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Abstract. Livestock production is one of the most important economic and social activities in agriculture in Afghanistan.

The present study aims to survey the reproductive performance of crossbred cows to address any major constraints of their
reproduction in Afghanistan. Body condition, reproductive disorders, and feeding schemes were surveyed in 144 cows of
7 dairy farms in Jalalabad city. In this survey, we found that 55.6% dairy cows had reproductive disorders, among them
“anestrus” showed the highest percentage. Cows with a lower body condition score (BCS) showed a greater incidence of
anestrus, with a significant difference in the occurrence of anestrus between BCS 1 and BCS 3. Further, cows fed with only
straw tended to show lower BCS compared with animals fed with both straw and concentrates. In conclusion, the present
study suggests that the low BCS of cows, which is possibly caused by a poor feeding scheme, is closely associated with a
higher occurrence of anestrus in cows. The present study may contribute to proposing improvements in feeding schemes that
may in turn increase the reproductive performance of crossbred cows in Afghanistan.

Key words: Reproductive performance, problems, crossbred cows, Afghanistan
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Introduction million people (which counts for 16% of the total popula-

tion of the country) are in urgent need for assistance to

Livestock production is one of the most important eco-
nomic and social activities in agriculture in Afghanistan:
46% of the land area in the country was estimated to be
used for meadows and pastures, which covers up to 79% of
the total agricultural land". Livestock products contribute
to 15% of agricultural GDP and are suggested as one of the
most promising industries in Afghanistan?. On the other
hand, the negative impact on food security caused by the
armed conflicts still continues in the country. Approxi-
mately 30—40% of the total population are estimated being
under severe or moderate food-insecurity> ¥, of which 4.3

Corresponding author: Hiroko Tsukamura, e-mail: htsukamura@
nagoya-u.jp

access food”. Improvement of livestock production is
required for the security of nutritious food in Afghanistan,
especially in the dry rural areas where the farmers largely
rely on livestock for income.

Cattle provides the largest portion of meat and milk
products among livestock in Afghanistan”. The total
number of cattle kept in Afghanistan was 3.7 million in
2002-2003® and the largest number of cattle were kept in
Nangarhar and Badakshan provinces, where over 0.3 mil-
lion of cattle are farmed®. According to Zafar”, before the
war in the 1970’s, bulls for exotic breeds and their semen
for crossbreeding with local breed cows had been reared
in governmental farms located in provinces including
Nangarhar. Until now, some of the governmental farms
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and artificial insemination centers continue to provide
artificial insemination with the semen from Friesian and
Jersey bulls”.

Reproductive performance is a key trait for cattle
production, because successful pregnancy, gestation and
lactation of cows directly leads to economic return for
the farmers, as well as an increase in animal production,
which could provide efficient nutrients (protein) to people.
In the surrounding countries of Afghanistan, such as Iran®
and Pakistan?, reproductive performance of cows, such as
estrus cycle, fertilization, pregnancy period, calving inter-
val, estrus cycle detection rate after parturition'® have been
described, whereas such information is extremely limited
and scarce in Afghanistan. Thus, the present study aimed
to investigate the reproductive performance of crossbred
cows in Afghanistan and address major constraints in their
reproduction. We initially identified seven cattle producing
farms in Jalalabad city, where recorded reproductive his-
tory is available in each crossbred cow within the previous
year from the survey date, as well as the body condition
score (BCS) on the date of the survey. This study will also
serve as an entry point for further surveys at a larger scale
within the country, which may contribute to improving
reproductive performance of cows in Afghanistan.

Materials and Methods

Selection of the study site

The present survey was conducted from 15th February
to 15th March 2016 in Jalalabad city, located in Nangarhar,
an eastern province of Afghanistan. It is located at lati-
tude 34.43 N and longitude 70.45 E, and elevated at 575
meters above the sea level. The province was previously
identified to hold the largest number of cattle population
in the country, according to the national census®. Seven
farms, including one governmentally and six privately
owned, were selected, because these farms have complete
background records of the cows such as breeds, age, repro-
ductive performance and reproductive disorders, and their
cows were regularly checked by their private veterinarians.
The veterinarians cooperated with the interviewers during
the present survey.

Animal husbandry

All 144 cows kept in the seven farms were crossbreed
of Afghan native breed, Kandahari, and exotic breeds
(Holstein and Brown Swiss). According to the locals, the
Kandahari breed is originated from Kandahari province,
Afghanistan, and known as one of the oldest and most
preferred native breed among the farmers. Before the war,
the exotic cattle were kept at governmental dairy farms
at Jalalabad and other districts of Nangarhar province to

provide the bulls to rural farmers for crossbreeding. The
governmental farms were looted during the war and the
cattle were taken to private farms. Currently there is no
documented information about pedigree of these cows
nor stable system to provide artificial insemination and/or
breeder bulls, as a result of the influence of the war. There-
fore, the farmers practiced artificial insemination or mating
depending on available services, and the information on
pedigrees, such as filial generations from the parental
strains, was not available in the record kept at the farms.

Fifty-four cows in one farm were fed with only wheat
straw and ninety cows in the other six farms were fed
with combination of hay, wheat straw and concentrate.
The hay was mainly produced from Shaftal Persian clover
(Trifolium resupinatum), which is one of the most popular
fodders in Afghanistan according to the previous case study
by FAO'". As concentrate, farmers used local cereal crops,
such as maize bran, cotton seed cake, wheat and corn.

The farmers who used the mixed feeds with hay, wheat
straw and concentrate changed their feeding practice sea-
sonally. During winter, the farmers fed the animals with
dried hay and concentrate in the daytime and with only
wheat straw in the nighttime. During summer, the wheat
straw was mixed with green hay and concentrate and there
was no change in the feeding practice from daytime to
nighttime. The approximate portion of the wheat, hay and
concentrates, when they were mixed, were 45%, 45%, and
10%, respectively, according to the interviewer’s observa-
tion.

Implementation of the survey

Seven dairy farms in total were visited by trained inter-
viewers together with private veterinarians who regularly
serve for these farms. A close-ended questionnaire was
designed prior to the interview and interviews were con-
ducted at each farm in presence of the cattle. Questions
were answered by head of the farms, family or labor, who
were mainly responsible for the animals. The farmers’
records on notebooks that had all previous records of the
herds were also checked at the site.

Questionnaire

The questionnaire was prepared in the local language
(Pashto). All questions asked during the survey are shown
in Tablel. The first question pertained to the feeds for all the
cattle at each farm. All other questions were asked regard-
ing each individual cow in the herd. All cows that have
ever experienced at least one conception were targeted for
the survey. Bulls and prepubertal heifers were excluded
from the survey, because the present study focused on
reproductive performance of adult females.

J Intl Cooper Agric Dev 2019 3




Table 1. Questionnaire on reproductive perfor-
mance and feed condition of cows

Questions
Type of food (A= Straw, B= Hay, C= Concentrate)

Breed of cow

Age of cow

BCS (1,2,3,4,5)
No. of total parturition
No. of total abortion
No. of total dystocia
No. of repeat breeder
Length of anestrus
Other diseases

Diagnosis of anestrous and history of reproductive
disorders

Estrus was detected by observation of standing estrous
behavior and visual inspection of mucus from genital area.
Animals that had shown no estrus, and therefore undergone
no mating nor artificial insemination, during the previous 3
months or longer were diagnosed as “anestrus” unless they
were pregnant. The history of reproductive disorders in the
last year was collected from the farmers’ records.

Body condition score (BCS)

Body condition was scored in order to assess the
nutritional status of the animal by visual inspection by
the interviewers on the day of the survey. A five-point
condition scoring system was used in the current survey as
previously described'?. All the animals were grouped into
one of five categoriesl, 2, 3, 4 and 5, for very poor, poor,
fair, fat and very fat conditions, respectively. The scoring
was determined by palpation and visualization of the trans-
verse and spines processes for the lumbar vertebrae (loin)
and pins, hooks tail head shapes, respectively.

Statistical analysis

The difference in the number of cows diagnosed as anes-
trus between BCS groups was analyzed by using Fisher’s
exact test with Benjamini and Hochberg false discovery
rate controlling procedure (R version 3.2.0, http://www.R-
project.org/).

Results

Number, age and BCS of animals

In the surveyed 7 farms, 144 cows were present.
Numbers counted in each age group are shown in Table
2. Among the all cows, the median age was 5 years old,
ranging from a minimum of 1.5 years old to a maximum
of 14 years old. The largest number of cows scored 3 in

Table 2. Number of cows grouped by age

Age group (yrs) Number of cows
1.5~2 8
3 21
4 23
5 22
6 11
7 13
8 27
9 1
10 7
11 1
12 4
13 2
14 4
Total 144
801
2 601
3
—
> 404
3
S
= 20
J] —_—

1 2 3 4 5
Body condition score

Fig. 1. The number of crossbred dairy cows showing 1 to
5 of body condition score (BCS). The BCS was
determined according to the 5-point condition
scoring system as previously described'?. 144 cows
in total were surveyed in 7 farms in Jalalabad in
East-Afghanistan. Note, no cow with 5 of BCS was
found in the current study.

BCS (n=73), followed by 2 (n=60), 1 (n=9) and 4 (n=2) as
shown in Figure 1. No cow was scored as 5 in BCS in the
present survey.

Number of parturitions

The number of parturitions recorded for each cow during
its lifetime are shown as a sunflower plot in Figure 2. The
majority of cows showed their first parturition by the age of
3 or 4 years old. As the age of the cows increased, the median
(indicated as grey bar) of the parity increased by approxi-
mately one between 2 and 13 years old. Some females have
never shown parturition by the age of 8 years old.
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Fig. 2. The number of parturitions recorded during the life-
time of each cow. Black dot indicates there was one
cow observed at the coordinate value. When two or
more cows were observed at the same coordinate
value, the number of the cows were expressed as
the numbers of “petals” in red. Median among each
age group are indicated by grey horizontal bars.

Reproductive disorders

The number of animals with reproductive disorders in
the last year is shown in Table 3. Eighty cows out of 144
were diagnosed as having reproductive disorders, which is
equivalent to 55.6% of the total cows observed. Among the
diagnosed cows, the largest number were anestrus, which
counts for 20.1% of the total cows observed, followed
by metritis (9.0%) and repeat breeding (5.6%), which is
defined as the failure of fertilization after two or more
insemination trials. Fourteen cows showed two or more of
the disorders, such as abortion, anestrus, dystocia, vaginal
prolapse and repeat breeders (9.7%).

Table 3. Number of cows diagnosed with

[l Cyclic
801 |—| B Anestrus

60 1
401
20
o/ -

Body condltlon score

Number of cows

Fig. 3. The number of the cows diagnosed as anestrus (H)
and cyclic (M) in each BCS group. Cows which
had shown no estrus during the previous 3 months
or longer was diagnosed as anestrus. There was
a significant difference in the occurrence (per-
centage) of anestrus between BCS1 and BCS3
(p<0.01 by Fisher’s exact test with Benjamini
and Hochberg false discovery rate controlling
procedure).

Occurrence of anestrous and feeds

The number of the cows diagnosed as anestrus in each
BCS group is shown in Figure 3. As the BCS increased,
the percentage of the cows diagnosed as anestrus in all
cows with the same BCS decreased. The percentage of
cows showing anestrus in each BCS group was as fol-
lows: BCS1, 77.8%; BCS2, 31.7%; BCS3, 17.8%; BCS4,
50.0%. There was a significant difference in the occur-
rence (percentage) of anestrus between BCS1 and BCS3
(p<0.01 Fisher’s exact test with Benjamini and Hochberg
false discovery rate controlling procedure). Figure 4 shows
that cows fed with only straw tended to show a lower BCS
compared with cows fed with straw, hay and concentrates.

(0BCS1 [@DBCS2 MBCS3 MBCS4

reproductive disorder Straw, hay and _
Reproductive Number of % concentrates
disorder animals Straw -
Abortion 6 4.2 r T T T T 1
Anestrous 29 20.1 0 20 40 60 80 100
Dystocia 6 4.2 %
Repeat breeding 8 5.6 . . .
Retain placenta 1 0.7 Fig. 4. The percentage of cows showing each BCS in two groups
Metritis 13 9.0 categorized by the feed; a group fed with straw, hay and concen-
Vaginitis 3 21 trates (n=90); the other group fed with only straw (n=54). BCS
Total 80 55.6
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Discussion

The present study demonstrates that anestrus is possibly
the largest constraint in the reproductive performance of
Afghan crossbred cows in Jalalabad city and that a poor
feeding scheme may mainly be the cause of anestrus in the
local farms in the area, because the present study showed
that cows with a poor BCS were highly associated with the
occurrence of anestrus and that the BCS correlated with the
type of feeds. These results suggest that an improvement in
the feeding scheme may contribute to improving the repro-
ductive performance of crossbred cows in Afghanistan.

It is well known that the reproductive performance of
cows is often affected by nutrition'> Y. Low nutritional
feeding after parturition has negative effects on pulsatile
luteinizing hormone (LH) release in dairy cows's ',
Negative energy balance, caused by deficiencies in food
content and/or total dry matter intake, results in delaying
the first ovulation and decreasing reproductive efficiency
in cattle!”. Indeed, the cows whose body condition was
poor during early lactation appear to be at risk for delayed
ovulation, delayed first insemination, and low conception
rate'®. A previous study also indicated that poor body
condition during the early postpartum period caused long
calving intervals and that poor nutrition impaired ovarian
function, resulting in repeat breeding in crossbred (Hol-
stein x Sahi-wal) dairy cows in the Philippines'®. Further,
nutritional status is largely correlated with reproductive
performance in cattle: when nutrition is improved, particu-
larly during the pre-partum period, postpartum anestrus
and calving intervals are reduced; when BCS is adequate
at calving, the interval to conception is reduced. An
increase in nutrient intake during the pre-partum period
substantially improves pregnancy rate compared with beef
cows that experience a low nutrient intake until parturi-
tion'”. On the other hand, an inadequate nutrient intake
causes loss of weight and a low BCS, finally resulting in
the cessation of estrous cycles in cattle'®. These studies
are largely consistent with our current findings, showing
that cows fed only with straw were highly associated with
anestrus. Wheat straw alone is insufficient as feed for dairy
cows, because the total digestive nutrient can be as low
as 38%2%, which only supplies energy for survival of the
individual cow. Further, cows fed with only straw tended
to show a lower BCS compared with animals fed with
straw, hay and concentrates, suggesting that an improve-
ment of the feeding scheme is required to improve the BCS
and consequently reproductive performance in cows. It is
also noteworthy that two cows fed with only straw showed
higher BCS compared with others, implying that the BCS
could be improved by other environmental factors, such
as better management of sheds and sanitation, than only

feedings. Individual variation of physiological conditions
also needs to be taken into account, because residual feed
intake (one of the major indices of feed efficiency in rumi-
nants) varies depending on metabolism, thermoregulation
or physical activities of individual animals?".

The BCS is one of the most useful indicators to under-
stand the animal nutrition and reproductive status in dairy
cows, because the present study showed that the lower the
BCS, the higher the percentage of cows that showed anes-
trus. The notion is consistent with previous studies showing
that estrus cycle can be estimated with the BCS and that
the time of the delivery to the next estrus can be estimated
by BCS in the Japanese anestrus Holstein dairy cows®.
Indeed, an excessively low BCS results in an unsuitable
condition for estrus cycle and fertility in Holstein dairy
cows: Cows that have a low BCS have low estrus and
pregnancy rates than cows with a moderate BCS as seen
in Nellore cows?. Interestingly, ‘fatty condition” also can
have a negative influence on reproductive performance
in cows. In fact, the pregnancy rate was higher in cows
that showed moderate BCS than thinner or fatter cows®).
Thus, the feeding programs designed to maintain cows at
a moderate BCS from pre-calving through rebreeding are
required to improve reproductive performance in cows?.

The present study revealed that 55.6% of dairy cows
in the survey have reproductive disorders and that “anes-
trus” was the major disorder and some anestrous cows
also afflicted with additional reproductive disorders,
such as metritis repeat breeding. The result is consistent
with previous studies, indicating that anestrus is major
reproductive problem, which is often accompanied with
repeat-breeding, dystocia, retained fetal membranes, endo-
metritis and abortion in crossbred dairy cattle in Mekelle,
Ethopia®¥, Hosanna, Ethopia® and Ho Chi Minh, Viet-
nam?®. Further, the present survey showed that some cows
have never shown parturition by the age of 8 years old.
It is speculated that an improvement of nutritional status
may solve anestrus and other accompanying reproductive
disorders that may consequently facilitate reproductive
performance in Afghan cows.

In conclusion, the present study showed that cows with
a poor BCS were highly associated with the occurrence of
anestrus and that BCS was associated with the type of feed.
These results suggest that an improvement in the feeding
scheme may contribute to improve the reproductive perfor-
mance of crossbred cows in Afghanistan.
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Abstract. Juveniles of Nile tilapia were stocked (4.47 + 0.26 g, eight fish per tank) and fed with test diets containing different
inclusion levels of boiled Moringa oleifera leaf meal powder (0-30%: MLM 0, MLM 10, MLM 20, MLM 30), at 6% body
weight for a total for six weeks. MLM 10 recorded the best average weight gain, specific growth rate, food conversion rate
and protein efficiency ratio but there were no significance differences in all parameters with the MLM 30 diet which had the
highest MLM inclusion. As there were no differences in fish growth and feed utilization between MLM 0 diet and MLM
10-30 diet, it would be possible to replace fish meal as a main dietary protein source by MLM up to 30% from 40% without

any negative influence on the growth of juvenile Nile tilapia and is applicable as a practical rearing diet.

Key words: Nile tilapia, Moringa oleifera, growth, feed ingredient, fish meal
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Introduction

Aquaculture is believed to reduce pressure on the wild-
stock in fisheries and meet the needs of on-growing world
food supply". Fish feed is the single largest expenditure in
semi-intensive and intensive fish culture operations. One
major reason for its high cost is the animal protein content
used in feed formulations. Animal proteins, for example,
fish meal is usually the biggest proportion of commercial
fish feeds. Global fish meal and fish oil production aver-
aged 6.5 and 1.3 million metric tonnes, respectively, over
the past 20 years, however, some years’ productions were
higher and in others lower?. Recently, researchers have
been considering plant proteins as a substitute for animal
proteins in fish feed to lower cost. For example, a study in

Corresponding author: T Yoshimatsu, e-mail: takaoyos@bio.
mie-u.ac.jp

Egypt was carried out to replace fish meal with a mixture
(soyabean, cotton seed, sunflower and linseed meals) of
different plant protein sources in juvenile Nile Tilapia
feed and concluded that a replacement of 100% fish meal
protein would have no adverse effects for up to 16 weeks
old juvenile®. Furthermore, another study showed that cot-
tonseed meal can partially replace fish meal as a source of
protein in compound feed at a limited amount of no more
than 50% for tilapia raised in recirculation systems®. Plant
sourced proteins to replace fishmeal have successfully
been carried out but there are some challenges. One being
that these plant proteins need to be purchased at a certain
cost which may be lower than fish meal but still carries a
price to use as part of the fish feed ingredient.

Moringa oleifera, is a resilient tree that can survive in
a variety of climates and substandard soils. Moringa plant
is native to the sub-Himalayan regions of Northwest India
and the plant thrives in many countries of Africa, Arabia,
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South East Asia, the Pacific and Caribbean Islands as well
as South America> 9. It is readily available at no cost in
many of these countries and is fast growing and hardy.
Moringa leaves have a high nutritional value and contain
various amino acids, which are rarely found in other plants.
From those practical merits, in agriculture, Moringa leaves
are used to feed cattle”, pigs¥, chickens and poultry®. The
use of Moringa leaf meal (MLM) also might be a good
choice for the aquaculture field. There are several feeding
trials that have used Moringa leaf meal as a replacement
to animal protein (fish meal) for fish feed in many places
in the world. For example, a preliminary study by Richter
et al. (2003) carried out feeding trials using Nile tilapia
and results indicated that raw Moringa leaf meal can be
used to substitute up to 10% of dietary protein in Nile
tilapia without significant reduction in growth'?. A study
by Afuang et al. (2003) showed a comparative nutritional
evaluation of raw, methanol extracted residues and metha-
nol extracts of Moringa leaves on the growth performance
and feed utilization in Nile tilapia and results showed that
the solvent extracted Moringa leaf meal could be included
up to 33% in tilapia diets without any negative effects on
growth!D. The solvent extraction method resulted in the
inactivation and reduction of antinutrients and improved
the palatability of Moringa leaf meal diets. Therefore, even
though the antinutrient levels were not measured, the cur-
rent experiment treated Moringa leaf by boiling and sun
drying, a simple practical method for developing countries

that has not been used before in treating Moringa leaves,
hoping that this would also reduce negative influences by
antinutrients in the test diets.

In Mozambique and most parts of Africa, tilapia farm-
ers cannot afford expensive imported fish feed and are
in dire need for cheaper feed, so ingredients that were
used to prepare test diets were chosen to be practical and
affordable for farmers in Mozambique. The choice of these
nutrient levels, particularly protein, was intended to reflect
the practical diets used in developing countries. Therefore,
this preliminary experiment focuses on substituting fish
meal at different inclusion levels with boiled MLM to help
overcome problems like high feed cost and reduce wild
stock exploitation.

Materials and Methods

Feed Formulation and Preparation

Moringa leaves were picked, boiled, dried and ground to
powder form in the Instituto Superior Politécnicode Gaza
(ISPG) in Chokwe, Mozambique by ISPS academic staff
and sent to Mie University in Japan where feed formula-
tion and preparation were done. A control (0%: MLM 0)
and three test diets were prepared with different inclusion
levels (10%: MLM 10, 20%: MLM 20, 30%: MLM 30)
and analysis of their proximate compositions were carried
out and is shown in Table 1.

Table 1 Feed formulation and proximate composition of MLM diets fed to O. niloticus during the

growth trial
Ingredients (%) Moringa Leaf MLM 0 MLM 10 MLM 20 MLM 30
Fish Meal 40 37 33 30
Processed Moringa 0 10 20 30
Cassava Powder 20 20 20 20
Rice Bran 28 21 15 8
Fish Oil 4 4 4 4
Binder (CMC)! 4 4 4 4
Vitamin Premix? 2 2 2 2
Trace Mineral Premix? 2 2 2 2
Proximate Composition (%)
Moisture 9.1 8.3 7.8 7.5 7.8
Ash 8.7 11.6 12.9 13.7 15.0
Crude Protein 26.8 33.6 32.5 32.8 304
Crude Lipid 8.5 7.8 9.0 9.9 11.4
Carbohydrate 46.9 38.7 37.8 36.1 354

Carboxymethylcellulose.

()

Vitamin Premix, diluted in cellulose, provided the following in mg. kg! diet according to the requirement

of O. niloticus'?: vitamin A 1.8; vitamin D5 0.025; vitamin E 25; vitamin K 5.2; thiamine 2.5; riboflavin 6;
pyridoxine 16; pantothenic acid10; niacin 121; folic acid 0.82; vitamin B, 0.024; biotin 0.06; chlorine

chloride 1000.

w

Trace Mineral Mix provided by the following minerals (mg. kg! diet): zinc (as ZnSO,4.7H,0) 150; iron (as

FeSO,. 7H,0) 40; manganese (as MnSO,. 7H,0) 25; copper (as CuCly) 3; iodine (as KI) 5; cobalt (as CoCl,.

6H,0) 0.05; selenium (as Na,SeO;) 0.09.
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Fish Sampling and Experimental Setup

Juveniles of Nile tilapia Oreochromis niloticus were
sampled from the wild stock in Nikko river, Aichi Pre-
fecture, Japan and then transferred to Mie University
where they were kept for a week to acclimatize. Following
acclimatization, fish weighing an average weight of 4.47
+ 0.26 g were distributed (eight fish per tank) into twelve
10 L-volume tanks (three tanks per treatment) in a closed
recirculating system set indoor. Fish were fed with test
diets containing different levels of MLM at 6% (wet basis)
body weight for a total of six weeks at temperature, 25 +
2°C. In a two-week interval, individual weights were mea-
sured until the end of the experiment where all fish were
sacrificed and sent for whole body composition proximate
analysis (Table 3).

Growth Performance and Utilization

Growth and feed utilization were determined in terms of
average daily weight gain (ADWG), specific growth rate
(SGR), feed conversion ratio (FCR), protein efficiency
ratio (PER) as follows:

ADWG (g fish'! day ) =
final weight — initial weight/ number of days
SGR (% day ') = 100 x (In [final body weight] —
In [initial body weight])/ no. of days
FCR = feed intake / live weight gain
PER = live weight gain/ crude protein intake

Whole Body Composition

After the sixth week of rearing, fish were sacrificed and
sent for a whole-body proximate analysis to determine the
amount of crude protein, crude lipid, ash, moisture and
carbohydrates and results expressed as a percentage of live
weight.

Statistical Analysis

Statistical analysis (SPSS vers. 16. IBM®, New York,
USA) was carried out using Tukey’s test after one-way
analysis of variance (ANOVA) to determine differences
among treatment groups which were deemed significant
at P<0.05.

Results

Growth Performance and Feed Utilization

Body weight gain during the six weeks of growth trial is
shown in the Fig. 1. Fish fed actively on the prepared test
diets but not at a consistent rate and this resulted in a low
weight gain.

Moringa leaf has high levels of crude protein (26.8% in
the present study) and previous studies have proved this
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Fig. 1. Change in body weight of O. niloticus over a period
of six weeks after been fed with different levels of
MLM diets.

to be similar, for example, a study showed that Moringa
leaf had a crude protein content of 31-35%'3), 25%!9),
and 25.4%'). By adding MLM with different inclusion
levels, test diets including 30.4-33.6% crude protein were
formulated in the laboratory (Table 1).

The overall performance of our feeding trial is sum-
marized in Table 2 together with the nutrient utilization.
Although, fish fed with the MLM 10 diet clearly showed
the best performance in average daily weight gain
(ADWG) of 1.78 £ 0.78 g fish~! day !, specific growth rate
(SGR) of 0.48 + 0.07% day !, feed conversion rate (FCR)
of 2.79 £ 0.61, and protein efficiency ratio (PER) of 1.20
+ (.23, there were no significant difference in comparison
to other diets, mainly due to the varied weight gain values
and limitation of individual number used in each treatment.

Whole Body Composition

As for the effect of MLM supplementation on proximate
body compositions of juvenile Tilapia, crude protein and
lipid contents were measured 14.1% and 1.2%, respec-
tively in initial fish body. After 6 weeks feeding, the values
of 18.8% and 3.6% were noted in MLM 0 group and
16.7-19.2% and 3.0-3.3% were obtained in each MLM
supplemented groups.

Discussion

The rearing results obtained in the present experiment
suggested that an inclusion of MLM up till 30% would
be possible without any negative influence on feed intake
and fish growth. One factor that limits the high inclusions
of MLM in fish diets is the presence of antinutrients.
According to a previous study, 30% inclusion of Mor-
inga leaf caused a depression in growth and this could
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Table 2 Growth performance and nutrient utilization of O. niloticus fed with MLM diets

MLM 0 MLM10 MLM 20 MLM 30
Initial Body Weight (g) 45340440 436+0.100 444013  454+0.29°
Final Body Weight (g) 10.88+0.60°  11.52+1.68  11.13+043>  10.07 +0.46
ADWG (g fish-1 day ') 0.79 + 0.07¢ 1.78 +0.78¢ 0.96 + 0.52¢ 0.72 +0.01¢
SGR (% day™) 045+0.02¢  048+0.07¢  047+0.04¢  0.41+0.01¢
FCR 2.94+0.16¢ 279+0.61c  2.84+026° 3.6+ 0.83¢
PER 1.01£0.55F  120+023F  1.09+0.11°  1.01+0.61°

Mean + SE (n=3) in each column followed by different letters (P<0.05) indicates a significant difference.
AWG: Average daily weight gain, SGR: specific growth rate, FCR: feed conversion rate, and PER:

protein efficiency ratio.

Table 3 Whole body proximate composition of O. niloticus fed test diets
before and after the experiment (% fresh weight)

Initial MLMO MLM 10 MLM20 MLM 30
Moisture 81.2 74.3 77 74.9 74.9
Crude Protein 14.1 18.8 16.7 19.2 18.9
Crude Lipid 1.2 3.6 3.1 3.0 33
Ash 32 3.2 2.4 2.8 2.8
Carbohydrate 0.3 0.1 0.8 0.1 0.1

likely be attributed to several factors, most importantly,
antinutrients”). However, this problem could be solved by
drying and/or grinding of moringa leaves before aqueous
extraction that would improve the removal of soluble
antinutrients'?). The study further mentions that rejection
was prominent in (45%: MLM 45) and (60%: MLM 60)
fish diets, so therefore it is safe to say that an inclusion
of (30%: MLM 30) would have no negative effect on fish
intake and growth.

The best FCR value of 2.79 + 0.61, obtained from fish
fed with the MLM 10 diet in the current experiment was
considered to be quite high, however, FCR values reported
in a previous study showed that an inclusion of 30% aque-
ous extracted MLM in fish diets recorded a FCR 0of 4.97 +
0.37'3 and in comparison, to the current experiment, a 30%
MLM inclusion in fish diet recorded a much lower FCR
value of 3.26 £ 0.83. The experiment was conducted over
months of October to December and room temperatures
ranged from 18-25°C but heaters were placed in the recir-
culating tanks to control water temperature. The optimum
range of culturing O. niloticus is from 26°C to 29°C'¥
and it appears that low temperatures may have affected
FCR. A study carried out in winter reported FCRs ranging
from 3.3-4.7'5 for different sizes of O. niloticus reared
during winter and compared to the current experiment,
FCR values ranged from 2.79-3.26. Therefore, to obtain a
much better FCR value with the same experimental design,
a study with more individuals per treatment, bigger culture
tanks, an effective antinutrient removal technique, and
a temperature of 28 + 1°C, would provide an optimum

culture condition which would maximize feed in-take and
conversion, resulting in obtaining a reasonable FCR value.
If all these parameters are achieved and a low FCR value
is obtained, MLM substitution instead of fish meal could
be carried out in developing countries to reduce fish feed
cost and encourage more farmers to tap into the fish farm-
ing business. Encouraging farmers to begin fish farming
businesses would not only boost the local economy but be
a favorable protein provider which could help tackle the
issue of malnutrition faced in African countries.

PER was best recorded in fish fed with MLM 10 diet
but there were no significant differences to other MLM
diets. PER also might have been affected by the suboptimal
temperature during the rearing period. PER decreased with
decreasing weight of fish and protein level and this was
the same case in an experiment by Richter et al. (2003)!9.

The level of whole-body moisture as shown in Table 3
was higher in fish fed with MLM 10, MLM 20 and MLM
30 diets compared to the control MLM 0 group. This
agreed with results of a reported study which had similar
lose in whole body lipid content and energy of common
carp fed with plant-based protein, Mucuna'®). Furthermore,
another study that studied factors affecting the proximate
composition of cultured fishes observed that body mois-
ture and body lipid were inversely related!”), which was the
case in this experiment.

The results of the present study showed that MLM 10
diet recorded the best ADWG, SGR, FCR and PER but
the results were not that statistically different from the
MLM 30 diet. Due to these experimental results, a 30%
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inclusion of MLM in fish diets replacing fish meal would
have no interference in the growth and performance of
juvenile Nile tilapia. The use of Moringa leaf as a dietary
source in fish diets is limited due to the presence of anti-
nutritional factors, particularly saponins and to a lesser
extent tannin, phytic acid and hydrogen cyanide'®. The
present study processed Moringa leaves by boiling and
this may have led to a reduction of anti-nutrients due to the
leaching of soluble fractions in water. To clarify this point,
more detailed experiments and biochemical analyses from
various viewpoints would be necessary in future. Also in
the next step, larger scale rearing experiments would be
indispensable to establish the usage of boiled Moringa
meal as a cheap and sustainable feed source for fish.
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Abstract. Processes and results of stock enhancement of tiger shrimp performed in Batan Bay in Philippines was reported as a
trans-disciplinary research for enhancement of area-capability (AC). Causes of decline in catch amount of tiger shrimp were
overfishing and degradation of its nursery grounds such as mangrove forest. Five fishers had participated in the intermediate
culture throughout the project period. Technical issues for stock enhancement were solved and expectable recapture rate of
released shrimp was more than 20%. Economic feasibility of the stock enhancement was also confirmed. Forty-five percent
of the people in the area are realizing the increase of catch amount of tiger shrimp. Effectiveness of stock enhancement is
obtaining understanding from common people including public administrations. After the project, the stock enhancement
was paused and stakeholders want to proceed with the stock enhancement. Aklan State University is planning to support
stock enhancement project as its extension activities and expect participations of researchers from foreign countries. Such
activities will provide research opportunities for evaluation and theorization of AC.

Key words: Tiger shrimp, Area capability, Participatory community development, Philippines, Stock enhancement
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ZHZHREWE ) BHEEFETH L7290, RO
FAba, WERBF OGNS <1E. ACIHZLRES) -
VAT ADWRTHo L EHT LI LD TE D, fF
2y SRR S BREDSE < /NBUBE 2 Mg 3 L ARAE L
BIROFEAM - FE a2 MZHIROD 5 & LEOHET
EACOBBENEETH S, TNEFIKLTEZD L,
M3k I 3E D B E A S ik 4k o AC & EFi 5 2 &
LWL D LNzl H5 Wik, HIo ACHI{LD
72ODWERNEDHY 2 5o
KOEOWEZREHOUT 2D DOITHREREND 5,

BB SE S & T OKE 2R W oo Y AR R o R G & )
FTTHLEBWICEDbRTEBY, HEOEEDITL
AEPHROERE LR TH S, L L, ARITifE
BHYEIRBREE I B B K AW O 2B BE SRR BRI A2 7
HBHEV)BRTHIEE VW) SEPMEDNRTEY, &
B - IR OMFFE B, APRIRBEOUGES . Ak,
R ICE TN D, BETAZEIZIE, HROERRR
B A OBIZT- O 2 EL FIROILFUIHR T 5 &,
G A PP 5 3 2 BERTAF & . k) <2 75 8 IO ATl
HbHo TNLNNS, BELERRTIIEWEED T &
NVF— - Tu—dE 2 CHEORL SNTB Y, il
BN & o Ty EWAEEESARIHEINT 5 2 L idig e
AEBNE V) MR LI DD 5, BIRFEIEA
2725 7- DT E OREF BB L 7B ER R
WD Z L ThbHo 1954455 5 19734 O R &
WX, IR OFRIEOMED . THNED S, &l %k
B L $HKEEMOERPEDITwolz, Tz,
BREINTAFTLOEEDLHILL Twvolze BREILFZ
WEHAANODL L ENLOMELRHEFRE L T 72012,
Kb ABEROREORE L U<, BT Z 179
CEDMTEMIZR L 2R L WRIRTD Ho7zD725 9,
B, MER OB IR T 2 I8 > T
%o —H. INREBEOWHFLMEA TV D, FR I
FHEOLEWIMET LTW5b, ERB () BARRE
¥t vy =i, 2003 SE AT BEE A K EERR A IFTE &
Yy —CRA SN, BUE, BOREED M/AMEMICH 5.
L2 L. B HEOREOERICENL, =
WG Tl e v (Fh) HASRER S S I KB R
g L7z 2K 53] # BAEMICERT 57200
BWETHE, [DL BMENIT L HHE]THT 252
T, WEBRED, BARERETH ) KW Tdh 2 KiE
B ORIKRTOEEICHLEZFED, T ORI
WZHhDboTWL ZETHhb, EBE DL DIHEDK
WL SNBELO 7 V< T ERERE T, ¥
BB B CTRRBEREITH) S LITX D, R
DERDPED ) FEBH OMEENTRIL S 7z 2 &A%
5hTwsY,

g '

74 1) ¥ ¥ - Panay k& - Batan {5 (& Sibuyan {2 10 3
B MEERH T RASE O PR 4 R 1 <l 2 & & [ AR
W2 BN THE L BT OHNTHRWE LT THE L D%t
%o R TH 272D DAFEMEDE L HEI»IEAT
» %, Batani&EMIZ1E. Pinamuk-an & V9 BV |2 5km

J Intl Cooper Agric Dev 2019 15




R NY BEOWSEROZAL (VN B 5E 5 H tibakol)

A (AEAR) | s (kg/1 A/ H) | AT E: Gk
1970s 24 Rl & LY A
1980s 10 B & HLY A
1991 7.66 Ingles et al. 1992
2000 5 B & LY A A
2000 3.44 Babaran et al. 2000
2006 1.65 Altamirano 2010
2013 0.73 FE

Altamirano and Kurokura® ® 57— ¥ |2 K 5EFF— ¥ 20
A THERK

13 EOMEVCIIMIRD EHdH 5. Pinamuk-an 13 54k
T74) ¥ Y DENDITEHALTH % barangay (F) 12
o> TV b, Pinamuk-an {2 A 4237 L 72D 1% 20 T4l
DkED 2 & TH B A o722 1A EE A <
REIZHES v, BEOBRIIMEED-OLEZEZ DL
Moo BUED, MSEE BMEDP RO EEREEII o
TWwb, #1112, tibakol & M % /NEL o 2 & @ D i
Wm0 b R L7ze 20134F 1213 1970 AR < 20
GOILTIET LTWw 5, Dl 2% 7%
BME LT, ENEOZIE DS (M), 7T
> T CIZHRTHANIA R S Ko DidFa s 7
LH720 300y IXRVIZHAMTH2.1H) LLETH
Nbo T T Efiits D 3R 2ET 5. 2000
L, FLEoBmTRMOY e END &
FFENICR->TWD, EZORMTHET 5 &, BUE,
Pinamuk-an (2134 2D % 4 T7OWEZ TS, HE—OD
5 4 71, Pinamuk-an/MEALSEE AL G (Pinamuk-an
Small Fisherfolks Association : PSFA) ® X ¥ /N\—"TI{Z
BWHEHRTH L. HE_DF A T1E, PSFAD X 13—
TEH 205 EEMEF-TWEWHEETH L, 6
Z0F AL TFEWFIT R L, BEMEOHFE L LT
WBANATHD, HMOY 4 TIEPSFAD X ¥ )N—"THE
BEHZRFoTWLHERETH L, H— FH . HE=Z0
¥ A 7DN%IE, Pinamuk an \IZfEFE 2> TWwAHER
ThEHBHEWUDY A 7D H T, Pinamuk-an DIERIT,
50 A\HHFIZI8ANTH N\ FR D) OUCER 13 Hbisk
WZHEA DTS, Pinamuk-an D A TE LT > T b,
HHOWRATHE=Z0F 4 7hHRbE <, FHT, 9,047
RYT, SHISEID 5 4 T (8,680XY )y Hi—,
BEZOY A TOFHWNAIZ, ZhEh, 521574 €
YNRYIAL 534774 YRV IATHY ., - B

25 m U IE
B zomoze
20 Z Df
O&a H=
15
10 )
7 ]
QM,&%
5
0

1970s

1980s

2000

B1 Ny rE—HO¥ER (kg) &HENE

®2 NI YEOMELOBEM

Altamirano and Kurokura® 12 & % 4 ¥ % ¥ o —F &5 1

HiEE 1991 4 2006 4
ANEYSE T 314 1,871
et 53 112
EZEAAY 59 261
A1 0 65

Rt 426 2,309

Altamirano and Kurokura® ® 7—% X ) {ERK

AT EEZEBMNY A TORAIKREREEDLD Do
I3 400 T3, 2000 AASfEfE Ly SF0 R RN
BIE5ATH 00, WIFNOZV—TOFHED, [
BEWNI A >O—A1H19 FVE TR, £ Lo
Th—=Tb, TD30%LLED, 740 VBIFEIOE
WRRE SR 22T Twb, Lz2->T, =D
T R SEINA DAL B ORI &> THRH %= HE
Thbo #£2121E, 199142 5 2006 4F F TOHEE D
ZAL %R L7ze WNORAEI, 1I5E M55 I
oTHBY, WL NITHEFEESEREOKTZ b 72
LLZZEDRIDDNRZ D TDHBR. NY YERBLOH
BRE R OB D M, BIE, RAICHEEK
K-> TV EH, HEEORBFEIZIEE STV RV, X2
\ZKamiyama et al.” 75T 572 R I35 4 v Ea—
DFERE R L7, EEMORAS 1985475 5 1995 4D
B RWICHIM L, 1995 4E DRI, (2T —E B THER
L. RIEIFZBA LTS, EZOS IIHEHOEE
MEFHoTWwWh, f ¥ E2—TI3, EBEMEZEBAT
LZEMEED L ITHR L0, HEPOBAL2E
AVTVED, OO AR, HEEE»HLEEZ
Y CHALZBINZ v, 2HHE»SIEIHCEST
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160 4 - 50

— REEM 10
e 1204 o EE@OK
[ b
b 30 £
o 80| g
£ L 20 %
40 |
L 10
0 , , , , , 0
1975 1985 1995 2005

2 NYUEOEEMOBE EEMIESEDOWES T
Kamiyama e al.” & ). HAGEICHIAN

WAL TWS, BALIZEFAOMEZT» SWAT 6
W%, BEMHEZIIANED)EH L L25H
MHZ Bo Kamiyama ef al.®” |2 X B il HE~ORM &
AARTAE T, 19704F121E Y ¥ T EIX 15X Y /kg THo
7275, 19754E121X 110X Y kgl > T\ b, 1976 4F12
JEBED Roxas TSI L3EFE D HEH LT E 7z LR,
T4V E TRy YT EOENNERHAEH IR L,
EEWDREICEHB SNz O, 740 YT
FiEo~ y ya—THEMH L TR EES 2 &
BRD BNz, NF VB IEKE~Y v 7 u—TH
BIEHR>THBY, TNHEDIFEAENY VT DEM
WICEH S NTze Y T DREM & o/ 72012,
C OMIRIEE BRI & R R DR A ) 2 FOZ & &
Tolze MM ITEZIIEMY > T EOHWITD72
BDIZRoxas THZHEH L 72D TH B, RABATIEHEHOV
7720, vy eofitgrEmg Lz, V%
RREMITHEAT 572012, BT EZPWEEITE
EHEZERT 200882 LM, ThhR
REMAOWMOTRTDH 5. K3ICHAEDO MO 5
fi % 7 L7zo 19534 O RLERTIE /N T » B121324,800
7 E—=NDX Y7 a—THROBAFEAE L 720 2000 4F 12 BLAF
LCWev r Z7a—7#idbh 223007 ¥ =V Th b,
CAUTKE LT 199945 D 225 i DO AR AR 134,597 N7 & —
VTN, = 7u—7 KD EK A5 ith o &%
Tho7l LWL THE, 74V DT T E
EIE, ERWOWT. A YV FAY T, ¥4, XEF A
SO E O T EHEFHED IR R LX) TR L 72D
K7L  DBEFAFHMDE SN2 I hoTw 5,
MOTY 7 u—THROREBIZIE, %725 0% EEH
DB, INLPHTE R ELS L OKEAYMOEE
Y (nursery) & L CTHERE L T\ 72, #HlibIZ~ v 7 u—

X3 & VB (kbofsr~ry rsru—T%
AR L 722850 M)

THELERL, e T2 E) R CEL o
Ll 2B TR, Lo T, vy 70— K»6%
OO RMPoTWIREA R DN D, w72
ARERE T OFRK THh IR, BN Z T
HIEWES 2. WHEEZ TIFTHEEIPEL %
WOIE, EBLGVPRDNTWAE72HIEEEZI NS,

U Y I EDEEMTRERDER

FEHRHNY VB ER AN DIL1999ETH 5,
Z ORE, TAEOEY & Batan 2%, [ UEHRi ©
HY. LLBZZEKMTH D 2 LICEPT V2. S
WA DSEIC BT A 7 VY TR EEO RO
BITHHI LS, WMHICE BT YT EEHRONIEE
WO FREIZEY, ROEOREHERRE LS Y T
U HEOWEEICOWTERZRERT 2 & & 12,
B 2 RO 2 tho 720 £ D—F T, 20044
AP D WK R B o7 B 5 0 =] B /K R B 5
FWREL LT, 7Y I ORI E RIS, G LE
WCEL 7 205G RAE L BFEAYZ LB
AERBIUOREOREXBHG L. ZOMRKE, iz
AR O®EEZ N TG OBR THETAZ Lo
T EBROMEPRARDDL EME Lico T2 T—2 v ay
TEIZ Lo T O BRE BRSO W TERR
BWEITHIELEDHIC, F—TVFLERERZBLT, —
DN 2K L CREEWEOFTIHZ T 5720 Bk, H
HWOHEME D — DN 4 bR RIITERENTH D |
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ZARIERZLTY, BURERICHSER DT TR
T30, EEAYICHESATL IV, BFRFHEDS I
ABEMBMFFTELRVE V) S THo72, HHITE
PERIE O LEE DRI R D o720 Tld e v, 2010
45 Pinamuk-an D SEH S, H 1 2 i SEBLHI R,
X V7 a—7 RORMIGE) % 5 721, B SE
HHlA PSFA & H EMICHIER L 720 A S I X,
Pinamuk-an T4 ¥ % ¥2— 1L 72200 AD P, 98 A%
FHEMIH DD B EEZ T FONTLAE. €9
L7356, Hddhsdblm] U CRIEMIRICH 725 L& R 72,
ZD X9 HFEHE L T2 AW PSFADIEH % 1, 13
N73Barangay CTOX#ERE X2 HIT 720 PH1E <
Y7 u—=7HROBFEFH b IT-oTH Y, WESIN/-%E
Bl &I~ Y Fu—T DMK EIT o TV D 1344747
Xy 7u—7 ORKELFEROTH & LTHEIT2, &
ERMEL L T8 ADZF-01%, M ADHHE 25
W EHELILTHY, STADHEI LD Mg H
DR L) T & EEERRCER ST, TR
Ty T TR —TNTLERT—r Yay Tl
CT& J5IE%E (stock enhancement) DTHEHULITE L TV 7295,
Stock enhancement & 29 FEZ H > TV 5 DIE, 200
AFDLFTRIZIBATHo72 L L. TONKELHY
5 ENMADBZOIEFIISIML Iz EER T2, T2,
AV EORGEHE LT, 7Yy T EZIFz, MK
TCHIRF SN BRI L LT, 184 A ILA OB % %%
J7275 126 NiZ 22z <, o o mitz
P, L DI DS, UL, HEDSD
MSHIR T LT L X 9 L3 %, Barangay D4
KTHUE L DAPEBWICEREZRRS, 29 Lz
BL XV TOANBHEBRORIES L TFEY 7 V=371
V¥ OHEDRHTH 5.

=77 By Y Ui e E0 X ) IZEBY 5 %,
FICESEOEBIIRELMETH720 2H Lz
Ty 20004EICFEHED—ANTHL AN LEZ)—F LT
LACTUV=zz b (KT Y TIREBICBTSTY 7
FAREN) T4 =0l b KA ERBR I SRR 5
TuTILT ) BlEEoT. 2Ty MI TN
Fe34E. TN H—FSEORBIMICb 7o THERMS N
720 ZOWERTIZ, BIFIE ShizEABO 7 V< T
CRCE BRI K B R AR v oo K R B AT AE A IR
ELTHiZNLTw7ehs, RO 7 V< T ¥ & 4
HEL72AN A0 6, HIEHE BB AN R OB PSS
BEMT 5 I &I EoT, ER W EalkA A &
M. I OR LA L. B OIERSE, el L
WOV THEENHBWICH DAL L) I ho7z v

I EHAE BTz, EHEOB.LIE, BatanBIZBT 5
7Y IEBRBM OB LD b ZMICL Y v
Y A%, IS O AR WA S B A R ITE -
TWwic, MEAEEORZE S ). A% EMH L TR
AT T EE, BHEWI TR E: 4 LEE O e TR R
ThHh, TRICLELZANNERDF-oTW v, Fn
Pinamuk-an &2 I IR VIR TH 5 0 5, Blho
WP E O3 d L, iR O 2L Bk = ¥ o fH
R OBH D HAREITRETH Y, EBELVD
WD 2 W R TH - T ORI RIIHERTE %,
Z T, WUk 2 M A OHEA L, T E
MEZDORT VT ATICEoTITVWIIRT 522 L %%
2720 TDIA I VI TACE W) FEEMY ., ik
FEDPHHA R ED X ) REEL 52 D &5
EWVWIHFHET, ACTU Yy MIBML7,

FH OB MNIKER I OBMMN LT TH B [
 AE] OBV LIRS % 51X M Z 0D
DOOWIEL D B, MHFENACIZE Z LR K DI
L) AREWLIGEIEEH R 72,

/

U Y TEMRORER

RO~y 70— KIZHDBEFRINBHEIN T2
v ¥ T Y EGE % Bl © New Washington i % & 15 ]
L. SHRICHEEVZ L CTHHERY & L, M
Bl oOMHEEEZPOMA L, 74V AFEOH D
BIROAEDMAIIHE 7 ¥ 7 HERE Yt v ¥ —0 5%
5l & "] (Southeast Asian Fisheries Development Center,
Aquaculture Department : SEAFDEC/AQD) {2 & #E L
720 HITERICIE, B4, 30NIEEDKRT T4 T H
ZIM L7205, WHEMITIX5ANIZRo720 L22L, 20O
SAETe Yoy MR Z 8 U RN ENS SN
L7zo HIHE R OFEMATEE L SEAFDEC/AQD @ Jon
Altamirano 2547 - 72 Jon {3 8 25 (2 [ B K #E B 38 24 0F
RECTHMZIELTBY, KT T4 T7OBERLM
D AN A5 FATEE RIS B @A L 72 v ) e
WOBFEEIT 720 70V MURHIZFI Mo R
BHAEIT o720 KIWZZDOREEIRL 720 WIHEZ BT
RIRDMERTE B R CTHRGEAR 2D, 3EITH %,
H 10 H O R EBAINER Th o725 Bk ¥ Hil
HICHEHEICH o THEZEDTHE Lz, DMk, &L
B Brolze HHITH S 203K bz b
LH, FOFEHMITbS v 20 HIZKE A EAL
L. KEBEIEE 72, BEHE L LTz L
72T, —HIEEENCHRINIZZ LI 505 £
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R3 v YT EHHEROMR

I 4 H IR | s i %
1 201343 1 100,000 0 | WHEICX VBORIZES T,
2 20134¢5 1] 129,000 0 | KEEALIZ X Y KETEIE
3 2013410 200,000 =) IS0 A B R
4 201442 1 390,000 15,000
5 201446 H 270,000 120,000
6 20144E11 7 400,000 AU & B3 TR - B
7 201544 H 483,000 | 250,000
8 201546 630,000 FERE I & BRI - i, B
9 201646 H 500,000 | 250,000

DEIFDH L B, KEEAOFERIZ, Bl Tl
NoMifaZ EI e LT L2720 TH b, £ D%,
SEAFDEC 2%hi%¢ L 7 Be G ikl 2 i & 375 Z & IZ L7z,
L), Mook, REINLHMMEHE LT
FH L2 ) fEFE DR L EZW) ANT72DTH S,
300 H o R EE AL T H o 72 A% B RN E
KEJE Yolanda 255645 L. H I E K tiae 2303 S T,
MET AR L7, Z0%. FBOWENFHHINS
FTHMPHEZZE L7z, H4RHOPHER DM THo
7e05, MHEERMEEZ 2R EFTMELvwE v A
URHY, 2HHRER Lz, TOME, ERE,NE
LT L7z SO DR S, SRR G SR %
v, PEEREE A 12 ADNE L, SAREE TLIC
MHERZRE T T2V ERNLTO 7T A% Eo
720 MOEO 7 V< ¥ ORGHTIX, HHE KO
F2HEBIEETH L, EHEAHSIE 74V ELTHH
BRI 2EIIZETTHA7EA9 LEZ TV,
Bicid, MM EESI NS TRENEL, TE
LIZTRERY A ATHRIE L2V E W) FHEGR,
ZD72DIT, 2hH &) RO E K Z #1785
MICET A BENHoTe /20 74V EVIZHW
FERRBEI— AV b. BRI —AVIIBLXZ8AM»
LILAMDOETTHEH, FICIoTEHT L, £D
ZEnH, BAD L VIFRERNIC L B EIES L% &A%
EWAIE THED P HERIETL, R
DIV ENR LB L TLE) L) v =2 T IUAH
BEWZEEZEZ oMz PRE A & B D ITHEAR,
T RORIAT Z 721, — o el %z
DU TR L7z o Bk L 72 B AR O BUd o 8 45 %590.1%
BETH 5,

B i fa o) OB, BRI

XDl O aR— MRITICL D HESRD 5,
Ak, BERRBOR O HIE, iy ¥ = € o blER K &
HOEPIZTHZETHY, HURRROHEE Tl %\,
WSEF T & 0 AR D WA RS I | D & AU,
Lk T C OB S M R R T 5 2 LAk
BHH, EROMINAEE I T bR TR, BT
O PR M O D AR FR AT BR/NGTi & 2o T L £
o BT U R L -E 0, S gL
RKESEHRELTLOLWAWEPSFAZE U CTIEHL
TWAYS, BEFEROBILY 27 23T 72 H0 e L T
WihaWEHIZEDbNG, BIZIE ETRIOFHERT
. 172 H O EHER T 250,000 R % MK TE /2o 2D
9 B 250 A KLk & OV TR L7z I 20154E 5
H1I5HTH %25 ik e s -0k, 7HIC
88 CPIkES g). 8HIZ4R CEMKEIS g). 955
10 HIZ8) CF¥kHESS g) TH Y. To—Mfkd 720
DOFHEREIE, 7TH5g 8H15g 10055 gTH-
720 I0HECOREBI ORI % THLHH 5,
7120,000 B UL Lo ¥ T E s S 7z L HEE T
Ebho ZOMEIRIBIRMRDOTRIZEEZ bND,

£ 0 EBEMWIHIE AR & Rl 5 2 12 EY o 2
A= MNENT 2 TLULENID L, LeLaAL, &EE
O/NHIBLSE O R T T Y O BT
ZL B, TRTCOMBRERLLIBTE LV EDE 0,
Pinumuk-an {2 b T O HWMNITEBEDV L BAAET 572
W, TRTOEZFOIREEZLERT 5 2 L2 L v,
412, 2013 4E 2 5 2015 4F 1247 - 72 Pinamuk-an & 32
O/NRIEBERE20AFEICEB1IHS2) DY v T ¥ D
BRRAEOKRE R Uz, AREEMIE, LS
Rz ey eofiide U CTREERSRAE N,
WM 2@ U TR L2 A MO E B # > TRAE L7
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20

1 16

O, MELTTRIZZIZ—ETH L, LEd>T, 20O
W IR BB ROLEBZ KL TVE EEZD
N, TORICHALND X )T, Rk 195200
BICHAERE DI L. W OS2 MRESA SN S,
WEIN Y Y Z CIEWFITERICHW T O
o TRTOEWHTHEZD T H Y720 ORhE% it
Fe3 UL, SEREIEE TE 5, 2015051, 1
LT NBIFED E AT R OB E % I
LBk L720 MO LTS MBI EFII3ELE THo
720 WOHDVEWAHTZHERIZTZIIZNRESTEY, &
LEWAITEFIINREEOHMEZRLLEL LTHY
Tz MoSEF IR LEOMSEE» L. 72,
b~ ANOEFIH A HOWEAL ST L LTHW
JZ2IToTWiz, HEICE-oTHREINL Y Y VD
YA XDPREDH, TS IEZEORIRREIL. (ZIT,
FTRTOYA AW HN—LTVBEEZ LN,
H5123%HICE 51 HY72 0 0B EKRE D H
TEDEALER LIz, TF— MR O RIS, Th
S50 YT DKL 201544 AICHBER LS H
R LR CTH b EEZ N5, FT6H
LHHEERE B hofehs, THITKREEEIHE X 72
72OV EAL T —EH O &R D 2 BT
WMLTWB, MUEKICEZRSRE TN EELD
N5, 11 AUBRIEEEE D £ D ITbN v TH
WRPIZEAE R BDH, THEHO I F— MIBE
LT, BELABOY L LTSN, K
DFERIZ150g 12 LTz, #4E6H T TORDY v

H 14

%

12

7=

) 10

D g ts

iz

A

¥ s

=

24

~~

a2

(0]

\

Q o /

[O)] m N M m ;N N < ¢ ¢ < < T 1y N N N o0 N

< LA B L B S B S B B B B S . B B

N~ c 5 2 3 2 2 € 5 2 5 2 2 <© 5 > 35 o 2
3282283282283 8°% 32

X4 Pinamuk-an &L D 20 A DO EBEREO 7 ¥ T iR
Ko AgIEH BRI Z2 RS 7L —OMUAIEEHE D (2 bR B E Ko Kl L 72 R H R 0¥
HZH MV ENT 12X ) HARBRIEAHTH 200 5207 Y T ERFEEMICHIE SN TW A,

fffkzZoar—rovr ¥ EEz2C. 1H%30H
&L CTHRIRE %KD 5 L\ 48,210k, #HE 5T 1.840
glb, TOWHIIKDEBY THAH (KEX 5
TR, EERTOLE), 10 g, 16%, 2%. 10 g
2520 g, 14%, 5%, 2095 40 g, 26%, 21%, 40 g LI I,
43%, 7T1%. =L, 48,210/250,000=19.3% & i w &
N7ze HOMIFEFIIIEHZT Tl v Tl
HLEONEZOBULEDOEEN VL E-BbNRL, L
7ehoT, EBOFHiFEIEIb-LEHVWEEZ LN,

% C & % Pinamuk-an (2 13 New Washington @ Ht.[v b
T& % Poblacion DA 2> HE LM CHE L, D
D@Barangay T2015F 111284 ¥ ¥ Ca—FilfkE 175
720 ZDOHEFE, Stock enhancement &\ 9 S#Z M- T
VB ANIE48% (n=94) TH-7zo 7 ¥ ZEDRERIZOW
TH->TWBNIZT2% Tholzo 70Ty MHUETE
5 R IE. #3E#E T B Stock enhancement &\ 9 5 3
RIS TV D ANIZ65% CTholzn b, MFRIIAA
DIFZFOOHDE VR D, TV IEIIHAI TV
MEMD &L 5% DANHPHE R TWD EER, 2T
Wi ET D ADEEIX14% ThHotzo RIS %
Wwe& z 72 (n=93)

ACTOVIYI MDREERRDREL
DEofREzsd 22, PHBROEZE T %50%,

TGt = ¥ OFHER & 20%. 4F5 Y 5 & ARE L TL
P % /A b ook R 2 KATR L7z HOWFITEEZED
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Stme—

450
2 | 400
Y | 350
D | 300
? 250
)
% | 200
LY | 150
§ 100
50
V.
3 0
= I R I I I I R R I I S
W AN NN W N W N N A0 N9 N0 WO
N N
%\ \\)o W Y"\)% L’Q,Q" oé' ‘\o“ oé' \Qo QQ? @’b‘ v.Q‘ @’5\ \\)(\ ¥ ¥
3

%A

5 HWHIEZOLHN ) OB ik (337 046D

x4 U TUERERFEOEM - FEOED Y

HiED Y o5t
— [ DOIFAEALEL 500,000 {4

40 gBLE 1 300X /kg
e IS

Hh R S O ¢ 100,000 XV /4R
HKE 675,000

AR (7 ERY) 1)

FIRSHAFT 2,427,500 %Y

=z

WEARER OKE S 1 0.002-0.02 g BIL A, Hifili © 0.15 <> /Efk

HREE IR © 1, AERRES 1 50%, A RO I EL S

A IR L © 500,000 844K % 0.5 x 5 1a] = 1,250,000 1l {4

THAEE 1 20%. AR PR AR EL © 250,000 &, Pk 38 g

A B FHRAR A ¢ 38 g x 250,000 fE 1A = 9,500 kg
PR 0 10g LR : 190 kg, 1020 g : 475 kg, 20-40 g : 1,995 kg, 40 gl L : 6,745 kg
ik = 10 g LT 50Xy /kg, 1020 g : 100X/ kg, 20-40 g : 200X /kg

FEMTHE AL © 0.15 7 /1K x 500,000 Ml {4 % 51a = 375,000 X
ELAEIR 0 0-15H : 1000 /kg % 10kg X 5 [5] = 50,000 =V
15-30 H : 120X /kg x 250kg X 5[al = 150,000 X ¥

10 gBLF 1 50 % /kg X 190 kg = 9,500 % >
10-20 g : 100X/ /kg X 475 kg = 47,500 %>/,
20-40 g : 200> /kg X 1,995 kg = 399,000 %/,
40 g Bk 1 3005 X 6,745 kg = 2,023,500 %

2,427,500 X/ -675,000 X =1,804,500 X/

ERAETRTVRVOT, BIiFREE» L) EZ DR
AL D THAHH, Z1TDH 2,000,000 VT HFIEE
FAFE N5, IRICPSFA DA B % Pinamuk-an D4
R OFE, 200157 & E 2 5 &, MEHLADEREA
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an D 2 AF S EH TE LW EF TIE RV, L L,
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X, Koy vy EidF e LTl LciliE SN s,
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CORBRIZOWTIHHZRD Nz 7 ¥ T ¥ DR
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Asgricultural Practice: VietGAP) #FIFE L. ¢ DIREBICEBDTUO-H, 2017 F¥NICEDLBRIZE L T [EERUFEM
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Abstract. The Government of Vietnam established Vietnam Good Agricultural Practice (VietGAP) in 2008 for ensuring
safety of crops, managing environment, etc. and has tried to promote VietGAP intensively. As a milestone of its promotion
policy, the Government issued National Standard VietGAP based on “Law on Standards and Technical Regulations” in
2017. This article describes the VietGAP promotion policy adopted by the Government previously and the results of policy
implementation. It also clarified the background against which National Standard VietGAP was enacted and analyzed how
National Standard VietGAP was improved in comparison with previous VietGAP. Finally it describes some future prospects
about National Standard VietGAP.

Key words: Vietnam, safe crops, vegetable, Good Agricultural Practice (GAP), food safety
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e (National Standard) & L Co BEWINT VietGAP  ®RE L% L7202 £ LT, #H L\ VietGAP O3
(NP 2R TRERH) 2PvEdhiz (BHAEdlT HR5 %O LIZOW TR THIZV,
4 Pt 5E No.2802/QD-BKHCN Z 72, E LMD F 5 H
fR13 TCVN11892-1:2017) s S F TN b F L pE3E A
F%4 (MARD) (ZfEW OFEF I 4D D VietGAP O
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Il. 2008F D VietGAPEADFEREZDANE

1. R F LARLBIFRILREEM~DREDDEED

— RIS R L ENC B T TS KR HEE o 1) -2k
Vv, BEROBEFTEIEY 2 EoZlEY (FEHO
TEW) 2 RW R F Y 72 & O IGE O 85 B E
MNOTFEPEE-TL %, T, TENLEEYD
mEREEEICOH O REESTL %, AERIZBW
TH, BRI NS X ) RRFERETIE, &
MEWOARMEEZHRLET L HBWEENSKZ S
B HHNOWFEIERFFICBES NS, LA L, #&
FHOFREIZ X 2P KED LRIV, BRREOZE
LIZHIET 5 & & bIC, EEBE L ARHIEY 2 5
EM DA FENE L L T,

N b A EROFGKIED BRI ZEYA
DEBEOLILDHEATE Y, Bz IZEFFICOVTH
THhDEFIEmR - AERE DI, WEE. SIS
LTCWw5, [, BEMOREMEIC S HEE DML
EE o TV DA, R REEEDHFOBIN L Eh
LRTH, BEOREMIIOVTHA L TV LI
WCH B

2. P77 UHIFICHIT D GAP (BELETEER) (CHE
9 DRIZEDHEDRN
—FHGAPICHE L Tld, I—uv SiliaRLT%

DOEFHICHT H2REF T, 77 Vi B

Td. 20024E121F~v L A ¥ 7 (SLAM/MyGAP) J ¥

% 4 (QGAP). 20044E\2i1Z A ~ K4 ¥ 7 (Indo-GAP)

J Oy v i E=V (GAP-VF). 20074EI12iZ 74 ¥ ¥

(PhilGAP). 20114E121Z5 4 A (LaoGAP). 20134E(Z

7 VA4 (BruneiGAP) 2BV CHIED GAP % g

L7259,

DX BREIMOF T, 2006 4E 12 B3 K OB O
ASEAN GAP 31l & & 172 ASEAN GAP ¥ £ 5 %
G, BREVEPL. REHCIREE - iR s - R OMAN
gk Y ONEDADODET 22—V E2FHESTWAD,
20154F D ASEAN L ARG AZAIZIT T & E O GAP %
ASEAN GAP IZHHAI S ¥ 2 RA DR EN, <L A VT,
AV RATT. 74V, FA YU ER=N, T
WAL ZBEICADDE Y 2= IO WTHTALER T L
TWhe A, AVEYT, Ivr<v—IiZo20nTi,
#%EASGAP ZBA% L. ASEAN GAP @ %) H 4D
EVa- L EOFALERZ & EICH 27,

3. NRF LITBIF B VietGAP DHIE

MARD TiEHEk & 0 Z4VEWEEOREBER &
HDOTELD (2L 21E, 199844 H 28 HIZIX 3 Tl
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ODET2a— )V ERFMLTWED, 4D2DFT2—IZ
BarnTuniank LTwns?,
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DFHM R FEEEAEH 7 & E B OFLIRD 7290 D 14 DRk
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IUHE & HE R AL B, BRI O PR L LB, i, A
MR- FLEROBHFE - P L—H Y 71— - AL, NEBEEAT,
T & WL O FHIH 2 OW T D65 DB LA 5 7o
TW5 (1) ZHIZOWTIZETHBRT S,

%720 VietGAP X5 3 A BB X % FRGEH BE % $7 H
LCHH. 201249 H 26 H A} MARD 38 3% No. 48/2012/
TT-BNNPTNT [KEEY). EAEW L OV EW) O A )
CIMTAZ BT % GAP DHEFIZOWTORRALICHET 5
W] 2o TC. BRI E. E ORI X
% VietGAP O FIZB§ 2 AL & Z o FIc kKO iR
AEDFRFE DA TONTWAhH, Z L CTRIEWICE L Tid.
2016 4F- 10 H BIAE T 23 DRI 25 VietGAP FARERERS & L
TEFEIN TV 5,

4. XN FLDERZREICHET HER & VietGAP DEER

ST RN FL2OEREECIHMT TS
VietGAP & OBfR% R CTAIz\ve R M FAICBITLE
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F1 B3 - BB VietGAP DR (77 v 2 WIZE LT D)

KRIEH R OHIAH

/NHH - N

B1E NS
1.VietGAP O#ipH & ¥ — 7 v T
2. 55

(1s)
(1s)

2w W3R - BB VietGAP

A REHIB O FHT & 2 (3), AR (2), LHOFERH 4), ERE T
g (5). K ), ALFERGOMA (13), DUHE & IR (16).
B OFI L (1), HEE (7). #F - ZER- bL—H1 71—
B (6). WHBEAS (4). 1 &R (2)

Fry YA ME
LR D 720 DR
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Abstract. Drought is one of the most serious abiotic stresses for rice cultivation, even under a water saving production
system such as the Alternate Wetting and Drying (AWD) system and upland irrigated fields. In this study, we evaluated
the performance of larger root systems in a KM07 mutant under such water management conditions. This mutant line was
utilized for breeding and development of new rice germplasm adaptable to drought stress conditions in Mwea, Kenya, by
crossing it with the recurrent parent of New Rice for Africa (NERICA), WAB56-104. Three mutant-type F, lines grown under
AWD and upland irrigated conditions showed different responses to drought stress. The mutant type’s greater root growth
was observed in lines 2 and 3 under AWD and upland irrigation conditions, respectively. These results suggest that the highly
developed root system derived from the KM07 mutant can avoid drought stress under field conditions in Kenya, and it should
be utilized as breeding material for drought stress avoidance, along with water management technology.

Key words: Kenya, rice, root system, drought, water saving technology
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Introduction Drought caused by limited water resource is considered

a major constraint to both upland and rainfed lowland

Rice is the staple food for more than half of the world’s
population. Rice is one of the most important crops, not
only for its calories, but also as an economic commod-
ity, particularly in many developing countries”. Rice
consumption among those countries is growing rapidly,
especially in sub-Saharan Africa (SSA) where it is the
fastest growing staple food?. However, the productivity of
rice in SSA is less than half that of the world’s average,
and more than 60% of the total rice consumed there is
imported, mainly from Asia®.

rice production in SSA®. Therefore, in order to address
this challenge and use the limited water resource more
efficiency, water management practices are necessary. A
water saving technology, known as ‘Alternate Wetting
and Drying’ (AWD), has been developed. In the AWD
system, rice is grown without continuously waterlogged
(CWL) in the field, and irrigation water is applied to
obtain flooded conditions after a certain number of days
have passed since the disappearance of ponded water®.
AWD was implemented after several studies showed that
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it reduced irrigation water input by up to 38% ® 7. Another
newly developed method is the aerobic or upland irrigated
method, where adapted rice varieties are grown as normal
field crops with or without supplementary irrigation in
well-drained, non-puddled, and non-saturated soils. Water-
saving techniques, however, risk yield reduction because
plants may experience drought stress. By analyzing the
data from in total 31 field experiments, it is reported that
92% of the AWD treatments resulted in yield reductions
varying from just above 0% to 70% compared with flooded
control plots®. Therefore, in order to minimize drought
stress without decreasing yield under water saving condi-
tion, water input needs to be optimized and rice varieties
possessing drought tolerance or drought avoidance mecha-
nisms should be selected. Adaptability of root systems to
drought stress have been studied intensively under various
water management systems, including AWD, aerobic con-
ditions, different soil moisture conditions, and fluctuating
soil moisture conditions®!®. For adaptation to these stress
environments, one of the most important root attributes
is to maintain total root length under water deficient and
rewatering conditions® '”. These adaptations resulted in
increased water uptake and improved shoot dry matter
production! 19,

In this study, we identified a rice mutant line, KMO07,
that has a highly-developed root system under hydroponic
conditions at the seedling stage. In order to evaluate the
possibility of using these mutant root traits for avoiding
drought stress under field conditions in Mwea, Kenya, we
prepared Fy lines derived from the cross between KMO07
mutant and WAB56-104, an upland improved variety and
parent of NERICA 1 to NERICA 11, for improving rice
productivity in Africa.

Materials and Methods

Plant materials

Rice root mutant line KMO7 and its parental variety,
Kimmaze (Oryza sativa L.) were utilized for pot experi-
ments. Three Fy lines derived from the cross between the
KMO7 mutant and WAB56-104 were evaluated in the field.
Each F; line was classified into normal root phenotype
(Normal-type) and mutant root phenotype (Mutant-type).

Pot experiment
Growth conditions

Kimmaze and the KM07 mutant were evaluated in
pot experiments conducted in a glasshouse at Nagoya
University, Nagoya, Japan (35°6’42”N, 137°4’57°E) in
2017. Kimmaze and KM07 mutant seeds were sterilized by
soaking in water containing benomyl fungicide (2.5 g L")
in a growth chamber at 28°C under continuous light for 4

d. Three pre-germinated seeds each of Kimmaze and the
KMO07 mutant were sown in a pot (20 cm in height and
16 cm in diameter) filled with 4.0 kg of air-dried sandy
loam soil analyzed in our previous paper'”. The soil was
mixed with fertilizer containing 120 mg nitrogen, 120 mg
phosphorus, and 120 mg potassium. The seedlings in each
pot were thinned to one at 10 days after sowing (DAS).
Kimmaze and the KM07 mutant were grown under CWL
conditions.

Root sampling and measurement

Roots were collected from three plants of each genotype
at 60 DAS. Roots were washed under running water to
remove soil. Cleaned roots were spread on the acrylic
tray filled with water without overlapping. Digital images
were taken using an Epson scanner (ES-10000G) and then
saved as tiff files (6600 x 4879 pixels). Each root trait
was analyzed using WinRHIZO software v. 2013 (Regent
Instruments, Quebec, Canada).

Field experiment
Growth condition

Three Fg lines were evaluated in a field experiment
conducted at Kenya Agriculture and Livestock Research
Organization-Mwea Centre, Kenya (KALRO-Mwea
Research Farm (0°40°35”S, 37°18°06”E) from April to
September 2017. The soil of the experimental field was
Nitisol analyzed in our previous paper?”. Plant materials
were grown under CWL, AWD, and upland irrigated
field conditions (Fig. 3b, c). For the upland irrigated field
condition, three seeds were directly sown per hill on April
12, 2017 and then the seedlings in each hill were thinned
to one at 10 DAS. Pre-germinated seeds were sown in
seedling trays on April 12, 2017 for CWL and AWD treat-
ment, and then seedlings were transplanted in the field on
May 3, 2017. As shown in Fig. 3a, seeds or seedlings were
grown in seven rows, seven plants per row at a spacing of
20 cm % 20 cm between plants. Each line and genotype
had three replicates. The AWD field was maintained in a
flooded condition for 21 days after transplanting (DAT),
and then re-irrigated up to 5 cm depth from the soil surface
whenever the water depth reached 20 cm from the soil
surface. Water depth in the AWD field was measured using
a water tube buried into the soil. The upland irrigated field
was kept wet but not flooded by applying water using a
sprinkler until harvest. Basal fertilizer was applied at a per-
hectare rate of 25 kg N, 25 kg P205, and 25 kg K20 at the
time of transplanting. Top-dressing fertilizer was applied
at a per-hectare rate of 25 kg N at 21, 45, and 75 DAT (42,
66, and 96 DAS in the upland irrigated field, respectively).
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Fig. 1. Root system profiles (a) and root traits (b) of parental variety (Kimmaze) and KM07 mutant plants at 60 days after
transplanting under continuously waterlogged (CWL) conditions. Bar = 10 cm.

* significant at P < 0.05 between the two genotypes.

Root sampling and measurement

Roots were collected from four plants of each line and
genotype at 125 DAT. Before root sampling, shoot parts
were cut at 5 cm above the ground surface. A metal tube
(30 cm in height and 20 cm in diameter) was inserted
into the soil up to a depth of 20 cm and then pulled out to
sample a core of soil and roots. The root samples from the
core were washed with running water to remove soil. Each
root trait was measured by the same methods used in the
pot experiment.

Results

Root development of the KMO7 mutant

The differences in root development between the KM07
mutant and Kimmaze were evaluated in the pot experiment
at the vegetative stage. The roots of the KMO07 mutant
were found to be distributed wider and deeper than those
of Kimmaze (Fig. 1a). As shown in Fig. 1b, under CWL
conditions, total root length (TRL), root surface area (SA)
and root volume (RV) in the mutant were 53%, 47% and
38% higher than those in the Kimmaze, respectively.

Water depth in AWD field and weather conditions
at the experimental site

In the AWD field, the cycles of wetting and drying were
repeated 19 times until harvesting (Fig. 2b). The air tem-
perature reached below 15°C three times from the booting
stage to the maturity stage (Fig. 2a), and the cold damage

resulted in severe sterility in both genotypes (Fig. 3d).

Root phenotypic evaluation

Each root trait was analyzed using digital images in
WinRHIZO (Table 1). The rice root system typically
consists of two types of roots, nodal roots (NR) formed at
lower stem nodes and lateral roots (LR) derived from the
nodal roots. In this study, the root components, NR and
LR, were classified based on their diameter (D.). NR and
LR were included when their diameters were D.> 0.3 mm
and D.< 0.3 mm, respectively. LR was divided into three
ranges, thin LR, middle LR and thick LR when diameters
were 0 mm <D.< 0.080 mm, 0.080 mm <D.< 0.15 mm
and 0.15 mm <D.< 0.30 mm, respectively?"). Under CWL
condition, there was a tendency that Mutant-type plants
showed slightly higher root development than that of
Normal-type plants among all three F, lines, however, in
all root traits there were no significant differences between
Normal-type and Mutant-type plants. Meanwhile, the ef-
fects of water treatment in AWD and upland irrigated on
root development were significant between the two geno-
types. Under AWD conditions, only Mutant-type plants of
line 2 maintained significantly higher TRL, SA, RV, total
nodal root length (TNRL), total lateral root length (TLRL)
and thin TLRL compared with Normal-type plants. Under
upland irrigated conditions, only Mutant-type plants of
line 3 maintained significantly higher TRL, TLRL, and
lateral root length (LRL) at each diameter compared with
Normal-type plants. As a result, Mutant-type plants of line
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2 in AWD conditions and Mutant-type plants of line 3 in
upland irrigated conditions had significantly higher devel-
oped root systems, but Mutant-type plants of line 1 did
not have significant higher root growth under either AWD
or upland irrigated conditions compared with Normal-type
plants of line 1 grown under both conditions.

Discussion

In this study, we evaluated the performance of root
systems observed from the KMO07 mutant under different
water management conditions, including CWL, AWD,
and upland irrigated conditions in Mwea, Kenya. Under
AWD and upland irrigated conditions, Mutant-type plants
developed larger root system with increased root length
compared with those in Normal-type plants, suggesting
that Mutant-type plants responded to the water deficit and
rewatering more strongly, thereby maintaining a highly
developed root system under drought stress conditions.
Mutant-type plants exhibited greater root growth in
lines 2 and 3 under AWD and upland irrigate condition,
respectively.

East Africa including Mwea, Kenya is located in
cold-prone highlands. In these location, cold stress, one

of the most important abiotic stresses for rice cultivation,
caused yield losses of up to 100%'®. In this study, the air
temperature reached below 15°C several times from the
booting stage to the maturity stage, resulting in severe ste-
rility in both Normal-type plants and Mutant-type plants.
Importantly, Mutant-type plants of lines 2 and 3 maintained
highly developed root systems even under a severe cold
stress environment. We previously reported a cold tolerant
gene locus that functions well in the cold-prone highlands
in Kenya??. In order to achieve stable yield under water
deficit as well as cold-prone conditions, we are now trying
to produce breeding lines that have both the cold tolerant
gene and the KM07 mutant gene.
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Table 1. Root growth of Normal-type and Mutant-type F4 plants under CWL, AWD, and upland irrigated conditions at matu-

rity stage
F¢ Line 1 F¢ Line 2 F¢ Line 3
Water treatment  Traits Diameter (mm) Normal-type Mutant-type Normal-type Mutant-type Normal-type Mutant-type
CWL TRL  (cm) 36248.3 422132 30831.1 35078.9 ™ 27535.7 29078.7 ™
SA  (em?) 33333 40132 ™ 35078.9 3681.2 ™ 2925.5 20528 ™
RV (em’) 24.5 309 ™ 26.3 308 ™ 25.0 240 ™
TNRL (em) 0.3 =D. 8769.5 10223.6 ™ 8376.7 9887.8 ™ 7936.6 10366.5 ™
TLRL (cm) 0<D.= 0.30 27437.2 319389 ™ 224223 251549 ™ 19570.6 17864.2 ™
LRL (ecm) 0<D.= 0.080 16189.2 19034.9 ™ 13820.1 14160.8 ™ 10878.9 11820.6 ™
LRL (cm) 0.080<D.=0.15 6519.2 7481.0 ™ 5035.7 5979.0 ™ 4859.7 4880.6 ™
LRL (cm) 0.15<D.=0.30 4728.8 5423.1 ™ 3566.5 5015.0 ™ 3712.1 42417™
AWD TRL  (cm) 20492.1 195329 ™ 16553.8 24092.7 * 18010.9 15829.3 *
SA  (cm?) 2075.9 22459 ™ 1738.5 2546.0 * 1972.3 1758.0 ™
RV (em’) 16.8 20.8 * 14.7 21.5 * 17.3 156 ™
TNRL (em) 0.3 = D. 5359.0 57852 ™ 4563.3 6421.3 * 5172.7 46402 ™
TLRL (em) 0<D.=0.30 15110.7 137278 ™ 11972.5 17643.5 * 12819.7 111713 ™
LRL (em) 0<D.= 0.080 8444.0 7942.9 ™ 6772.1 10196.0 * 6974.8 62243 ™
LRL (cm) 0.080<D.= 0.15 3790.7 3348.9 ™ 2984.3 42857 "™ 3233.7 2790.7 ™
LRL (cm) 0.15<D.=0.30 2876.0 2436.0 * 2216.0 3161.7 ™ 2611.2 2156.4 ™
Upland irrigated ~ TRL  (cm) 10357.4 131024 ™ 13344.1 11297.5 ™ 11898.6 16881.6 *
SA  (em’) 1493.3 1381.8 ™ 1230.4 1533.0 ™ 1370.7 1703.8 ™
RV (em’) 133 13.6™ 11.7 144 ™ 12.6 13.8™
TNRL (em) 0.3 = D. 3956.0 4589.0 ™ 5921.2 3737.8™ 3574.0 6347.7™
TLRL (em) 0<D.=0.30 6948.7 8187.6 ™ 9902.9 6747.0 ™ 8312.2 10651.5 *
LRL (ecm) 0<D.= 0.080 3711.6 4829.6 ™ 4860.5 4125.1 ™ 4459.8 6807.1 *
LRL (cm) 0.080<D.=0.15 1679.0 2457.8 ™ 2136.4 1753.7 ™ 1894.3 2024.1 *
LRL (em) 0.15<D.=0.30 1652.1 2210.1 ™ 2253.7 1669.2 * 1958.1 2676.8 *

CWL, continuously waterlogged; AWD, alternate wetting and drying; TRL, total root length; SA, root surface area; RV, root volume;
TNRL, total nodal root length; TLRL, total lateral root length; LRL, lateral root length at each indicated diameter (D.).
ns, not significant; *, significant at P < 0.05 between the two genotypes within each water treatment.
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Case Study of Sustainable Results Achieved by International Cooperation of
Marketing and the Contributing Human Resources

—The Project on Community Leader Development in Agricultural Cooperatives
in Thailand—
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ARTIE. BREBHOAMOBRICHRBBROESICETDIcD, —N—REBHOERIIN—T)—F—BZ2E880& L
T2007F~2011 FO4FRERA B TEBSNICRMBHTOY IO FEBHMAELI, ATOYIHFTR. BEROR
EREEE (A DN vT A VT ) IONIHBRRIN—TV—F—CRMiBEGEsNIcHR 100 BRI VTN —5—
[CkoTRENRIES N, BAEMS,000 ADFISH A LT, =BICT0OYIH MEYBRLBMBNT—H—BEIE
moNlce AR TIE. 7OYIH FORREFHRMEDERIBHZRD D, JAD/ DN EXDORMBETEND L O'E
BICEMLICBAAMZZERL, JABROEMNRIBATERBLICRRHDSEE IS/ INDERRL TERMBEL
ZEDBBMDRED DI EZRBSMNILIC, ¥DORA T, HOBFEELENDERBHNTIE. BRERDAMOERME
BEeXELT/INDDFAXRZSHIBEZHIT NS LRESLI
F—I—R ! AMBR. —R—R. YT vTar vy B KB
Abstract. In order to contribute to progress of discussions for developing human resources of International Cooperation,
a technical cooperation project aiming at fostering farmers’ group leaders in One Village One Product (OVOP) movement
was case-studied. It was carried out in Thailand for four years from 2007 to 2011. In the project, the marketing know-how
in Japan Agricultural Cooperatives (JA) was transferred to the group leaders. As a result, about 100 farmers’ groups were so
empowered by the group leaders that about 5,000 group members increased their incomes. After the project, fostering group
leaders was sustained with the self-help efforts. In this paper, the JA marketing know-how, the technology transfer activities
and the contributing Japanese human resources to the project implementation were studied to know the reasons of achieving
the project outcome and sustainability. Consequently, it was found to be a huge contribution for the project that the JA-related
experts selected the suited know-how from their accumulated experiences in Japan and transferred them. Furthermore, it was
suggested that supporting measures of these domestic specialized human resources should be taken to rise the application

efficiency of their know-how in international cooperation of other developing countries.

Key words: Human resource development, One village one product (OVOP), Marketing, Agricultural Cooperatives,

Technology transfer
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Abstract. JICA and JISNAS held the seventh joint forum in December 2018. It focused on enhancing human resources
development in the agricultural sector of developing countries. Panelists from Japanese industry, academia and JICA
discussed possible actions: (1) expanding collaboration among Japanese industry, government and academia; and (2) sharing
experiences in development of Japan and Asia with international students. As for the above (1), JICA presented its plan
of inviting 1,000 international students in total by 2030 through strengthening cooperation with Japanese universities. It
also proposed that participated stakeholders shall establish a flexible platform for contributing in SDGs, particularly for
eradicating hunger and poverty. With regard to the above (2), JICA proposed developing education modules for the reference
of international students. The panelists discussed the modules may be developed with based on the experiences such as
Japan’s policies for increasing domestic food production and for adjusting to globalization, and Green Revolution in Asian
countries. It is desirable that the above ideas will be put into action: (1) wider rang actors areas collaborate further for
achieving SDGs; and (2) the experiences of Japan and Asia be further reviewed for developing useful education modules for
international students.

Key words: Human resources development, Collaborative platform among industry-government-academia, JICA
Development Studies Program, Experience of Japan in its development
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SDG-Conference ‘Towards Zero Hunger: Partnerships
for Impact” was held from 30th to 31st August 2018 at
Wageningen University & Research, in Wageningen, The
Netherlands. The SDG conference brought together over
700 participants from across the globe including represen-
tatives from governments, academics, civil society and the
private sector in Wageningen. They were all part of the
varied program of the conference.

On this occasion, we held the joint session of Japan
Intellectual Support Network in Agricultural Sciences
(JISNAS) and Wageningen University & Research
(WUR) on the theme of “Inclusive Value Chain
Development”. JISNAS and WUR signed a Memorandum
of Understanding at Kyuushu University Tokyo Office
in June 2017 for the establishment of a long-term coop-
eration aimed at strengthening international cooperation
in agricultural research and higher education. Prior to the
establishment of MOU, Rothuis, Manager, International
Cooperation Asia, WUR participated in the 5th Japan
International Cooperation Agency (JICA)-JISNAS Forum
on Human Resource Development in Agricultural Sector
for SDGs at JICA Yokohama in December 2016 and gave
a talk about their efforts to SDGs at WUR. JISNAS and
WUR held the Joint Seminar on integrated pest manage-
ment (IPM) and the workshop on improvement of agricul-
tural research and its application in Myanmar in February
2018 (JISNAS-WUR-YAU Joint Seminar and Workshop
2018 “IPM Seminar and Workshop on Improvement of
Agricultural Research and Application”, 3rd-4th February
2018, Yezin Agricultural University (YAU), Naypyidaw,

Myanmar). The JISNAS-WUR Session 2018 was our 3rd
collaborative meeting.

The title of this session was ‘“Promoting added-
value production by smallholder farmers through the
development of robust market-driven supply chains in an
industry-community-academia collaboration”. There are
many trials to develop value chains in Africa, but have
the majority of smallholder farmers left behind? How
does value chain development make it more beneficial to
smallholder farmers? In this session, four topics relating
to the development of robust market-driven supply chains
in an industry-community-academia collaboration and
the promotion of added-value production by smallholder
farmers were delivered from Japan and Netherlands in an
oral session. Then, a panel discussion with three panelists
followed the oral session.

The program of JISNAS-WUR Session 2018 is as
shown in Table 1.

At the beginning of the JISNAS-WUR Session 2018,
Kazuo Ogata, Chair of JISNAS remarked about purpose
of the session and JISNAS-WUR collaboration. As
the first speaker, Jiro Aikawa, Senior Advisor, JICA,
talked “Introduction of SHEP (Smallholder Horticulture
Empowerment and Promotion) approach as an innovative
extension method in Africa”. Better extension service for
small scale farmers in developing countries is key for
achieving SDGs such as poverty reduction, job creation,
and access to higher education for kids, etc. SHEP was
developed by JICA’s technical cooperation project
started in Kenya in 2016 as one of the agriculture extension
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Table 1. The program of JISNAS-WUR Session 2018

Program 1. Oral Session

Chairpersons: Keisuke Ito, Director, Rural Development Department, JICA, Japan
Chiharu Nakashima, Professor, Mie University, Japan
Introductory remarks: Kazuo Ogata, Chair of JISNAS / Professor, Kyushu University

Topic 1: Introduction of SHEP Approach as an innovative extension method in Africa

Jiro Aikawa, Senior Advisor, JICA, Japan

Topic 2: Empowering farmers to become partners in robust market-driven supply chains: an alternative
evaluation method for assessing value chain dynamics
Jos Verstegen, Senior Researcher Entrepreneurship, WUR, The Netherlands
Kazuhisa Goto, Liaison Scientist, WUR, The Netherlands / NARO, Japan

Topic 3: Value adding technology and its application system
Tadashi Yoshihashi, Senior Researcher, JIRCAS, Japan

Topic 4: Agricultural extension activities by Tokyo University of Agriculture; From greening of arid

land to nutritional improvement in Africa

Yoichi Sakata, Professor, Tokyo University of Agriculture, Japan

Program 2. Panel discussion

Moderators: Shuichi Asanuma, Board Member, International Institute of Tropical Agriculture (IITA) /

Senior Adviser, JICA, Japan

Arjo Rothuis, Account Manager Asia, Wageningen International, WUR, The Netherlands

Panelists:

Jos Verstegen, Senior Researcher Entrepreneurship, WUR, The Netherlands

Kazuhisa Goto, Liaison Scientist, WUR, The Netherlands / NARO, Japan
Hiroshi Ehara, Professor, Nagoya University, Japan

approaches and gives concrete solutions for these basic
issues on extension as well as realizing market oriented
agriculture. This approach composed of series of activi-
ties with essential steps: the most important activities are
market survey and making crop calendar done by farmers
themselves with support of extension staff. Farmers can be
aware of market needs and make decision which crops they
are going to grow based on the results of the survey. In order
for farmers to develop their capacity, SHEP introduces a
theory called “Self Determination Theory”. People possess
three basic needs; autonomy, competence and relatedness.
Activities based on SHEP Approach as extension services
are well designed to satisfy both Economic and Psychology
aspects. Many positive impacts such as income generation,
improvement of livelihood, re-investment for better farm-
ing, etc. can be seen in various countries.

Jos Verstegen, Senior Researcher Entrepreneurship,
WUR gave a talk as duo presentation with Kazuhisa Goto,
Liaison Scientist, WUR / National Agriculture and Food
Research Organization (NARO), about “Empowering
farmers to become partners in robust market-driven sup-
ply chains: an alternative evaluation method for assessing
value chain dynamics”. The evaluation research presented
at the SDG conference was conducted in the context of the
2SCALE (Towards Sustainable Clusters in Agribusiness
through Learning in Entreprencurship) program which was
developed in sub-Saharan Africa and coordinated by IFDC.
The goal of 2SCALE is to improve rural livelihoods and

food and nutrition security in nine African countries. To
this end 2SCALE forges public-private partnerships, with
private partners varying from local producer organizations
and SMEs to large-scale companies such as seed compa-
nies, processors, and trading companies. The approach is
based on (1) formation of agribusiness clusters - local net-
works between smallholder farmers themselves, and with
service providers - to improve competitive intelligence and
bargaining power, (2) integrating the agribusiness clusters
in value chains, with backward linkages to input supply
chains and forward linkages to food supply chains, and (3)
enabling fair business environments with better access to
information and finance, in particular for the weaker actors.
In the project Wageningen Economic Research developed
and tested a so-called Value Chain Laboratory (VC-Lab)
for the assessment of two 2Scale initiatives: (i) sorghum
value chain in Meru County, Kenya and (ii) soybean
value chain in Tamale, Ghana. The VC-Lab consists of
three steps: (i) Desk research and Value Chain Mapping,
(i) Value Chain Games involving 2Scale farmers and
nonparticipating farmers, and (iii) Agent Based Modelling.
The study provides insights into the trust levels of farmers,
their risk perception and collective action strategies, and
provides scenarios for maximal impact. Data gathering and
analyses took place in 2015 and 2016. In their presentation,
the gaming approach and reveal some of its results were
briefly explained.
Tadashi  Yoshihashi, Senior

Researcher, Japan
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International Research Center for Agricultural Sciences
(JIRCAS), talked about “Value adding technology and its
application system”. MAFF of Japan, had set “Global Food
Value Chain (GFVC) policy”, which aims to support activi-
ties delivering higher values and increase profits for each
stakeholder from production to consumption in food value
chain. Activities on food value chain improvement under
JIRCAS research project in line with GFVC policy, and
Consultative Group on International Agricultural Research
(CGIAR) research program were presented to show the
efforts to transfer Asian experiences to Africa toward
upgrading food value chains. Traditional rice processing
technology, “pop-rice”, roasting rough rice to puff rice
kernel was used for ornament in Japan and Thailand, and
sweets in Vietnam and India, and almost disappeared in
the region. However, the technology requires less equip-
ment, and rough rice with rather higher moisture content
can directly use as material. Also, simple heat source can
be used for the process. Since less equipment and process
are required for the technology, it might be suitable for
on-farm process in African countries, especially avoiding
quality losses during rice milling and postharvest procedure
and obtaining value-added pregelatinized rice kernel. On
the other hand, white guinea yam (Dioscorea rotundata)
which is one of the important regional staples in West
Africa, can be categorized as “orphan crop”, therefore
there is remaining potential in productivity and quality
improvements. Utilization of local genetic diversities was
required, however lacks tools to evaluate their properties
hinders effective elite lines selection. Since East Asia has
experience to utilize yam species (Dioscorea spp.), we had
transferred various quality evaluation methodologies as
white guinea yam selection tools. Both cases show possible
knowledge transfers by accelerating partnerships among
African and Asian stakeholders.

Yoichi Sakata, Professor, Tokyo University of Agriculture,
introduced “Agricultural extension activities by Tokyo
University of Agriculture (NODAI); From greening of arid
land to nutritional improvement in Africa”. Tokyo NODAI
has recognized that the issues of food production and safety
should be discussed and solved on a global scale; therefore,
“return man to the farm of the world” is our ultimate educa-
tional and research goal. To achieve this, we are currently
conducting various types of extension activities related
to SDGs (Goal 2; End hunger, achieve food security and
improved nutrition and promote sustainable agriculture)

in the world: 1) Cacao production for smart consumer by
agroforestry system from Amazon, Brazil; 2) Improvement
of livelihood and health conditions of Tongan people by the
effective utilization and new processed products of bread-
fruit; 3) Project on promoting sustainable agricultural condi-
tions for poverty reduction in Kampong Cham Province,
Cambodia; 4) Research project on advanced and sustainable
water utilization associated with greening potential evalu-
ation in Djibouti, Africa; 5) Stimulating use of local food
resources in Africa to improve nutrition and livelihoods: A
new integrated food consumption assessment tool for better
decision making in nutrition interventions. Taken together
with the experiences we obtained from these extensions,
he proposed to discuss what universities could promote to
develop inclusive value chains in developing countries.

In the panel discussion followed the oral session, the
points were what were the lessons learned from each
presentation in terms of technology dissemination to
smallholder farmers in promoting added-value production
by them through the development of robust market-driven
supply chains in an industry-community-academia col-
laboration? Three questions described below were put up
by the moderators. 1) Can small holder farmers respond
adequately to the needs of market-driven supply chains?
2) How feasible is technology dissemination through
value-chain development? 3) What is the role of academia
in promoting value-chain development? After comments
from the panelists were delivered, we confirmed some gists
as follows: i) markets should be considered first before
technology development; ii) farmers’ motivation will be
more important than technology; iii) farming has to be
seen as a business; iv) use of games may be valuable in
scientific evaluation studies; v) trust among value chain
actors is a key driver of success; vi) quality of agricultural
products requires scientific evaluation.

We shared the former experiences of smallholder farm-
ers’ income generation through value chains development
in Asia and Latin America as well as the recent examples
of innovative agricultural extension approach in Africa and
discussed how to develop inclusive value chains in devel-
oping countries and what will be the role of agricultural
extension service. Through this session, we could learn the
six important points to promote added-value production
by smallholder farmers through the development of robust
market-driven supply chains.
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