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Implementation and Expectation on Science and Technology Research
Partnership for Sustainable Development Program, SATREPS

Shuichi Asanuma

Senior Advisor, Japan International Cooperation Agency (JICA)

Abstract. Science and Technology Research Partnership for Sustainable Development Program, SATREPS, has
been implemented for 9 years since its inception in 2008. One hundred and fifteen (115) projects were selected
so far, including 14 preconditioned ones for the year 2016, in the 4 research fields which are environment/energy
(climate change, global-scale environmental issues and low carbon society/energy), bio-resources, disaster
prevention and mitigation and infectious disease control. Forty-nine (49) projects were completed by December
2016 and 52 are currently under operation. Fourteen (14) preconditioned projects are now under preparation for
the conclusive selection before March 2017 through detailed planning surveys of the proposed projects and the
diplomatic formalization. These totally 115 projects cover 46 countries of Japan’s counterparts of her official
development assistance, ODA.

SATREPS is an international research collaboration program co-supported by Japan Science and Technology
Agency (JST) and Japan International Cooperation Agency (JICA), the aim of which is to find solutions for coping
with the various global-scale problems facing by developing countries and to apply the solutions towards solving
such problems as a social implementation. JST mainly supports research in Japan and capacity building of Japanese
young researchers and, on the contrary, JICA does research collaboration in counterpart countries and building their
human capacity and if necessary providing research equipment. The project will be conducted under the rule of
JICA’s international cooperation and, therefore, it needs a request from developing countries to Japan through the
diplomatic channel for application. During the course of the implementation of generally for 5 years, it is monitored
every 6 months by JICA and yearly by JST. The achievement of the project will be reviewed in the mid-term of the
implementation period and evaluated at the end of the project by JICA and JST independently but jointly for field
observation and fact-finding regarding the achievement of the project.

In this paper, SATREPS will be overviewed since its inception to the present and the expectation on SATREPS
will be discussed on the viewpoint of solving global-scale problems prevailed particularly in the developing countries.
Key words: Global issues, Science and Technology Collaboration, SATREPS, Social application, Human capacity
building
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Abstract. After the World War Two, several different types of higher educational institutions in Japan have been amalgamated
into one university system. The end of occupation by the Allied Force of 1952 let many criticism appeared against the new
university system. By using the 2016 fiscal budget, the government has succeeded to divide the 86 national universities into
three types: local universities 55, national level universities 15 and global universities 16. However, I believe the study of
agriculture is carried out in foreign countries as well as in Japan, therefore such a classification does not fit to the science
of agriculture. Nagoya University is proud of free and open-minded academic atmosphere that has brought up leading
researchers, including several Nobel laureates. In humanities, Nagoya University have targeted its research and educational
efforts on the Asian region, and focused on research and personnel exchanges in order to become a leading hub university
in Asia. Graduate School of International Development was established in 1991. Center for Asian Legal Exchange (CALE),
International Cooperation Center for Agricultural Education and Asian Satellite Campuses Institute have been active in Asia.
More-over, Nagoya University is supporting to retrain academic staffs and to reform science and technology education in the

universities of Asia.
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Abstract. Cold stress is a major abiotic factor limiting rice production by reducing spikelet fertility. Under field conditions,
cold stress varies with years and seasons in terms of its intensity, duration, and timing of occurrence. To reduce the risk of
cold damage because of its unpredictable nature, crop adaptation strategies, such as management practices, that complement
breeding are required. Flowering time (heading time) is a key trait that can be used to adapt rice to changing climatic condi-
tions. Therefore, we screened a rice mutant line (T6-16) that has very shallow root system and exhibits delayed heading
time under moderate drought stress conditions. This mutant line was used in breeding and development of a new cultivation
technology for cold stress escape by introgression of its genetic segments into the background of a recurrent parent of New
Rice for Africa (NERICA), WABS56-104. The mutant-type F, plants grown under moderate drought stress conditions showed
delayed heading by an average of 11 days. Three F, plants that showed delay of heading by 11—17 days and maintained
over 95% grain weight under the stress conditions were identified. These F, plants could be useful in breeding for cold
stress escape. These results suggest that the utilization of rice plants introgressed with the mutation gene and proper water
management practices for rice cultivation based on the predicted length of cold periods could escape the cold stress through
delaying heading time.

Key words: Kenya, Rice, New cultivation technology, Cold stress escape, Flowering time manipulation
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Introduction pollen microspore stage that occurs approximately 10-12

days before flowering time (heading time), is the most

Cold stress is a major abiotic factor affecting rice  sensitive to cold injury®. Low temperature at the booting

cultivation in high latitude and altitude areas®. In rice  stage reduces spikelet fertility and, in turn, reduces grain
growth stages, the booting stage, especially the early  yields?.

In cold-prone highlands of East Africa, such as Mwea

Corresponding author: Yoshiaki Inukai, E-mail: inukaiy@agr.nagoya- in Kenya (Fig. 1), cold stress exhibits yearly and seasonal
u.ac.jp variations in terms of its intensity, duration and timing of
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Fig. 1. Daily average air temperature in June to August in Mwea, Kenya between 2012 and 2015. Dot-
ted arrow indicates minimum threshold temperature for normal rice growth and development.

occurrence®. In these locations, temperatures can reach
below 18°C (i.e., during severe stressful years or seasons)
thereby increasing the risk of yield loss due to cold dam-
age, resulting in yield losses of up to 100%. Due to the
unpredictable nature of cold stress under field conditions,
breeding efforts for cold tolerance based on genetic im-
provement alone will not be enough to reduce the risk of
cold damage. Improved crop adaptation strategies, such
as new management practices, that would complement
breeding for stress tolerant varieties are needed. Thus,
exploration of key traits and management practices for
adapting rice to variable low temperature environments
will play a major role in sustaining rice yields.

Heading time is mainly influenced by environmental
factors such as day length (photoperiod) and temperature,
but is also affected by abiotic stresses such as cold, drought
and nutrient deficiency which can cause delay in heading
time of rice®®. The shifting of heading time is a key
strategy that can be used to better adapt rice to changing
climatic conditions, and is a major goal for plant breed-
ers?. Delaying heading time in rice (i.e., lengthening the
vegetative growth during the cold period and switching to
floral transition when temperatures are optimum) is a po-
tential option to adapt rice to cold-prone regions. Shifting
of the reproductive phase in rice may maintain the yield
potential in cold-prone environments through preserving
spikelet fertility and grain filling.

In this study, we newly screened a rice mutant line, T6-16,
that has a shallow root system and exhibits delayed head-
ing time when subjected to moderate drought stress. We
explore the possibility of using mutant traits for breeding
rice lines that can escape cold periods by delaying heading
time while sustaining yield or with minimal yield loss.

Materials and Methods

Plant materials

The plant materials (rice genotypes) used included a
newly screened rice mutant line, T6-16, WAB56-104, and
an F, population (115 individuals) derived from a cross
between the T6-16 mutant and WABS56-104. The mutant
parental variety is Taichung 65 (TC65), a Taiwanese
lowland rice variety. WAB56-104 is an upland improved
variety and parent of NERICA 1 to NERICA 1119,

Seed germination and transplanting

Pre-germinated seeds were sown in seedling trays in
mid-October, 2015. Each pre-germinated seed was sown
in a cell measuring 5 cm x 5 cm X 5 cm and N fertilizer
(ammonium sulfate) was applied 7 days after emergence
as a nutrient solution (5 g/20 L) to enhance rapid tiller pro-
duction. At day 40, the seedlings were transplanted in the
field (on November 27, 2015) in single rows, 10 plants per
row at a spacing of 30 cm % 15 cm between rows or plants.
Each hill had 6 tillers by the transplanting time and was
split into two parts, one with the main tiller (main-stem
plant) was transplanted in an alternate wetting and drying
(AWD) paddy field and the other (split-tiller plant) in a
continuously waterlogged (CWL) paddy field.

Field evaluation

The F, population and the parent genotypes were evalu-
ated in a paddy field at Kenya Agricultural and Livestock
Research Organization-Mwea Centre, Kenya (KALRO-
Mwea research farm (0°40'35"S, 37°18'06"E, and 1168 m
a.s.]) from October 2015 to March 2016. The plant materi-
als were evaluated under two water management practices:
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AWD and CWL. The AWD field was kept flooded during
the first two weeks after transplanting and then re-irrigated
by surface irrigation up to 5 cm ponded water depth when
the soil water potential reached —30 kPa at 20 cm soil
depth. The threshold of —30 kPa was considered a moder-
ate water stress condition'?. Soil water potential in AWD
field was measured every day at two points in the paddy
field using tensiometers installed at 20-cm soil depth.
Fertilizer was applied as basal fertilizer at a rate of 25 kg
N/ha, 25 kg P,0s/ha, and 25 kg K,O/ha at transplanting
time. Top-dressing fertilizer was applied in two splits at a
rate of 25 kg N/ha (ammonium sulfate) at 21 and 45 days
after transplanting (DAT) (Total N rate = 75 kg N/ha). The
fields were regularly weeded, and other crop management
practices were carried out following recommended farmer
practices'?.

Measurements

Heading time was determined as the date of 50% head-
ing, during which the number of panicles per plant was
counted. The panicles were hand-threshed and the filled
spikelets were separated from the unfilled ones by floata-
tion in water. These were then dried in the sun for a few
hours and weighed separately. The moisture content of the
filled spikelets was measured using a grain moisture tester
(Riceter f, Kett Electric Laboratory, Tokyo). Grain weight
per plant, adjusted to 14% moisture content, was calcu-
lated using the weights of filled spikelets in each hill and
the measured moisture values. The total number of filled
and unfilled spikelets was counted. The percent spikelet
fertility was calculated by multiplying the number of
fertile spikelets by 100 then dividing by the total number
of spikelets. The number of spikelets per panicle was also
calculated.

Statistical analysis

To assess the differences in agronomic traits between
genotypes, analysis of variance (ANOVA) was performed
using GLM procedure in SAS program (SAS version
9.1, SAS Institute Inc., Cary, NC, USA, 2002). The data
for mean spikelet fertility was arcsine-transformed and
the means were reported after back-transformation. The
means were separated using the least significant difference
(LSD) test at P < 0.05.

Results

Root distribution of T6-16 mutant line and parental
variety TC65

The differences in root distribution between T6-16 mu-
tant line and the parental variety (TC65) were evaluated in
a roothox experiment using a pinboard'®. The mutant ex-

hibited horizontal root distribution, while TC65 exhibited
vertical root distribution (Fig. 2a). The mutant distributed
62% of its roots in the 0-60° root growth angle region
whereas TC65 distributed only 36% of its roots in the same
root growth angle region (Fig. 2b). These results reveal
a clear variation in root distribution patterns between the
mutant and the wild type.

Soil water potential and rainfall in the experiment site

The AWD paddy field experienced 4 wetting and drying
cycles during the growing season (Fig. 3b). Even though
the AWD practice was started at 14 DAT, the first cycle
was reached at 58 DAT owing to the high rainfall in De-
cember and January (Fig. 3a) that resulted in the ponding
of water depth, high soil water moisture, and a rise in the
ground water table.

Agronomic and yield traits

Heading time: WABS56-104 and the T6-16 mutant
significantly differed in heading time, with the heading
occurring at 58 DAT and 90 DAT, respectively, under the
AWD practice (Fig. 3b; Table 1). Under the CWL practice,
the heading time of WABS56-104 and the mutant was 58
and 75 DAT, respectively (Table 1). The heading time of
the wild-type F, plants ranged from 45 to 87 DAT, with a
mean of 66 DAT under the AWD practice (Table 1; Fig.
4a), compared to 45 to 85 DAT, with a mean of 62 DAT
under the CWL practice (Table 1; Fig. 4a). The heading
time of the mutant-type F, plants ranged from 51 to 102
DAT, with a mean of 79 DAT under the AWD practice
(Table 1; Fig. 4b) compared to 46 to 92 DAT and a mean
of 68 DAT under the CWL practice (Table 1; Fig. 4b). For
WABS56-104, the heading time was not affected by the
AWD practice, whereas the heading time of T6-16 mutant
was delayed by 15 days under the same practice (Table
1). For the F, plants, wild-type plants delayed heading by
an average of 4 days (09 days), whereas the mutant-type
plants delayed by 11 days (4-18 days) (Table 1). Over
86% of wild-type F, plants reached heading time earlier
than 80 DAT (Fig. 4a and b) under both water manage-
ment practices, which was similar to mutant-type F, plants
under the CWL practice (Fig. 4b). When mutant-type F,
plants were grown under AWD practice, over 65% of the
plants reached heading time after 80 DAT (Fig. 4a).

Spikelet fertility: Spikelet fertility of WAB56-104 and
T6-16 mutant was 87.1% and 44.5%, respectively, under
the AWD practice (Table 1). Under the CWL practice,
spikelet fertility of WAB56-104 and T6-16 mutant was
90.4% and 75.6%, respectively (Table 1). Spikelet fertility
of wild-type F, plants ranged from 0.9 to 82.2%, with a
mean of 38.6% under the AWD practice (Table 1; Fig. 4¢),
compared to 0.3 to 82.3%, with a mean of 40.6% under
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(a) Parental variety (TC65) T6-16 mutant JIS™

(b) Parental variety (TC65) T6-16 mutant

9

Fig. 2. Differences in root distribution between wild- and mutant-type plants and proportion of
root distribution by root growth angle at 35 days after sowing. Root growth angle regions
are 0-30° (blue shaded), 30-60° (red shaded) and 60-90° (green shaded).
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Table 1. Performance of agronomic characteristics in F, population and their parental varieties grown under AWD and CWL

conditions
Parents F, population
WAB56-104 T6-16 mutant wild-type mutant-type
Trait CWL AWD CWL AWD CWL AWD CWL AWD
Heading time (DAT) 580 580 (0d)ns 75.0 90.0 (15d)***  62.0 66.0 (4d)ns 68.0 790 (11d)*
Spikelet fertility (%) 904  87.1(96.4%) ** 75.6  44.5(58.9%) ***  40.6 38.6 (95.1%) ns 404 36.0 (89.1%) ns
Panicle number 131 11.5 (87.8%) ns 19.8  11.5(58.1%) *** 173  20.2(116.8%) ns 15.0  16.0(106.7%) ns
Spikelet number per panicle 154.2 108.3 (70.2%) *** 781  36.9 (47.2%) ***  99.1  96.7 (97.6%) ns 81.7 73.9 (90.5%) ns
Grain weight (g/plant) 46.6  29.2 (62.7%) ** 31.0 5.1 (16.5%) *** 164  16.5(100.6%) ns 144 134 (93.1%) ns

*P <0.05, **P < 0.01, *** P < 0.001. ns, not significant.

Values in parenthesis indicate heading delay in days (d) or percent proportion (%) of the trait in AWD relative to that under CWL.

AWD, Alternate wetting and drying; CWL, Continously waterlogged.

the CWL practice (Table 1; Fig. 4c). Spikelet fertility of
mutant-type F, plants ranged from 2.1 to 81.1% (a mean of
36%) under the AWD practice (Table 1; Fig. 4d) compared
to 1.3 to 90.6% (a mean of 40.4%) under CWL practice
(Table 1; Fig. 4d). WABS56-104 maintained 96.3% of its
spikelet fertility under AWD practice, whereas that of the
T6-16 mutant was greatly reduced (i.e., by 41.2%) (Table
1). For F, plants, the wild-type plants maintained 95.1%
of their spikelet fertility whereas the mutant-type plants
maintained 89.1% of their spikelet fertility (Table 1).
However, the mean spikelet fertility in the F, population
was low (< 50%) under both water management practices,
suggesting that there were other causes of F, sterility, such
as male sterility.

Panicle number: WAB56-104 and the T6-16 mutant
produced almost the same number of panicles under the
AWD practice (Table 1). Under the CWL practice, panicle
numbers of WAB56-104 and T6-16 mutant were 13.1 and
19.8, respectively (Table 1). Panicle numbers of wild-type
F, plants ranged from 7 to 35 (a mean of 20.2) under the
AWD practice (Table 1; Fig. 4e), compared to 4 to 30 (a
mean of 17.3) under the CWL practice (Table 1; Fig. 4f).
Panicle numbers of mutant-type F, plants ranged from 7 to
30, with a mean of 16, under the AWD practice (Table 1;
Fig. 4e), compared to 8 to 23, with a mean of 15, under the
CWL practice (Table 1; Fig. 4f). WAB56-104 maintained
87.8% of its panicle numbers under the AWD practice,
whereas in the mutant the number of panicles greatly
reduced (i.e., by 41.9%) under the same practice (Table
1). For the F, plants, the panicle numbers of both wild-
type and mutant-type plants were not affected by moderate
water stress.

Spikelet numbers per panicle: Spikelet numbers per
panicle of WAB56-104 and T6-16 mutant were 108.3 and
36.9, respectively, under the AWD practice. Under the
CWL practice, spikelet numbers per panicle of WABS56-

104 and T6-16 mutant were 154.2 and 78.1, respectively
(Table 1). Spikelet numbers per panicle of wild-type F,
plants ranged from 25.2 to 178.4, with a mean of 96.7,
under the AWD practice (Table 1; Fig. 4g) compared to
30.7 to 183.1, with a mean of 99.1, under the CWL prac-
tice (Table 1; Fig. 4g). Spikelet numbers per panicle of
mutant-type F, plants ranged from 29.5 to 134.2, with a
mean of 73.9, under the AWD practice (Table 1; Fig. 4h)
compared to 45.2 to 133.1, with a mean of 81.7, under the
CWL practice (Table 1; Fig. 4h). Under the AWD practice,
WABS56-104 maintained 70.2% of its spikelet numbers per
panicle, whereas the T6-16 mutant had a reduced number
(i.e., 52.8%) (Table 1). For the F, plants, wild-type plants
maintained 97.6% of their spikelet numbers per panicle
whereas the mutant-type plants maintained 90.5% of their
spikelet numbers per panicle (Table 1).

Grain weights: Grain weight of WAB56-104 and T6-16
mutant was 29.2 g/plant and 5.1 g/plant, respectively,
under the AWD practice. Under the CWL practice, grain
weight of WAB56-104 and T6-16 mutant was 46.6 g/plant
and 31 g/plant, respectively (Table 1). Grain weight of
wild-type F, plants ranged from 0.7 to 35.4 g/plant, with
a mean of 16.5 g/plant, under the AWD practice (Table 1;
Fig. 4i), compared to 0.1 to 41.2 g/plant, with a mean of
16.4 g/plant, under the CWL practice (Table 1; Fig. 41).
Grain weight of mutant-type F, plants ranged from 0.4 to
43.5 g/plant, with a mean of 13.4 g/plant, under the AWD
practice (Table 1; Fig. 4j), compared to 0.1 to 50.6 g/plant,
with a mean of 14.4 g/plant, under the CWL practice
(Table 1; Fig. 4j). Under the AWD practice, WAB56-104
maintained 62.7% of its grain weight, whereas the grain
weight of T6-16 mutant was greatly reduced, by 83.5%
(Table 1). For the F, plants, wild-type plants were not af-
fected by the AWD practice whereas mutant-type plants
maintained 93.1% of their grain weights (Table 1) under
the same treatment.
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Table 2. Trait mean values in selected mutant-type F, plants

Heading time Spikelet fertility . Spikelet number Grain weight
F2 plants Water treatment (DAT) %) Panicle number per panicle (@/plant)
1 CWL 75.0 72.1 17.0 133.1 36.8
AWD 86.0 61.2 (85%) 19.0 (112%) 134.2 (101%) 35.0 (95%)
Difference 11.0 15.0 -2.0 -1.2 1.8
2 CWL 71.0 66.9 10.0 103.4 21.0
AWD 82.0 68.5 (102%) 23.0 (230%) 98.5 (95%) 43.5 (207%)
Difference 11.0 -2.4 -13.0 4.9 -22.5
3 CWL 73.0 70.0 15.0 54.1 20.8
AWD 90.0 62.9 (90%) 30.0 (200%) 61.4 (113%) 39.9 (192%)
Difference 17.0 10.0 -15.0 -7.3 -19.1

Negative value indicate not affected by moderate water stress.

Values in parenthesis indicate percent proportion of the trait in AWD relative to that under CWL.

Agronomic performance of selected F, plants

Three F, plants that showed good agronomic perfor-
mance, in terms of delayed heading time and maintenance
of spikelet fertility, panicle numbers, spikelet number per
panicle, and grain weights, under water stress were identi-
fied (Table 2). Heading time delayed by 11-17 days. The
F, lines maintained 85% or more of their spikelet fertility.
Their panicle numbers were not affected by moderate wa-
ter stress. Similarly, the spikelet number per panicle was
almost maintained under moderate water stress (relative
to continuously waterlogged conditions). The three F,
lines also maintained 95% or higher grain weight under
moderate water stress. However, two of the three F, plants
produced 2-fold higher grain weight, which was attributed
to the production of high number of panicles under moder-
ate water stress (Table 2).

Discussion

Flowering in rice is delayed under environmental
stresses, such as under drought stress imposed at different
developmental stages & 1421, In this study, we demonstrat-
ed the effectiveness of a mutation gene in causing delay
in heading time of rice under moderate water stress. Past
studies have reported the genes and pathways involved in
the control of flowering in rice based on the photoperiodic
response®?2%, Under floral inductive period, exposure to
drought delays flowering through reduction in transcrip-
tion of primary integrators of day length signals which
include EARLY HEADING DATE 1 (Ehdl), HEADING
DATE 1 (Hd1), Hd3a and RICE FLOWERING LOCUS T 1
(RFT1)30),

The parental cultivar of the mutant line (T6-16), Taic-
hung 65, contains non-functional alleles of both Hd1 and
Ehd1, and flowers relatively late regardless of the natural
photoperiod?®. In this study, the variation of delayed

heading time among the mutant-type F, plants was very
wide under the AWD practice (4-18 days), indicating that
a set of genes regulating heading time was very different
between the T6-16 mutant and WAB56-104. Therefore,
there is potential to identify optimal lines for the mutation
gene’s effect by selecting genotypes that have effective
genetic basis for delayed heading time. Indeed, heading
time of the three F, plants was delayed by 11-17 days, and
their spikelet fertility and grain weight were minimally or
not affected by moderate water stress. These three plants
have been selected as potential genotypes to be improved
and further tested for use as a strategy for cold stress
adaptation to reduce yield losses. Work is underway to
evaluate the selected plants’ descendants (F, lines) during
the long-rains season (in June and July) when a cold spell
is likely to be experienced.

In this study, AWD was applied from 14 DAT as recom-
mended by other researchers®). However, the first cycle
of drying was reached late in the vegetative stage of the
F, plants (at 58 DAT) due to the frequent rainfall during
the 2015/16 short-rains season in Mwea, Kenya. Water
stress imposed at this stage resulted in heading delay by
a mean of 11 days in mutant-type F, plants. We speculate
that cumulative moderate water stress from early stages
of plant growth may result to a more prolonged delay in
heading of rice with minimal yield losses. As such, there is
need to evaluate the effect of cumulative water stress from
early vegetative stage to maturity. In addition, there is need
to assess the effect of moderate water stress imposed at
specific growth stages on heading delay and yield per-
formance using the advanced generations produced from
this cross of mutant-type rice. This information would be
helpful for determining the best timing of water manage-
ment practices as a cold stress adaptation strategy based on
weather forecasts.
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&3 LB B A OB

e Tam Mab Pin Cam Cab Tab Son Cab Lin Odi Pob

Nw  Nw Nw Bat Bat Bat Bat Alt Alt Alt  Alt

1. EREAL 128 15 22 28 8 9 6 9 5 6 15 5
2. B - f o g 104 12 11 26 3 8 18 3 6 7 9 1
3. 84 6 12 14 2 9 24 3 3 1 10 0
4. BRI G 54 12 5 13 1 1 6 0 4 5 3 4
5. R 53 8 4 6 9 0 6 2 1 8 6 3
6. KEEAL 47 4 19 15 3 1 0 0 1 0 1 3
7. EP 46 6 6 20 1 5 1 5 0 0 2 0
8. MR IHES & DL 44 4 8 5 2 4 10 5 1 1 4 0
9. e D H:RY 37 6 4 4 1 2 0 0 4 0 15 1
10. =t 37 1 4 12 1 3 1 0 1 0 4 0
11, A R 23 4 1 4 0 0 0 0 3 2 8 1
Total 657 88 96 147 31 42 72 27 29 30 77 18

FHO LRI OLE, Tam% v 27, Mab~v¥ g, Pin¥+EH >, CamA~<Y &, Cabh 74 % (A U4
DNy VATE TV I NZAEIZH D), Taby K>, Sonvy > 75>, Lin)F+¥H >, Odix¥ar., PobKR7TF 3~
FKEOTFEIEINW=2—7 ¥~ s VH], Bat/x% VN, Alt 7V 7 23 A W]

F—% 1 20124E7 U — PR L D (n=467), EHNEDH Y

Abn: barrier net, Acl: crab lift net,
Acp: crab pot, Adn: drag net,
A di Adi: drive—in net, Afn: filter net,
“ = Afc: fish corral, Agn: gill net,
Ahl: hook & line, Aln: lift net,
Al ® “’P(?J_\‘g All: long line, Apn: push net,
1 o s |:_|£ > sn Asn: scoop net
ENVIRO
AgN Ae Lessc ) LESSC: Less catch,
All CONFL €P ® THEFT: Theft (fish, gear),
o o i + ®  GEARO: Gear
A fe occupation/excess,
4 dn A bn @ GEARO ® ENVIRO: Environmental
1 pollution,
® THEFT L] NATDIS: Natural Disaster,
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Consciousness of Fishers for Fisheries Resources in Poor Fishing Village:
Case of Northern Panay Island, Philippines

Tsutom Miyata, Ryutaro KamiyamaV, Alice Joan G. Ferrerr?
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Abstract. We conducted a survey to examine the awareness of fishers regarding fisheries resources in and
around Batan bay in Philippines. Almost all the fishers answered that the resources have been declining
and they should implement fisheries management. However, more than half the fishers answered that they
would not implement fisheries management to the point of half resources, even though almost all the fishing
households were at the poverty level and all their income came from fishing. We clarified that it was difficult
to establish fisheries management in the area because a bottom-up fisheries management approach could not
be implemented without the approbation of almost all the fishers in the area (Free riders will break the rule
of fisheries management.). The background (The main finding of this study) was that more than half of the
fishers believed spontaneous recovery of the fisheries resources without implementing fisheries management
by themselves. Therefore, measures for maintaining household income of fishers and implementing fisheries
management in the area are required, which oyster farms are suggested as a substitute for setting marine
protect area (Marine Protect Area by Aquaculture Facility, MPAAF) to prevent excessive fishing gears and for
maintaining fishing household income.
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Abstract. Livestock production plays an important role in rural development. In Cambodia, inclusion of rural small-
holder farmers in the development of the livestock industry is key. This case study aims to describe integrated livestock
farming practices in small-scale farms and to raise awareness on the potential and constraints of the livestock industry in
rural areas of Cambodia. The study was implemented on the 5™ and 6™ March 2014 in Prey Chhor District in Kampong
Cham Province, using questionnaires with close-ended questions. At the study site, cattle were kept for sale and/or labor
and poultry were kept for sale and/or home consumption, whereas the purpose of keeping pigs was exclusively for sale. It
was also indicated that swine production requires more investment compared to cattle, in terms of livestock shelters, feeds
and vaccination. The majority of the informants recognized avian influenza from TV or radio, while they processed sick
or dead animal bodies and livestock manures following traditional practices without special care for infectious disease
control. The present results characterize the current common practice of livestock production in rural areas of Cambodia.
This case study will also serve as a pilot study to refine the methods for larger-scale survey in the future.

Keywords: Livestock, Smallholder, Zoonosis, Rural Development, Cambodia
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Introduction

Livestock production plays an important role in rural
development. Livestock reduce vulnerability and enhance
productivity in smallholder farmers?, and contribute to na-
tional economic growth?. It is also encouraged to enhance
livestock production in response to increasing demands,
because the consumption of nutritional food obtained from
animal sources increases is as per capita GDP grows®).

The Cambodian government has advocated that the de-
velopment of livestock production is one of the prioritized
goals for the overall development of the country®. Indeed,

Corresponding author: Yoshihisa Uenoyama, E-mail: uenoyama@
nagoya-u.jp

estimated production for livestock products, such as pork
and beef, has been increasing in Cambodia (Figure 1, data
from FAOSTAT, http://www.fao.org/faostat/en/, accessed
30™. Jan 2017), attracting expectation for growth of the
industry in near future. The majority of the livestock farm-
ing practice in rural areas of Cambodia is smallholding,
approximately three or four cattle per household, as shown
in the recent studies conducted in Kampong Cham, Takeo
and Kandal Province® ®. Therefore, the inclusion of rural
smallholder farmers in the development of the livestock
industry is expected. However, previous studies on small-
holder livestock farming mainly focused on cattle produc-
tion, and descriptions of other livestock production such
as swine and poultries are rather sparse. It is important to
describe integrated livestock farming practices, because in
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Figure 1. Livestock production in Cambodia from FAO-
STAT. Production of pork (solid black line), beef
(solid grey line), cows milk (dashed dotted line),
chicken (dotted line) and hen eggs (dashed line)
from 1960 to 2013 are shown. Pork and beef show
a rapid increase since 1980.

general, the smallholder farmers keep multiple livestock
species and, therefore, income may be generated not only
from one species of livestock in smallholder farms.

It is also important to consider that outbreaks of zoono-
sis can threaten human health and the development of the
livestock industry. Transmittable diseases between human
and livestock have been globally emerging during the last
two decades”. Significant numbers of infectious diseases
such as haemorrhagic septicaemia and foot-and-mouth
disease have been reported in Cambodia between 2008
and 20119, More involvement in veterinary and livestock
discipline into zoonosis control as well as capacity de-
velopment in these fields, are necessary in the country?,
especially at the producer-level.

This case study aims to report the current situation of
livestock farming in small-scale farms in rural areas of
Cambodia and discuss on the potential capacity for the
development of the livestock industry. To address these
issues, we surveyed livestock farmers in a representative
rural province in Cambodia to examine the style of live-
stock farming and the purpose of keeping each livestock
species. In addition, to induce awareness on potential
and constraints of livestock industry in this area, we also
examined the difference of the investments between the
cattle and pigs, and the knowledge of farmers about the
zoonosis and disease control among livestock.

Materials and Methods

Study Site

This study was conducted in Prey Chhor District
(12°3’27” N, 105°15’19” E), Kampong Cham Province,
Cambodia (Figure 2). A national report from the Cambo-
dian government indicates that Kampong Cham Province
holds the fourth largest number of farmers in the country
that own livestock'®. Prey Chhor District was the site of
interest because it holds large number of cattle and pigs
according to the information provided by local authori-
ties. Indeed, the latest record obtained from the General
Directorate of Animal Health and Production indicates
that the largest number of cattle among all ten districts in
Kampong Cham Province (51,019 cattle) are kept in Prey
Chhor District, which covers approximately 25% of all
cattle kept in Kampong Cham Province (206,632 cattle) in
2016. The climate in the study site belongs to the tropical
zone, which typically shows two seasons; a dry season
from November to April and a rainy season from May to
October. The average monthly temperature of Cambodia
from 1990 to 2012 was between 25.6°C minimum and
29.2°C maximum and rainfall between 15.4 mm minimum
and 307.8 mm maximum, according to the World Bank
Climate Change Portal (http://sdwebx.worldbank.org/
climateportal/index.cfm, accessed 30, Jan. 2017).

Survey Methods

The study was implemented on the 5" and 61 March
2014. Interviews and observations were performed at the
informants’ houses located in the following four villages:
Samraong, Prey Romdeng, Banteay Thmey and Prasart.
All informants were adult-members of each household
who were knowledgeable about the agricultural activity
and communicated in local language with interviewers.

The survey was implemented using questionnaires with
close-ended questions. Additional information was given
from informants as open-ended responses. Species of live-
stock that are raised in the household, number of animals
in each species in the household and purpose of raising
each species were asked to twenty-three households who
keep any livestock. After collecting basic information, a
more detailed household-level survey was conducted aim-
ing to obtain information on livestock raising practices,
such as type of feeds, type of livestock shelters, disease
control and main resource of income in the households.
The household-level survey was implemented in ten
households that were targeted in the animal-level survey.

Although buffalo and fish farming were observed during
the survey (one household for each out of 20 households),
these are excluded from the data in the present study be-
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///_/w M Table 1. Style of livestock farming
Cambodia Species of livestock No. of households
% < Cattle, pigs and poultry 4
..~ Kampong Cham Province Cattle and pigs 1
Cattle and poultry 11
. Only cattle 4
L Only poult 3
i Prey Chhor District nly poultry
[/\)
- w“‘ﬁf\“ \///W,J Total 23
BRI -
Figure 2. Map of the study site. Pale grey-shaded area and grey-
shaded area show the location of Kampong Cham Province
and Prey Chhor District, respectively. The map was down-
loaded from http://www.freemap.jp (accessed 30™. Jan.
2017) and modified.
Table 2. Purpose of keeping each livestock species
For sale and
For home For sale
For sale - For labor home Other Total
consumption consumption and labor
Cattle (74) 11 0 4 0 4 1 20
Poultry (175) 5 6 0 7 0 0 18
Pig (55) 5 0 0 0 0 0 5

Data shows numbers of households.

cause of the small sample size. When chicken and ducks
are observed, they are referred to as “poultry” in the pres-
ent study. No other poultry were observed in the studied
households.

Results

Mainstream Practice of Livestock Farming

The majority of the households kept cattle in combina-
tion with pigs and/or poultry as shown in Table 1. The most
popular practice was keeping cattle and poultries (eleven
households), followed by keeping cattle, pigs and poultry,
and keeping only cattle (four households, respectively).
Three households kept only poultry and one household
kept cattle and pigs. Medians of the numbers of cattle, pigs
and poultry that are kept in one household were 4 (rang-
ing 1 to 8), 12 (ranging 1 to 26) and 4 (ranging 1 to 50),
respectively.

Table 2 shows the number of households who indicated
purposes of keeping each livestock species. Cattle were

The numbers in brackets indicate the total numbers of the animals observed in the survey.

kept for sale (n=11), for labor (n=4) or both for sale and
labor (n=4). The purpose of keeping pigs was exclusively
for sale (n=5). Most households kept poultry both for sale
and consumption at home (n=7), while the rest kept them
only for sale (n=5) or only for consumption at home (n=6).
One household kept cattle for other reasons, which was to
“follow the custom”, according to an informant. Note that
the eight other households also raised “custom” or “family
tradition” as a reason in addition to the purposes (data not
shown in the table).

Swine-production as Source of Income and Necessary
Investment

Figure 3 shows the major source of income in house-
holds. Three households out of four who kept pigs an-
swered they earn more than 50% of income from livestock,
whereas five out of six households without pigs (therefore
with only cattle and poultry) indicated crops or other (e.g.
working as constructer) as their source of major income.

Table 3 shows differences in investments on livestock
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Figure 3. Difference of major income sources between pig
producers and non-pig producers. Closed bar, shaded
bar and open bar indicate the percentage of house-
holds whose major source of income was livestock,
crop, and non-agricultural activity. The number in
each bar shows the number of households.

shelter and feeds between cattle and pigs. Four households
kept their cattle in livestock shelter separated from houses
for humans, while another four kept their cattle underneath

the first floor of stilt houses for their families. One house-
hold used a stanchion with no shelter to keep its cattle. On
the other hand, all pig-raising households kept their pigs
in livestock shelters. All interviewed households fed their
cattle with locally available foods, such as straw, whereas
three out of four pig-farmers fed their pigs with industrial
feeds. In addition, several informants mentioned that the
vaccination is free for cattle, supported by the General
Directorate of Animal Health and Production (previously
known as Department of Animal Health and Production
when the interview was implemented), Ministry of Agri-
culture, Forestry and Fishery of Cambodia, but it is charged
for pigs. Note that the question and answer on vaccination
were not included in the original structured questionnaire
and, therefore, not included in the quantitative analysis.

Zoonosis and Disease Control among Livestock

Nine out of ten informants recognized the word zoono-
sis and all of them raised either HIN1 (also called “H1N1”
in local language) or bird flu (“phdassay baksay” in local
language, literally translated “flu-avian) as the name of
any disease they knew (Table 4). Note that “H1IN1” and
“phdassay baksay” are separately indicated in the table to
show the farmers’ recognition of the two different terms.
Eight out of the nine informants raised TV or radio as the

Table 3. Difference of investments on raising cattle or pigs

Livestock shelter Feed
Separate Stanchioned, Locally Industrial
shelter Under house no shelter available food food
Cattle 4 4 1 9 0
Pig 4 0 0 1 3

Data shows numbers of households.

Table 4. Recognition of zoonosis and commonly known disease name

Recognition on zoonosis No. of Recognized disea_se name No. of
households (Open-ended response, “ ” in local language) households
No 1 - -
Yes 9 HIN1 “HIN1” 6
Bird flu “phdassay baksay”
Local terms for disease names are indicated in double quotations.
Table 5. Practice of processing sick/dead animal bodies and livestock manure
Bury Burn Sell Use as fertilizer Eat Other
Sick/dead animal body 5 2 1 1 3 1
Livestock manure * 0 4 (as fuel) 1 10 - -

Data shows numbers of households.
*Note: Practices for livestock manure are of daily/regular treatment and not related to animal diseases.
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source of their knowledge on zoonosis. The number of
informants who raised training courses as the source of
their knowledge was two.

Table 5 shows the practice of treating the animal bodies
when disease is apparent and/or livestock dies. The most
common practice was to bury the bodies (n=5), followed
by eating (n=3) or burning (n=2). Practice of the utilization
of livestock manure on regular basis is also shown in Table
5, indicating that most households utilize it as fertilizer
(n=10) or fuel (n=4).

Eight out of ten informants indicated that they have
observed disease in livestock, although specific disease
names were not identifiable in the present study. All in-
formants recognized that there was public animal health
care service available in the village and nine of them had
had their cattle and/or chicken vaccinated by the service
provider.

Discussion

Among the three major livestock species in the study
site, cattle, pig and poultry, pig was suggested as the
development base of livestock industry in rural areas in
Cambodia, because the majority of swine farmers indicated
livestock as the main income-source while the farmers who
did not apply swine production relied on non-livestock
farming activity in terms of income in the present study.
Constraints, or necessary investment, of swine-production
in smallholder farms were also suggested in the present
study, as the most common practice of swine-production
applied separate livestock shelters, industrial feeds and
charged vaccinations, unlike cattle.

It is likely that each livestock species was preferred for
different purposes from others in smallholder livestock
production in Cambodia. In addition to the most promi-
nent role as livestock, as a safekeeping financial resource,
cattle also serve as labor in overall agricultural activity and
chicken serves as protein source for family members in
the present study site. Pigs, on the other hand, are kept
exclusively for selling, which suggests that keeping pigs
in smallholder farms is the closest practice towards
an industrialized form of livestock production in rural
Cambodia. Given that GDP earned from agriculture in
Cambodia was 28.2% in 2015 (World Bank, 2017) and
that production of pork is most rapidly increasing among
other livestock products such as beef, chicken, eggs or
cows milk (FAOSTAT) in the country, development of
swine-production may contribute as one of the bases of
economic growth in Cambodia.

Zoonosis control is a critical issue, especially in
resource-limited developing countries!. It was an encour-
aging finding that the smallholder farmers identified the

specific terms, HIN1 or bird-flu, as one of their concerns
of animal disease. Since the present results suggested
that TV and radio are two of the most effective methods
to disseminate agricultural information in rural villages
in Cambodia, as shown in the present study, such media
can be utilized for the further capacity development of the
farmers. Specifically, promoting the knowledge of treat-
ing infected animal bodies or manure among smallholder
farmers is urged to prevent outbreaks of zoonosis, because
it is still a common practice in the study site to utilize them
as fertilizer or fuels on a daily basis. In addition, disease
control among pigs may be the next challenge to pursue
development of livestock industry, because vaccination for
pigs are still costly for the farmers unlike cattle as shown
in the present study.

This case study was conducted as a pilot study for the
larger scale survey on livestock production in Cambodia.
To this end, the contents of the survey will be refined
in the future study. More detailed animal-level survey,
describing age, sex, breeds, and reproductive parameters
of individual animals, will be required to estimate the pro-
ductivity of each livestock species under the environment
of smallholder farms. Estimation of overall household
income by calculating inputs and outcomes regarding the
agricultural activities and/or off-farm activity will also be
recommended.

In summary, the present study characterizes livestock
production in Prey Chhor District, Kampong Cham
Province in Cambodia and raises awareness on potential
and constraints of livestock industry. In particular, swine
production could provide economic value for the farmers
although it requires more investment than other livestock
species such as cattle and poultry. Further capacity devel-
opment for the farmers via the effective extension source,
TVs or radio, are recommended for zoonosis control dur-
ing the further development of the livestock industry in
near future.
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Abstract. Sudan is the third largest country in Africa that depends mainly on agricultural activities. Among major crops,
rice is recently contributing as the fourth source of food after sorghum, millet and wheat. Rice production is very important
to fill the gap of food consumption in the country, wherein a total estimated potential area of production is more than 300,000
hectares. In addition, rice produced from the country is being exported. In the White Nile State, rice production plays the
major economic activity and a source of employment for the rural population. The national average yield of rice has increased
to 5 t/ha during the last ten years as a result of introducing newly released technologies. The research plan for rice in Sudan
(2015-2019) consisted of: rice enhancement and evaluation, crop husbandry development, dissemination and out scaling of

released varieties, cultural practices and establishment of innovation platform.
Key words: Rice, research, technology, promotion and production
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I. Outline of agriculture in general
in Sudan

1. Statistics of major crops and rice

Sudan with an area of 1.8 million square kilometers is
third largest country in Africa. The country has great-un-
tapped potentialities for agricultural development. About
one third of the total area is suitable for crop or pastoral
production, but only small fraction of this land is under
intensive use. Despite this fact, the country is heavily de-
pendent on agriculture. The agriculture sector dominates
the economy. It provides the livelihood for over 80% of
the population and also provides a big share of inputs for
the country agro-industries. Main agriculture products are
sorghum, sesame, cotton, Gum Arabic, livestock and other
products.

Sorghum (Sorghum bicolor (L) Moench) is an important
food and feed crop. Semi-arid tropical Asia and semi-arid
tropical Sub-Saharan Africa grow about 60% of the world
area, while Sudan grows about 24% of Africa area and

produces 17% of its production. Sorghum is grown an-
nually throughout the country on an area of about 5.25
million hectares, representing 45% of total cultivated land.
About 90% of the area is rainfed, while only 10% is under
irrigation, floods and basins. The main growing areas are
the central rain lands, particularly Gedarif, Sinnar and Blue
Nile States, and it is also grown in Southern Kordofan and
Southern Darfur states. The national average yield is 595
kg/ha. The total production is estimated as 3.5 million
tones?.

Sesame (Sesamum indicum L) is an important oil seed
crop, grown extensively in the tropical to subtropical semi-
arid zones in the world. Sesame is grown mainly for its
seeds which contain about 50% edible oil and 20% protein.
Sudan is one of the main sesame producing countries. It
is almost exclusively produced under rain-fed conditions,
by both the mechanized sector and the traditional farming
system in a belt characterized by summer rainfall of 300—
800 mm in about four months during June to September.
The cultivated area is about 1.1 million hectares; with av-
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erage yield of 357 kg/ha. The total production is estimated
as 405,000 tones®).

Cotton is one of the most important cash crops produced
in Sudan. Cotton is grown in Sudan under various topo-
graphical and environmental conditions, utilizing various
methods of irrigation, and using different applications
of chemical inputs. It is cultivated in clay soil in Gezira
scheme, in silt soil in Tokar of Eastern Sudan and in heavy
clay soil in Nuba mountain, Blue Nile and Gedarif areas.
Categorized by system of irrigation it is grown by gravity
and pumps in Gezira, Rahad, New Halfa, White Nile, Blue
Nile and Suki Scheme, by Flood in Tokar Delta and by rain
in Nuba Mountain, Blue Nile and Gedarif areas.

Cotton farming is a livelihood issue and a way of life for
more than 300,000 Sudanese farmers. The intensive labor
demand in cotton farming and cotton- based industries
provides employment, reduces poverty, improved lives
and encourages settlement in rural areas. Commercially
cotton had been grown in the Eastern Sudan (Tokar Delta)
since 1867 where traditional organic farming is still in
practice. Sudan produces five types of cotton; namely
the Extra-fine, Fine, High-Account, Medium and Course-
count cotton. The Sudan as one of the cotton producing
countries produces both irrigated and rain fed cotton over
large areas fluctuating between 0.5 million hectares in
1970th dropping to 192,780 hectares in 2010th. The pro-
duction fluctuated widely between 713,000 tons in 1970th
to below 100,000 tons in 2000th. The national average
yield is about 1,428 kg/ha.

Rice is one of the most important food crops in the
world and the second largest cereal crop. It is the staple
food of nearly one-half of the world’s population. Sub
Saharan African countries produce about 21.6 million tons
of rice and they introduce 32% of the global rice market
to fill the gap between their production and their demand?.
This was a result of population growth and the increasing
of consumer preference in favor of rice in urban area® ©.
Rice is one of cereal crops which is recently contributes
as four food source in Sudan after sorghum, millet and
wheat. Rice production is very important to fill the gap of
consumption and then to export for Arabic gulf countries
to catch hard currency. Sudan has a total estimated poten-
tial rice area of more than 300.000 hectares. If this area
properly utilized, it would suffice the local consumption
demand to fill the gap for non-course food grain. In the
Gezira, the crop was introduced by the technical assistance
of China in 1973 through 1980. During this period 12.000
hectares were cultivated under irrigation system attaining
3.5 to 7.6 t hal. Rice production constitutes the major
economic activity and a key source of employment for
the rural population at White Nile State in the Sudan; the
crop is cultivated as irrigated and flood ecosystem in this

State. Low yields of (0.98—1.2) t ha™* were produced due
to the using traditional varieties with low inputs that are
not adequate to enhance productivity. The average yield of
rice in the Sudan has been increased to 2—5 t ha™ during
the last ten years as a result of introducing and releasing
new varieties but it is still far less than other leading
rice-growing countries. The total cultivated area of rice in
Sudan during the last ten years is about 8000 ha. The total
production is about 25,000 ton. The annual consumption
increases during the last ten years from 40—60 thousands
metric ton, although Sudan import about 40,000 metric
ton, Annually?.

Aerobic rice is a production system where rice is grown
in well-drained, non-puddle and non-saturated soils. Water
requirements can be lowered by reducing water losses due
to seepage, percolation and evaporation. Aerobic rice is
specifically developed rice, combining drought tolerance
of upland rice and yield potential of lowland rice. There-
fore, aerobic rice is “improved upland rice” in terms of
yield potential, and “improved lowland rice” in terms of
drought tolerance. Aerobic rice varieties have the ability
to maintain rapid growth in soils with moisture content
at or below field capacity, and can produce yields of 4—6
t/ha with a moderate application of fertilizers under such
soil water conditions. Aerobic rice can save as much as
50% of irrigation water in comparison to lowland rice. An
aerobic rice varieties (Kosti 1, Kosti 2, wakra and Umgar),
new released varieties were recommended for commercial
production for aerobic rice areas in the Sudan®. In 2010,
the Government of the Sudan and government of Japan
signed the agreement for Capacity Building Project for
the Implementation of the Executive Program for the
Agricultural Revival by Japan International Cooperation
Agency (JICA) with Federal Ministry of Agriculture. The
project duration was 6 years. Through the experimental
activities of the project, a model system of human resource
development and organizational capacity development of
the ministry of Agriculture has been developed. Planning,
implementation, monitoring and evaluation for promotion
of rice production enhanced (Fig. 1).

2. Cropping system

Cropping systems vary among farms depending on
the available resources and constraints; geography and
climate of the farm; government policy; economic, social
and political pressures; and the philosophy and culture of
the farmer. A cropping system refers to growing a combi-
nation of crops in space and time.

An ideal cropping system should:
- Use natural resources efficiently
- Provide stable and high returns
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Fig. 1. Agricultural Research Corporation (ARC) action in
collaboration with JICA project in the area of rice
research.

- Do not damage the environment.

Benefit of cropping systems:
- Maintain and enhance soil fertility.
- Enhance crop growth.
- Minimize spread of disease.
- Control weeds.
- Inhibit pest and insect growth.
- Increase soil cover.
- Use resources more efficiently.
- Reduce risk for crop failure.
- Improved food and financial security.

The cropping systems followed in dry lands differ from
those followed under normal conditions, only those crops
can be grown under dry land conditions which require
less water to complete their life cycle or which can stand
or yield under drought conditions. This can include both
drought resistant and drought tolerant plants. In addition,
plant can be to sustain the growth of plants.

Commonly practiced cropping systems are:

- Monocropping (practiced in large area in the rainfed
sector)

- Crop rotation practices (practiced in the irrigated
schemes)

- Intercropping systems (irrigated and rained areas)

- Mixed cropping systems (small scale area under
rainfed conditions)

- Ratoon cropping (Sugar cane schemes)

- Agro-forestry (savanna)

Growing the same crop year after year in the same field

is called monocropping. In contrast to monocropping,
in crop rotation practice crops are grown in a planned
sequence from season to season within a year or from year
to year.

This planned crop rotation sequence could be:

- Three-year period i.e. three-year crop rotation, e.g.
Year 1: sorghum; Year 2: groundnut; Year 3: cotton;
Year 4: will be sorghum again.

- Four course rotation (cereal crop, legume, cotton,
fallow)

- Five course rotation (cotton, wheat, fallow, ground-
nut, sorghum)

Intercropping or mixed cropping:

Adverse weather conditions like delay in the onset of
rains and/or failure of rains for few days to weeks some
time or other during the crop period is very common in the
rain-fed sorghum growing areas. Such situation results in
economic losses to the farmers due to the partial or total
failure of sorghum crop. To overcome this situation, fol-
lowing sorghum based cropping systems like intercropping
or mixed cropping in rain-fed sorghum growing areas is
adopted. With particular reference to dry land agriculture,
an intercropping system needs to be designed in such a way
that in the case of unfavorable weather, at least one crop
will survive to give economic yields, thereby providing for
the necessary insurance against unpredictable weather. In
case the year happens to be normal with respect to rainfall,
the intercropping system, as a whole, should prove to be
more profitable than growing either of the crops alone.

Intercropping refers to growing more than one crop
in the same land area in rows of definite proportion and
pattern. Mixed cropping refers to simultaneously growing
more than one crop in the same land area as a mixture.
Unlike in intercropping system, in mixed cropping the
crops are grown without any definite proportion or pattern.
Mixed cropping of Sorghum-pigeon pea is most common.
Mixtures with pigeon pea, bambara, cowpea and even
with pearl millet and other cereals, vegetables, etc. during
Autumn are practiced under different situations.

Agro forestry is an integrated approach of using the
interactive benefits from combining trees and shrubs
with crops and/or livestock. It combines agricultural and
forestry technologies to create more diverse, productive,
profitable, healthy and sustainable land-use systems.

3. General constraints
- Climate change and drought
- Marketing (infrastructure)
- Finance
- Low yield of crop
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- Poor cultural practices and crop management

- Mechanization

- Pests (insects, diseases and weeds)

- Research capacities: shortage in laboratory equip-
ments, chemical and spare parts is a problem

- Seed production system

- Biotechnology

- Technology transfer

- Scarcity of funding for research

I1. Outline of rice cultivation and
marketing

1. Planting method

Rice crop is cultivated as irrigated and flood ecosystem
in rice growing areas in the Sudan (upland and lowland).
Most of cultivated area is traditional under flooded condi-
tions in the White Nile state. The method of cultivation
is direct sowing under rain fed conditions with an annual
average rain fall of 280 mm from July to end of August.
The areas cultivated by rice are then subjected to floods
from the White Nile River till the time of harvest in late
November or early December. Harvesting the crop is
practiced in the water and then transferred by small boats
to outside the field. Other methods of planting were:

- Directly by the hand (broadcasting + ridging)

- Directly by hand (on flat in holes- 25 x 25 cm, 5-10

seeds per hole)
- Planter (seed drill) in rows, 20 cm apart.

2. Management till harvesting

Under submerged conditions in the White Nile state,
the area was cultivated by rice directly in the rainy season
(July—August) and then subjected to floods from the White
Nile River till the time of harvest in late November or early
December. Harvesting the crop is practiced in the water
and then transferred by small boats to outside the field.

Under aerobic (upland) conditions in the Gezira state
and other rice growing areas, the land is well prepared by
disk harrow and leveling. The planting time was first to
mid-July. The crop was sown in rows (seed drill), 20-30
cm apart, using a seed rate of 70 kg/ha. The fertilizers were
applied at the rate of 86 and 43 kg/ha* in of the form of
urea and triple super phosphate, respectively. The triple
super phosphate was applied as a basal dose during final
land preparation and the urea was top dressed in two equal
split doses one at 21 days after sowing and the other before
panicle initiation. Hand weeding was performed three-
four times per season. The irrigation was scheduled every
5 to 7 day intervals according to weather conditions and
crop stage until plants reached maturity. After maturity, the
crop was harvested manually, then dried and threshed.

3. Critical problems faced in cultivation

Aerobic rice describes a management adaptation to
reduced irrigation water supplies but, due to reduced
intervals of flooding in this system, this requires revised
weed management approaches to reduce costs and provide
effective weed control. Low plant density and high gaps
encourage the growth of weeds, and in many cultivars,
result in less uniform ripening and poor grain quality. On
the other hand, very high plant stand should be avoided
because it tends to have less productive tillers, increases
lodging, prevents the full benefit of nitrogen application,
and increases the chances of pest damage. Also, methods
of planting, planting date, row spacing, and seeding rates
of aerobic rice have important factors affecting plant com-
petition for light, water, nutrients, and space.

4. Marketing of rice

Up to now there is no problem for rice marketing due
to existence of rice production deficit, but by the increase
of rice production it became very important to develop
marketing methods, that have a link with post harvesting-
if we targeting the global markets. It is necessary to en-
courage cooperation establishment for financing produc-
tion and marketing that could solve basic problems. Today,
there is no problem facing marketing as the local market
can accept different types and packs from the local and
imported production.

5. Constraints faced to improve rice productivity

- Drought stress (empty seeds)

- Low yield and less quality of local traditional varieties
(especially under flooded rice system in the White Nile
State)

- Poor crop establishment and management

- High cost of inputs (fertilizer, herbicides)

- Weed competition and lack use of herbicides

- Pest (birds, termites)

- Research capacities: shortage in laboratory equipments

- Biotechnology

- Scarcity of funding for research

- Poor seed production system

- Technology transfer and extension services

- Rice post harvest machines

I11. Research for rice development

1. Theme of major researches on rice conducted by ARC

- Released of four aerobic rice varieties namely: Kosti

1, Kosti 2, Umgar and Wakra to grown in rice growing
area in the Sudan.

- Variety improvement activities in the White Nile Gezi-

ra, Shambat, and Rahad locations includes: Nursery
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and field trials for genetic identification, enhancement
and evaluation of promising germplasm.
- On station experiments conducted in the Gezira, White
Nile and Rahad, Geiniena locations to determine the
optimum sowing methods, sowing date, seed rate,
plant spacing, herbicides dose, water irrigation and
interval and fertilizers doses.
Demonstration farms of rice technologies conducted
in the Gezira, White Nile, Gedarif and other sites
under irrigation conditions.
Transfer of technologies of some rice packages to the
farmers in different states.
Collaboration research program with JICA and other
organizations conducted in the Gezira, White Nile and
Gedarif States.
Maintenance and Seed production (foundation and
certificate seeds) of released and promising varieties

2. Research plan on rice of ARC
The research plan on rice (from 2014-2018) consisted
of the following projects/activities:
a. Genetic enhancement and evaluation of promising
germplasm
- Performance of some upland rice genotypes in
multi-location trials under irrigated conditions of
Sudan
- Breeding for high yield and quality in upland rice
- Evaluation and screening of introduced rice geno-
types for yield and adaptation under submergence
conditions at White Nile flooded areas
- Advanced Irrigated rice yield trial
- National yield and quality upland rice trial
- Response of Rice germplasm selected under Saline
Conditions
- Physical and chemical mutagenesis for drought and
salinity tolerance in aerobic rice
- Nursery observation of upland, lowland and irrigated
rice genotypes introduced from WARDA and IRRI
b. Development and recommendation of improved crop
husbandry practices for different eco-logical zones
- Effect of different tillage systems on the growth and
yield of upland rice
- Effect of different sowing methods on yield and
water consumption of upland rice
- Modification and evaluation of mechanical planting
of upland rice
- Effect of seed rate and/or spacing on growth and
yield of lowland Rice
- Effect of seed rate and/or spacing on growth and
yield of upland Rice
- Response of aerobic rice varieties to planting date
under irrigated conditions

- Response of upland rice to different rates of phos-
phate and nitrogen fertilizers

- Response of low land Rice to nitrogen and phospho-
rus fertilization under irrigated soil condition.

- Zn-Phosphorus Interaction Effect on upland rice
grain yield and Quality under the irrigated condi-
tions.

- Testing of different types and amount of fertilizer of
upland rice

- Determination of crop water requirement of upland
rice

- Determination of suitable Irrigation scheduling of
upland rice

- The effect of extra and deficit irrigation on yield of
upland rice

- Chemical weeds and weed control of rice

3. Research needs to be conducted

- Biotechnology as the breeding method in rice

- Rhizobium as a crop enhancer and biofertilizer for
increasing upland rice productivity

- Post-harvest technologies and processing and value-
addition

- Rice insect fauna survey and control

- Monitoring of diseases

- Socioeconomic studies on rice production in the Sudan

- Dissemination and out scaling of released varieties,
cultural practices and establishment of innovation
platform

4. Financial and/or technical support of donors to ARC
for conducting research
- Local finance
- JICA support, (training, equipments, inputs), through
the Capacity Building Project for the Implementation
of the Executive Program for the Agricultural Revival
in the Sudan

References

Ahmed MG. (2006). Annual Report. Department of Plan-
ning and information, Ministry of Agric., Animal
Resources and Irrigation, Blue Nile State, Sudan.

Ali S. (2014). Rice World Trade, Production, Consumption
and Sudan Trend. Rice Development Sector Forum,
January, 2014, Elsalam Routana Hotel, Khartoum,
Sudan.

Atera EA, Onyango JC, Azuma T, Asanuma S, Itoh K.
(2011). Field evaluation of selected NERICA rice
cultivars in Western Kenya. African J Agric Res 6(1),
60-66.

Elasha A, Ibrahim NE, Ahmed HAA, Mohamad K, Has-
san, AEH, Osama MAE, Alsiddig AE, Hayat AERH.

52 JIntl Cooper Agric Dev 2017




(2012). A proposal for sorghum (Sorghum bicolor
(L.) Moench) hybrids release for irrigated and rainfed
sectors of the Sudan. National Variety Released com-
mittee, Khartoum, Sudan.

FAO. (2007). Food and Agriculture Organization. Rice is
life. Italy: FAO International Year of Rice.

ICRISAT and FAO. (1996). Part I, sorghum, pp. 5-27.
In: The world sorghum and millet economics: facts,
trends and outlook.

Kijima Y, Sserunkuuma D, Otsuka K. (2006). How revo-
lutionary is the “NERICA revolution” Evidence from
Uganda Development Economic 44, 252-267.

Mustafa AM, Abdalla KO, Hassan AEH. (2010) Proposal
for the release of WAB891SG14, WAB981SG33,
Yunlu No.30 and Situppatenggang aerobic rice variet-
ies. Variety released committee, Khartoum, Sudan.

J Intl Cooper Agric Dev 2017 53




J Intl Cooper Agric Dev 2017; 15: 54-61 Journal of
International Cooperation for

A\ he> Agricultural Development

BR A1

BHEEE UL TORMKEZDHOERRT 1—IL R

—ER3EH - BiESEE. HRXE. EIREERSSFOERZELC T

International Career Fields as Public Servant in Agriculture, Forestry and
Fisheries Science: Based on Working Experiences as International Negotiation
and Cooperation Official, Diplomat, International Organization Staff

MR il
Fumihiro KABUTA

&R SN TUNE
National Graduate Institute for Policy Studies (GRIPS), Tokyo, Japan

RS0 2016 4F 11 H 21 0 #BikpkE C 2017451 H 30 0

BOLS 00000000000000000000000000000000000000000000000000000000000000000000scscsss s
BEFR3S - HBBWE. HxE. EREBRESDRBREZLEIC. ABEELTRENH CERETCEIERT 11—

WEDLAVEBNITBEEBIC, BRER. B TOEREERTIBRICLEBBEENE., XODUOEBICLEGRENE

BRAESE DD, XD/EICOVTERT B,

F—I— R BERERRFHES. Fv U PTHAY, JO0-NUAM, RIEFEANDROED. WHISHE

000 0000000000000000000000000000000000000000000000000000000000000000000000000000 0

Abstract. Based on author’s work experiences as international negotiation and cooperation official, diplomat, international

organization staff, first, this article introduces the wide range of international career fields as a public servant in agricultural

science. Then it would compare the abilities necessary for carrying out international related works and duties abroad with

those necessary for other duties, and finally consider how to develop such abilities.

00 0000000000000 0000000000000000000000000000000000000000000000000000000000000000 0

T 28I ERENEZ, TOMOEBILERTED
EHRAEE DD, ZOEEIZOVT, HREADT
2 TRz,

I FEOERRIC, LD RBHE L TRESE

1. BUSIC

FEXFZVDOWDLEEG IO F A 5— M Tk v,
L2L., BHKEZOBEBEE LT, EWNEBISHA

T, —EOMMIZbo THESES 2L, IR
MAREEDH R LT, HEFAOFET, £4 ) TH
AEIRFERE (s e 2B (FAQ) K OM it S ot
i (WFP) O4HY) | [EEEBEEY 7 2 7 A pEVERRAE S5
[l F50m (REFTH I 7 HME (OECD) d#HY), Rtk
IKPEBCRWEFEIT SR 1288 L. BUE RBORIETE R F Bk
FTHRIARZEREED AMBEROALTIZHED LA
MINREE b &I, ERSER. I CoOXREZ %

TIHMTXLEB 74—V FORD) Z2FEKLCHE,
—ANTLE L DRFEICENF L. DT 1 —
VR SBICHR LTI wTHS 2 L2
72HAHMELTWwa,

2. FrUYT7 DR I—MEFRDRED

9, EBENLZEFEDS ZO T, HHD5 FAERIS

54 J Intl Cooper Agric Dev 2017




EDE) BRI L EEZT, BWKEENDOBRIKE EIR
L7z &R B> Th b, ROAE - M EICH
DEAWZEEOZREIL, 198040 T F 4+ ¥ 7 Afl
BT A MERMIE o/ ERELTWDEA, Hild
1980 4B ENDED [N+ 727 /uv—] T—0ddH
D\ BEEFHEHS O R HE ERE RS L T2 £
D%, B - REMEOMIO - D121, Hrny 72 i
B35 ERNo HAREHEICHETIHED Y -
A FBEOOTEREVNREEZDEIICRD, BEL
T HEREN T 70 —F & R EERFEFFNC
F L7z HEARBEDPN T VRRK ZRK L TWicZnY
I, 7 A1) 7 BORF 4R I R A i S5 PE i 2000 4E O HbER 1
NI - Bkt | 2 M & SFER Tl <
BB SIS L 2 MBI TOERAL DY 2 7 &K
U, SEOKFETIERVDOTIE R VA& W) S
Bholzl L EHICEZ TWD, 72720, 1AM R
ML HARD BEBKZFATO LIZoNT, FHEE
1% RHED S A LT ORNME~NOBOD FE
D\ ENAHZ B 2 KA 0E o TR T RE 2 208 -
REDODH N F FBOROMBE L AERICOELE B
THEWKELEDIE & oz,

3. RMKEAZRLETIEA - EFREHBWNS
DFrUTHE

AR, BEOEBEMIEMEDOF ) TIREO
A A=V LR, FIZITRMKESRTIZ S
HHERBEOEI D, WHERBREFO ML, 2
LRI, MWATT. VAR EREERE & ook
WEZ, BBUCR2EREOY A 7 VTERE L T~
REBRBERL L L LI, IR SE SO A
DAL, Fx)TVRREINE, EZOLEIC
1, 1991 SR I RRMOKEE R IS A LT B 25450 ]I,
12 DFRE THRIA < AN - EIBESEB O 2 53 % &
DI, 3ORFIETHAL (RI1BH),

Z D) b REMKEAERSES. KMEME, EERERE T
BBIIESEBRELTH LA, TOMETEAE. K
RIEZET. EBEORFETHENEFTOAL ST —
MEPEEHRDHY L CTBY ., RENELKECTHET
BRFIEFEHMEDIMZ 2 & MBI D % E
BEBEEB O o A4 PSRV &) B H 5.
[N - EBSSE B OB DEIR IS 2> TETWAHIE LT,
MK EBORMIZERT CHY L&/ 70 Y 7 MF%E
DENEITHE LTy HAMIFZE R R BT AG 00T 1324 2%
B35, TNUANOENREOIEICE T, st

F1 EH OB

19914F  HHURPFRAIRIERF AR AL, BMK
EERE EFRER) . TOBRKEERER
EIRED RS, EIRE E RS R R R 2 R T

PR E (LT ¥ 7R RFERE AL

O » R R%¥UCLERE: - BIRRFH¥51)

o R A R 2 T 0 I T 0 et o R e A A 1
VANES

FREPR KR A K BB T A I < £

A 20 7 HARERMEE —SFEHLE (FAO -
WFP HARBU R EERIE)

JRAR IR A ] B R Il Bt 75 ARk e Al A

MK E B e R R BB R R
FEIRSHREE 7 > 7 Az e VAR 55 T

[ LA @A AT - MR FR I T BOR A
BEARRIE B IFGET LI EAERIEE (B
ELESEE 7))
WHRZPIFE A (HRRE Y2 s b
i) SRR IEH B AT (~ 20154F Global 30
2 — A :International Agricultural and Forestry
Policies)

JRMRIK BE BRI FE A BORHE FE 78 2
it (B27) OUNRS)

BURMEFE K F B R B0%, BEBORE a— 271
L7y —, TRIvYavy At 74 AEEMA
(2016 ~)

1996 4

1998 4%

1999 4%
2001 4

2004 4
2005 4
2006 42
2009 4
20104¢

2012 4

20134
2014 4
20154

DFATIRGE AT, EIBSHEE, Ao K5 WETErE B
EDORMPBLEL o TETWLE, ETIE, ¥
& L BRI, ABOMR T EHNEBOEITTT 5,
POTIE T BNV AMBER ORI LR BN TE
IS B REERIN LR L oT B,

T REBRLZEESTORME LT, mkES
DB E AR, BEBOR. BMBORIZKH L 723
Gy BIBT 5 X ICERBORG B 2 H YT RIS
CHEFEFNWIZERICERI LT 5 b ERiigestr & i
TWb, INHRIRYBIVSTERS TR 2 250 e 9
LEMSH AR L TELE W 5,

IO F ) Td 5 BORITZE KRS B K% (GRIPS)
TOWMBIIOWTHNT 50 B EMKES % B L
TRFZCEB LD TERLHLEFTHIITH 5,
GRIPS &, EINFIORZEBERY: L LT1997 4 I2R% L
7oy BB 2 BURIEE - 306 OWLE72 2 KFBED A D
EVRFENTH S, EMTIE, B3, LR
FLAFMBES 22U T, Iy FEr) 7 OTEE. BEA.

J Intl Cooper Agric Dev 2017 55




BUARS %, EBENEATIHECE2REORE LA
WP A2 FEo 72188, BUR 70 72y ¥ a VIR
THZIELEHMWELTBY., GRIPSOEA4H L ED
35 D205 60LL LOEDSORMFEAETH S,

7220, EHOF M, [REBOEFI—A] 128
TH¥EETHDH, GRIPSTIE. [k HBEAREE L %
LEANMERET AL EZHNE T2 [HER 70 7
I 4 OHIZ, 26 EEEC [BREESK a— 2 | (14EH]
1A 2SRIRE S . P28 AEED S [ AFLBUR T
Ur7Ih| o EERRI-A] LT, jl&k&. &
ERER LT AMIBIEHEALD 72D DBUR (= [EEB
W) B B EMM AR - Balriom ., BURRE) &
TBGEERRDZHT A2 AMOERZHIEL TW5, &
DB LRBEOIED, R HHRBREZ Lo g L ¥
% 3 M O REBCRBIFERINE 2 FE L T\ %,

HUE, @EOME, BREBCRI—ZA0HMEH, 7 F
IvvarvAF 74 AEBOBRTERAOIZ). —HF
S O SCIRE, AVEIBOM BB E S ORISR,
JICA & D #HEIZ X 2 BUkd#E AL (SPRI) 7177 A
TONEBRRITBCE O ZefeEm &, 22 Tchu—
HNE TNV GREBEON T ZHYE L Twab,

4. FATYITOEENME

(1) #85%

W EATRE O L) Bl Tid, B L -aT
DIFFIZBUT 5 H 4 DFEHEFRDREOOIT Thozo
hTh 7 o—OVEE TR, EIRSER. KA, R
L) R VY ToERE, ThbbEBEWE M
ABELT, MEERENO—HE L THLYSHORER
RS CHERE LRET 2V, AKEFEELTHA
DIERHE %28 U CHEOVYAT vt 3 R
MLESND )BT 20 FERE L CHEEBES#E
W5 2 VTN ENERBRTE -2 LIX. Z0H%D
BHEIZHIENPSINTV S,

REBEMEBERBORCEBIGREICH ., KRN L
Off-JTOMA L. ABICX ZEERFEHBICL B4
ANE LRI LTH o705 otta A & FERIC,
WHEZR PR D 2 O B BB E D By EHUE
WD TE, B, EERAAHORFEOIZIZETH
¥y T Ty 7R BIRTHEAKRERAETH722 L %
ZETHE, BETL IV FXx ) 7OOfIT AME
KOS % 5% ERNICHE T LER DS )

ST, MARCEET L L. FX) T THA VIR
BEZEELONLDD Lvew, ANFuo—T—Tarid

B SNV D, EROBMGE BRI A=V L
BIIH, ZDIDICLEREEIIFFED 7200 B O
MAERQIE, —EOFY) T T VIZWHETH
LHEMEL TS, ZODICAL LR LFHFE LT,
BlZIE, NV F OEBRRESEL YT 2720121, %
RIEIVEFAE TREOFEY ) L iR - 2 3227 —
EUHETH D EE X, FBY - b - HER
B A oA RO X AT T ERIFELTD
—EDFEERMERT 5 X I BD72, 720 Boh
W CHEMAS B 2T 5% LT 240 HOR %
O 2 1F72B31T, 10 H HFEIFE + 125 H B3R
FAst + 150 A BREE - BIFRFAE LIk L, wigk
BEVZ R LCh S TR O BRI 2 AFZE TG B LS 1) C
WHIZIIGEE O [EIRGRFEE] & L CoZEMIUT b %%
LEZ. WEEBAT LT M AR L,

MERA A

(2) EMREF

ANFa—7—2 3 v OfTRY fbe 72 BB 2 i
CCy fERMIC, THEER] & TR 2F—T—F&¥2
ATBL - WRZER D508 CHRMAE ) 2 RO T E okt %
WH, ZDTOITE, ZDHRKRONGH O FEEN %5k
L7z

AN K O [ BB C B 3 Fs 12 H# b > 72 D I
ZOEANZEF L Cn e NFHSEE C BEESEEO
BVWEHEO LFRICED S, 20oHL AL L CTRE)
L7z, WTO. OECD. HKZ#:. mipeE s LIS
RHEHLETLIETH L. WIOH EEREM™E Y
Pl A & Food Security D BIER, — UK it O BRI 72 55
# - RSN TG 7R EBOROWEE S 2 F A2, £
Dtk EENIRWF L. BERFFRORE - GBI
FRBEL L [FHEERE L BB OBRICOWT IRV T —
& EHRARE AT ] O [ ERIRBEALIC & 2 HURZSE) o i
Ra i FEOBFEEICRKITTRES I2L—
a Vo) oEEEEE % U CERSIER. BHESIE
DAF I HIZOF 720 JmBE LT, B )24 53
TiE, 77V VTOEREHICE L HIALT— FRE
PIZE I FEE 2N L, 19734F 0K E o K G £
WmaFE LT, HRATEBRING L) X ho-ER%E
PREENO IR K D —2 Td % g A FF O FRE L E % £
{LDIEL R ICARIX DR L F AT,

S50, BORW - R T AR R BOR O
HORRICEREOR (R EAGE R A IREE) o4
Z2BEHM L, HARICB 2 R & G BU7
OFRE, gL E OEE, SR & AP ORISIZ DWW T,
AN - GRICHRE L7 BEONSEAERE TR

56 J Intl Cooper Agric Dev 2017




AL LEOIEMDO—D2 L LTHEIF T, A7) 7T
KAEFECIE, FICWFP (EE R AR T D%F %
HAL L, HATIZ TIEHE] oBBAR - HUREE (7
THY AT, BT 70 H, dLEIES) 12onT
H % ikim L. FAO (ELEARHRERE) 0B TH,
WEREY Iy FOEERAE, BREOSREEEH 7OV
7 FMHHESEEDOL  OFEBEXEICSIML . £ 7.
M EERERE NS > y— L3 LT, JPO (Junior
Professional Officer) JREHIEDIHEH L2o2, b
BN HARANBRBORHB E T bHH L7, 2
Dk, FEEREBICE Y, WTO BEELHORER T, &
XIZB A D EIBSEA - A OB ASA ] 8 2 R
DORMERTE R, pOTy - IV T LT VR
LWL RBVZET VA Y- RBWICH Z 722 &
WA SR B L VO WHFE AT AH[G10]
TN—=TZBRH L —EDET)TEHT LR e o7z,
F727 V7 OISR EBEEECEE L 2B, ST
b 70— NVEEFROBREISHE L Ty, FICRIER
J83& EE (LDC) 2B A7 7Y ¥ ¥k A0 A& pEMN |,
BEMBEET AT A Y M by A i BT e
LA S HHY L7z, 128l Tl REBTTEOR & & H 12,
OECD Ml BiZ Bk Z H4x. HAL - HH - HEBSRS
EFRA IS, B FEE ORI X 2 BREE LA R
PR OMHBIVERIC b HEDb o T A7 Y 2 F—05
FRUEDPHST b 00, EHERETIS. BRI
WAHAY Y OTIEFNT CORBEDILHSTIER A F
Vb Hotz

AR\ dR ) LT S 8% L 72 BORDEZER Cld. Hi
BoOEBY, WHREEFHRINIRELZHYL L, EHEE
BB - MEAVR A & OSSR - TEIRECIRE 2 D 5 T
HABERFFROREY VRV LT, [BFORDY
) A7 L E - EINAL O SR AR ERE S &G R D
RilEBEEZ T I THETAREICET R,
HHEERTIE, FSEHFMLOFEBICLHEDLLT,
ZNE TCOWMBRBOHPT/N—y, N—y 2 ZHWET
THRELE LTHATELZLZREEE LoD, e
&L CNDBATHREL BML TEZ. TORET
OB k. RS EATEEICEE N
EBWVR D, O LEN—AIZ, BEIZHERELT
WA A AR T, & SICEEmTICT A BE S
MOMLHHEL T, [RVET—F AT A2 5
VAZIRBEEGSHICET H0(%8] & LTIY &
DTHEMERIF L7z AL THET D LI X%
COEDS, RATHK - WK (Fa—3)L30) DIF
TR, RBOK - BURRTZE R PERY: - JICA BREA

WS - SRR (A—8— - 70— 0 - N f R
7—) OFERIFERTE LT, B OMEDH 2 72,
F /2, EEOBRIZ R VAL 201543 A IS Bk TLE &
N7ay Biire [EORL - 3 - BATIEARRTI ] 1213, [HE4
%) A7 KIS L7 a1 7 R 2 2R O | 73
BOATNTEY, WIS BORNZE & LTI SZ
BLAZEDD S,

—RAIRMEDO R NF ) TNAICAZTH, 252
DOMEEH (F  FEF oA, BT o [EEY 2
SRR ] Re. RIS IE > CHEfE T R 20 UK} - 23
DHYF1%RE) ZENT, TNENOHE THYE
DA A LB 25T, 2205 2 5k 2 B
FIFTEZFETZ I ET, BRNI—ED[FX) T T
YA V] DL o/ RZ AT LBIRETHA I,
ZOB. HOROEREZ 22308 HETIE 2w D)
BLNLWAS, HLWARAMIDWEL, TE3720T
Z OB - FEHO TEER] 24 & &I, HAFOH
BOEBIZOLHLE DD LW LI, BN LA
DRI OB HEELEZ b,

(3) FEBEFE

ER A YR IR DL FE LIS T FEF DRSO
WTHEAZ LR EBINE LS, HHREFEOREN
HY. HPOTOEFEICKERGE L EFHLDOI =T A b
HEAL SR B N TR R. B ORBF I HIZON
ek H 7, WFERHORREZHERTLIHALRZD,
HEFHH ZMIETHOROEE 2 RATED DI,
BB L CALE, FEMPLEBHINLZ DS W%
BRIERE ] oFIXmHIN 2 Mmimd, ZO%ROEERL D %
HEBFOWRZ AT 5 FBEN 2 BB ) I AE 1IR3 o 72 &
LTwb,

EIEEIDOD, RIEDZI5LOMIMITITHE
ST PLETH S ) EFOWEITIE, FIHTH
L7z THEBSEB O R VEE O FR] ] A5, b ot
BIRR 7 A4 F Iy 7 S&MA LT N3 h, EFETF
BHEICOWTH, TFRHELS T EATNLDS
FATITHALl LY Fo— " Y VT D=\
JEBMBELTHE, B2MD2nwEES LX) IHA
TEREERDS, [NF T FARR] \Zholz X9 72, HEFIC
BROF, FEITH, WHETH, EFAEAOKA
TH. o chh, LATHEREICMNS
BRZWR T I 25 ZOBROARKN IO R
EICRDEEZ D,

RATHFRBRIZ T TR EZ RO 72 00, w2l
MR REAARNE ) Z L3 L o7z 720, NHKYE

J Intl Cooper Agric Dev 2017 57




VAARFE MY R LU &, TOEFL A A% e L 72
DARTH b, ZOH%, HLLTCHEETICRE L, XK
ELTRED FFa2 £y M(WTO.OECD.G7H 3 v I,
APEC KB FAOEE I v b, KREDOH ZE
¥R 2 L0, HEHTAZLICh b, REWES
BT 2 RSE OIS ORREERT 5 2
EHHWTH 555 BREF S HRD L7z,

PR AR, TR & LT BMARRER S 3
LT ERME, BERFDOTFTAASya s RLUER=] -
WSS Z MU RETOT I r— 3 VEENIN
LY EELGRETH o7z, FARTHEELLIIL T
Hl, BHEHEMHOMBIZOWTIAARTIE? | &M
bNAEELL L, EE oL wI BT, HAR
DRFRIEZ D L ) CEFTHEANT I e E R
B BB IZONT Iz, Bl 2 X ERRRRR IS T4 —
FALLRLETTarBOoXb0T, REEFEHIE
HR BV, MOTERIBMED, TO%mKRL. B
WiERE 2R T CHTEER & LT BINE R o5 R
FREET AA LR AN, FHEOTI L ZMRL,
RIZIEYa—2 %220, @iz L VE) Liysh
2HEEI, WTFNIZLTD, HY72wv, mxwn,
—HEZHII L TR LSy (B ] 2225, F
Bt L COREEORE O I R,

FEI BRI h B L 72 BRI, 3o bW - [AEA 4T
MEANDOHT, —EoRFFETHOII2=r— 3 Vi
ARDOLN, T, BEEEOKRE R NEE -
WROFRZZE L. »O&E - HIBHEOM )%
RAEL D 571z r bt %o 45 o1 < il bk
NHLEE iz, EBESHEICBWTHRRRER LT,
(A FAZROE HRAZEESELZH L) Va—
INEHHH, Hro7Tavrs bOEKTIE. &KH
DATHHERS, FZerEBE. SRR M T DL MR HMEK D
ST 5 EBEHET, M7 Y TiEO A% &L T
BER 7 ASEANGEE DO N 40 b8l E T 77
) r—arigliFEd ko oz,

HABETHIHEAICHZ TIETHALAL WFETII2
=r—YaryrmBL LT A v y—CHlEERZAET S
EISHEED L CHAELTBY L 24 - Bk ) bic
FOWTNLTHERBEL THR LV, BANRLEFED
HEDHRPBRELEEKTHILICL), —ATHS
S DEFHBED, EEDAF VT v TDEFR— 3
YEEDDD, [FEEEE TOMRE 2 L U THEANIS

"N BB EBEEEAS Y Y —OHPIZH B, B TO
A2y =0 uRE 2 FEEEREEO Y A b (http://www.
mofa-irc.go.jp/shikaku/keiken.html) %S X7z,

Mt &N EIZENLZE#PHFL TS,

5. BIRRERLBSDTITH

HFEY WGITHSNIZFETIE VDS, BIKE
BREEFENZZ7a—NVETFECIWEH L AT 5,
WERBBGERE L L Cofp - BUENE, HP W, i
WARAE - LB, EIRRY 2 By Mo, RS 3L [
TN T B 72O RS SEH & 121 3 5 58 b 4 4 L
KO—&ETHDH. EHNAEE~NOJREH DS IV
B BuvCiRABE T, 20164E10 H1 HBAE T, K
EEEIC 74 %, HPFEIC21 4. HARBUFIRERIHIZ8 4.
JETROMENFHBIIZ8 I EA2HERIH T VBIMER
Twiaw (M12H).

FEMIKIE 250 B OB ARG TR (1FE) BB B L
Th. 20144E10 H 1 HBUIfE T, KMEfESE48 4 (Bl&s)
BARBIZO%, BEITIE RS #EW), JETRO ML
BT84 (HIBIETROATRIZ24). HEEHERI 244 (9
L FAO7 4. OECD3%. HEIB:ERZEF B (OIE) 34,
W7 Y7 HERKEE Y ¥ —34%). JICA RIS 5% i
HVIRIE 34 44 EIBS T UERE (JICA) AR OFEA 385
Hi10 %4 IR RARK BE S92 ~ # — (JIRCAS) 744 &
EIBE 7 4 =)V RAE IR D55 T B

FEMRIKRE 53 B9 12 35 0T % Bedii o ) % & 72 RIS 15 )
MRLLTELOREEEETHOTT Y2 MIEM
T 5. HDHVITEEREREOHERE R iR L BT
ToHAE, FHELIIHBKICH 25 R WEOEBIRAH
HAEZBHEBR L TETWE,

6. ERLBREDTITH

kA3 CEBEE EEDL Y, L) bINRE L
LCHAANBRBRH OB E 2 FICD b7 5.
—ANTLL L OFED, EREABEE~DOBEIZF YL ¥
JLTHRLWEGELTWD, EBRRERABERICDH
MU A25 EBABERICIE. HEHABEOLLOANLD
AT - S LISHEED N S ERR IV —V BB 5 - iF
SRS H O OMEK - KRB - lfEBIS A D &2, HHE
HBKL D % &) FiEsrd 5.

Bl Z X, EIBSAERE K & e 2 7z 9. Hliny it
L EDEREV—V AL F 2 7I2BW T, I EM
OiEmOPHITURTH 505, TN E OIS
BIWED» DT Vv ¥ () BRERHERONRE %
LHEBRLED, Wz K& ALATHES>THB
STV,

58 JIntl Cooper Agric Dev 2017




fE i - LR EE

FRFOTHEAS

o/ IR D AT ET CARRED

1T RRRT A

X1 EARKEES B FEA A S B EL R X (2016410 H 1 H314E)

& MHEEORE

WY EFTH R, EHE
DOEROMIED 720 TE 7% L. B % FEEASE K O

N RIS

FEBAE S0 BOFIZED 7212, FLOVITH L Z
EDRDOEND, ZHLNL, TV2y FRHBRL
HOMMEERE 2 S, HARRT V7 OfkE, %25, i
i, kb &7z, EHABE»OREADT R IS
WEIPDVRERFIEE DR D Do
EFRHER O FF AT BB oRIZ, BUF RO EZHRE L
%o THY . [ HATEERS 2015 CET ] (B#Edue) o
THEFE T, 20254F F T2 1,000 %4 ~\HE583 2 HEE (IR
K76040) MREEINTWD, FEBGHABES 101548
SHAIZIE, FHRMEORMEICE LT, %L L
BT, [ XNV IR IS DO W TR 5 2
EOEZE IV INA T T, 2N FE TH HARBUFIX
HADGHEEMILE G IZ T, HARATKE 75%1%%?;5
DEE RO LEHEGIMD TR LW H T ¥ F—
L7 (under-represented) [ % k4 7% L~V TR L
TETW5o by 7IE B R P | 2 SIS TB D,
BHELHANE = ATLE ALV EHS>TW S,
LA L. S, Koo s H T EBEEEZ 12
KELERDLODRHETHRA MOERED L (14

¥ EkmnasE
@ (nsREesTERR

f) EAt ARER

' &wuevxﬁﬁ

{E14=2 M5 Ur R &g
= };:J-Dhivm&ﬁ

AR
SRR

& %

k. .
" g &mmﬁ—m &,

o - .
___________________ . k

&J?Hwﬁ ﬁ-my a
ER-ISIRAES L s e Vi m,smn&a
fEH L 790 L R E?XJ;W'\M
ROYATAARRERL, oA LA
SN
-y #ARLIREH @ s R?.ﬂ&l‘tbxwi

o P 7= e RS
® EVOIVPRER R
o PN RRER

) - REE

@ KIEFE
A GETASEE
B BAHEMFRERE

2 L Cover-represented El O H & %) 1%, MREEZ L D
JBEEE O LR No.l 2 B DT & L GER 2w
LEZTOVLONERETHY, —AZEIIREMTH
5ZEBHFETH D,

2 LHERBEREZS L. T TIREARRRICS v
F—UHIEERERT 5 L & HIT, RERBG TR
BEREEAT L Y 7 —0 POJRERIEIEZEL. H
RBUF SR 2 A L TR S 7z EIBSHE R T &
FAZEC, ERBRBICRHSN2EEZBERT L L
PHENLEETHS 9. EHEBRERE O H AN E
(ML E) 764 A 330 A (43%) ASIPO#XERE TH
0. EEHDKMEEE T b7 WFP T HAANRRE 39 A
H26 A&, FEIZ67% HIPORERE TH 5o

P EBHAEREE 1014553 B ORM & OB B4t
DPFEIZH > TIROBERITREZ L3, &EKEDRE
ROBNEOREZMRLZ2TNER SRV ETH D,
BB % 7 2 X R WHE P ZEAE 1T D W TR § 5 2
EOEGEEIZONWTIE, BUGZE 2D RITNE%R
57,

PNBEEEEBAEY 5 — [EBRAHE~OE PO
TR HIE | 2 (http://www.mofa-irc.go.jp/jpo/dl-data/
jpo_brochure.pdf)

J Intl Cooper Agric Dev 2017 59



([ xmieLT. RLS@HIER. Xl BES~OBLEL

(A= AR IO ER=tHREREISERTHREIL-EY

E Sviome || BXtcHTeEs

atazy—savien || wE-Zmie [ BRALLTOTAT
W i

RIL LV -
RLNEPE

A0 :
' BLOEQREEES
i $HB)—F—yT

NRIEEHER ST 37T~

FLTDER

(=1H3RDE - BE71)

7. [90-NILARI ISR SNBEEHBE

D EATELZICEHBN 2 ABEOMATRDO NS
e LM THA ) e VbW D T a—r0 ARIZEK
DOENDZED [HENI2oWT, NHEEEE HEL
T3 70—V AMBREESHEOFHL VT L0 %
N=2ERBT D, Zu—NVAMOMEIZETNS
TWHRELT, BEL B -a3a=r—Ya v,
BRI B - B Fr L v DM, Btk -
Ttk FATRE - MEA R, BRI Byfbicxhs 23
EARANELTOTAT T4 T4 —L8HIN, &
BICZ =NV AMICBR S TR O E L 2 5 AW
WG L TRO BN AE-HE LT, IRIAVEIE L B
B, BETA - R, s T—2 & (RE R
HOEMZET LD D) V—F—Ty 7 A - L
AFLT )T T I—EDBEFEN TV D,

WETE, CoMERNIMREEAIERT L2
EERWEEET LA - WL, Fh([hEoEE] %
Pz flifiz Bl L T <R, 2F ) LHoRkI &
LEHL ) A (K2BI) ., 2 T, EPHEE TR
ANFHREBRT H2H T, BhENRE X 7-OHFRE %
BETHLD, UL, [EHR] LBEHINTVWIRIO
LN, Tu—nNVAMEREV) LD D, SREL
AHAENE LTHEIZRO HNTWAREI T WV
LKL TH D, FE TLIYF Y MEORRFETYH,
100t 2L EOREANDHI 2 b 12, kLW A o3t
WT 560D E LT, Fy Ly Uk (¥ 57,
NAZ )T 4), F=2T—=2 ] F&N), F—21EKm),
T2 —varHGERNEEAZZ ). ) —F—

X2 [7a—NVAMIIRD 5N BEE1HE

Ty 7)) %% &AL D), 3387 BAEMATE) (H
BT 7748474080 Fa— 3V FEFE (R
MALZH N W) BT LN TW 5,

FARAUTIE, BEFR R ULZ A NGB S
T, EMSEHOMEERERD L EIMA T, dEaAE
LCHBOTHEORNZHEMTZ I LPWO TEET
HY, TOZEDPHEMICEERROHHELEHD S
CLICBIELEEBRALTBE v, BT O
EEWTDS BRI, YRS
Voo T OIEBEBEDZEB SN L WD AFEN &
To5L, BFFETORPHIZHWEALIEDN) ONE %
K E 2T FEOBRICIE. BRBFEKTH-TH
ANCH &A%, HARFELTH - T b iR O Hfr
*HLBERRL D 5 AR FOMEEIr LI L L,
R CHARAN TV L REOHIRICHN S 2 & %
TOBEDT 5,

R OVTIE, M ICEPRERICALHEDOBET
HY., BRI ZORMZLELT S, L2, HE
ARG, WEEBORAFEE, N OFE - 35,
RIVF ORI, LD LN FE THE L SR HII,
FBZEH T B MRS BN 2B IS Lo TH R b,
T/, BLOBMERLZHEINOWTH, HE, 77
VA ET YT WET VT ST L M - F Tk

Y ra =NV AN E RS 7T — 80 A E R
W] (2012 456 H4 H) (http://www.kantei.go.jp/jp/singi/
global/1206011matome.pdf)

P EEXTAFHLOEH ! AIEFENKL VAWM
[6>miiEJ1] ). PRESIDENT Online, 2015.3.11 (http:/
president.jp/articles/-/14748)

60 J Intl Cooper Agric Dev 2017




WCHAEDRZLZ L. 232 0iE%ES. LHAOEFEITM
2T B A SHEOBB L EHETRkoonb 2 L
ML, TNHAF VI, —EDOKHEZ MR L TR
L72t2128, HLTH2MBICISCTEHICHRIZE
T ZEpifFshTnb,

LA, SHORENBIEOKAIRE 2D, B Bl
il b, BEEANOBRVELERF L TWwEI L)
205 EEBRROKE 25PN HTIRRNWES ) b
WIRBHH, ZOHRGEL I 225, FEBRIZH TRV,
ol 72w, PioMIZHEATE ST L2
DBBERLHOFERTH ), 2OERINEDZOIZD
BFEZ B L2WEORDN LOEE I TH 5 D5,
Iha [ LRI L IEHETHS 9,

8. 8bbIc

WHBIZ, FHEOBAOZ—VIZPrZ T, HEANE
LCORNOBERERIZONWT, BHIEHL L T b A
KFBEED AMEBE R E N—AIZE 2 THhIZV, &b,
HUT [EEER. W CTOERZ 1T 5 BICLE
LREN . ZOMOEBFICLE LR L AL S &)
AT o72h Al L b ALOREEERICILZIh
F CTOEm CHMTHT 2 L )12, WFITRDLN LA
B BEINCED R o TETWD LHIEL TV 2,

F9, EVARDOMATEE SN TE 2L TH
LW WRE G LB EikIC3 o0 H TR
RBIEPVULEESL I HLIT, Bl - BFEEZH R
CHRODA[HOH] I700fEESoTH IV,
ZEMZEGRTIE RV, NADITE)DOEFIZEN S [FiEk
| PRS- 0ICDUHEOBMTH S, KIZ, K
TR BRI Ch > TR 2T 5 [ B0
HL 2027 u0oiniThdsb, wEIC, RO,
BN EZ B E 2 728 Z AT 24I0L X0 &
I [HMOB]THY . ERRIBEOBHERELRH L v
R %o HHT, [REONM] OFELZ T IO 4
. BFEE EENC B % REEREICHE b 57 E 0
BRRIZIE, FFICEBR RS E L BUC S B L, B2,
Takekazu OGURA ed. (1963) “Agricultural development
in modern Japan” (hMEE—# (1964) [EfIZHBIT 5 H

KREEORRE]) 2HIhs 20575, BHOR
FLEREROTL ZF7-5 L LTEHREE
EAEDOLHICEBEIN, IR LoRMMEGR I
D ETHEAMBETE - ERFLIMEF>T—EOHRE
Wb, ZDREFEOEINHAFAO %5l U THFIC V2 IR
WEINTHAPEHIN TV D,

WIS, BERROZEIHE ) &0 Big T N & #HA KO
ZALIZOWTTH 5, 2014LIZ, wb®LIREET IV
L) [IEfR] ZBWRD B EHATH-7201cx L
T 21, LI LIETIEMR ] o vil#itt s L Sbh
Nbo FRIC AN OITE ZFZExT 4 & 3 2 4R =R B
KOG THRIET 525 BARZERLEEDO T,
Bl ZAZHAMNCIEfR IE H->T D, FHfoRIU TR~ 7
BRPEHEL, —BICRETERVWI L L 2H D,
bEA A BEFNEEZ. 52 O5NMWICIERT
RN EI L. TOZLHLMEE O HL,
—EDRHE L L TORYYEE BGE - Gak L. 5
e AIR AR AN TR 2 59 KF L OBEVITKR D
ZALIZEABR RV DD, ZNTH D TILEERRD
FryovF Ty T HBGEBIETHIANTH 7220
LN, BIEIR, £ SICREGEREMFIEN S H
RIZBT B AEESRIZOWT D, FEE (A5 o EE
AMBOFRE & AHEACEE) . MR (b 2 BEOSEED
MOME L EfL S 20 ReME) . EBIME (A — oIk
DWTC, SRRV O OLMRR) . B (fhs
D bL & DT, MEORBERERN S 2L) FoER
Mo, BHEESHESEICH L, Cokzo, [IE#R] X
Db (iR 2RI 2 LESH Y. HOEOFROM
& 7 HATAEEL L 2 A HED BRI, BREE, ik
SFARENLCCHIAT 50801 & BT Bl R
LB O . —HA M fbE R O TIE AL,
LS 5 H YR T - s LT <
HEWBRPLETHS ). TH LRNIEE, £Eb
flifEEl, b, BIEEE AT L5E L DI £
—REROONZHEITLD S,

HHT, —ATEL K OEMKEFSTIOFA - B
DS, ABTHOEKZEINL., BAZE2HIL T
X274 =NV FZ2ES5INFT, BERBDGER,
FHBCHERENL Z 2L TV 5,

J Intl Cooper Agric Dev 2017 61




=FERRBI F155

Journal of International Cooperation for
Agricultural Development Vol. 15

|

5 1 20174E3 H
miE - AT AR RAEREE RO E L Y ¥ —

T 464-8601 A4 BT TR XA ENT
Tk 052-789-4225 FAX 052-789-4222

FI Wl R AT A Xy 2




	表紙・編集委員会
	目次
	巻頭言
	緒方　一夫

	総説
	浅沼　修一 (P2-10)
	磯田　文雄 (P11-20)  

	原著
	宮田 勉 (P21-31)

	ワーキングペーパー
	Cornelius Mbathi Wainaina (P32-41)
	  Nahoko Ieda (P42-47)

	フィールドレポート                
	Osama M. A. Elhassan (P48-53)  

	国際人材 
	株田　文博 (P54-61)  

	クレジット



