
Environmental problems involving agriculture are a
serious matter around the world, and at this time when
citizens’ concerns about food and environmental safety
are growing, the National Institute for Agro-
Environmental Sciences (NIAES) works under a basic
philosophy of helping overcome the world’s food and
environmental problems through high-level research
activities which aim to bring about a harmony between
nature, society, and humans. NIAES also conducts basic
technology-related studies, research, and other activities
on the environments in which organisms used in
agricultural production are raised for the purpose of
helping improve technologies related to conserving and
improving those growing environments.
To achieve this aim, in the phase III medium-term

target period (the five years from 2011 to 2015) NIAES,
in line with the following four priority areas, is forging
ahead with research and development with a clear sense
of mission by making full use of knowledge
accumulated thus far and the domestic and international
networks we have built, and bringing together a cross-
cutting force of researchers.

A. Interactions between global environmental
change and agriculture

B. Investigation of mechanisms of variation in
agrobiodiversity and environmental function

C. Dynamics of agro-chemicals and methods of
reducing their risks in agro-environments

D. Advancing inventory of natural resources

Following are descriptions of initiatives and
achievements in 2011, the first year of the phase III
medium-term target period.

A. Interactions between global environmental change
and agriculture

1) Quantification of mitigation options for
greenhouse gas emissions from agricultural lands

Medium Term Plan:
To quantitatively assess comprehensive global

warming mitigation measures in order to effectively and
efficiently implement such measures for farmland under
international frameworks for addressing climate change
in 2013 and thereafter.
Specifically, NIAES aims to decipher the processes

involved in soil carbon storage and greenhouse gas
emissions, proceeding from test plots and laboratory
experiments to farmland, and will also use newly

acquired observation data and improve models that
forecast carbon storage and GHG emissions.
In addition to these models, the institute will

accumulate and use activity data such as fertilizer
management and land use information to further refine
forecasts of methane and nitrous oxide emissions from
Japan’s farmland and forecasts of fluctuations in soil
carbon storage amount.
Further, NIAES will devise future farmland

management options that take into consideration factors
such as tradeoff relationships, the amounts of organic
resources that can be used, and lifecycle assessments of
overall crop production processes, and then
quantitatively assess the amounts of GHG emissions
that could be achieved by means of comprehensive
global warming mitigation measures based on those
options.
Additionally, the institute will use the information

databases and monitoring networks for GHG emissions
and other information in the monsoon Asia region to
assess the mitigation potential of global warming
mitigation measures if they are applied in this region.

Research Overview:
i. Understanding and quantitatively assessing the
processes of soil carbon storage and greenhouse gas
emissions

We used specific gravity fractionation to investigate
the accumulation of organic matter in the topsoil of an
area fertilized continuously with compost and an area
using chemical fertilizer. We found that in Andosols
nearly all of the soil carbon that had increased due to
continuous compost application existed as decomposing
plant residue (light fraction), while in non-Andosols part
of it accumulated in a form that is strongly bonded with
mineral particles (heavy fraction). Also, in 10
prefectures throughout Japan we measured the N2O
emission from the application of organic matter to
fields, and estimated the N2O emission factor for the
application of composted cow manure to be 0.04% of
nitrogen input.

ii. Improving and refining models to predict soil carbon
storage and GHG emissions

We validated the DNDC ( DeNitrification-
DeComposition)-Rice model. We found that the model
can generally predict the percentage of carbon
contributed by rice plants, with the model well
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reproducing the CH4 flux and CH4 flux during the
heading stage observed in a Free-Air CO2 Enrichment
( FACE ) experimental rice paddy created in
Tsukubamirai City.
To develop a statistical model for N2O emissions,

we built a GHG database for Japan’s farmland and
populated it with observation data. To refine our N2O
emission assessment, we accumulated activity data such
as fertilizer management and land use information, and
used the basic soil environment survey (stationary
monitoring) and statistics from the Ministry of
Agriculture, Forestry and Fisheries to estimate the
application amounts for composted livestock waste and
chemical fertilizer N. Additionally, we endeavored to
improve the Rothamsted Carbon (RothC) soil carbon
dynamics model by (a) making further improvements to
the general-use improved RothC model for Andosols
using a phosphate absorption factor, and (b) applying it
to paddy/upland rotation land use (Figure 1-1).

iii. Assessment of mitigation potential in the Monsoon
Asia region

We used long-range continuous test data from China
to validate the RothC model. We found, for example,
that the current model yields accurate results for upland
fields, while the improved Japanese model for paddies
is accurate for double-cropped paddies. We also initiated
a test to compare GHG flux and soil carbon change in
Thai rainfed paddies.

2) Mechanisms and impacts of global environmental
change on crop production

Medium Term Plan:
To aid in the development of rice cultivars and

cultivation management techniques suited to the high
CO2 concentrations and warmer environments predicted
for the future, we aim to determine the response

Fig. 1-1 Application of RothC soil carbon dynamics model to paddy/upland rotation
Using two models in conjunction̶ i.e., using the improved RothC for paddies (RothC-26.3_p: carbon decomposition rate changed to
0.2 for the month when rice is planted and 0.6 for other months) for years when the summer crop is wet rice, and using the original
RothC (RothC-26.3) for upland fields in years when the summer crop is soybeans̶ resulted in the best coincidence between the
model and measured values. Although not shown in the figure, similar results were obtained in the short- and medium-term upland
rotation plots.

Research Overview in FY2011
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characteristics of rice plants to high CO2 concentrations
and their mechanisms of tolerance to high-temperatures,
and to develop an impact prediction model.
Additionally, we aim to develop a method to assess the
vulnerability to climate change of the main crops in
Japan and other Asian countries and predict changes in
food production amount.
Environmental manipulation experiments such as

free-Air CO2 Enrichment (FACE) experiments and
chamber experiments will be used to determine, on the
individual plant level and on the community level, how
responses by rice plants to increased CO2 concentrations
differ depending on genetic type and cultivation
environment, and to experimentally elucidate the
tolerance mechanisms of rice plants to high-temperature
stress, which is feared will occur more frequently in the
future.
Based on what is found, we aim to develop a model

to forecast crop growth, yield, and quality in the future
environment forecast by climate scenarios, in order to
assess the effectiveness of techniques for adaptation to
global environmental change.
Additionally, we aim to develop a model which

forecasts food production amount nationally for Japan
and for Monsoon Asia as a whole, taking into account
climate change and technologies to adapt to it, based on
downscaling techniques for climate model calculation
results and on research on field-scale environmental

response mechanisms of crops and the achievements of
region-scale yield change predictions.
Further, while taking into consideration the frequent

occurrence of climate extremes that could happen under
climate scenarios by the IPCC and others, as well as
changes in water resources and land use, we aim to
develop methods of assessing, according to region, the
vulnerability of medium- and long-term food production
capacity due to climate change.

Research Overview:
a. Understanding the mechanism of crop response to
climate change, and predicting impacts

i. Characteristics of reaction to high CO2

concentrations with respect to rice yield and quality,
and causes of change

A FACE experiment (Figure 1-2) showed that yield
response to high CO2 concentrations ranged between 4%
and 37% depending on cultivar, and that the difference
depended mainly on the high-CO2 response of the sink
capacity (the number of spikelets per panicle and grain
set). Also, although the apparent quality of rice declines
under high-CO2 conditions, the extent of decline
differed greatly among cultivars, suggesting the
potentials of genetic improvements.
The FACE experiment in 2010, a year of record

heat, found that rice yields increased when the CO2

Fig. 1-2 Tsukubamirai FACE (Free-Air CO2 Enrichment) experiment
Split plot design with four replications. Main plot: CO2 was 200 ppm higher than ambient air.
Subplots: Three nitrogen-fertilization levels: 0, 8, 12 gm-2. Two levels of soil and water temperature (control +2̊C).
Cultivars: Koshihikari, Akitakomachi, Takanari, Akita #63, Aikoku, Norin 8 , Akihikai, Akidawara, and others
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concentration was 200 ppm higher than ambient air, but
we found that there was a marked increase in the
percentage of white immature grains (chalky grains),
and that the non-damaged-grain percentage, which
influences rice quality, declined substantially. The
results suggest that high-temperature injury to rice,
which will occur more frequently owing to global
warming, will likely worsen because of elevated CO2

concentrations (Figure 1-3).

ii. Analyis of the variation in panicle temperatures

We focused on nitrogen application as a
management technique to mitigate high-temperature
stress, and showed that nitrogen application is effective
as a means of lowering panicle temperature and
avoiding high-temperature stress during the flowering
period.

iii. Climate change influence on carbon and nitrogen
dynamics in rice paddies

In a FACE experiment, we employed an isotope
tracer method which takes advantage of the difference
in carbon isotope ratios between soil carbon and rice
plants raised in an elevated-CO2 plot (adding CO2 with
less 13C), and found that the photosynthates of the rice
plants under cultivation are one of the main substrates
of methane emitted from FACE paddies (Figure 1-4).

Research Overview:
b. Development of a method for wide-area assessment
of food production activities under global
environmental change, and future outlook

i. Assessment of food production change in Japan

We incorporated into a rice productivity environmental
response model a development forecasting submodel for
15 major Japanese cultivars, and refined the model to
enable it to predict productivity according to cultivar.
Into this model we entered wide-area cultivation
management information obtained from agricultural
statistics and other sources, and weather data based on
measurements. We then performed calculations and
verified the developmental stage (heading day) and
yield reproducibility by comparison with statistical
values for each cropping zone. We confirmed that the
model outputs reasonable values for heading date if
users appropriately set the cultivar and transplanting
period for the target geographical area. With respect to
yield, the yield decrease in cold-injury years was
appropriately reproduced. Additionally, we developed
and verified a model which predicts the percentage of

Fig. 1-3 High CO2 concentrations considerably reduce
Koshihikari brown rice quality

Under conditions of high CO2 concentration, non-damaged grain
percentage declined while milky-white and immature grains
increased. The main cause of the reduced non-damaged grain
percentage is white immature grains (milky white, basal-white,
white-belly). In particularthe basal whilte accounted for most of
the reduction. (Averages for three different nitrogen levels and
two different water temperature regimes. Error bars show
standard error.) Contribution of the current-season photosynthates to substrate

of emitted methane measured at three growth stages and under
two temperature retimes.

Height of green boxes shows the methane emission rate from
the current-season photosynthates, and white figures indicate
the percentage of emissions from photosynthates in the total
emission rate. The heating treatment tended to raise the
methane emission rate and the contribution of photosynthates.

Fig. 1-4 Current-season plant photosynthates are a
major source of methane emissions from
FACE paddies

Research Overview in FY2011
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grade-one rice at the prefectural level based on air
temperature and insolation environment (Figure 1-5).

ii. Climate change scenario downscaling

We developed and populated a local-scale, daily
climate change scenario dataset (ELPIS-JP) which can
be used to explore the impacts of climate change on
Japan’s food production and adaptation strategies. This
dataset includes time-series data for seven variables:
mean daily temperature, high temperature, low
temperature, precipitation, integrated solar radiation,
relative humidity, and ground-level wind velocity for a
maximum of 938 locations, making it possible to use
1,300 climate change scenarios at each location. Using
ELPIS-JP makes it possible to obtain information on the
uncertainty of future changes in climate variables, which
cannot be delineated with a simple scenario (Figure 1-
6), and it also makes possible applications such as
estimating the risk of high temperatures at certain crop
developmental stages such as the rice plant flowering
period.

iii. Assessing worldwide food production changes

As the basic data for creating a major-crop
productivity environmental response model for areas of
the world that produce major grains, we collected
agricultural statistics for the world’s 14 major crop
producing and exporting countries on rice, corn,
soybeans, and wheat, plotted the data on a grid which
has the same resolution as JRA25 weather data (1.125°

longitude and latitude), and created a crop productivity
dataset. Also, we enhanced the responsiveness of the
productivity environmental response model to high CO2,
linked it with a water resource model, and proposed a
procedure that calibrates the model using crop yield and
river flow rates. We then examined the soundness of the
model by applying it to China’s Northeast region.

B. Investigation of mechanisms of variation in
agrobiodiversity and environmental function

1) Investigation of mechanisms of variation in
agrobiodiversity and development of appropriate
management technologies

Medium Term Plan:
To provide for the compatibility of biodiversity

conservation and agricultural production in agricultural
ecosystems, we aim to determine the responses of
ecosystem structures and representative biological
communities to changes in agricultural activities, and to
develop methods to predict biodiversity changes.
In other words, this would involve understanding the

impacts on, for example, mutual relationships among
plants, insects, and birds by changes in agricultural
activities such as the increasing acreage of abandoned
farmlands. Also, we aim to develop biodiversity
indicators by which the effectiveness of initiatives such
as environment-friendly agriculture on biodiversity can
be assessed, and to develop assessment/management
methods which use those indicators. Additionally, we
aim to develop other tools for a wide-area biodiversity
assessment/prediction which also use the biodiversity
indicators and the Rural Landscape Information System
(RuLIS) for biodiversity conservation.
We also aim to develop a method to assess the

impacts that exotic organisms and crops genetically
engineered to tolerate environmental stresses and other
adverse conditions have on biodiversity, and to develop
a management method for the coexistence of crops that
are and are not genetically modified.

Research Overview:
a. Effects of changes in agricultural activities on
biodiversity: impact analysis and assessment
methodology

i. Methods for integrated and wide-area assessments of
biodiversity in agricultural ecosystems

We analyzed the mutual interrelationships in several
species groups studied around abandoned rice paddies
used for cattle grazing, and identified the interspecies
group relationships which correspond to the local

Fig. 1-5 Model which forecasts the percentage of
grade-one rice at the prefectural level by
taking into account air temperature and
insolation environment: An example of
Prediction for Fukuoka Prefecture

Broken line shows statistical values, solid line shows model’s
estimated values. Years marked by white dots had typhoon
damage and are not counted. We created the model while
excluding data for certain years, and verified the model by
repeatedly predicting the data for the excluded years. The
correlation coefficient was 0.86, and the root-mean-square error
was 12.33%.
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landscape structure, including pastureland and
abandoned farmland. We also entered NIAES
biodiversity observation data (currently about 60,000
items) into the Rural Landscape Information System
(RuLIS), and via RuLIS-WEB we released about 20,000
items that could be made publicly available.

ii. Effects of landscape structure around farmlands on
biodiversity and biodiversity indicators

We surveyed candidate indicator species groups that
show the effects of environment-friendly (environment-
preserving) agriculture in rice paddies in Tochigi
Prefecture. We examined the differences in densities of
the species groups due to differences in farming
practices (conventional, reduced-pesticide, and organic
farming), and showed that Tetragnatha spiders, lycosid
spiders, Sympetrum dragonflies, coenagrionid
damselflies, and aquatic insects (aquatic beetles and
aquatic hemipteran bugs) are appropriate as indicator
organisms. We determined reference values to
discriminate farming practices based on the average
numbers of individuals in organic/reduced-pesticide
paddies and conventional paddies, and proposed a
method to assess the effectiveness of environment-
friendly agriculture on biodiversity using these values.

Specifically, this method involves finding scores for the
numbers of individuals in each of five indicator
organisms (Table 2-1), and then totaling them to
calculate the overall score. We applied this method to
the study fields, resulting in different overall scores:
conventional farming (overall score 1-3), reduced-
pesticide farming (5-6), and organic farming (8-10).
These results show that this assessment clearly reflects
the differences in farming practices.
Using the study results from rice paddies in 230

locations in 12 prefectures throughout Japan, we
statistically analyzed the environmental factors affecting
the number of individuals (abundance) in the candidate
indicator organisms, Tetragnatha spiders. We found that
reducing pesticide applications increases spider
abundance, depending on natural environments (e.g.
precipitation and forest area), thereby producing
interregional differences in the effectiveness of
environment-friendly agriculture on the spider
abundance (Figure 2-1).

iii. The mechanism of changes in biodiversity caused by
increased acreage of abandoned farmlands

We analyzed the population dynamics and other
attributes of plants in long-abandoned farmlands, and

Fig. 1-6 An example of using the local-scale daily climate change scenario dataset (ELPIS-JP)
Using Sapporo, Hokkaido as an example, we used the ELPIS-JP dataset to calculate the annual mean temperature and precipitation
for 1981‒2091. The gray area shows the range between the maximum and minimum values of 50 time series created by applying a
weather generator to 10 global climate models which are supplied with the 7 climate variables, while the black lines plot the median
values produced by each climate model. (By way of comparison, the red lines show the predicted median values and the 90%
confidence interval produced by a model called MIROC-H.) At this location, it is safe to say that the annual mean temperature will
rise in the future, even if we take prediction uncertainty into consideration, but the results suggest that there is too much uncertainty to
say whether precipitation will increase over the long term.

Research Overview in FY2011
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found that, in the dynamics of perennial herbs,
competition with vines has an influence, while with the
establishment of tree seedlings, selective grazing by
wild animals and sprouting capacity have an influence.

Research Overview:
b. Development of a method to assess the impacts of
genetically modified (GM) crops and alien species
on biodiversity, and a method to manage the cross

pollination and mixing between GM and non-GM
crops

i. Developing a method to assess the impacts of
genetically modified crops and alien plants on
biodiversity

We used a transition matrix model to analyze a
scenario in which GM soybeans (Glycine max) fall
outside the field where grown and become feral.

Table 2-1. Indicator organisms and scores based on the number of individuals surveyed in rice paddies

Find the scores from the numbers of individuals in each of the 5 indicator organisms, total them, and calculate the overall score. This
overall score can be used as a biodiversity indicator to assess the effectiveness of farming practices on biodiversity conservation.

We used a hierarchical linear model to estimate the numbers of Tetragnatha individuals nationally, assuming conventional pesticide
use and no pesticide use. The difference between them varied among regions, depending on their natural environments such as
climatic factors.

Fig. 2-1 Natural environment alters the effectiveness of environment-friendly agriculture on biodiversity

Indicator organisms Survey method Survey sites in
a field plot

Score

0 1 2

Tetragnatha spiders Sweeping rice plants
with an insect net 20 swings × 2 sites <5 5-15 >15

Lycosid spiders Visual counting on rice plants 5 rice hills × 4 sites <4 4-12 >12

Sympetrum dragonflies
(adults or nymphal exuviae)

or
Coenagrionid damselflies (adults)

Visuall counting on
and around rice plants
along a paddy levee

10 m × 4 sites <1 1-3 >3

Rana porosa species group
or

R. japonica species group

Visual counting on
and around paddy levees 10 m × 4 sites <3 3-9 >9

Aquatic beetles (Coleoptera)
and

Aquatic bugs (Hemiptera)

Dipping a D-flame net into
paddy water along a paddy levee 5 m × 4 sites <1 1-3 >3
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Results showed that the fallen soybean seeds would be
unable to survive the winter and would disappear. It
was conjectured that for soybeans to become feral, it
would be necessary to gain dormancy or wintering
ability, and to produce more seeds. Also, to contribute
to the preparation of a biology document (which
provides basic information for ”Biological Diversity
Risk Assessment Report”) on the closely related wild
soybean (Glycine soja), we analyzed the information on
wild soybean collection areas registered in the National
Institute of Agrobiological Sciences gene bank and the
meteorological conditions of collection areas gained
from Rural Landscape Information System (RuLIS), and
from this we determined the meteorological conditions
that enable wild soybean growth.
We found that the alien plant Canada goldenrod

(Solidago altissima) is distributed in eutrophic
environments with high soil pH, and confirmed that in
abandoned orchards with heavy infestations of this
plant, controlling soil chemical characteristics (by
spreading aluminum chloride on the soil surface) makes
it possible to induce the dominance of Japanese
bloodgrass (Imperata cylindrica) and turn the area into
a grassland with many native plants (Figure 2-2).
To assess the management priorities for alien

afforestation plants that have escaped from vegetated
slopes, we indexed the amount of land in national parks
where four species could grow: redtop (Agrostis
gigantea), white clover (Trifolium repens), orchard grass

(Dactylis glomerata), and tall fescue (Festuca
arundinacea). We then calculated their weed risk by
multiplying the indexes by the grade (degree of impact)
assigned under the Japanese version of the Australian
weed risk assessment system (JWRA).

ii. Developing a method to manage the cross pollination
and mixing between GM and non-GM crops

To investigate cross pollination between GM rice
(Oriza sativa) and non-GM rice plants, we built a
Geographic Information System (GIS) database to
estimate the regional average cross pollination rate and
devised an average cross pollination rate estimation
index which uses the tangential line length between
paddies with GM and non-GM rice, and the size of the
non-GM rice paddy (Figure 2-3). This index will
provide a benchmark for the average cross pollination
rate if one has the GIS data from the local municipality.
It correlates well with the results of simulations
performed thus far for average cross pollination rates
based on the datasets for things such as meteorological
conditions during the flowering period, and our research
showed that the index can replace simulations.
We developed an optimum sampling method to use

when sampling GM seeds under conditions in which
fields are of different sizes. When we derived a
relational equation for field (lot) size and optimum
sampling number, we found that, contrary to

Fig. 2-2 Control of Canada goldenrod by spreading aluminum chloride
Relative vegetation coverage of test site. In the treated plot, Canada goldenrod was suppressed for a long time, and the site gained
diverse vegetation dominated by Japanese bloodgrass and other native plants.

Research Overview in FY2011
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conventional sampling theory, one should collect more
seeds from large fields. When managing the risk for all
seeds gathered from all fields, if one bungles the
inspection in a large field, then many more seeds will
be mixed in with those shipped than if the inspection of
a small field was botched, and our interpretation was
that this is the reason the relational equation works.

2) Investigation of environmental biofunctions for
environmentally friendly and sustainable agriculture

Research Overview:
i. Application to allelochemical herbicides

For the selection of chemical compounds leading to
the development of new agricultural materials, we
screened plants with high allelopathic activity and found
that a plant native to Malaysia, Goniothalamus
andersonii, displayed activity in the highest group. We
isolated the allelochemical and determined that its
chemical structure is goniothalamin. We used a DNA
microarray to investigate this compound’s effect on
gene expression in Arabidopsis thaliana, and the results

suggested that it displays growth inhibiting activity by
inducing the responses to oxidative stress.

ii. Use of semiochemicals to control insect behavior

In a study involving mealybugs, which are a serious
insect pest of vegetables and fruit, we investigated the
seasonal prevalence of adult males (monitoring) with a
trap using female sex pheromones, and confirmed that it
is possible to easily and with high accuracy determine
the best time to apply insecticides (when insecticides are
most effective on the young larvae). NIAES licensed the
related patents to a private firm, which contributed to
the deployment of Japan’s first monitoring and
attraction agent for mealybugs. At the same time, we
discovered a substance which attracts a parasitic wasps
that are native natural enemies of the mealybugs (Figure
2-4).

iii. Easy-to-use agricultural materials that decrease waste

We found the best conditions for biodegradable
plastic degrading enzymes, derived from molds and

Fig. 2-3 Index providing a simple estimation of the cross pollination rate between genetically modified (GM) rice
and non-GM rice plants

Conceptual diagram showing calculation of cross pollination rate estimation index
Green shows the GM paddies, yellow shows the non-GM paddy, and white shows other land use. Dividing the length of the red line
adjacent to the paddies by the size of the non-GM paddy gives the cross pollination rate estimation index. When a non-GM paddy is
adjacent to several GM paddies as shown in this diagram, the total of all lines is used. Because this index is calculated for each non-
GM paddy adjacent to GM fields, the index’s average is calculated when there are multiple non-GM paddies.
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yeasts, and developed a method for their large-scale
production. Additionally, we demonstrated the rapid
decomposition of biodegradable plastic mulch on
farmland treated with a mold-derived enzyme (Figure 2-
5). We applied for three patents for this novel
technology for accelerating mulch film degradation.

C. Dynamics of agro-chemicals and methods of
reducing their risks in agro-environments
1) Improvement of methods for reducing risks of
toxic chemicals

Medium Term Plan:
To mitigate the risk of agricultural crop

contamination by hazardous substances such as
cadmium, arsenic, and persistent organic pollutants
(POPs) in the agro-environment, we aim to illuminate
the dynamics of these hazardous substances in the
soil–crop system and the mechanism of their absorption
by plants, and we aim to facilitate the enhancement of
risk-mitigation techniques based on contamination risk
prediction techniques and on methods that use plants
and physical or chemical means.
In other words, we aim to develop techniques which

forecast the contamination risk to crops based on the
extent of soil contamination, for POPs in the case of
vegetables, and cadmium in the case of major upland
crops.
To decrease the concentrations of cadmium in

upland crops, arsenic in wet rice, and POPs in
vegetables, we aim to develop soil remediation
technologies and absorption-suppression cultivation
techniques using plant functions and physical and
chemical methods.

Research Overview:
i. Development of crop contamination risk forecasting
techniques

We found that when using a 50% methanol-water
solution the extraction rate of dieldrin from soil to
which activated charcoal had been applied generally
matched the residue in cucumbers. Using this extraction
method it is possible to predict in advance the dieldrin
residue when applying activated charcoal, and one can
determine the amount of activated charcoal that needs to
be applied.

ii. Development of contaminated soil remediation
technology

In the development of a technology to remediate
contaminated soil, we created soil in which Cd content
decreases by stages while changing soil washing
intensity (concentration of washing agent, i.e. ferric
chloride). We then cultivated wheat and soybeans, and
found a high correlation between seed Cd concentration
and soil Cd, and obtained the knowledge needed to set
target values for soil washing remediation. In a bid to
achieve practical phytoremediation, we produced several
high-Cd-accumulating rice lines resistant to shattering
and lodging by gamma-ray irradiation to high-Cd
accumulating rice cultivars, Jarjan and Anjana Dhan.

Relationship between the impregnated amount of the discovered attractant (cyclolavandulyl butyrate) and the parasitic wasp attractant
activity.

The number attracted is the total number of individuals captured in 3 traps set from October 6‒21, 2008. Values indicated by different
letters are significantly different (Tukey‒Kramer HSD test, P < 0.05).

Fig. 2-4 Discovery of a substance that powerfully attracts parasitic wasps preying on mealybugs
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iii. Development of cultivation techniques that suppress
Cd absorption

We irradiated Koshihikari rice seeds with an ion
beam and obtained a low-Cd-accumulating Koshihikari
mutant (lcd-kmt1) from among approximately 3,000 M2
(second generation of mutant) platns grown in a Cd-
contaminated paddy soil. The Cd concentration in
brown rice was extremely low at under 0.03 mg·kg−1

(Figure 3-1). The plant shape and the quality of the
brown rice were equivalent to that of wild type
Koshihikari (WT), there was no significant difference in
brown rice weight, and eating quality scores by a taste
analyzer was estimated as good quality as Koshihikari.
On the basis of the sequence in the mutation region in
lcd-kmt1, we developed a DNA marker that can
distinguish between WT and lcd-kmt1. This DNA
marker is a powerful tool to introduce a mutant allele
responsible for low Cd into various rice cultivars. This
will not only make it possible to substantially reduce
dietary Cd intake, which is high in Japan when
compared internationally, but also eliminate the need for
the deep ponding necessitated for soil with high Cd
concentrations. Therefore, it is also possible to reduce
the intake of arsenic, whose absorption increases with
deep ponding. This is also a very important achievement
with respect to administrative policy.
We applied positron emission tomography imaging,

which is used in applications such as early cancer
detection, on plants. We successfully used positron-
emitting 107Cd to visualize and analyze in real time the
movement of cadmium in rice plants.

Fig. 2-5 Development of a technology using biofunctions for rapid decomposition of biodegradable plastics

Fig. 3-1 Cd concentration of brown rice when cultivating
low-Cd-absorption Koshihikari in high-Cd soil

We cultivated low-Cd-absorption Koshihikari (lcd-kmt1) and
ordinary Koshihikari in three paddies with high soil Cd
concentrations (0.35‒1.4 mg·kg-1) using intermittent irrigation or
draining the paddies around heading time, which are conditions
under which rice plants readily absorb Cd, and measured the
brown rice Cd concentration. While Cd concentration in ordinary
Koshihikari brown rice from all paddies far exceeded the
standard, the maximum concentration in lcd-kmt1 was extremely
low at 0.03 mg·kg-1.
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2) Methods of predicting the environmental
dynamics of agro-chemicals and evaluating their
impacts on agro-ecosystems

Medium Term Plan:
We aim to produce numerical models of the

dynamics of pesticides and other organic agro-
chemicals, and nutrients such as nitrate nitrogen and
phosphorus in the agro-environment, develop a
technique to predict their environmental loads at the
watershed level, and develop a method to assess the
impacts of those environmental loads on organisms.
Specifically, we aim to develop numerical models

that comprehensively and quantitatively describe the
dynamics of pesticides, nutrients, and other substances
at the level of watersheds with rice paddies, and, with
regard to non-point source pollution, develop a method
to assess the amounts of the effluent loads and the
techniques to address them.
Additionally, we aim to develop a method to assess

the impacts of pesticides and other substances on
communities of aquatic animals, plants, and other
organisms, and develop a method, which incorporates
probability theory, for assessing the ecosystem impacts
of pesticides and other substances.

Research Overview:
i. Development of techniques to predict the
environmental dynamics of agro-chemicals and other
substances, and methods to assess the ecosystem
impacts of agro-chemicals and other substances

In a bid to develop a method to predict the
ecosystem impacts of agro-chemicals and other
substances, we determined the dose-response
relationships for growth inhibition and lethality induced
by herbicide exposure in the green alga
Pseudokirchneriella subcapitata, a standard alga species
in OECD test guidelines, and conducted subsequent
recoverability tests. We used the results to build an alga
population model, and showed that the model-predicted
values and actual measurements closely coincided and
that the same model can be applied to other herbicides.

ii. Development of a technique to predict
environmental dynamics of nitrate nitrogen and
other substances, and a method to assess techniques
to mitigate the effluent loads

Referring to the RothC model, we improved the
source code for the decomposition process of organic
matter in LEACHM, a model that predicts the dynamics
of water, carbon, and nitrogen in soil, and parameterized

various reaction rate constants and other items. We used
the model for predictions under conditions of different
soils (Sand-dune Regosols, Humic Andosols, Light-
colored Andosols, and Medium and Coarse-textured
Yellow soils), fertilizers (chemical fertilizers, pig
manure compost, cattle manure compost, rice straw
compost), and farmland types (vegetable fields and
orchards), and worked on comparisons and verification
of the model predictions with long-term observation
data.
We calculated the potential nitrate concentration

(PNC; i.e., excess nitrogen amount divided by effective
precipitation) on small-watershed units for 6 watersheds
or regions with different land uses (Tokachi River;
Omono River; Naka River [in Tochigi Prefecture only];
Tone River tributaries [in Tochigi and Ibaraki
prefectures]; Yahagi and Toyo Rivers; and Ooyodo and
Kimotsuki Rivers). We classified the small-watershed
units into 10 different land-use types, and investigated
the influence of land-use type and watershed size on
PNC and nitrogen runoff amount. Results showed that
the relationship between the nitrogen load generated in
the watershed and nitrogen runoff amount from the
watershed has a positive linear relationship in each land
-use type regardless of the watershed size.

iii. Development of technique to predict environmental
dynamics of phosphorus and other substances, and a
method to assess techniques to mitigate the effluent
loads

To determine the regional scale dynamics of
phosphorus derived from agricultural activities, we used
the data of measurements of soil properties and results
of questionnaires to farmers in the Stationary
Monitoring data of the Basic Soil Environment
Monitoring Project. We investigated the amount of
phosphorus application, harvest, and mass balance at the
soil surface, and the available phosphorus content in the
top soil layer (by Truog test) from the first round of the
Stationary Monitoring (1979-1983) to the fifth round
(1999-2003) according to 7 regions, 16 Soil Groups,
and 7 crop groups, and we then databased the
information. We found that although the amounts of
phosphorus applied to farmland tended to decrease year
by year, application of phosphorus to vegetable fields is
particularly large, with extremely excessive amounts of
10-30 times the harvest amount being applied.
In 2003, the environmental quality standard for zinc

pollution was set at 0.03 mg·L−1 for rivers and lakes, but
the state of effluent zinc loads from agricultural point
and non-point sources is still unknown. For this reason
we investigated the effluent zinc loads from pig farms at
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different regions, and monitored zinc runoff from
upland fields to which composted livestock manure was
applied. Results indicated that zinc running into river
systems from livestock farms after wastewater treatment
was mainly dissolved, while that from upland fields was
mainly in suspension. Furthermore, we calculated the
zinc flow within the watershed of an agricultural
catchment area with much livestock farming and upland
field farming (Arata River, 3.2 km2) using zinc runoff
monitoring results and a regional scale model estimation
method based on those results (Figure 3-2). The amount
of zinc running off from this agricultural catchment area
to public water bodies was estimated at 0.1~0.6 kg·ha–1·
yr–1. This research was the first to reveal the state of
agricultural zinc runoff in Japan.

D. Advancing inventory of natural resources
1) Monitoring and predicting agro-environmental
dynamics using geoinformation and flux-
measurement

Medium Term Plan:
To benefit the computerization and wide-area

assessment of agro-environmental resources, we aim to
develop technologies to analyze remote sensing data
using hyperspectral imaging and heretofore unused
wavelength bands, and to develop highly accurate, wide
-area assessment methods for ecosystem dynamics
including crop productivity, land use, vegetation
coverage, and soil characteristics.

We aim to fuse these methods with achievements in
the areas of gas-flux monitoring research and to develop
a system for the wide-area monitoring and prediction of
biophysical ecosystem dynamics such as greenhouse gas
flux, water and carbon dynamics, and crop productivity.

Research Overview:
i. Development of wide-area assessment methods for
agricultural ecosystem information

One of our recent results is a method for wide-area
assessment of developmental stage of corn canopy using
MODerate resolution Imaging Spectroradiometer
(MODIS) satellite data. On the basis of developmental
stages estimated using the method, we further developed
and verified a simple method that estimates daily
photosynthesis of corn from the product of the
vegetation index and shortwave radiation (Figure 4-1).

ii. Quantitative assessment of gas flux dynamics in
agricultural ecosystems

We are continually monitoring biophysical
ecosystem variables including CO2 and
evapotranspiration fluxes at Japanese and overseas sites
using mainly the eddy correlation method. The rice
paddy flux site in Mase, Tsukuba City is an ancillary
site of the Japan Long-Term Ecological Research
Network. The high quality dataset obtained are used for
the analysis of exchange of greenhouse gas, water, and

Fig. 3-2 Determining the state of zinc runoff from agriculture
Zinc flow from agricultural catchment area to public water bodies (Arata River watershed)
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energy in agro-ecosystems. One of the recent results
showed a new method enabled to assess the components
of CO2 flux, i.e., photosynthesis, plant respiration, and
microbial respiration separately. This method is useful
to analyze the biophysical mechanisms for yearly
changes in paddy CO2 balance and to model such
processes.

iii. Building a wide-area monitoring and forecasting
system

We formulated the basic functions and structure of a
wide-area monitoring and forecasting system for
ecosystem dynamics information (Figure 4-2). We then
designed and built the prototype for a networked data
system that allows near real-time online collection and
systematic management of fluxes of CO2 and other
gases, micro-weather, photographs and videos, spectral
ground measurements, satellite images, and other data
from multiple locations that are the core elements of the
system. We also used eddy correlation data collected
online with a ground sensor network, and made it
possible to quickly process and analyze agricultural
ecosystem CO2 and evapotranspiration fluxes in near
real-time, and continuously output multi-location
changes and quality information.

2) Collecting agro-environmental information and
development of integrated database

Medium Term Plan:
We aim to facilitate the use of agro-environmental

resources and information on them, build and expand
individual databases for soil, insects, weather, and other
elements, and develop methods to use the data. Also,
we aim to monitor radioactive substances in the agro-
environment and determine their levels over time.
We also aim to build an integrated agro-

environmental information database capable of centrally
providing nationwide agro-environmental information
including that on soil, weather, organisms, land use,
satellite images, and agricultural statistics.
Further, to assist the creation of agricultural

ecosystem management scenarios aimed at compatibility
between high agricultural productivity and
environmental conservation, we aim to develop an
integrated environmental impact assessment (eco-
balance assessment) method which makes use of diverse
spatial information, models, LCA methods, statistical
methods, and more, and takes into consideration factors
such as GHG emissions, soil carbon storage,
biodiversity, leaching of nitrate nitrogen into
groundwater, and wide-area nitrogen flow, as well as
productivity.

Research Overview:
i. Building and expansion of individual databases
including soil, insects, and weather, and
development of ways to use the data

We worked on expanding individual databases,
registered 209 images of pressed leaf specimens, added
information on insect literature, and made other
additions, and in the area of insect classification
research, as a new species we described a weevil that
infests upland wasabi and is confused with closely
related species (Figure 4-3).
We applied the Comprehensive Soil Classification

System of Japan First Approximation to National Land
Survey data (200,000:1), assembled soil information on
the entire Kanto region plus Fukushima Prefecture, and
created a soil map of Ibaraki Prefecture. We also
developed a method of very accurately mapping yearly
mean soil temperature (30-50 cm below the surface
layer), and made it possible to view a national soil
temperature map with a soil information viewing
system.

ii. Radioactive substance monitoring

From March through August after the Tokyo Electric
Fukushima Daiichi Nuclear Power Plant accident, we
sampled farmland soil at 579 locations in 6 prefectures
from Miyagi Prefecture to Chiba Prefecture, mainly in
Fukushima Prefecture, with the cooperation of

Fig. 4-1 Estimation of daily photosynthesis of corn
using MODerate resolution Imaging
Spectroradiometer (MODIS) satellite data

The results closely coincide with the pattern of seasonal change
in photosynthesis estimated from flux observations.
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agricultural experiment and research institutions in those
prefectures (Photo 4-1). We measured the radioactive
cesium concentrations, mapped them, and revealed the
state of contamination. Then, in order to determine in
detail the regional distribution of contamination over a
wide area, in November and December we sampled
farmland soil at 3,420 locations in 15 prefectures from
Iwate Prefecture to Shizuoka Prefecture with the
cooperation of agricultural experiment and research
institutions in those prefectures, and measured and
mapped the radioactive cesium concentrations. We
found a linearrelationship between the air dose rate at a
1 m height measured during the farmland soil survey
and the radioactive Cs concentration in soil (Figure 4-

4). We used this finding to create a regression formula
for radioactive Cs concentration in farmland soil from
the air dose rate and classify the formulas into 10 types
according to soil type and land use. We then estimated
the spatial distribution pattern of radioactive Cs
concentration in farmland soil at unsampled locations by
using this regression formula together with data from
radioactive Cs concentration measurements, digital soil
map of arable land prepared by NIAES based on land
use in 2001, and air dose rate distribution maps
produced by the Ministry of Education, Culture, Sports,
Science and Technology using aircraft (Figure 4-5).
We found that radioactive cesium in farmland soil

was distributed in high concentrations exceeding 10,000

Fig. 4-2 Basic functions and structure of the wide-area ecosystem monitoring and forecasting system

Fig. 4-3 A new weevil attacking upland wasabi: Ceutorhynchus wasabi
Left: an adult on a wasabi leaf; middle: an egg laid in a wasabi stem; right: a larva in a wasabi stem.
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Determining the distribution of concentrations of radioactive substance in farmland soil

Photo 4-1. Soil survey and sampling in the evacuation
zone. Twenty-eight staff members including the
director were sent into the evacuation zone.

Fig. 4-5 (A) radioactive Cs concentration in farmland soil at survey sites, (B) digital soil map of arable land, and
(C) air dose rate distribution map.

Fig. 4-4 Relationship between air dose rate and
radioactive Cs concentration in soil

Radioactive Cs concentration (Paddy non-Andosols group).
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Concentra�on of radioac�ve Cs 
in farmland soils at surveyed 
loca�ons (Bq/kg)

Fig. 4-6 Map of measured and estimated distribution of radioactive Cs concentration in farmland soil
We found that farmland whose soil has radioactive Cs concentrations of 5,000 Bq·kg-1 or greater extends northwest from Fukushima
Daiichi, while there is a continuous band of farmland with 1,000 Bq·kg-1 or greater from the Nakadori region of Fukushima Prefecture
through northern Tochigi Prefecture and southern Miyagi Prefecture.
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Bq·kg−1 northwest from Fukushima Daiichi, and that
concentrations exceeding 1,000 Bq·kg−1 existed from the
southwest part of Fukushima Prefecture’s Nakadori
region to the central and northern parts of Tochigi
Prefecture and southern Miyagi Prefecture. Additionally,
there were scattered locations with localized high
radiation concentrations called hotspots, showing that
radiation distribution did not describe simple concentric
circles. Concentrations were generally below 500 Bq·
kg−1 in southern Iwate Prefecture, central and northern
Miyagi Prefecture, Ibaraki Prefecture, southern Tochigi
Prefecture, Gunma Prefecture, and Chiba Prefecture, but
we also discovered high concentrations in parts of their
mountain areas and plains (Figure 4-6).
On August 30, 2011 and March 23, 2012 the

Ministry of Agriculture, Forestry and Fisheries issued
press releases reporting these results. The area of
farmland with soil having radioactive Cs concentrations
of 5,000 Bq·kg−1 or higher, which is one benchmark for
decontamination, was calculated at about 8,900 ha. This
information makes it possible, for example, to estimate
trends of concentration distribution and the areas of
farmland in individual municipalities needing measures
to suppress absorption by crops and requiring

decontamination, and knowing the distribution of
radioactive cesium concentration for each soil
classification also makes it possible to estimate the
coverage of decontamination techniques. This
information has been used by the Ministry of
Agriculture, Forestry and Fisheries and the Environment
Ministry.
Continuously since 1959 we have received rice or

wheat cultivated in paddies and upland fields, as well as
topsoil samples, from public agricultural experimental
institutions from Hokkaido to Kyushu, and we have
used instruments such as germanium semiconductor
detectors and official analytical methods to analyze the
radioactivity concentrations of 137Cs and 90Sr in brown
rice, milled rice, unmilled wheat, wheat flour, and soil.
137Cs and 90Sr radiation concentrations in milled rice,
wheat, and topsoil produced in 2010 throughout Japan
were at normal levels. We are currently analyzing the
2011 samples, but we have found samples from the
Tohoku and Kanto regions in which 137Cs is at or above
the concentration levels of the 1960s (Figure 4-7).

Fig. 4-7 Chronological change in mean 137Cs concentration of Japan’s major cereal grains and field soil
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iii. Building an integrated database of agro-
environmental information

For both specimens and observation records we
created a data description format that can describe
distribution information in a uniform manner that is also
compatible with standard international formats.

iv. Developing an integrated environmental impact
assessment method

Based on deliberations by a study committee,

informal discussions with outside experts, and other
consultations, we conducted an exploration of the
framework necessary for developing an integrated
environmental impact assessment method. We found
that for inventory analysis and its characterization, it
would be effective to apply LIME2, which is a life-
cycle impact assessment (LCIA) method used in life-
cycle analyses, although it is inadequate in the
agricultural sphere. On the other hand, for inventory
analyses on benefit, it was deemed promising to
characterize returns, working time, and
multifunctionality.
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