Highlights in 2009
Research Topics
1. Development of fine powdered activated
carbon(PAC) tablets for water purification

adsorb various water-borne toxic organic chemicals and
purify the water.
The key features of the fine powdered activated
carbon(PAC) tablets are as follows:

Abstract
We developed a technology to purify water easily,
quickly, and safely with tablets made of fine powdered
activated carbon(PAC) which is a powerful adsorbent of
toxic organic chemicals in water.

Background and Purpose
Amidst worsening water pollution, securing a large
amount of good quality water has become an important
global issue in recent years. Pollution by persistent
organic pollutants (POPs), industrial waste, and
agrochemicals has spread beyond its source areas and
threatens wide areas of water systems, including
groundwater, well water, lakes, and rivers. Because of
this, technologies to simply, efficiently, and safely purify
water are in high demand. In response, we chose safe,
high-performance fine powdered activated carbon(PAC)
and made it into easy-to-use tablets, and examined their
effectiveness as a new water purification technology.

Description
Fine powdered activated carbon(PAC) has been
known a high adsorptivity to toxic organic chemical
substances. However, because it is dusty, its use requires
caution. Furthermore, it is difficult to apply in places
where water needs to be purified because fine activated
charcoal powder floats on the surface of water and
flows away. As a solution, we developed a fine
powdered activated carbon(PAC) tablet which sinks into
water easily without creating dust at the time of
application and quickly disperses in the water
afterwards. This technology allows the powerful ability
of the fine powdered activated carbon or fine PAC to

Fig. 1 Fine powdered activated carbon(PAC) tablet
(Product name: “Maite Kantan©”)
Fine activated charcoal powder can be formed into
various shapes and sizes according to usage.

1. Its flexibility. It can be formed into various shapes
and sizes allowing the tablet to be adapted to
different situations (Fig. 1).
2. Fine powdered activated carbon(PAC) is a safe
material with an extremely low environmental load. It
has a high ratio of surface to volume and strong
adsorptivity, and does not contain heavy metals or
arsenic (Table 1).
3. It quickly breaks down and disperses in water in 10
to 20 seconds after it sinks to the bottom. By
adjusting the fine powdered activated carbon(PAC)
content, it is possible to change its dispersal rate (Fig.
2).
4. Because fine powdered activated carbon(PAC)
strongly adsorbs pigments, water turns colorless
without stirring (Fig. 3). This proves that the tablets
can easily purify water.
5. The tablet can adsorb 80 to 100% of 255 different
pesticides added to water in just 30 minutes (Fig. 4).
6. It retains its adsorptivity to persistent organic
pollutants (POPs) leaching from sediment for more
than six months (to date) (Fig. 5).
We expect this technology to be used for the
purification of water used in the agriculture and
livestock sector and in industrial wastewater, as well as
rivers, lakes, and wells.
Research Project name: Risk Management or Organic
Chemicals RP
Researchers: Organochemicals Division, H. Eun, K.
Baba, Y. Shibata (National Institute for Environmental
Powdered
activated
carbon
(PAC)

Specific
surface area
(m2/g)

Adsorption
efficiency
of Iodine
(mg/g)

Containing
Cd, Zn, Pb
and As
(mg/L)

FEW 01

> 900

> 1000

< 0.01

FEW 02

> 1100

> 1000

< 0.01

FEW 03

> 1000

> 1000

< 0.01

FEW 04

> 1700

> 1000

< 0.01

Table 1 Properties of fine powdered activated carbon
(PAC) powder
Fine powdered activated carbon(PAC) has a high
adsorptivity to organic chemical substances, and does
not contain heavy metals or arsenic. It is a safe
material with a very small environmental load.
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Fast-dissolving tablet in the bottom of water
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20sec.

Fast-dissolving tablet in the whole water
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10sec.

Fig. 4 Adsorption of multi-component pesticides by fine
activated charcoal powder tablets of different
formulation
The tablets can purify a mixed solution of 255 different
pesticides, such as fungicides, insecticides and herbicides,
by adsorbing 80% to 100% of them within 30 minutes of
the tablets being placed in the water.

Fig. 2 Dispersal of fine powdered activated carbon
(PAC) tablet in water

Addition of activated carbon tablet

Safranine-o

Methyl Red

Toluidine blue-o

Fig. 3 Decoloring power of fine fine powdered activated
carbon(PAC) tablet
Fine powdered activated carbon(PAC) adsorbs a variety
of pigments and turns water colorless without stirring.

Studies), Y. Sasaki (formerly: Tokyo Metropolitan
Research Institute), J.W. Choi (Korea Water
Resources Corporation), Y.S. Kim (Korea Water
Resources Corporation), H. Fukui (Tokyo SINCOL
Co., Ltd.)

2. Phytoremediation of cadmium (Cd)
contaminated paddy fields by rice capable
of accumulating Cd at high levels
Abstract
We cultivated two to three crops of rice capable of
accumulating Cd at high levels by an early drainage
method, and successfully reduced Cd concentrations in
the soil by 20% to 40%. We also developed a low-cost
6

Fig. 5 Long-lasting adsorptivity to 14 types of persistent
organic pollutants (POPs)
Fine powdered activated carbon(PAC) tablets retain
their adsorptivity for more than six months after being
added to water.

method for the disposal of the Cd-absorbed rice by a
process of “separate harvesting of unhulled rice and
straw plus on-site drying”.

Background and Purpose
In order to reduce the intake of Cd by Japanese
people via food, the government is reviewing the
domestic standards for Cd content in rice grain
(currently <1.0 mg/kg) to revise them to <0.4 mg/kg.
Soil dressing which is one of the most widely-used
conventional methods of soil remediation is costly and
requires a large volume of uncontaminated soil, making
it difficult to apply over a large area. To counter this
problem, we developed a soil remediation technology
which is inexpensive and suitable for large areas of
land.

Description
We cultivated two to three crops of rice capable of
accumulating Cd at high levels in rice paddies with high
Cd concentrations in soil by using an early drainage
method (i.e. the paddies are flooded after transplanting
and kept flooded until the maximum tiller number stage
after which the water is drained) to increase Cd
absorption, and successfully reduced Cd concentrations
in the soil by 20% to 40% by removing the aboveground part of the plants after each crop (Fig.1). The
grain Cd concentrations of food rice cultivated in the
paddies after the treatment were 40% to 50% lower than
in the rice grown in control fields (Fig.2).
We were also successful in controlling the cost of
processing Cd-containing crops by combining the
method of “separate harvesting of unhulled rice and
straw”, by which unhulled rice is first harvested from
the plant and the remaining above-ground portion
(straw) is sun-dried and baled in rolls later, and an “onsite drying” method, by which the round straw bales are
covered with a breathable waterproof sheet and left out

in the paddy field for several months (Fig.3).
This low-cost remediation technique can be applied
over a wide area as it uses less agricultural water and
can be handled by conventional farm equipment. At
present, the Ministry of Agriculture, Forestry and
Fisheries is carrying out a validation project (testing for
general use) in rice paddies under a range of different
climatic and pollution conditions. We expect this
technology will be adopted in future as one of the soil
remediation technologies to be implemented in Cdcontaminated paddy fields according to the “Agricultural
Land Soil Pollution Prevention Law”.
These research results are from a Ministry of
Agriculture, Forestry and Fisheries’ commissioned
research project: “Development of technology for
comprehensive control of toxic chemical substances in
agricultural, forest and fishery ecosystems”
Research project name: Risk Management of Heavy
Metals RP
Researchers: Soil Environment Division, M. Murakami,

Fig. 1 Cadmium concentrations in soil before and after the cultivation of rice capable of accumulating Cd at high levels
In rice paddies with low to high concentrations of Cd in the soil, cultivation of two to three crops of rice capable of
accumulating Cd at high levels by an early drainage method and removal of the above-ground parts of the plants
after each crop reduced Cd concentrations in the paddy soil by 20% to 40%.

Fig. 2 Cadmium concentrations in the grain of food rice variety cultivated in treated soil
Food rice variety cultivated in the soil treated with rice capable of accumulating Cd at high levels had their Cd
concentrations in brown rice reduced by 40% to 50%.
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Fig. 3 Separate harvesting of unhulled rice and straw plus onsite drying, and changes in moisture contents and costs
Straw is left in the paddies for several days and dried under the
sun, after which it is baled in rolls. The rolls are placed on a
pallet, covered with breathable waterproof sheets and left out in
the paddies. After two months, the moisture content, which was
70% to 80% immediately after the harvest, decreased to 20% to
40%. The reduction in moisture content by harvesting in this
manner reduces disposal costs.

T. Arao, N. Ae, (currently:Rakuno Gakuen
University), F. Nakagawa (Yamagata Integrated
Agricultural Research Center), T. Honma (Niigata
Agricultural Research Institute), T. Ibaraki (Fukuoka
Agricultural Research Center), M. Ito (Akita
Prefectural Agriculture, Forestry and Fisheries
Research Center ) , A. Taniguchi ( Mitsubishi
Chemical Corporation)
Published articles:
1) Murakami M., Nakagawa F., Ae N., Ito M. and Arao
T. Environmental Science and Technology, 43: 58785883 (2009)
2) Ibaraki T., Kuroyanagi N. and Murakami M. Soil
Science and Plant Nutrition, 55: 421-427 (2009)
3) Honma T., Oba H., Kaneko A., Hoshino T.,
Murakami M. and Oyama T. Japanese Journal of
Soil Science and Plant Nutrition, 80: 116-122 (2009)

3. Force-ventilated radiation shield that enables
highly accurate temperature measurements at
low cost
Abstract
A force-ventilated radiation shield is an essential aid
for reducing the effects of solar radiation, rain, and
wind in measuring air temperatures. By combining
existing mass-produced materials, we developed a lowcost, high-performance force-ventilated radiation shield.
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Its simple structure makes it possible for anyone to
build one.

Background and Purpose
Abnormally high summer temperatures have been
causing problems with crops in recent years. In order to
identify heat-related growth impairments and take action
against them, it is imperative to take accurate measurements
of air temperature on farms. The temperatures in a
Stevenson screen (instrument shelter) that is dependent
on natural ventilation may be overstated if the shelter is
exposed to strong sunlight under low-breeze conditions,
making a force-ventilated radiation shield essential.
However, force-ventilated radiation shield available in
the market are expensive, with units typically priced in
the range of hundreds of thousands of yen, thus limiting
their affordability. Owner-built tubes, on the other hand,
have posed problems in designing a structure that
ensures accurate measurements, ease of assembly, and
uniformity of the finished product.

Description
Our model “NIAES-09” (Fig. 1) is a high-performance
force-ventilated radiation shield built with massproduced construction materials at a low cost. Because
the main body of the unit is a simple structure that uses
off-the-shelf materials, a uniform finished product can
be easily owner-built. The temperature sensor housing is
made of double-wall stainless steel stovepipe, which is
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1: Air intake
2: Double-wall stainless steel stovepipe
(φ110×φ75×300 mm, straight tube)
3: Thin-walled PVC pipe (VU pipe; 100 mm nominal diameter) and socket
4: Ventilation fan for toilet (Airflow rate about 100 m3/h)
5: Air outlet
6: L-shaped arm for mounting satellite television dish
7: Antenna mast mounting hardware for fence installation

７

２

１

Fig. 1 External view and structure of a force-ventilated radiation
shield, NIAES-09
Lightweight PVC pipe (diameter: 53 mm; thickness: 1mm) is covered
with an foamed polyethylene heat insulation tube for water pipes
(outer diameter: 69 mm; thickness: 10 mm; C-shaped) and inserted
into the inner tube of the double-wall stainless steel stovepipe (2). A
temperature sensor is housed inside the lightweight pipe. Air drawn
from the air intake (1) passes around the temperature sensor
positioned 10 cm from the air intake and exits at the air outlet (5).
The air velocity near the sensor is 3.9 m/s. Although the ventilation
fan (4) operates on 100 V AC power, it can be run on 12 V DC by
adding a commercially available inverter.

Fig. 2 Comparison of NIAES-09 and JMA-95
The values observed by both models of force-ventilated radiation shield are distributed along the 1:1 line, indicating
they are in substantial agreement (left chart). The values observed by NIAES-09 tended to be lower than those
observed by JMA-95 as the solar radiation increased, and the differences were within the range of ±0.2°C (right
chart).
* The values of air temperatures are 10-minute averages (left) or 1-hour averages (right) based on the 10-second values measured
during the period from 30 July 2009 to 12 October 2009 at the observation field of the Meteorological Instruments Center (Tsukuba,
Ibaraki Prefecture). The distance between the two shields was 8.7 m. The temperature sensor used in each model was a platinum
resistance temperature sensor (φ3.2 mm) designed for JMA-95. The global solar radiation values are the hourly cumulative values
measured by the adjacent Aerological Observatory.

typically used as a flue for forced-flue (FF) water
heaters, with lightweight PVC pipe inserted in its inner
tube. The temperature sensor is suspended inside the
PVC pipe. A ventilation fan, which is typically used in
a vault toilet, is installed on top of the temperature
sensor housing. Air is drawn from the bottom of the
sensor housing. Material cost is less than 20,000 yen

including mounting hardware.
A comparison of the force-ventilated radiation shield
currently used by the Japan Meteorological Agency
(JMA-95) and NIAES-09 indicated that the temperatures
measured by the two models agreed (Fig. 2; Left). The
values observed by NIAES-09 tended to be lower than
those observed by JMA-95 as the solar radiation
9
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increased, and the differences were within the range of
±0.2°C (Fig. 2; Right). Solar radiation is strong, often
measuring 3 MJ/(m2h), during midsummer when growth
impairment occurs due to heat stress. NIAES-09 proved
that its performance is comparable to JMA-95 even
under such conditions.
With concern about global warming rising, accurate
measurements of air temperature in the field is
fundamental for farmers to detect impairments in crop
growth due to heat stress as well as for agricultural
experimental stations to develop technologies to combat
the problem. Combined with a commercially available
temperature sensor logger, NIAES-09 produces accurate
air temperature measurements at a low cost. Furthermore,
this model can be used for a wide variety of purposes
other than agriculture that requires accurate air
temperature measurements, including the detection of
the heat island effect in urban areas.
* The comparison test of NIAES-09 and JMA-95 was
carried out with cooperation of the Meteorological
Instruments Center, Japan Meteorological Agency.
Research project name: Climate Change Impact
Assessment RP
Researchers: Agro-Meteorology Division, M. Fukuoka,
T. Kuwagata, M. Yoshimoto

4. Global Estimation of methane emissions from
paddy fields and their potential reduction
Abstract
Using the IPCC Guidelines, we calculated the
annual methane emissions from paddy fields around
world at 25.6 million tonnes in 2000. We also found
that the introduction of intermittent irrigation and
improved management of rice straw could each reduce
methane emissions by 4.1 million tonnes.

Description
We used the revised calculation method adopted by
the 2006 IPCC Guidelines to calculate the annual
methane emissions from paddy fields around the world.
The calculation was carried out for each country or
region by constructing a database of the rice cropping
areas grouped by irrigated paddies and rainfed paddies,
water management before and during rice cultivation
season, and types and amounts of organic matter applied
to the paddy fields. We found the annual methane
emissions from paddy fields around the world in 2000
to be 25.6 Tg (25.6 million tonnes) with a 95%
confidence interval by Monte Carlo Simulation of 14.8
– 41.7 Tg. We also mapped the geographical
distribution of methane emissions per unit area from the
data on the geographical distribution of paddy fields
(Fig. 1). By country, the aggregate methane emissions
from India and China accounted for about half of the
world’s emissions from paddy fields, while emissions
from Asia as a whole accounted for 93% (Fig. 2).
Furthermore, we quantified the methane reduction
potential for two reduction techniques which appeared
possible to introduce for rice cultivation around the
world: (A) the introduction of intermittent irrigation to
irrigated paddy fields which were continuously flooded,
and (B) improved timing of the incorporation of rice
straw to the soils (30 days prior to the next rice
cropping). As the result, it was estimated that each of
these techniques would reduce methane emissions
annually by 4.1 Tg (4.1 million tonnes; or 100 million
tonnes CO2 equivalent) while the combination of both
would reduce methane by 7.6 Tg (7.6 million tonnes; or
190 million tonnes CO2 equivalent) (Fig. 3)
This outcome should make a large contribution to
the reassessment of the impact of methane emissions
from paddy fields on global warming as well as to the
development of rice farming techniques that mitigate
global warming.
(1) IPCC

Background and Purpose
Paddy fields are a significant man-made source of
the greenhouse gas methane. The IPCC Guidelines(1)
used by governments around the world for the
calculation of their greenhouse gas inventories were
revised in 2006 to provide a more accurate method of
calculating methane emissions from paddy fields.(2)
Using this method and statistical data on paddy farming
around the world, our study aimed to estimate methane
emissions from paddy fields around the world and to
estimate potential reductions in the emissions by
mitigation measures.
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Guidelines:

Guidelines

provided

by

the

IPCC

(Intergovernmental Panel on Climate Change) for countries
around the world to calculate their greenhouse gas inventory.
(2) NIAES Annual Report 2007: Highlights in 2006, Research
topics “New Method for Calculating Rice Field Methane
Emissions Adopted for the 2006 IPCC Guidelines”, p. 6-7

This study has incorporated the outcomes of the
research project S2-3a (SSCP) “Development and
Assessment of technologies for source reductions of CH
4 and N2O in agricultural ecosystems” funded by the
Ministry of the Environment’s Global Environment
Research Promotion.

Research project name: Mitigation of Global Warming
RP
Researchers: Carbon and Nutrient Cycles Division, K.
Yagi, Xiaoyuan Yan (Institute of Soil Science,
Chinese Academy of Sciences), H. Akiyama

Published articles: Yan et al., Glob. Biogeochem.
Cycles, doi:10.1029/2008GB003299 (2009)

Fig. 1 Geographical distribution of methane emissions from paddy fields of the world (only Monsoon-Asia shown)
Based on the methane emissions per unit area calculated for each country or region, we developed a geographical
distribution map at a 5-minute latitude/longitude resolution*. The map indicates large emissions from major river
deltas where double- or triple-cropping of rice cultivation is practiced over a large planting area.
* The geographical distribution of paddy fields is based on the Global Land Cover Characteristics Database of the United States
Geological Survey.

Fig. 2 Methane emission from paddy fields by country
Calculated methane emissions from paddy fields of
various countries indicated that China and India
together accounted for one half of the world’s total
emissions.

Fig. 3

Estimation of reduction potential of mitigation
measures
Reduction potential was estimated for (A) the
introduction of intermittent irrigation to irrigated paddy
fields which were continuously flooded, (B) improved
timing of the plowing-down of rice straw (30 days prior
to the next rice cropping), and the combination of (A)
and (B).
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5. Publication on the Internet of the analytical
database of artificial radionuclides (90Sr, 137Cs)
in key grains and farm soil
Abstract
We developed a database of the concentrations of
strontium-90 (90Sr) and cesium-137 (137Cs) in rice and
wheat grown on fixed-point radioactivity observation
farms across Japan and in the soil in which they were
grown, and published the historical changes in their
analytical values since 1959 on the Internet.

Background and Purpose
It is important to know the historical levels of
radioactivity in crops and the environment in Japan as
evidence of the safety of foods as well as for preventing
unnecessary confusion in any emergency. NIAES has
been monitoring artificial radionuclides (90Sr and 137Cs)
on a nationwide basis since the 1950s. The purpose of
this monitoring is to understand the accumulation and
persistence in crops and soil, as well as the degree of
transition from soil to crops, of radioactive substances
which have been released into the environment from
nuclear weapons testing and nuclear reactor accidents.
The database was developed with the purpose of making
this accumulated information available to the general
public through the Internet.

Description
Every year since 1950, NIAES has analyzed the
concentrations of 90Sr and 137Cs in rice and wheat and
in the soil in which they were grown at dozens of
agricultural experimental stations across the country.
The following data from our analysis were entered into
a spreadsheet.

Fig. 1-a Prefectures from which samples were collected

• Concentrations of 90Sr and 137Cs in milled rice, brown
rice, unpolished wheat, and wheat powder(1959 –
2006): Unit – mBq/kg
• Concentrations of total 90Sr and exchangeable 90Sr
(ammonium acetate extraction) and total 137Cs and
exchangeable 137Cs (ammonium acetate extraction) in
paddy soil and upland field soil: Unit - Bq/kg
• Name of soil group and texture of worked soil at
collection points
The spreadsheet data were organized into a database
using the “V/GAI-AGRIP” software package (Visible
Information Center, Inc.). The data have been available
at http://psv92.niaes3.affrc.go.jp/vgai_agrip/ since
December, 2009 for viewing on standard web platforms,
including Internet Explorer (Microsoft Corporation) and
Mozilla Firefox (Mozilla Foundation) (Fig. 1). The
features of the published system are summarized in
Table 1.
This study has been funded as part of the
radioactivity survey of the Ministry of Education and
Science.
Research project name: Chemical Analysis and
Monitoring RP
Researchers: Soil Environment Division, N. Kihou, T.
Inoue
Published articles:
1) Komamura et al., Bull. Natl. Inst. Agro-Environ. Sci.,
24 : 1-21 (2006)
2) Komamura et al., Misc. Publ. Natl. Inst. AgroEnviron. Sci., 28 : 1-56 (2005)

Fig. 1-b

137

Cs concentrations in soil output as a table

Fig. 1 Examples of output on the website (in Japanese)
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Fig. 1-c 137Cs concentrations in unpolished barley
output as a graph
Peaks in 137Cs concentration in unpolished barley
appeared at the time of nuclear weapons testing in the
early 1960s and the Chernobyl nuclear reactor accident
in 1986. The graph, however, shows that those
concentrations were far below the provisional limit for
imported food (370 Bq/kg).

Fig. 1-d 90Sr concentrations in polished rice output as
a graph
After the peak, which appeared in the early 1960s, the
concentrations of 90Sr in Japan have been higher on
the Sea of Japan side than on the Pacific side. The
differences have been disappearing since 2000.

Table 1 Features of the system for publishing analytical data on 90Sr and 137Cs in major grains and farm soil
1. Basically, the system displays yearly changes in the national averages of 90Sr and 137Cs concentrations in rice
and wheat cultivated on the same test farms and in the soil in which they were grown.
2. For rice and paddy soil, it is possible to compare the average values from the Sea of Japan side of Japan with
those from the Pacific side.
3. The system can display the average concentrations of 90Sr and 137Cs during any given period. The output is
downloadable.
4. The axis for concentrations in the graph can be set to either logarithmic or linear.
5. In order to show relationships with safety standards, either the provisional radioactive cesium (137Cs + 134Cs) limit
for imported foods (370 Bq/kg) or the FAO guidelines for 90Sr (100 Bq/kg) can be displayed on the graphs.
6. The error bars on the graphs can be shown or hidden
7. Colors in the graph are changeable.

6. Publication of a cultivated soil inventory
program on the NIAES website
Abstract
We compiled national soil distribution data and
made it available through our new soil inventory
program on the NIAES website. Anyone can use this
system to view soil maps and photographs of each of
the soil types and find their properties, as well as to
examine farmland soils of across the country.

Background and Purpose
People are increasingly interested in the beneficial
functions of soil from the points of view of a stable
supply of safe food, mitigation of global warming, and
conservation of biodiversity. Since the NIAES had
accumulated the soil information through studies of soil
across Japan, we considered it beneficial for crop
cultivation and control of fertilizer application, research

and development, and educational activities to
systematically organize such soil information to make it
publicly available. Consequently, we have made new
soil inventory program on the NIAES website for
anyone who wishes browse soil information databases.

Description
1. The browsing system for soil inventory (http://
agrimesh.dc.affrc.go.jp/soil_db/) contains (i) digital
cultivated soil maps showing soil distributions, (ii)
explanations of various soil types and photographs
of soil as well as schematic depictions (as reference
for soil description), and (iii) Soil profile descriptions
which are necessary for field soil surveys and
physiochemical analysis data (representative pedon
database) (Fig. 1).
2. The digital soil maps are in the 1:50,000 scale, and
contain maps showing the distribution of agricultural
lands in 1992 and 2001 (Fig. 2). The system allows
13
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Fig. 1 Contents of the cultivated soil information system (in Japanese)
The soil information system consists of the latest version of the cultivated soil map (left) and the database of the
representative pedon collected from across the country over the period form 1953 to 1973 (right).

Fig. 2 Page view of cultivated soil map
Anyone can check the soil of his or her own farm by viewing the soil description from the soil map.

!

"

Fig. 3 Page view of the standard soil cross-section
! Select the type of soil to examine to display the areas covered by soil surveys
" Select the survey area to list the pedon list within the area, and view the profile description for each of the pedon.
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users to switch from a soil map to an examination
of the distribution of soil types and their properties
in paddies and upland fields across the country with
a single click. This should make the soil maps
useful for management of planting and fertilizer
application according to various types of cultivated
soil. It should also be useful for activities relating to
both
agricultural
production
and
regional
environment, including assessments of cultivated soil
for agricultural productivity and its ability to store
carbon and purify water.
3. The representative pedon database contains
information collected from 7,115 survey locations
across the country. Anyone can easily view the
pedon list of the location in which he/she is
interested (Fig. 3). This representative pedon database
will be useful (i) for assessing the multiple functions
of soil, (ii) as a tool for soil science education at
universities, or (iii) for preliminary investigation and
site selection for soil survey projects.
4. The digital soil maps will be distributed on CD
upon request to those who are interested in using
them for research and educational projects.
Research project name: Agro-Environmental Risk
Information and Indicators RP
Researchers: Natural Resources Inventory Center, Y.
Takata, H. Obara, T. Okura, K. Koyama, Ecosystem
Informatics Division, N. Iwasaki
Published articles: Takata et al., Japanese Journal of
Soil Science and Plant Nutrition, 80: 502-505 (2009)

7. Are the degradation products of insecticides
affecting aquatic arthropods in rivers?
Abstract
The measurements of changes in concentrations over
time of six insecticides and their degradation products
in a river indicated that the maximum concentration of
the degradation products of three insecticides in water
were higher than the insecticides themselves. The
maximum concentrations of these degradation products
were apparently lower than the median effective
concentrations for aquatic arthropods (water fleas and
caddisfly larvae). Consequently, the adverse effect of the
degradation products on aquatic arthropods was
considered to be minimal.

Background and Purpose
Agrochemicals used on farms pose the potential
danger of spreading into the environment, including
rivers. Some agrochemicals break down rapidly in the

environment and these degradation products may have a
high level of bioactivity. However, there have been very
few assessments of the effects of these degradation
products on ecosystems. In this study, we investigated
the seasonal change in the aquatic concentrations of
insecticides widely used in paddy fields as well as their
degradation products in a river, and examined their
acute toxicity to two arthropod species, namely, water
fleas (Daphnia magna), a typical test organism, and
caddisfly larvae (Cheumatopsyche brevilineata), a major
primary consumer in rivers.

Description
1. We examined the aquatic concentrations of six
insecticides and their degradation products in the
midstream region of the Sakura River, a region with
many paddy fields in southern Ibaraki Prefecture,
during the period from April to August. A
comparison of the maximum concentrations of each
chemical indicated that the concentrations of some
degradation products were lower than the
concentrations of the original insecticides (diazinon,
fenitrothion,
and
acephate )
while
others
(carbosulfan, benfuracarb, and fenthion) were higher
(Figs. 1 and 2).
2. Compared to the insecticides themselves, the median
effective concentrations of their degradation products
to water fleas and caddisfly larvae were variable:
some higher (carbosulfan and benfuracarb), some the
same (difference within a factor of 10; diazinon,
fenitrothion, and fenthion), and some lower
(acephate), indicating that the insecticides did not
necessarily degrade to less or non toxic degradation
products in the environment (Fig. 2).
3. Our investigation found that the maximum
concentrations of the insecticides and their
degradation products were less than 1/20 of the
median effective concentrations on the aquatic
arthropods. As a result, we believe that these
organisms are affected very little by these
degradation products in the midstream region of the
Sakura River even when they are the products of
carbosulfan, benfuracarb, or fenthion which had a
higher maximum concentration in water than their
original insecticides (Fig. 2).
4. As described above, insecticide degradation products,
which can be as toxic as insecticides themselves,
were sometimes found in higher concentrations than
the original insecticides in the river. Consequently, a
comprehensive assessment of the effect of insecticides
on aquatic arthropods needs to examine the seasonal
change in the aquatic concentrations of degradation
products in rivers and their acute toxicity to aquatic
15
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Fig. 1 Changes in aquatic concentration of insecticides and their degradation products in the midstream region of
the Sakura River (2009)
−− Carbosulfan and benfuracarb (Left) and fenthion (Right)−−
The numbers in red in the figures represent the maximum concentrations during the study period (April to August).

Sometimes the degradation products of insecticides (carbofuran and fenthion sulfoxide) are more frequently
detected or have a higher concentration in the river than the insecticides themselves.

Fig. 2 Maximum aquatic concentrations of insecticides and their degradation products in the Sakura River and the
median effective concentrations for water fleas and caddisfly larvae (48 h−EC50).
The material names in black and red fonts represent the insecticides and their degradation products, respectively.
48 h−EC50 (Forty−eight−hour median effective concentration): The concentration at which 50% of individuals suffer toxic effect
after 48−hour exposure to a chemical substance.
* No methamidophos has been detected in the river water.

Generally, there was little difference in median effective concentrations between water fleas and caddisfly larvae.
The median effective concentrations of the degradation products were generally the same as those of the
insecticides (within a factor of 10). We found that the insecticides and their degradation products we studied in this
project had lower maximum aquatic concentrations than the median effective concentrations for aquatic arthropods.
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arthropods.
This study has been partially funded by the “Fiscal
2008 Sumitomo Foundation Grant for Environmental
Research Projects”.
Research project name: Risk Management of Organic
Chemicals RP
Researchers: Organochemicals Division, A. Yokoyama,
T. Iwafune, T. Horio

8. Eradication of invasive alien insects is easier
during the early stages of an invasion period
when the population density is low
— Analysis using a new model that assumes
searching behavior for mates —
Abstract
In our development of strategies for the eradication
of invasive alien insects, an investigation using a
simulation model incorporating searching behavior for
mates found that eradication would be easier in the
early stages of their invasion when the population
density is low. This outcome differed from past
theoretical predictions which did not assume this
behavior. We also found that the choice of an effective
control method would depend on the target insect’s
mating capacity and longevity.

Background and Purpose
Insects are small and highly mobility and have a
high fecundity; they can invade various parts of the
world where they often become pests threatening
ecosystems, agricultural production, and human health.
Insect pests which cause serious damages in areas they
invade are called “invasive alien insects”. Once they
have multiplied and are established in their new
habitats, eradiation efforts will require enormous
manpower and expense — often to no avail. In order to
find the most effective eradiation method during the
early stages of invasion when their population density is
low, we carried out a study using a simulation model
which incorporates searching behavior for mates.

Description
Insect pests which have just invaded an area and
when their population density is still low have difficulty
to find their mates and thus have a generally lowered
reproductive rate compared to high density situations.
Based on this, we developed a simulation model which
incorporated a formularized males’ searching behavior
for females to examine the effectiveness of various
eradiation methods. We specifically focused on eradiation

Fig. 1 Initial population size and the population growth
rate
If the initial population is smaller than a certain value at
the start of an eradiation effort, the population will
disappear due the absence of mating partners. The
current model shows that a population size at a growth
rate of 1 (= an eradicable population; red dot on the
graph) is larger than that predicted by a model which
does not assume searching behavior for mates (black
dot on the graph), suggesting that the population can
be easily eradicated.

methods which inhibit mating, including the male
annihilation using attractants such as female sexpheromones, the release of a large population of male
insects sterilized by radiation or chemicals, and the
mating
disruption
by
synthetic-sex-pheromones.
Compared to the predictions made by conventional
simulation models for pest management, which did not
assume searching behavior for mates, the model
indicated that each of these methods could more easily
eradicate the pest population if the population density is
low (Fig. 1).
Furthermore, studying of the characteristics of these
eradication methods with respect to two assumed insect
types, i.e. beetle-type (long-lived, with multiple matings
during life) and moth-type (short-lived, with females
mating and laying eggs only once in their lifetimes),
indicated that the male annihilation was more effective
against moth-type insects than against beetle-types (Fig.
2), while the sterilized males release was more effective
against the beetle-type insects than moth-types if a large
sterilized males could be released into the wild (Fig. 3).
While a strategic model for the practical eradiation
would require the estimation of life history parameters,
such as mating frequency and life expectancy, and
parameters that are tailored to a particular insect pest,
our model that incorporated searching behavior for
mates is likely to prove itself to be a powerful tool for
predicting more realistic outcomes in these actual
17
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Fig. 2 Effectiveness of male elimination method
The male annihilation, which attracts and kills male
insects using attractants, such as female sexpheromone, was more effective against moth-type
insects than against beetle-type insects, making it
easier to eradicate moth-type pests. For example, a set
of 4,000 traps (red line on the graph) can eradicate a
population of more than 20,000 moth-type insects. On
the other hand, this number of traps can only eradicate
12,000 beetle-type insects (blue line). As beetle-type
insects that escape capture will live longer and mate
many times, this method is not likely to be effective.

Fig. 3 Effectiveness of sterilized males release method
The eradication method by which a large population of
adult male insects sterilized by radiation or chemicals is
released into the wild was indicated to be more
effective on beetle-type insects than on moth-types as
the size of the released population increased. This is
because the sterilized adults of the beetle-type insects
will live longer and prevent females from mating with
normal males in the wild, thus extending the effect of
the sterilization.

eradiation programs.
Research project name: Ecological Impact Assessment
of Invasive Alien Species RP
Researchers: Biodiversity Division, T. Yamanaka
Published articles:
1) Yamanaka and Liebhold, Population Ecology, 51: 337
-340 (2009)
2) Yamanaka and Liebhold, Population Ecology, 51: 427
-444 (2009)

Background and Purpose

9. A fully automated multi-band spectrum camera
for continuous tracking of field-grown crops
Abstract
We developed a device to collect images of crop
vegetation regardless of weather conditions throughout
the cropping season. Unlike conventional color
photography, the images are converted into spectral
band reflectance factor values that can be used to
estimate the agronomic variables such as biomass or
nutritional status. The device has potential as a
convenient, cost-effective ground survey tool and
adjunct to space- and airborne remote sensing.

18

Satellite remote sensing has been used to produce
reliable maps of crop species over vast areas and to
obtain data on yield or harvest quality, the natural
environment, and social and economic parameters for
agricultural research. However, remote sensing techniques
are calibrated by supplementary information from
ground-based surveys, which often measure the
radiometric properties of targeted cropland at the same
time as satellite passes using portable instruments. Such
field surveys are generally labor intensive and data
acquisition has been restricted by this bottleneck. An
inexpensive and robust automatic observation system
that is able to collect crop information efficiently,
irrespective of weather and illumination conditions, is
therefore needed.

Description
1. The device is completely waterproof and installed at
a sample site up to 12 m above the crop field (Fig.
1). The device observes and stores images of an area
(e.g., a number of experimental plots), regardless of
weather conditions, for extended periods of time.
The image is 1280×1024 pixels in size, with a shortside field-of-view of 48°.
2. The device automatically converts image brightness,

Fig. 1 All-weather spectrum imaging device
The camera head captures spectral reflectance factor
images in two or three wavelength bands.

Fig. 2 Estimated spectral band reflectance factor from
maturing rice versus solar irradiance
Estimated reflectance factor values in both bands were
stable even with the wide fluctuation in solar irradiance
measured by the skylight sensor.

Fig. 3 Seasonal variations in near-infrared reflectance factor measured for paddy rice plots using the device
The different foliage development rates due to the contrasting dates of transplanting influence the rates of increase
in reflectance factor in the earlier growth period.

which varies according to the spectral irradiance,
into spectral reflectance factor, which is a more
reliable radiometric variable. Spectral reflectance
factor has been widely used to estimate vegetation
status and crop growth. The device monitors the
spectral irradiance at the time of image observation
in identical wavelength bands as those employed in
the camera. Spectral reflectance factor is calculated
from a formula using the observed digital numbers
of the image and spectral irradiance (Fig. 2).
3. The device allows easy replacement of optical filters
to meet user-specific objectives. The user is able to
recalibrate the device in response to, for example,
filter replacement or variations in optical properties
that may arise over time; program observations to a
set time schedule; select methods for band-to-band

image calculation; and make corrections for variation
in image brightness due to optical characteristics. As
shown in Fig. 3, comparative observations of
experimental plots improve the reliability and
accuracy of seasonally continuous measurements.
4. The device was tested by taking measurements of a
rice paddy in the near-infrared band. This
wavelength is sensitive to green biomass and leaf
area, and we developed a regression equation for
estimating leaf area index from daily-averaged
reflectance factors, and the angles between the view
direction of the camera and the planting row and
meridian directions. This equation successfully
estimated the leaf area index of rice plants up to the
heading stage (Fig. 4). We expect the device to
provide an accurate, cost- and labor-effective
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technique to survey other agronomic variables.
This study was carried out as part of the
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of Components of Crop Yields and Foliage Structure
using Special Observation Technologies”, a research
project funded by a Group (c) Scientific Grant from the
Ministry of Education, Culture, Sports, Science and
Technology of Japan.
Research project name: Spatial Information in
Agriculture
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National College of Technology), A. Kimura
(Kimura OyoKogei, Inc.), K. Morita (Toyama
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Research Center), T. Yamaguchi (Toyama Prefectural
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W. Takahashi (Toyama Prefecture)
Published articles:
1) Shibayama et al., Plant Prod. Sci., 12(3): 293-306
(2009)
2) Takada et al., Journal of the Japanese Agricultural
Systems Society, 25(1): 27-34 (2009)
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Fig. 4 Estimation of leaf area index of paddy rice using
the device
The leaf area index during the period from transplanting
to heading of rice plants was estimated by a multiple
regression
equation
using
the
daily-averaged
reflectance factor (in the near-infrared band) and the
angles between the camera’s view and the planting row
and meridian directions as the explanatory variables.

