from irrigation as much as some 
other genotypes. As a result, the yield gain from 
irrigation in Awash-1 amounted only to 21% in 
comparison to105% for all genotypes combined.   
Red Wolita belonged to a third category by 
producing satisfactory yield without irrigation, but 
when irrigated, its yield more than doubled. 
XAN-311 belonged to a separate category since it 
was a poor yielder without irrigation but 
out-yielded all other genotypes when irrigated. The 
study clearly showed the genetic diversity in the dry 
bean germplasm for production under warm and dry 
climate. Shonnard and Gepts (1994) reported 
additive gene effect for heat tolerance during flower 
bud formation and pod fill stages suggesting 
considerable gain was possible from selection for 
improved heat tolerance for both traits. Thus, 
breeding for dry bean cultivars adapted to the warm 
and arid tropical climates should amend itself to 
increased yields.  
 
Conclusion  
The results presented in this paper are based on one 
year field experiment. The study has been repeated 
and the combined finding of the two years is under 
preparation. Preliminary data, however, indicate 
that significant gain in yield can be obtained 
through irrigation during reproductive growth 
period. Identification and use of adapted cultivars 
can also result in significant yield increases. In 
addition, since genotypes exhibited wide diversity 
for survival and ability to partition dry matter to 
grain and yielding ability, breeding and selection for 
cultivars with high harvest index and grain yield 
hold promise.  
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Table 1. Mean sum of squares for growth and yield related variables for 15 dry bean genotypes over two soil moisture levels during 2006 in Dire Dawa, Ethiopia. 
 

Source of Variation d.f.  BN  LN  NC  PH  RL  PPP  DTH  BYPH SPP  HSW GYPH  HI 

    Mean Sum of Squares 

Replication 3 1.083 975.42 185.5 752.2 19.81 66.31 2238.2 76930000 11.781 188.95 1985323 0.019 

Soil Moisture (SM) 1 0.705 241.12 879.7** 138.9 14.35 179.83** 1373.6 140000000** 6.102* 133.83 3513526** 0.007 

Genotypes 14 23.748** 475.07** 270.4* 718.6** 6.624 106.8** 1572.7* 23070000** 7.148** 413.37** 368861 0.038**

Genotype x SM 14 6.023 149.87 130.4 84.0 3.595 11.36 772.7 76930000 3.283 30.94 218855 0.002 

Residual 87 4.737 93.13 121.3 110.6 6.192 15.37 703.7 9895000 2.697 45.58 217811 0.007 

Total 119                         

              

              

Minimum   1.60 12.30 0.00 0.00 11.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Grand Mean  8.37 44.59 8.35 39.78 15.79 6.75 79.65 3426 4.08 19.87 503 0.15 

Maximum  19.00 75.00 73.00 80.00 22.60 21.60 96.00 24632 7.00 39.42 3754 0.57 

SEM  0.77 3.41 3.89 3.72 0.88 1.39 9.38 957 0.21 2.39 165 0.03 

SED  1.09 4.83 5.51 5.26 1.24 1.96 13.26 1354 0.30 3.38 233 0.04 

LSD   2.16 9.59 10.94 10.45 2.47 3.90 26.36 2692 0.60 6.71 464 0.08 

** and *  indicate level of significance at 0.01 and 0.05, respectively.        

BN = branch number; LN = leaf number; NC = nodule count; PH = plant height; RL = root length; PPP = pod/ plant; BYPH = biomass yield/ha; DTH = days to harvest; 

SPP = seed/ pod; HSW = 100 Seed weight; GYPH = grain yield/ha; HI = harvest index 
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Table 2. Mean values for growth and yield related variables for 15 dry bean genotypes over two soil moisture levels during 2006 in Dire Dawa, Ethiopia. 
 

BN LN NC PH RL PPP DTH BYPH SPP HSW GYPH HI  

Genotypes 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

1. Gobe Rasha 3.87 4.90 26.20 31.05 5.90 7.10 33.20 31.60 15.40 16.10 2.30 1.98 68.80 44.20 832 2781 2.30 1.90 13.39 13.54 54 310 0.04 0.05

2. Ayenew 9.12 9.87 60.05 53.98 5.00 16.50 58.53 52.55 16.30 17.47 5.13 9.15 93.00 95.50 4784 4488 3.65 3.48 24.17 29.43 362 442 0.07 0.10

3. Red Wolita 10.72 9.37 47.63 46.75 3.00 7.90 42.45 40.63 14.97 15.80 10.55 12.38 87.00 87.50 2721 5379 4.90 5.48 20.33 22.61 581 1281 0.23 0.23

4. G-21212© 8.65 9.27 42.38 47.38 4.00 1.30 41.05 42.70 13.87 15.80 9.13 11.12 86.50 86.50 1258 2250 5.20 4.65 18.97 20.49 312 510 0.25 0.24

5. AFR-716 7.87 8.22 43.13 49.30 7.50 17.30 46.63 49.80 14.80 14.12 4.40 4.55 86.50 64.70 2560 2583 4.23 3.38 33.27 28.06 325 428 0.14 0.12

6. P-94002 10.62 12.90 63.38 53.98 12.10 32.60 63.48 55.40 15.05 17.40 5.40 3.13 92.80 96.00 4199 7778 4.30 3.83 30.43 27.96 289 571 0.07 0.07

7.Gofta 9.82 11.12 44.90 50.30 4.80 9.10 36.70 41.98 16.47 16.77 3.05 5.05 93.00 95.50 4086 6632 3.40 3.45 30.40 31.68 368 715 0.08 0.10

8. Awash-1 7.20 7.07 40.40 48.65 2.60 2.70 33.63 34.55 15.97 16.80 10.63 16.08 86.80 86.70 3026 3492 5.30 5.48 14.56 14.71 683 827 0.23 0.24

9. Awash Melka 8.12 8.00 46.05 38.95 5.70 - 33.80 33.45 13.87 16.97 12.05 15.20 86.80 86.70 2373 3192 6.40 5.15 18.55 17.93 529 621 0.21 0.29

10. Zebra 10.37 6.20 41.38 55.98 5.80 29.10 41.13 50.40 16.47 15.62 3.55 4.48 92.50 95.20 4205 7164 3.73 4.05 21.44 25.18 364 881 0.08 0.11

11. XAN 311 6.47 9.97 37.80 53.98 4.00 7.80 24.63 40.05 14.72 14.62 1.98 8.90 70.00 70.80 1073 10017 3.90 4.08 15.32 14.67 171 1489 0.13 0.11

12. MX-9065-14B 8.72 7.97 47.23 41.98 7.90 8.00 37.98 45.48 17.45 16.87 2.90 4.05 69.50 96.00 1869 4721 1.98 4.64 16.05 23.07 258 701 0.09 0.13

13. EMP-444 6.97 6.47 33.30 34.30 8.30 16.30 25.23 27.63 13.65 15.57 3.65 7.40 42.80 64.50 592 1673 3.15 4.40 6.61 9.10 190 262 0.16 0.12

14. EMP-312 7.72 8.20 33.65 49.90 5.80 7.60 23.40 33.15 16.30 14.47 3.55 8.23 43.20 89.00 742 3592 3.15 5.98 7.34 14.47 168 647 0.11 0.19

15. Alpine 8.02 7.05 40.20 33.73 2.10 1.60 38.73 33.45 16.35 17.62 4.65 7.95 45.00 86.50 661 1642 2.30 4.73 11.46 21.07 249 350 0.18 0.20

 

1 = non-irrigated; 2 = irrigated 

BN = branch number; LN = leaf number; NC = nodule count; PH = plant height; RL = root length; PPP = pod/plant; BYPH = biomass yield/ha; DTH = days to harvest; SPP = seed/ pod; 

HSW – 100 Seed weight; GYPH = grain yield Per ha ; HI = harvest index 
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Table 3. Correlation coefficients among growth and yield related variables over two soil moisture levels in dry beans during 2006 in Dire Dawa, Ethiopia.  
 

BN 0.000            

BYPH 0.369** 0.000           

DTH 0.269** 0.507** 0.000          

HI -0.011 -0.006 0.461** 0.000         

HSW 0.342** 0.607** 0.785** 0.187 0.000        

LN 0.521** 0.647** 0.438** 0.077 0.503** 0.000       

NC 0.241* 0.090 0.113 -0.143 0.214** 0.224* 0.000      

PH 0.457** 0.586** 0.410** -0.018 0.589** 0.695** 0.281** 0.000     

PPP 0.232* 0.298** 0.354** 0.506** 0.132 0.316** -0.065 0.207* 0.000    

RL 0.223* 0.167 0.154 -0.030 0.160 0.085 0.061 0.134 0.090 0.000   

SPP 0.174 0.397** 0.746** 0.710** 0.441** 0.332** 0.036 0.199* 0.594** 0.104 0.000  

GYPH 0.219* 0.828** 0.412** 0.353** 0.368** 0.391** -0.047 0.314* 0.463** 0.109 0.567** 0.000 

  BN BYPH DTH HI HSW LN NC PH PPP RL SPP GYPH 
 
** and *  indicate level of significance at 0.01 and 0.05, respectively. 
 
BN = branch number; LN = leaf number; NC = nodule count; PH = plant height; RL = root length; PPP = pod/ plant; BYPH = biomass Yield/ha; DTH = days to 
harvest; SPP = seed/ pod; HSW = 100 seed weight; GYPH = grain yield/ha; HI = harvest index 
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Water Supply and Demand in the U.S. Virgin Islands: Mandatory Law of Cistern

Construction for Rainwater Harvesting to Address Freshwater Needs of the World

Hossana Solomon

Humanities and Social Sciences Division, University of the Virgin Islands (UVI), # 2 John Brewers Bay, St.

Thomas, USVI, 00802, E-mail: hsolomo@uvi.edu

Abstract

Availability of water is increasingly becoming central issue at international and domestic level. Despite being

the abundant commodity in the planet and a human necessity, clean water is one of the most inadequately

supplied substances. To meet the increased demand for water, the United States Virgin Islands (USVI)
government took drastic measures to desalinization of seawater, from the abundant water resource surrounding

the islands and instituted a law that required mandatory building of cistern for all dwellings and businesses. The

law made United States Virgin Islands the only place in the modern world where citizens are required by law to
be directly responsible for their own domestic water supply, unlike many places where the major responsibility

of providing public water rest under the local or national governments, municipalities or private or public utility

companies. The study examined the production and distribution of private and public water supply.  The USVI
experience and technology in managing and exploiting its scarce water resource has an important valuable

lesson to the rest of the world. Despite increase in population and a growing economic development, the USVI

law of mandatory cistern construction has freed the residents to be less dependent on government bureaucrats.

Other countries can learn from the experience of the US Virgin Islands in solving water shortages by
empowering their citizens to be involved and be responsible for their water need as well as augmenting water

supply resource in addition to rainwater harvesting such as desalination or recovery of wastewater by the public

sector.

Keywords: USVI Demand and Supply of Water, Mandatory Building Code, Rainwater Harvesting

Introduction
In the small islands of the United State Virgin Islands

(USVI), potable water is a very scarce resource.

Historically, rainwater   provided the only major sources of

fresh water caught on the roofs and stored on cistern.

However, due to the irregularity of the rainfall, and high

runoff associated with the hilly topography of the islands,

there was a constant necessity for establishing a larger and

more satisfactory supply since early 1920s including

barging water from neighboring island of Puerto Rico.

Major population growth in the 1960s and ‘70s due to

tourism and increased standard of living, out stripped the

local sources. As water demand increased, USVI

government instituted a law that required mandatory

building of cistern for all dwellings and businesses

(McElroy, 1976). The law made USVI the only place in

the modern world where citizens are required by law to be

directly responsible for their own domestic water supply,

unlike several other places where the major responsibility

of water left to governments or municipalities and private

or public utility companies.  Building code on the USVI

amended and reenacted in 1964 and revised in 1996 has a

clause setting a mandatory cistern construction or well for

all dwellings except those units that have connection to

public pipe water supply.  The USVI government also took

drastic measures to supply water to the territory from

Seawater and installed distillation plant in 1962 by

establishing a public corporation USVI Water and Power

Authority (WAPA) to provide electrical power and water

from same facility.  Since then distillation, provides almost

all the public potable water supply to the islands.

Material and Methods

Since early 1930s the USVI, have a mandatory law

requiring private residence and businesses to

construct cistern for the capture and storage of
rainwater from rooftop or dig well for domestic water

supply. The primary responsibilities of enforcing and

regulating the law rest with the Government of the
USVI Department of Planning and Natural Resources

Division of Permits. The Division plays a major role

in enforcing and regulating the building codes, which
include review of building designs, construction

plans, contractor licenses and inspection of building

and construction sites. The building code on the
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USVI amended and reenacted in 1964 and revised in

1996 has a clause setting a mandatory cistern
construction or well for all dwellings except those

units that have connection to public water supply

system [5].

Despite the long history of the mandatory law of

cistern requirement, research information on the

economic effectiveness of the law on demand, supply,
and prices of water in the territory do not exist. The

objective of this study is to examine the economic

effectiveness of the mandatory law of cistern
construction on water demand and supply situation

and pricing policy of public water in the islands.

Historical data on cost, prices and production of

desalinated water data sources and primary survey
data from residence and businesses were collected to

evaluate the effectiveness of the law private residence

and businesses. The study examined the supply and
demand for potable water in the US Virgin Islands, St.

Thomas, St. Croix and St. John. It presents Economic

valuation of production and distribution of private
and public water supply.  Primary survey and

secondary data collected by USVI WAPA are used

for the study.

Results

Rainwater harvesting

USVI water supply sources are rainfall and

desalinated water from the Caribbean Sea. Rainwater
affects rainwater harvest from rooftops stored

underground or aboveground storage facility or

cistern and well water from surface water and ground
water supply.

USVI Meteorological data indicates an annual normal
average rainfall of 42 inches per year and monthly

average of 3.48 inches per month [2, 6]. The monthly

mean average ranges from 1.78 inches in March

during the dry season to 5.67 in September during the
wet season. Based on the rainfall data a house with

1800 square foot roof area has a potential ranges

from 7,500 during the dry season to 25000 gallons
during the wet season. Based on the USVI code a

dwelling of 1,800 square roof areas must have

18,000-gallon capacity for single story and 27,000-
gallon capacity for two or more story house. The cost

of construction of above ground concrete cistern

ranges 10-15% of the total cost of construction.
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                          Fig.1. USVI Monthly Normal Rainfall 1970-2000.
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Desalinated water supply

WAPA produces over 2 million MG of water

annually from its plants located in St. Thomas and St.

Croix [6].  Over 95% of the water production, come

from desalination and only less than 5% come from
well located in St. Croix. WAPA supplies all the

public water in USVI, which originates from its

desalination plants. Based on WAPA customer

numbers for electric power and water only 20% of

residential household and less than 15% of the
businesses have water pipe connections and they

reside on major towns in the islands. The rest 80%

household and 85% of the businesses depend on

cistern water as their main source of domestic water.
WAPA monthly average sale of water is about $ 2

million; 50% USVI Government, 27% Commercial,

18% Residential and 5% to Standpipe customers.
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     Fig.2. USVI Annual Desalinated water 1997-2004.

USVI demand for water

Derived demand for water in USVI originate from the

residence population of 110,000 and visitors of
500,000 yearly average guests who spend few nights

in the hotels as well as 2 millions per year cruise ship

passengers who visit the islands for a single day [4].
Visitors to the islands add 5% of the daily population

of the USVI population.

USVI dwellings not connected to the WAPA pipeline,

when they run out of water from their cistern; have to

call a water truck company to deliver water to their

homes. If your cistern should go low, you can buy a

truck of water from one of several water companies.

Based on the survey 79% residents never run out of
water, and 21% of the respondents run out of water

once or twice a year and have to order water from the

water delivery companies in the islands. Over 80 %
of the dwellings and commercial places in the USVI

have cistern. Households can order water delivery to

refill their cistern from a number of water delivery
businesses located in the islands.
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          Fig.3. USVI Annual Desalinated standpipe water sale (%) 1993-2004.

Discussion

After experiencing chronic water shortages for

decades, the USVI instituted policies aimed at

exploiting all available water resources from

rainwater collection from rooftops, building surface-
water collection reservoirs, digging wells and barging

water with boats from neighboring island. In early

1960’s the territory embarked on desalinating the
seawater as dependable fresh water resource by

building a joint production system of generating

electric power and fresh water from the same facility.
Desalination is a reliable source of water not

subjected to the seasonal changes or locally extreme

weather events associated with freshwater sources.

There is minimal use of chemicals in the process, and
there is minimal environmental impact. The share of

Fuel charged to water production by WAPA is less

than 10% of the total cost for fuel consumed by the
plant, attributed to costs shared between water and

power production effectively reducing the costs of

power and fresh water.

USVI government also instituted a law that required

mandatory building of cistern for all dwellings. The

law made USVI the only place in the modern world
where citizens are required by law to be directly

responsible for their own domestic water supply,

unlike other places where the major responsibility of
providing rest under the local or national

governments, municipalities or private or public

utility companies.  The building code on the USVI

amended and reenacted in 1964 and revised in 1996
has a clause setting a mandatory cistern construction

or well for all dwellings except those units that have

connection to public pipe water supply connections.

The study indicates only 20 % of dwellings in USVI
and less than 15 % of businesses depend on public

water supply. The majority residents depend on

cistern water and use the public source as insurance
whenever they run out of their cistern.

Conclusion

The issue of water is increasingly becoming central at

international and domestic level. Despite being a
human necessity, clean water is one of the most

inadequately supplied substances. About one-third of

the global population is facing clean water shortage
currently and the problem is expected to worsen as

global population is growing faster than the rate of

water supply capacity. Developing countries are the

most affected, and in many parts of Sub-Saharan
Africa, Asia, Latin and Central America lack of

potable water, especially in rural areas is a common

feature.

The USVI experience in managing and exploiting its

scarce water resource has an important valuable
lesson to the rest of the world with chronic shortage

of clean potable water supply. Despite increase in
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population and a growing economic development by

empowering its residents to be responsible for their
own water supply, the USVI law of mandatory

cistern construction has freed them to be less

dependent on government bureaucrats as is the case

of our modern world. Citizens of USVI with adequate
cistern capacity never run out of water all year round,

and those who run out occasionally have a

dependable resource from the desalination facility.
Poor countries in developing countries can learn from

the experience of the USVI in solving water

shortages to their citizens. Therefore, it is essential to
introduce water-use controlling mechanisms on

boosting rainwater-harvesting capacity at all

dwellings and public buildings. Urban house

planning must include rainwater-harvesting facilities
mandatory during house constructions. Rainwater

harvesting and storage for drinking require a small

initial capital investment but would last as long as the
house exist providing year after year clean and

adequate water supply in addition to shelter.

Governments and international development agencies
need to put resources into rainwater harvesting and

desalination plants for countries with access to the

seawater, the abundant water resource of the planet.
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Abstract 
A new real time measurement of the water absorbed by plants has been developed using the subsurface 
negative-pressure irrigation (SNI) system. In the SNI system, microporous ceramic pipes buried in a soil are 
connected with vinyl tubes to a level control tank, whose level is located at a lower heightΔh from the level 
of the pipes. Water is absorbed by plants under the action of the negative pressure due toΔh without any 
irrigation energy. The absorption volume of the water is calculated from the level change in a measuring tank, 
which supplies the water into the level control tank, using laser displacement detector systems. The 
experiment has been carried out in a greenhouse equipped with computer environment control systems. The 
dynamic characteristics of the water absorbed by tomatoes are obtained as a function of time during the 
growing season. Experimental results are compared with those in the surface drip irrigation (SDI). From the 
subsurface irrigation experiments, it is found that the total water volume absorbed by the tomatoes is 
approximately one third, and the tomato fruits with blossom-end rot are scarcely in small numbers compared 
to that using SDI. Further, its growth rate is largely prompted by SNI.  

 
Keywords: sustainable agricultural production technology, subsurface irrigation, water absorption, 

measurement 
 

Introduction 
Water quantity on the ground available for 
agriculture has been decreasing due to global 
warming. Irrigation is an essential process of 
agricultural management to produce greater crops 
under severe environmental constraints such as 
water shortages and resources protection. 
Subsurface drip irrigation has higher potential to 
response of these severe requirements, in which it 
applies water directly to crop root zones using 
buried tubing (Camp, 1998). The main advantage 
over other irrigation methods is that it has the 
possibility to have the most irrigation efficiency 
available today.  

In particular, the subsurface negative-pressure 
irrigation (SNI) is one of the excellent methods to 
save water (Livingston, 1908), and the fundamental 
studies have been reported (for example, Kato and 
Tejima, 1982; Yabe et al., 1986). However, the 
systematic evaluations for this irrigation method 
have not been considered in more detail to response 
such urgent environmental issues because the lack 
in proper measurement methods. In the present 
paper, we propose a new method to measure the 
water volume absorbed by plants using the SNI 
system, and adapt it to an experiment using 
tomatoes. Based on the experimental results, we 
discuss its distinguished characteristics. 
 
 

Materials and Methods 
The schematic of the measurement and the control 
systems using the SNI method are shown in Figure 
1. These systems are composed of a plant container 
with a microporous ceramic pipe, a level control 
tank, a measuring tank, and computer systems. This 
ceramic pipe has an inner diameter of 8 mm, an 
outer diameter of 10mm and a length of 40 mm, 
whose microporous diameter is approximately 10 
microns meter. The ceramic pipes are connected 
with a vinyl tube 0.8 cm in diameter, spaced 20 cm 
apart, and put horizontally at a depth of 9 cm under 
the soil surface in the plant container. The container 
has a depth of 10 cm, a width of 22 cm, and a 
length of 120 cm. The negative water pressure 
applied on the interface of the ceramic pipes is 
produced by the heightΔh between the level of the 
ceramic pipes and that of the level control tank. The 
negative water pressure is a linear function ofΔh, 
which is controllable using the float control system 
in the level control tank. Thus, it is easy possible to 
change the water stress applied to plant roots as a 
function of time. The total water volume is 
determined by the measurement of the level change 
in the measuring tank using the laser displacement 
detector systems (KEYENCE LB-080, LB-2100). 
In the measuring tank, a white float made of foam 
polystyrene is used as a reflector of the laser beam. 
The analog to digital conversion and the sampling 
time of the data are controlled using a 
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microcomputer (H8/3052F, RENESAS). The 
numerical data is calculated and displayed by a 
personal computer.  

The dynamic characteristics of the water 
absorption by tomatoes have been measured. In 
the present experiment,Δh is kept at a constant 
value of 7 cm. At the beginning of the experiment, 
water is poured into the ceramic pipes and the 
connected vinyl tubes to expel the bubbles 
contained in the systems. This procedure is 
important and essential to prevent stopping of the 
water supply during the experiment, because the 
air is easily produced under such a negative 
pressure condition. Five young tomatoes were 
planted for each plant container at April 22 on a 
spacing of 22 cm, and the row direction is north 
to south. The soil used is organically blended to 
grow tomato with a high sugar content, and a 

liquid organic fertilizer is dripped to the soil 
surfaces every one week. This experiment has 
being conducted in the greenhouse 600 m2 
located on ANIS Co., Ltd., in Chiba Prefecture. 
The data has been collected during the growing 
season. The measurement data is obtained from 
the one plant container among the five plant 
containers. Figure 2 shows the photograph of the 
tomato growing under the SNI method in the 
greenhouse.  
 
Results and Discussion 
The total volume of the water measured involves 
both the evaporation from the container soil and 
the water absorbed by plants. The water volume 
due to the evaporation Qe from the soil is 
obtained using the same plant container without 
any plants. Thus, the real total volume of water 
Qr is get from the subtraction Qt - Qe , where Qt is 
the total volume of the water applied.  

Figure 3 shows the typical water volume 
absorbed by tomatoes. In Figure 3 the real total 
volume of water Qr and its rate qr are shown as a 
function of time. The data corresponds to the two 
different weather conditions for (a) fine day and 
(b) cloudy day. In the fine day, the remarkable 
water absorption begins at 8 am, and its large 
increase is almost limited within the daytime. qr 
reaches to the peak, whose maximum value is 5.2 
ml/min at 12 am, and the corresponding flow 
velocity in the vinyl tube is calculated as 10.4 
cm/min. After the peak, qr decreases gradually till 
the next morning. In the cloud day, the increase in 
qr starts at 1 pm, and the maximum is 1.3 ml/min 

Personal Computer

⊿h

Microcomputer

Plant Container

Porous Ceramic Pipe

Laser Displacement
Detector Systems

MeasuringTank

Level Control Tank

Plant

Figure 1. Schematic of measurement and control systems using SNI system. 

Figure 2. Photograph showing tomato growing
under SNI systems in greenhouse. 
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at 5 pm. Qr in the fine day is 2.6 times as large as 

that in the cloudy day. 
The experimental results are compared with 

those of the surface dripping irrigation (SDI) 
method. The real total water volume for SNI, 
from April 22 to June 14, is 33% of that for SDI 
to grow tomato with high a sugar content. Thus, 
the SNI method has a superior performance for 
water saving. The soil surface is almost always 
dry, and the loss water has not been observed at 
the bottom of the plant container. The growth rate 
of the tomatoes is largely promoted by SNI. Each 
mean height of the tomatoes, measured at June 14, 
is 156 cm for SNI and 109 cm for SDI. Further, 
the tomato fruits with blossom-end rot are 

scarcely small numbers, the number of which is 2 

for SNI and 19 for SDI, respectively. Thus, these 
figures approve the superiority of the SNI 
method.  

Applying this measurement method, we can 
get easily the dynamic water absorption 
characteristics as a real data of plants, and change 
the water supply as a time function ofΔh for the 
production of greater crops and high quality 
vegetables. The data also demonstrates the 
diffusion process though the interface of the 
ceramic pipes. Thus, we know if clogging or air 
mixing phenomena exists in the SNI system. 

Base on the experimental results, we 
consider the SNI method as one of the most 
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Figure 3. Real total volume and its rate of water absorbed by tomatoes 
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efficient irrigation methods to develop 
sustainable agriculture. SNI is also expected to 
become one of the economical irrigation tools for 
prevention of desertification of the earth in near 
future. 

 
Conclusion 
We have proposed the new measurement method 
to evaluate the water volume absorbed by plants. 
This unique and easy method is characterized by 
the subsurface negative-pressure irrigation 
systems. The real total volume of the water 
absorbed by tomatoes has been obtained for the 
different weather conditions. This measurement 
approves the superiority of the SNI system 
because water is provided directly to the trees 
root zones without any water loss. In particular, it 
is worthwhile to notice that the soil surface is 
almost always dry, and the loss water has not 
been observed. Further, the growth of the tomato 
is promoted using SNI, and the tomato fruits with 
blossom-end rot are scarcely small numbers 
compared to that in the surface irrigation method. 
Thus, these characteristics approve the superiority 
of the SNI method. Future study will be directed 
to provide the optimum conditions of SNI as a 
powerful water-saving tool for sustainable 
agriculture. 
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Abstract
Wood structure might be altered through the physiological responses to atmospheric carbon dioxide
concentration ([CO2]) and nitrogen (N) deposition. We investigated growth, water relations and wood
structure of one-year-old seedlings of two deciduous broad-leaved tree species, oak (a ring-porous species)
and alder (a diffuse-porous species and N2-fixer), grown under a factorial combination of two levels of [CO2]
(36 and 72 Pa) and nitrogen supply (N; low and high) for 141 days in phytotron chambers. In oak, there was
no significant effect of [CO2] on wood structure, although elevated [CO2] tended to decrease stomatal
conductance (gs) and increased water use efficiency (WUE) regardless of the N treatment. However, high N
supply increased root biomass and induced wider earlywood and larger vessels in the secondary xylem in
stems, leading to increased hydraulic conductance. In alder, there was significant interactive effect of [CO2]
and N on vessel density, and high N supply increased the mean vessel area. Our results suggest that wood
structures related to water transport were not markedly altered, although elevated [CO2] induced changes in
physiological parameters such as gs and biomass allocation, and that N fertilization had more pronounced
effects on non-N2 fixing oak than on N2-fixing alder.
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Introduction
With increasing atmospheric carbon dioxide
concentration ([CO2]), the organ of forest trees,
especially stems of trees are expected to be a strong
carbon sink. On the other hand, the growth of forest
trees would be affected by nitrogen (N) deposition.
Because specific gravity, an indicator of carbon sink
strength, would be affected by wood structure of
stem, we must consider the wood structure of forest
trees grown under elevated [CO2] and N loading
through acid depositions. It is predicted that wood
structure might be altered through the physiological
responses to [CO2] and N deposition.

A few studies have addressed changes in
wood structure caused by elevated [CO2] and
nitrogen deposition. Yazaki et al. (2001) showed an
increase in the width of the annual xylem ring and
tracheid lumen diameter in seedlings of Siberian
larch grown under combinations of elevated [CO2]
and high nutrient treatments. In hardwoods, Luo et
al. (2005) indicated that elevated [CO2] and N-
fertilization altered the dimensions of xylem vessels
and wood fibers in three poplar species. However,
little information is still available regarding the
effects of the changing environment on wood
formation.

Therefore, we investigated growth, water
relations and wood structure of one-year-old
seedlings of two deciduous broad-leaved tree

species under phytotronic condition. And in
Discussion, we argued the structural changes in
woody species raised under elevated CO2 and high
nitrogen with references to alder and oak briefly as
discussed by Watanabe et al. (2008).

Materials and Methods
Plant materials: We cultured seedlings of Quercus
mongolica (oak, a ring-porous species) and Alnus
hirsuta (alder, a diffuse-porous species and
symbiosis with N2-fixer) under a factorial
combination of two levels of [CO2] (36 and 72 Pa)
and nitrogen supply (N; low and high) in six
phytotron chambers for 141 days.
Measurements: Leaf gas exchanges measurements
(Light-saturated net photosynthetic rates per leaf
area (Asat), stomatal conductance (gs), and
transpiration rate (Tr)) were made with LiCor-6400
on six mature leaves of each treatment on days 112-
114 (oak) and on days 93-100 (alder).
Photosynthetic water use efficiency (WUE) was
calculated based on data of Asat and Tr. After 141
days, we harvested six seedlings of each treatment
and dry masses of organs (leaf, shoot, stem and
root) as well as total leaf area (LA) were
determined to evaluate the changes in biomass
allocation by elevated [CO2] and nutrient
treatments.
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We took wood samples from stem bases after
harvesting and fixed them in 4% FAA immediately.
Thick transverse sections (15µm thickness) were
cut with a sliding microtome, stained with 1%
safranin for 10 min and mounted permanently. The
sections were photographed using a light
microscope and micrographs were obtained from
the outermost annual rings of secondary xylem. We
measured vessel lumen area from each sections and
calculated total vessel area, proportion of vessel
area per total micrographs, mean vessel area and
number of vessels per square millimeter. In oak,
vessel elements are selected from earlywood
formed in the same year. In alder, vessel elements
were selected from the central part of the annual
ring. To evaluate the hydraulic conductance of the
wood sampled, a “hydraulic mean” vessel diameter
was calculated (Sperry and Ikeda 1997).
Statistical analysis: Two-way analysis of variance
(ANOVA) for split-plot designs was used to
evaluate the effects of [CO2] and N-treatments on

physiological, growth and wood properties at the
probability level P < 0.05, using JMP (SAS Institute
2003). The probability level P < 0.15 was
considered to indicate a trend.

Results
Oak seedlings showed different responses from
alder seedlings in our study. In oak, elevated [CO2]
tended to decrease gs and increased WUE regardless
of the N treatment (Table 1). High N treatment
enhanced total biomass, stem basal diameter and
LA in both [CO2] treatments and high N plants
showed significantly increased total biomass under
elevated [CO2] (Table 1). There was no significant
effect of [CO2] on wood structure (Fig. 1). High N
supply, however, induced wider earlywood and
increased total vessel area and mean vessel area in
both [CO2] treatments (Fig.1). “Hydraulic mean”
vessel diameters in oak showed significant effects
of N supply but not of [CO2] (data not shown).

High N Low N Two-way ANOVA

36 Pa 72 Pa 36 Pa 72 Pa CO2 N CO2 x N

Asat (µmol m-2 s-1) 12.42 (±1.33) 19.84 (±2.45) 5.60 (±0.63) 6.4 (±1.21) 0.003 <0.0001 0.056
Stomatal conductance (mol m-2 s-1) 0.20 (± 0.05) 0.16 (± 0.03) 0.10 (± 0.02) 0.04 (± 0.01) 0.084 0.003 n.s.
Transpiration (mmol m-2 s-1) 2.02 (± 0.39) 1.73 (± 0.33) 1.13 (± 0.18) 0.49 (± 0.13) 0.142 0.002 n.s.
Water use efficiency (µmol CO2 [mmol H2O]-1) 6.79 (± 0.71) 13.05 (± 1.78) 5.24  (± 0.46) 14.12 (± 0.80) 0.021 n.s. n.s.

Leaf area (m2 plant-1) 0.15 (± 0.01) 0.14  (± 0.01) 0.10 (± 0.01) 0.10 (± 0.01) n.s. <0.0001 n.s.
Leaf area ratio (m2 kg-1) 2.41 (± 0.08) 1.79 (± 0.10) 2.66  (± 0.12) 2.45 (± 0.17) 0.148 0.001 0.073
Top:root dry mass ratio (g g-1) 0.76 (± 0.07) 0.59 (± 0.06) 0.53 (± 0.02) 0.52 (± 0.04) n.s. 0.007 0.139
Stem basal diameter (mm) 11.77 (± 0.24) 12.61  (± 0.50) 8.30  (± 0.39) 7.62  (± 0.16) n.s. <0.0001 0.031
Total dry biomass (g) 61.68 (± 4.00) 80.23 (± 3.01) 36.90 (± 1.94) 37.27 (±2.96) 0.031 <0.0001 0.010
LMA (g m-2) 71.95 (± 2.62) 77.87 (± 2.70) 63.55 (± 2.65) 79.79 (± 2.24) 0.019 n.s. 0.068

Table 1 Physiological parameters related to photosynthesis, water availability and biomass allocation and
their dependence on [CO2] and nitrogen supply in Quercus mongolica

Values in parentheses are standard errors of the means (n = 6): results of two-way ANOVA (actual P values) are
also shown. n.s. not significant, Asat light-saturated net photosynthetic rates per leaf area, LMA leaf mass per area
After by Watanabe et al. 2008

High N Low N Two-way ANOVA
36 Pa 72 Pa 36 Pa 72 pa CO2 N CO2 x N

Asat (µmol m-2 s-1) 15.35 (± 0.63) 16.31(± 0.61) 14.11 (± 0.47) 16.02 (± 0.72) 0.0002 n.s. n.s.
Stomatal conductance (mol m-2 s-1) 0.69 (± 0.16) 0.39 (± 0.09) 0.71 (± 0.07) 0.53 (± 0.09) 0.146 n.s. n.s.
Transpiration (mmol m-2 s-1) 4.30 (± 0.72) 3.28 (± 0.57) 4.59 (± 0.16) 3.96 (± 0.34) n.s. n.s. n.s.
Water use efficiency (µmol CO2 [mmol H2O]-1) 3.98 (± 0.81) 6.34 (± 1.59) 3.08  (± 0.14) 4.23 (± 0.50) n.s. n.s. n.s.

Leaf area (m2 plant-1) 0.39 (± 0.04) 0.55  (± 0.04) 0.40 (± 0.05) 0.40 (± 0.04) 0.048 0.153 0.110
Leaf area ratio (m2 kg-1) 5.83 (± 0.37) 5.10 (± 0.32) 5.79 (± 0.36) 5.22 (± 0.39) n.s. n.s. n.s.
Top:root dry mass ratio (g g-1) 1.83 (± 0.19) 1.70 (± 0.15) 2.06 (± 0.16) 1.75 (± 0.12) n.s. n.s. n.s.
Stem basal diameter (mm) 14.82 (± 0.77) 18.07  (± 0.12) 14.97 (± 0.50) 15.94  (± 0.61) 0.059 0.109 0.089
Total dry biomass (g) 69.01(± 9.46) 106.80 (± 4.53) 67.89 (± 5.82) 77.12 (± 6.10) 0.040 0.045 0.076
LMA (g m-2) 40.28 (± 3.57) 48.73 (± 2.16) 34.06 (± 2.64) 47.40 (± 3.23) 0.114 n.s. n.s.

Table 2 Physiological parameters related to photosynthesis, water availability and biomass allocation and
their dependence on [CO2] and nitrogen supply in Alnus hirsuta

Values in parentheses are standard errors of the means (n = 6): results of two-way ANOVA (actual P values) are
also shown. n.s. not significant, Asat light-saturated net photosynthetic rates per leaf area, LMA leaf mass per area
After by Watanabe et al. 2008
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In alder, elevated [CO2] enhanced Asat and
tended to decrease gs, whereas there were no
significant [CO2] effects on Tr and WUE. Stem
basal diameter tended to be larger under elevated
[CO2], in particular in high-N plants (Table 2). Total
biomass accumulation under elevated [CO2] was
stimulated (Table 2). There was significant
interactive effect of [CO2] and N on vessel density,

and high N supply increased the mean vessel area.
Total vessel area and vessel proportion tended to be
larger under elevated [CO2] at high N (Fig. 2).
High-N plants had a tendency to increase the
“hydraulic mean” vessel diameter, but none of the
differences observed were significant (data not
shown).

Discussion
Reductions in gs and Tr, and enhanced WUE
induced by elevated [CO2] will ameliorate the
internal water balance in plants (e.g., Tyree and
Alexander 1993). Furthermore, elevated [CO2]
enhances whole-plant biomass, in particular root
biomass and LA (Ceulemans and Mousseau 1994;
Saxe et al. 1998). In this study, we examined
whether CO2-dependent changes in water balance
and biomass allocation patterns correlated with
modified wood structure in the stem of two
hardwood species under doubled [CO2], 72 pa,
which is predicted to be reached by the end of this
century (e.g. Houghton et al. 2001).

In our study, oak seedlings grown under
elevated [CO2] tended to reduce Tr and enhance
WUE in both N treatments (Table 1). However, the
effects of elevated [CO2] on the morphological
properties except LA of oak seedlings were
different between N treatments (Table 1). With low
N supply, elevated [CO2] did not stimulate biomass
allocation except LMA and there was no significant
effect on wood properties (total vessel area and

mean vessel area). With high N supply, elevated
[CO2] enhanced total biomass, in particular root
biomass. Increased biomass allocation to roots
might result in increased water and nutrient uptake.
Increased N supply had stronger effects on vessel
formation than elevated [CO2] and induced larger
vessels in wider region in oak (Fig. 1).
Consequently, the “hydraulic mean” vessel diameter
increased, suggesting increased hydraulic
conductance.

In alder, elevated [CO2] did not reduce Tr and
there was no significant effect on WUE (Table 2).
However, responses to elevated [CO2] in terms of
biomass allocation, LA, stem basal diameter and
total biomass differed between N treatments (Table
2). The enhanced total biomass and stem basal
diameter with unchanged LA observed at low N
appears to indicate changes in the internal water
balance. Low-N plants tended to decrease total
vessel area because of decreased vessel density
without change in mean vessel area (Fig. 2). The
observed imbalance between increased stem basal
diameter (water supply) and unchanged LA (water

PROCEEDINGS OF ICSA2008   397



demand) is in line with the decreased vessel density.
On the other hand, at high N, elevated [CO2]
enhanced both and total biomass and stem basal
diameter (Table 2). High-N plants tended to
increase total vessel area due to increased vessel
density at elevated [CO2], and increased N supply
induced larger mean vessel area (Fig. 2). Enhanced
stem basal diameter and LA under combination of
elevated [CO2] and high N might induce increased
hydraulic conductance, resulting in increased vessel
density and total vessel area. Changes in biomass
allocation caused by interaction between elevated
[CO2] and N supply, increased stem basal diameter
and unchanged LA at low N and increased stem
diameter and LA at high N, cause changes in an
inner water balance, resulting in the altered wood
structure.

Some studies have been done regarding the
effects of elevated [CO2] on wood properties in
softwoods and hardwoods (Yazaki et al. 2005;
Koike 2006). However, little information is still
available regarding the effects of combination of
elevated [CO2] and high N loading on wood
properties. Yazaki et al. (2001) reported that
elevated [CO2] enhanced the cell lumen diameter
and decreased cell wall thickness in Siberian larch
(Larix sibirica) under high nutrient treatment. On
the other hand, Yazaki et al. (2004) showed that
elevated [CO2] slightly increased cell diameter in
Japanese larch (Larix kaempferi) seedlings, whereas
only high N treatment enhanced cell lumen
diameter and cell wall thickness. In hardwoods, Luo
et al. (2005) reported that the responses to elevated
[CO2] and N-fertilization on wood properties were
species-dependent in three poplar species, Populus
x euroamericana, P. alba and P. nigra. Both
elevated [CO2] and N-fertilization significantly
decreased cell wall thickness in all species, in
particular in P. x euroamericana and P. alba. In P.
nigra and P. x euroamericana, elevated [CO2]
enhanced vessel diameter. Our results suggested
that wood structures related to water transport were
not markedly altered, although elevated [CO2]
induced changes in physiological parameters such
as gs and biomass allocation, and that N fertilization
had more pronounced effects on non-N2 fixing oak
than on N2-fixing alder.

These results indicate that the responses to
elevated [CO2] and high nitrogen loading in both
softwoods and hardwoods were species-dependent
and tree species with N2-fixing microbe (e.g.
Frankia sp.) showed different response from non
N2-fixing tree species. Although xylem formation in
conifer is simulated with environment (Roderick &
Berry 2001), changes in anatomical features of
woods in forest trees under global climate changes
would have an effect on wood properties in the

future. In particular, decrease in cell wall thickness
and increase in vessel diameter and/or numbers
would affect wood quality (e.g. Savill annd Mather
1990). We need more available information on
changes in wood structure of forest trees under
global climate changes.
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