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FOREWARD

In response to the request of the Government of the Democratic
Republic of the Sudan, the Japanese Government has decided to make
a feasibility study on the Abu Gasaba Rice Development Projeclt and
entrusted the Japan International Cooperation Agency (JICA) with its
study.

The Japan International Coopération Agéncy, which ié responéible
for implémenting Government's technical wocperation programmes,
comnissioned the‘study to the Nippon Koei Co., Litd.  The company
dispatehed to the Sudan an expert team headed by Dr. S. Matsushima
from June, 1977 to October, 1979. They cérried out rice expériments
to obtain basic information on rice culfivafion in a semi-arid area

in the Sudan and prepared its final report.

The report presented by them contains new ecophysioclogical
findings on rice plant in a hot and dry climate and may contribute
to the rice cultivation in arid areas in the world as well as in the

Sudan.

I sincerely hope that this report will mske a contribution to
the economic development of the Sudan as weéll as to the promotion

of the friendship between our iwo countries.

I wish to take this opportunity to express my deep appreciation
to the authorities concerned of the Democratic Republic of_the_Sudan

for their kind cooperation and assistance extended to the experts;

. / 7 .
J. ry, 1980 . . > L N
sy 19 Sk it

Keisuke ARITA

President

JAPAN TNTERNATIONAT, COOPERATION AGENCY






LETTER OF TRANSMITTAL

Mr. Shinsalku Hogen
President

Japan International Coopération Agency
Dear Sir,

We have the pleasure of submitting the final feport on the rice
experiments which héve'been carried out for nearly two years since June,
1977, as a supplementary work to the feasibility study on Abu Gasaba
Rice Development Project. The ekperi&ents have terminated with this

fourth supplementary work.

The.prGSent report contains all the findings obtained from the
commencement to termination of the experiments, especially all the
results of studies on the selection of promissing varieties suitable
to the Project Areas, on the appropriate cropping pattern and on its

appropriate cultivation methods:

It is our sincere hope that the report w111 be fully utilized for

bthe Rice Development Project promo ted by the Sudanese Government.

‘The rice experiments have fully proved the p0351b111ty of the .
double cropplng of rice contemplated in the feas1b111ty study and alsoc

its high product1v1ty even under the tropical srid climate.

The training of the counterpart personnel dispatched byithe Sudanese
Government was also conducted on the way of ecarrvying out of the experi-
ments, an& much technical knowledge on rice cultivation might have been

transfered to the personnel, though whose number was restricted.



In submitting this report, we wish to express our sincere ‘appreciation
and gratitude to all the persomel of your Agency, Miﬁistry of Agriculture
and Fishery, Ministry of Foreign Affairs, and the Embassy of Japan in
Sudan, and the officers of the Sudanese Government concerned; for the
conntries and cooperation extended to us during eur field work and home

of'fice wbrk,

Very truly yours, .

/4; Hacola

Akio Maeda
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1. INTRODUCTION

This is a report on the 4th supplemental work of the rice experi-
ments, which have been carried out as a supplemental work to the feasi-
bility study conducted by Japan International Coupelatlon Agency, on the
Abu Gasaba Rice Development Project in White Nile Province, Sudan. This
report consists of the main Tepoft aﬁd the annex report, in which

all the rice experiments are detailled.

1.1 Historical Bac¢kground of the Rice Experiments

These rice experiments have been carried out through lst to 4th
supplementary work for nearly 2 years starting with a small scale ex-
périment at 0.3 ha field in June, 1977 as a part of the feasibiiiiy
study, and then expanding to 2.0 ha field.

At the early stage of the experlments, only a variety test on about
30 varleties and a seasonal plant:ng test were carried out in a Smmll
scale from the view point of land productivily, because of the experi-
mental field being limited to 0.3 ha and farm inpubs and equipments
being insufficient. The experimeﬁtal results revealed that even under
the hot and dry climate, rice plants.grew #igorously-@nd bfoduééd Qery
high yields, dttaining the_highest record of 9.0 ﬂon/ha'in the past in
Suddn, which fully proved the possibility of rice cultivation in the
Project'Area. The experiments extended t0:2.0 ha in December, 1977 and
were.kept'on a$ ihe first supplementary work to the feasibility study.
Majorrsﬁbjects of these expefihents were the studies on the possibility
of the rice cultivation in the_off—éeason,.and therefore the variety
test, the seasonal_Plaﬂting.test, the fertilizer element'teéf, the nit-
rogen amount test, the cultivation method test and the spacing and sowing

density test were carried out.

The Znd subplementary work was conducted in the period from May 1o
December, 1978 In this work the experiments btalted in the 1st qupple—
mental work were completed and the second tests in the main-season were
initiated. It had long been said that the rice cultivation in the off—
season was quile impossible in Sudan. The work, however, confirmed that
high yields of more than 5.0 ton/ha could easily be obtaine& even in the

off-season, if only proper cultivation practices were applied.
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The 3rd supplementary work was carried out from_Décember 1978 to
March, 1979 with a view to completing the tests in the main-season and
1o commencing the tests in the off-season. In this work, the new high-
est record of 11 _t(in/ha of grain wa:s obtained, which clearly demonstrated
the high profitability as well as high possibility of rice cultivation

in the Project Area.

With the 4th supplémentary work, which will be mentioned in the

Tollowing seclion, the rice expeliment has been completed.



1.2 Objectives and Work Ltems of the 4th Supplemenbary Work

The objectivesof'M1e 4th supplementary work are the completion of
the rice'experimeﬁts and the drawing of the conclusion based upon the
results obtained from the preceeding studies and the experiments. In
the field work rice cultivation, ﬁhe growth observation of rice plants

and yield determination were carried out,
Work items in the 4th supplementary work are as follows.

" (1) The completion of the experimenfs started in this work period,

which growth observation and yield deterﬁination are included.

(2) Technical t:ainihg and guidance for counterpart personmnel on the

following i1tems.

i) Cultivation techniques and actual practises, especially

ways of fertilizmation
ii)  Methods of plant growth observation

iii) Methods of ¢rop yiéld determination

{3) Compilation of data oblained and.analyses of the results for the
selection of appropriate varieties, éropping'pattérn, cultivation

methods, etc.,

(4) Selection of the dppTﬂprlate vailetleb, cropping pattern and cul-
‘tivation methods f01 the formulation of the approprlate double crop-

ping of mechanized rice cultivation.

This 4th su‘ppiementa_l work consists of the field work during 128
dayq from May 7 to September 11, 1979 and the home offlce ‘work during
50 days from September 12 to October 31.

The field work is made up of the rice.experimenfs and the training

of'céunberpart personnel.

In the rice experiments, the management of various tests, growth
abservation, harvesting and yield determination were carried out. The

following tests were completed in the 4th supplementary work.



. Variety test
Cultivation method test
. Seasonal plaﬂting test
. Fertilizer element test
. Nitrogen amount and application time test
. 8Spacing and sowing density btest

Herbicide test

Besides the above tests, rice quality test, measurement of evapo-
Lranspiration by rice plants and observation of various climatic factors,

etc., were conducted.

The training of counterpart persommel was conducted in the course
of carring out various kinds of the experiments and the yield determination.
In the 4th supplementary work, for further understanding of the experi-
méntal work each counterpart personnel toolt charge for each test or work,
and on wveekly meetingsfon Sunday, reporting of.progress of his work, dis—
cuésion on technical problems and arrangement of working schedule were

made.

The on-the—job training of the farm labourers was also carried oub
on the way of growth observation, yield deﬁermination, raising of seed-

lings, land levelling and water management.

In ﬁhe Home dffice'work? compilatlion of all the data obtained so
far in fhe'rice eiperiments.and their analyses were made, and.dn the basis
of the analyses, the varieties, cropping'paﬁtern_ahd eultivation method
suitable td the Project Area were éelected, and further formulation of in-
dividual tecﬁniques for conducting on efficient double cropping of rice

was made.

Thefe was no difficulty in obtaining farm inputs such as fertilizers
and agfichémiéals, because the amounts of them were very small and Gezira
Board, Agricultural Corpcration in Duiem and Provincial Government co-
operated in supplying them. Serious difficulty was raised in obtaining
fuel for autoﬁobiiés and pumps, but just enough amount of fuel for the
execubion of the e%periméhts was supplied by the aid of the Provincial
Government. The Japanése Government extended full cooperalion to the
rice experiments by supplying farm machinery and equipments, agrichemi-

cals and fertilizer which were difficult to be obtained in Sudan. -
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The major farm machinery and equipments supplied by the Japanese Govern-

ment during a period from lst to 4th supplemental work are listed below.

Name

Hand Tiller
Thresher
Rice Huller

Engines

L

1

Rice Polishing Machine
Irrigation Pumps
Microscope

n
Grain Rigidity Tester
Grain Moisture Meter
Grain sieve grader

Bird net

Type Amount Rémafk
Yanmar YC90-G, 9PS 1
Yanmar CNp 1
.Shinomiya MB 1
Yanner 40C-G 1 for rice polishing'machine
" NSA 50C 1 for rice huller
" NS65C-G 1 for thresher
v R2-B 1
made in China 2 with engines, 4PS
optical 1
stereoséope 1
1
1
hand type 1

2 emx 2 cm 3 ha



1.3 Staffs Cbncerned

Staffs assigned to the rice experiment are listed below.

(1) Japanesc experts
: Assigned Period

Name _ . PField work Home office work
Dr. Seizo Matsushima August 8 to . =
(Nippon Koei Co., Lid.) September 6, 1979
Mr. Akio Maeda _ . May 7 to September 12 to
(Nippon Koei Co., Ltd.) September 11, 1979 October 31, 1979
Fumihiro Nagao - Seﬁtember 16 to
- {Nippon Koei Co., Lid.) October 16, 1979

In addition_to fhe experts assigned formally to the home office work,
Dr. Seizo Matsushima and Mr. Hisashi Ikewada who have been kept in touch
with the experiments from its commencement, Jjoined in making the final
report, i.e. analyses of the eiperimental results and préparing diécus—

stons and conclusions.

{2) Sndéﬂese Stéffs

Sudanese staffs assigned by the Sudanese Government are listed below.
They shared the management of the experiments with the Japanese experts

and réceived the on-the-job training.

Mr. El Rayah Ahmed.(Projecﬁ Manager )

Mr. Issam Musbafa {Project Site Mahager)
"Mr. Ali ElAmin

Mr. Ismail Mustafa Adam (Acting Project Manager)
Mr. Badar Ei Deen

Mr. -Ali Abdé1 Wahab

Mr. Ahmed E1 Siddig

Mr. Mchammed Fouzi

Mr. Ezz Bl Deen-

Mr. El Amin

Mr. Fatah

Mr. Ali E}l Amin

Mr. Abdarabagi

Mr. Hassan Omer

Mr. Abdara



2, RICE EXPERIMENT

2.1 Variety Test

The objective of this test ig to select the varieties suitable to
the project area with high-yielding ability, high quality, high re-
sistance to diseases, insect pests and lodging under the mechanized

farming and irrigated conditions.

From various rTice gfowing countries of the world, 59 varieties
were collected and raised in the plots by mean of the transplanting
method. DPetails of raising method and the results are shown in the

section 5.1 in the annex report.

Physioiogical trouble presumably caused by hot and dry wind was
observed in Apr11 or May '.This caused heavy damage.to the leaves and
to the grains, 1ncreae1ng sterile grains and 1mperfect1y rlpened grains.
Varietal differences in susceptibility to the hot temperature of 40 to
42.1°¢C at heading stage were observed and the-varieties were classified

according to the susceptibility.

. . o e : . . N S
Quality of major varieties of rice grown in the main-season “and in

- ¥ . - : . . :
~ the off—season'lwas checked in the form of polished rice and the classifi-

cation was made.

Judging from yielding ability, quality and susceptlblllty fo_

diseases and hot temperature, f0110w1ng varteties nay be recommended.
Main-Season: BRe4,'EGu33+2, IR—36; BG-34-12, TOS¥103, BGW90;2,
' TR-29, BG-34-6, TR-2053, IR-298-12-1-1-1

Off-Season : BG=90-2, TR-24, TR-22, TR-2053, IR-2153, TR-1561,

Dawn

Note (¥1)  The main-season means a growing season of the rice plant
whose sowing is carried out from June to August, while
the off-season means a growing period whose sowing is

doné in olher months.



2.2 TFertilizer Element.Tesﬁ

_ The objeelive of this test is to clarifly the effectiveness of N,
P, K and S5 on the yield of rice. In the experiment sulphur

was specially tested, because the high value of pH of soil and water
of around 8.0 in the project area may be decreased by the application

of sulphur.

Four tesls with respective treatments were carried out obtaining
the following results, according to the randomized block method with'

three replications.

Yield Responses to Pertilizer Elements

(Test 1) Treatment

Bloclk Number Non-N Non-P Non-K Non-N.P.K. Standard
(ton/ha) {ton/ha) (ton/ha) (ton/ha) (ton/ha)
I 3.5 S A 2.8 9.4
T 4.2 9.7 9.4 3.0 7.9
111 6.7 7.5 ) 3.5 7.7
Mean 4.8 8.2 8.6 31 8.3
(Test 1T) Treatmént
‘Block Number - Non-N Non-P Non-K = Non-5 Non-N.P.K.S. Standard
(tor/ha) {ton/ha) (ton/ha) (ton/ha) (ton/ha) {ton/ha)
T 4.6 6.1 6.8 7.3 2.2 8.4
I1 3.0 4.9 6.1 5.8 2.2 6.2
111 2.5 6.9 5.3 5.5 1.4 6.0
=7 Mean 3.4 _6.0 : 6.1 6.2 1.9 6.9
(Test T11) Amount_of Potash Applied
Block Number Okg KZO/ha 50kg K20/ha 100%g K20/ha 200kg K20/ha
" (ten/ha) {ton/ha) {ton/ha) {ton/ha)
I 2.7 2.1 2.1 2.1
IT : 3.2 1.6 1.6 2.5
1T 3.4 2.0 ' 1.9 1.2
Mean 3.1 1.9 1.9 1.9

Note: ¥ =4.74< 4.76 F (3, 6 : 0.05)
-8 -



(Test 1IV) Amount of'Sulphur Applied

Block Number Okg S/ha 50kg. 5/ha  100kg S/ha  150kg S/ha
{ton/ha) (ton/ha) {(ton/ha) (ton/ha)
I 3.8 2.1 3.6 4.2
II 2.9 3.8 4.2 3.4
111 5.1 2.7 5.0 2.5
Mean 3. 2.9 .3 3.4

Note: F = 1.14 < 4.76.F (3, 6 : 0.05)

Significant differences among average yields were examined for the
test I and IT. The results revealed that the standard treatment Showéd
'a significant difference with 95% probabiiity agaiﬁst the treatment of
Nou-N, Non-N.P.K or Non-N.P.K.3, while the treatment of Non-N.P.K or
Non-N.P.K.S had & significant defference aggafnst Non-P, Non-K or Non-S.

As the result of examining the analyses  of variance on the mean
vields among the treatments applied with different amounts of potash or

sulphur, no difference was recognized among all treatments.

The above-mentioned results clearly proved that nitrogen is
indespensable and the most efficient element for increasing the rice
“yield. The effecls of the application of phosphatic, potash and
sulphuric ferfilizefé could hardly be observed, so far as the present

experiment was concerved.



2.3 Nitrogen Amount and Application Time Test

The objective of this test is to determine the most effective
timing and the optimum quantity of nitrogen to be applied'under the
climatic and soil conditions in the project area. " For the objective,
the tests were carried out in the main scason and in the off season

according to the randomized block method with 3 replications.
The treatments and the results are shown in the following tables.

Rosponses of Yield of Rice to Nitrogen Amount and Application Time

(l) Main Season
Treatment and Yield

Block Number 50kg N/ha  100kg N/ha  150kg N/ha  200kg N/ha  250kg N/ha

(ton/ha) {ton/ha) (ton/ha) {ton/ha) (ton/ha)
T 4.3 5.5 7.4 6.3 7.9
IT 4.2 5.4 7.1 8.4 10.0
III - 4.1 5.7 6.8 7.6 7.0
Mean - 4,2 5.5 T.1 7.4 8.3
(2) Off-season _ _
' : Average
Treatment and Yield _ vield
: _ {ton/ha)
Okg N/ha (0-0-0) ‘ 3.0
: I 3.7 '
11 3.0
111 2.3
Méan 3.0
50kg N/ha {50~0-0-0)% (20—10_10-10) (30-0~20-0) (20-0-20-10) 4.2
I 4.3 4.3 1.8 5.2
I1 5.9 3.6 3.8 3.6
17T 3.6 3.7 3.7 4.0
Mean 4.6 3.9 4.0 4.3

Note(*): Numerals in parenthesis express the amount of nitrogen applied
per hectare at the transplanting, at 20th day after transplanting,
at the spikelet differentiation stage and the full heading stage
in the order from left to right.

- 10 -



Average

Tregtment and Yield “yield
_ _ _ (ton/ha)
100kg N/ha (100-0-0-0)  (30-30-20-20) (60-0-40-0) (40-0-40-20) 4.5
I 4.1 5.7 4.6 4,9
I1 3.9 3.2 4.6 4.2
111 4.2 4.8 4.4 4.7
Mean 4.1 4.6 4.5 4.6
150kg N/ha (150-0-0-0)  (50-30-40-30) (80-0-70-0) (70-0-60-20) 5.3
I 5.7 5.9 6.8 5.
II 3.3 5.1 6.9 5.3
ITE 3.5 4.9 4.3
Mean 4,2 5.5 6.2 5.2
200kg N/ha {(200-0-0-0)  (120-0~80-0) 5.6
1 6.7 6.2
It 4.2 5.9
11t 4.7 5.5
Mean 5,2 5.9
250kg N/ha (80-60-60-50) | . 6.1
i 6.2
T 5.4
o 6.8
" Mean 6.1

From the point of the average yield, it can be said that the more in
dosage of nitrogen applied, the more in.yiei& within a rahgé from O to

250 kg N/ha.

According to thé.significant difference test on the average yield in
each treatment, howé?er, significant differences were observed betweeﬁ
treatments of 50 kg N/ha and 100 kg, 100 kg N/ha and 150 kg N/ha in the
test in the wain-season, and Okg N/ha and 50 kg N/ha, 100 kg N/ha and
150 kg N/ha in the test in the off-season, and no significant difference
was observed among treatments more than i50-kg N/ha, both in the main-

season and the off-season.

From the fact il can likely be taken that the optimum amount of
hitrogen to be applied seems bto be 150 kg/ha, so far as the present

experiment is concerned.
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As to the effects of the time of application on yields, judging
from the reéﬁits of the significant difference test no significant
difference is Tound ﬁithin the treatments appligd with an identical
amount of nitrogen, i.e. 50 kg/ha, 100 kg/ha, 150 kg/ha and 200 kg/ha.
However, only little or no difference is found among treatments app}igd
with an identical amount of nifrogen in case of relatively small amouﬁt
of nitrogen being applied, i.e. 50 kg and 100 kg/ha, while some_differehces
can be recognized among treatments with an identical amount of nitrogen in
case of relatively large amount of nitrogen being applied, i.e. 150 kg and

200 kg/ha, showing that split application is better than one time applica-

tion.

2.4 Spacing and Sowing Density Test

Method

The objective of this test is to find the most suitable spacihg for -
transplanted or directly sown rice plants and sowing density for'direétly
sown rice plants. The test was carried out four times under the randomized
block method with three replications, Treatments and the results in

each test are summarized in the following tables.

Yields of spacingfand sowing density'test

(Test 1) ({Main-season)

. 'Tfeatment oo .
30 x 30 cm 30 x 20 ¢m 30 x 15 cm' 2% x 15 em 30 x 10 em
_ o (11.1hills/ (16.7hills/ (22.2hills/ (26.7hills/ (33.3hills/
Block Number m2) m2) mz2) m2) m2)
1 7.3 ton/ha 7.4 6 10.4 8.8
1T 5.7 5 7. 9.7 8.7
111 6.1 7.1 7.3 6.3 7.8
Mean 6.4 7.0 7.9 8.8 8.4

- 12 -



{Test II) (Main-season)

50kg Seed/ha 80kg Seed/ha 100kg Seed/ha
Block Number 30cm DBroadcast 15c¢cm 20cm 30cm  40cm DBroadcast 30cm
T 6.7(ton/ 9.4 9.6 8.5 6.7 8.1 9.4 10.5
T 8.2 ha 8.0 10.6 - - - - 9.5
111 e = - - - - —
Mean 7.5 . B.7  10.1_ 8.5 6.7 8.1 10.0
8.1 8.6 10.0

(Test III) (Mainnseaspn) _
. Cultivation Method and Yield

Tranéplantm
ing with
Broadcastable

Ordinary Transplanting ' Broadcast Transplanting Seedlings

Block Number 30 x°30 em 30 x 20 em 17 hills/m2 22hills/m2 30 x 15 cm
(11.1hills/m2) (16.7hills/m2) : (22.2hills/m2)

T 3.8 ton/ha 4.0 4.3 5.8 3.7
11 3.6 4.7 1.9 4.1 -

1T 3.3 4.4 = 5.1 4.9
Mean 3.6 4.4 4.1 5.0 4.3

{Tast IV) {Off;séason)

Cultivation Mesthod Spacing or Sowing Tensity

I 11 1IT -~ Mean
- : - Ugaf Cgad Oaf U
1. Ordinary trans-— 15 x 15 cm 44 hills/m2 10.4 8.5 8.3 9.1
planting ©25 x 10 40 8.1 8.5 8.0 8.2
30 x 10 33 9.4 9.5 8.2 9.0
25 x 15 . 27 5.9 6.1 8.4 6.8
30 x 15 22 4.5 7.0 6.5 6.0
30 x° 20 7 ' 4.4 5.8 6.0 5.4
25 x 25 16 _ 6.5 6.1 7.0 6.5
30 x 30 11 - 4.0 4.2 3.8 4.0
2. Broadcast trans- 17 hills/m2 3.8 5.9 5.2 5.0
planting 22 6.6 5.3 5.5 5.8
40 T 8.4 11,4 7.1 9.0
3. Ordinary trans- 30 x 15 em, 22 hills/m2 7.3 5.7 7.1 6.7
planting with ' ' '
broadcastable
~ seedling
4. IbMrect sowing: without puddling 50kg Seed/ha 6.3
{upland) 75 6.2
_ 100 6.4
with puddling 50 5.8
{submerged) 75 9.9
100 7.1
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The results obtained from Test I and IV show a ecurvilinear increase
in yield against the planting.density. But the significant difference
test on average yields shows that the highest density treatments, i.e.
33.3 hills/m2 for the test I and 44 hills/m2 for the test IV, have no
significant difference against treatments denser than 22.2 hjils/m2 in

the test I and 26.7 hills/m2 in the test IV.

Taking the results of Test I and V and the idea of labour saving
into account, 22.2 hills or 26.7 hills per m2 can be taken as an oplimum

planting density for the transplanting method to the project area.

As to the direct sowing, i.e the test IT, so many missing plots
OCChfred that the analysis of variance among treatments with 3 blocks
wag impossible. Then, making the treatments with an identical seeding
amount as a group, ﬁnly a comparison by "t" test on the dverage yieid

was made.

According to the analysis, no significant difference is found among

sowing - densities.

Secondaly, examlnlng the ylelds in the direct sowing in Tast IV,

) no_éon31stent relation is observed. In case of "without puddllng” no
‘difference is found in yield among treatments of 50 kg, 75 kg and 100 keg/ha,
while in case of "with pudlling" the treatment of 75 kg/ha.is highest in

yield.

Bringing together the results of Test II and Test IV, it may be
deduced that any amount of seed per ha W1th1n a range from 50 kg to 100

lkg/ha can be taken as an 0pt1mum sowing denslty.

2.5 Cultivation Method Test

The objective of this test is to find oul the most adequate culti-
vation method among three different methods, i.e. the ordinary trans-
ptanting method, the direct sowing method and the broadcast transplanting

me thod.

The test was carried out as a part of the variety test in the main-
season in 1977 and as a part of the spacing and.sowing density test in

the main-season in 1978 and 6ff—season in 1978/1979.
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The yields of the test in 1977 are shown below.

Cultivation method Yield (ton/ha}
Direct sowing (Drilling) 7.0
Direct soﬁing (Broadcasting) 5.8
Tranéplahting (Ordinary) 7.5
Transplanting (Breoadcast) 7.9

From these results it can be recognized that the broadcast trans-
planting method is highest in yield, followed by the ordinary trans-

planting method and the broadcast direct sowing method is lowest.

Significence tests among treatments of same spacing in 1978 were
carried out to compare the ordinary transplanting with the broadcast
transplanting and with ordinary transplanting using'broadcastable'seed—

lings.

- The results show that the broadeast transplanting method or the
ofdinary traﬁsplanting method using broadcastable seedlings has no
significant difference against the ordinary transplanting. The fact
proves Statistically tﬁat the broadcast transplanting method is By no
means inferior in yié]d fo the labour intensive ordinary transplanting

method.

Comparisdn among the treatments of ordinary transplanting, broadcast
transplanting and ordinary transplanting with broadcastable seedlings was
made using the results of test in 1978/79. Analysis of variance shows

that no significant difference in the average yields among 3 methods exists.

Second,'compafisoné bebween the.diréct sowing method and the ordinary
transplanting method were tentatively made using the results of the test
IV in the spacing ahd-éowing density tést for the direct sowing method
and those of the nitrogen amount test in the main-season, which were
~conducted by transplaﬁting. ‘As seen in the Following téble, significant
differences of 3 treatments of the direct sowing method were tested
against 8-treatments'of-the'transﬁlanting method, showing "t" value for

each comparison.
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Comparisons on Yields between Direct Sowing Method
and Transplanting Method by "Student” Method

Cultivation Method Transplanting Method

Planting or 27 27 27 11 17 .22 27 33
Sowing Hate hills/m2 ' - .
Nitrogen 150kg 200 250 150 150 150 150 150
Applied . N/ha -
Average T.1 7.4 &.,3 6.4 7.0 7.5 8.8 8.4
' Yield ton/ha
50kg 180kg 8.1
Direct Seed N/ha ton/ha 1.49 0.84 0.20 2.21 1.59 0.91 0.56 0.42
/ha
80kg 180kg 8.6 :
Sowing Seed N/ha ton/ha 1.78 1.31 0.30 2.49 1.88 1.31 0.18 0.23
~/ha
100kg 180kg 10.0
2.88

Seed N/ha ton/ha  6.68%% 2,98 1.41 d4.97%%5,97%%6,34%%0.72
/ha - _

Remarlk: The numeral in each cell expresses Student's "t" value
which shows the difference between the yield of -
transplanting method and that of direct sowing method.

Out of 24 comparisons only 4 comparisons showed gignificaht'differ—
ences bhetween the transplanting @ethod and the direct sowing me thod .
. Roughly speaking, a significant difference could hardly be recognized
between two methods. However, following points may be noted (1) the
direct sowing method applying a high rate of seed (100 kg Seed/ha} and
a high rate of nitrogen (180 kg N/ha) is superior to any transplanting
methods from 'a view poiht of an average yield and is also superior,
taklng variance of yields into conSLderatlon, to the transplanting
methods applying a lower rate of transplanting density than 27 hllls/m
and ordinary application of n1tr0gen'(150 kg N[ha), (2) the maximum
yield, 1076 ton/ha, obtained by the direct sowing method exceeds the
. maximum yield, 10.0 ton/ha, by the transplanfing me thod .,

~ From these facts, it may be said that the direct sowing method with

applicatibns of a high rate of nitrogen and segd is supefior:to the

transplanting method appiying an ordinary rate of ﬁitrogén and transplanting

density, although this comparison is not so scientific because the two
methods are different in sowing dates, i.e. about half month ap&rﬁ each

other, fertilization and experimental fields.
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It must be borne in mind, however, that the diréct sowing in this
test was conducted on a nicely levelled field with nice drainage
facilities. If the direct sowing were carried out on a badly levelled
and ill-drained field, the yvields of direct sowing would be much less

than those of the tfansplanting method.
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2.6 Herbicide Test

The objective of this test is to select the appropriate herbicides
not only for the transplanting rice cultngtion but also for the directu
sown rice culbtivation in due consideration of the effectiveness for
weeding and of the phytotoxicity. In case of the direct sowing method
four herbicides for soil treatment and 3 herbicides for soil and foliage
treatment were tested. In case of the transplanting method six kinds of

herbicides were tested.

The results of the test of the herbicides for the soil treatment

are shown in the following table.

Bffect of Herbicdide for Soil Treatment

Survived Weeds

Herbicide Cyperaceae Echinochlos crus-—galli
(hills/mg) (hills/mz)
Control (no application) 69 ' 10
MO 4 2
Saturn 0 0
X-52 1 1
Ronstar* O 0

Remark: Sever6_photot6Xicity was observed on the rice plants appliea
with Ronstar.

Survived weeds were investigated on the 20th day after the
treatments. '

The effects of"herﬁicides for soil treitment were Véry remarkable
‘compared with the results of thé ﬁo}application plots. The most effective
and safety herbicide was Saturn followed by X-52 and MO. Rbnstar broﬁght
about severe phytotoxicity on tﬁe rice plants, giving rise to a low

peréentages of established seedlings and many stunted plants.

Effects of the herbicides for the soil and foliage treatment could
not be identified, because the effect of Saturn applied for the soil '
treatment was so strong that no weed was left for the test of herbicides

for the soil and foliage treatment.
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As for the transplanted rice, effects of the herbicides were judged
b§ eye estimation. According to the judgement, Suturn, MO, X-52, SWEP
(M) and NIP had = powerfull effects for weeding. Ronstar brought about

severe phytotoxicity on transplanted rice plants.
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2.7 Seasonal Planting Test

The objective of this test is to determine the optimum sowing
for the main-season cropping and the off-season cropping for establish-
ing the most suitable pattern of twe creppings a year for.the project

area.

In this btest the Tollowing 4 varieties were sown every month on
the year round in general; Chen-Chu-Ai (C-11) (Short-term variety),
TR-20 {medium-term variéty), IR-8 (long-term variety) and C-0 (lohg—

term variety).

The results show that the rice plants sown during the périod from
early Octobef to late January:pfoduce relatively low yields, while those
sown in the period.from early February to late August produce relatively
high yields. The reason why the plants sown from early October to late
January produce poor yields can surely be ascribed to the faect that
the plants sown in the said perlod are seriously damaged by low temperatures
.durlng December and January in whieh the monthly minimum temperatures

are 17.7 and 15.8°C, respectively.

There arc two minime in the yield indexes during the suitable
sowing perlod i.e. in the middle Fébruary and the early.ur middle July,
though the two . mlnlma are‘not ascertained whether they are 51gn1flcant
or not. The two minima may be ascribed to the high temperatures at
the heading sbage or at the active rlpenlng stage because when the rice
plants are sown in the Middle February and early or middle July. These
headlng dates occur in May and in October in most cases and the average
alr temperature during 20 days after head1ng is highest in ﬂay and second-
highest in October. Then, the suitable sowing time may ‘be taken as the
- period from léte February to late August excluding early and middle July

so far as this experiment is concerned.

To make the relation between the sowing date and the yield clearer,
the relationships between the growth of rice plants and the natural

environment were investigated.

- 20 -



Among: the climabic fﬁctors,'the most important factors to the
rice yield are found to.be the average air temperatures during the
ripening stdge and the water téﬁperature during a period from tlhe
spikelet differentiation stage to the most aétive meiosis of pollen
mother cells. High temperature during the ripening stage aﬂd the cool
water temperature from the spikelet differentiation stage to the most
active meiosis of pollen mother cells.féduced the yield substantially.
If two éroppings of rice a year are contemplated, two optimwn heading
seasons can likely be pointed out from the investigation.as those from

late June to middle July and from late October to middle November.

In order to get'the most suitable cropping pattern for ﬁhe double
cropping”in the project area, combining the varieties with difféfent
growth durations for thenfirst cropping with those for the second cropp-
ing, many attempts were made. From the attempts it has made cléar that
only a combihatioﬁ of the loﬁgftefm or the middle-term varieties sown
from late February'to early April with the short—term varieties sown

from middle August to middle September is éuitable.
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2,8 Sowing Method Test

Large scale rice cultivation will have to be carried out through
the direct sowing mefhod, because the number of available labourers for
the transplanting will be limitted in the project area. Establishment
of seedlings and weed control are the key to the success in the rice
cultivation.through direct sowing method. The objective.of this
ekperiment_is to rind the most suitable sowing method for the direct
sowing method. Effects of the depth of covering séil, an oxygen
supplying chemical, i.e., calcium peroxide, forced germination,
duration of time from puddling to sowing and duration of submergence of
seeds afler sowing, on the rate of eﬁergence of seedlings were studied.

Results of the test on the efféct=qf‘deﬁth of dovering soil,
calcium perﬁxide and the moisture condition of the soil on the emergence

of seedlings arc given in the following table.

Effects'of'Dephh.of Covering Soil, Calcium’ Peroxide
and Soil Misture Conditions of the So0il on the
FEmerpgence of Seedling

Non~floaded condition Flooded éondition

Average Average
; number S “number
Percentage of days Percentage of days
Sowing of germinat- - reguired for of germinat- reguired for
Variety depth ed seeds germination ed seeds germination
Noﬁ‘treated
IR-8  Surface 74 7.5 78 7.8
' 2 ecm 93 7.8 56 : 8.1
5 cm 77 11.0 . no test no test
T0OS-103 Surface 49 8.1 53 10,6
2 cm 72 8.0 39 _ 9.0
5 cm &2 8.8 no test ' no test
Tieated with
Calper
IR-8 Surface 87 7.4 .92 5.3
2 en 86 7.4 83 6.8
5 em 48 8.3 no test no test
TOS-103 Surface 14 10.0 23 5.0
2 em 46 8.8 59 8.8
5 cm 32 9.5 no test no test
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As seen-in the table, in case of the dry field condition, the
most appropriate depth of soil cover is 2 cm, wﬁile in case of the
flooded field condition,.that is 0 cm {(Surface). HRffects of the
calcium peroxide on the.emergénce of seodiings'wére not obseryéd in
case of the dry field condition, but iﬁ case of the flooded field
condition, some effects were observed. _ ' '

Results of the tests on the effects of the hastening gefmination,
of duration of +ime from puddling to sowing and of durétion of submer-
gence of seed after sowing on the establishment of Seedlings.are shown

in the next table.

Degrees of Emergence Dagrees of Emergence

of Seedlings/2

" Block Number

Variety Treatment 1 2 3 4 Average Variety Treatment 1 23 4 Average
IR-8 AlBlClZl_ 0000 0.00 C-11 A1B1C1 0000 0.00
"*ogz 1110 G.75 *og2 0100 0.25
" C3 10040 0.25 "oC3 cCo010 0.25
AlB2C1 11190 Q.75 AIB2C1 - 10600 0.25
"oC2 001 2 0.75 "oG2 0011 0.50
S 5 2221 1.75 "oC3 1212 1.50
A2R1C1 2122 175 A2BICL 2212 - 1.75
noc2 2222 2.0 woCR 3223 . 2.5
R 2222 2.00 " C3 3323 2.75
A2ZR2C1 233 2 2.50 A2B2C] 1212 1.50
"2 2333 2,75 voCc2 2222 2.00
" C3 22731 2.00 . v C3 2222  2.00
IR-20 AlBI1C1 G000 :0,00 TOS-103  AlBIC1 0000 | 0.00
noge 0000 0,00 oo g3 1000 0.25
™G3 0001 .0.25 PR o 0101 0.50
AlB2C1 0001 0.25 AlB2C1 1101 0.75
"oge 0100 d.25 G2 1101 0.7%
R 00112 0.75 "3 1121 1.25
A2BIC1 1112 1.25- AZB1CL 2221 1.75
" C2 1222 1.7% R 2221 1.75
."oc3 1112 1,25 "C3 2122 0 115
AZBR2C1 2222 2,00 AZB2C1 1222 .1.7%
nog2 2302 1.75 "oc2 2222 2,00
" C3 0011 0.50 ) T C3 2221 1.75
c-6 AlB1C1 1000 V.25 Remarks © /1: Al, 3 days soaking A
roC2 0000 . "0.60 T T A2, 3 days scaking and
"¢l 1100 0.50 "2 days forced germina-
AlBZC1 111 .75 tion
S 0111 0.75 B1, Sown just affer puddl-
noC3 2121 1.50 . ing :
A2BICI 1011 0.75 B2, Sown 1 day after puddling
"oCc2 1212 1.50 Cl, 1 day submergence of
" C3 1222 1.75 seed after sowing
A2B2C1 2122 1.75 €2, 3 days submergence of
"2 2222 2.00 seed - after sowing
* g3 2222 2.00 C3, 7 days submergence of
seed after sowing
/2: Degrees of emergence were
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2,9 Measurement of Evapoiranspiration by Rice Plants

Evapotranspirstion by rice plants is a Very important factor in
the design of the irrigation faecilities, in the water management and
in water balance study. The measurement of evapotranspiration was

carried ount using a tank filled with water.

The tank was 1 m cube (1x1x1m) with the bottom. The measurement
was carried out using a hook gage. The varieties used for the experiment
were Reimei sown on January 16, 1978 for the lst test and TR-20 sown

on December 1, 1978 for the 2nd test.

a Besides the measurement of evapotranspiration by rice plants, the

measurement of evaporation was carried out concurrently.

Peak evapotranspiration by a variety of Reimei was found at 20

mm/day, while it was 22 mm/day by IR-20.

The relation between Piche evaporation and pan évaporation was
investigated using mean values in a 5-day period obtained during the.
period from Jaﬂﬁéry, 1978 to May,.1979, because daily Piche e#aporatidn'
has been recorded for many years, and if a definite relation can be
obtained between them, the values of’pﬁn evaporatioﬁ for many yéars

will be estimated.

A fegréssion-line caleulated by the least square method is
Y = 1.56 + 0.576 X
when Y stands for the class—A pan evaporatiqh and X for Piche evapo-

ration. Judging from the vesults of a variance test; the regression

line is highly adaptable with more than 99% probability of confidence.
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The hastening germination has a significiant effect on the
degrees of emergence of Seédlings on each variety. Average degreses
of emergence of seédlings'treated with the hastening germihation gre
significantly higher than these without hastehing'germination with
99 % probabilitly, while the effect of 1 day duration froh puddling
time to sowing time, in the case of seeds treated with hastening
germination, is significantly clear for erieties, IR-8, C-6 and
C-11 with more than 95 % probability. Duration of submergence
after sowing seems to have no effect on the degrées of emergence of
seedlings, because an analysis of varjaﬁce showed no difference in
the avérage degrees of emergence of seedliings among the treatments
when seeds being treated with hastening germination. Tt can be
said, from these results, that seeds shoﬁld be subjected to the
hastening germination treatment and be sown one day’latér than

puddling.
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3. Tormulation of Most Suitable Double Cropping of Rice to Project
Area Based on Results Obtained in Experiments

By for the biggest 6bjective in the present rice culture experiment
threugh two years is to examine the possibility of the double cropping
of rice a year and to know the attainable yields, and further, if
possible, té establish a recOmmendaﬁle cropping system at the first

stage.

- As clearly demonstrated in the foregoing sectioﬁs, the fwo crop-
pings of rice a year are easily, safTely and effectively can be carried
out without fail in the project arca., Moreover, mnich higher yields
have actually been obtained in the two seasons than the target yields
wvhich have been énvisaged in the feasibility study. Reférring to the
highest yields in the two seasons, i.e. 10.5 ﬁon/ha in the main-season
and 11.4 ton/ha in the off-season, each yvield is more than twoe times -
as .large as the target yield, respectively, i.e. 6 ton/ha in tﬁe main

_season and 4 {on/ha in the off season. Thus, the biggest objective in
-the experiment has fully been achieved. In the following the @ain

actual practises of the double cropping will be mentioned.

Sowing time

An appropfiate sowing time appears to be from the late Febfuary
“to early April with long- or middle—term varieties in the first erop-
ping season (off-season) and from the middle August to the middle '
September witlh short-term varieties in the second season (main-season),

as discussed in the section 5.7 in the ANNEX REPORT.

Varietlies
Among the varieties recommended from the results of variety tests,

in-view of actual practices ol the double cropping.of rice mentioned

above, only the following varicties will be effectively used,

For the first crdpping (off-season, February ilo Augusi)
BG-33-2, BG-34-12, BG-34-6 :
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For the second cropping (main-season, August to December)

BG-90-2, IR-24, TR-22, IR-2053, IR-2153; IR-1561, Dawn

Sowing method

As can be seen in the sowing method test, sowing can successfully
be practiced on the dry field conditions, seeds should be covered with
the soil of 2-cm deplh, while seeds should not be covered with soil at
all under the floodéd conditions. PFurther, before sowing seeds must be
subjected to the hdsfgning germinaﬁion treatment and must be sown one

day later than puddling.

The rate of sowing is 50 kg to 100 kg per ha for the direct sowing
2 .
method, 60 g to 70 g per m for the ordinary transplanting method, and
60 g to 80 g per box for the broadeast transplanting method.

Fertiligation

When fertilizing on the main field, 150 kg of nitrogen and 75 kg
to 50 kg of phosphéte should be applied, not applying any amount of
potassium at all, as discussed in bLhe sections of both the fertilizer ele-
ment test. -and the nitrogen amount and the application time test.
The total amount of potassium should: be applied as basal dressing; but
nifrogenous fertilizer must be éplit—appiied'four”times; ice. (1) basal
dressing, (2) 15th day after transplanting for transplanted plants and
-at the 5th 1eafwstage.for directly sown plants, {3) at the late spikelet
diflferentiation étage and (4) at the full heading stage. .

Spacing and sdwing denéity

As mentioned in the section of the spacing'énd sowing density test,
in the case of transplanting plants should be transplanted at the spac-
ing of 22 hills to 27 hills per m2 with 2 or 3 seedlings per hill, and
in the case of direct soﬁing seeds should be sown at the density of

50 kg to 100 kg per ha.
Weeding

For weeding for transplanted fields the herbicides such as Saturn

(6 f[/ha), X-52 {30 kg/ha) and MO (30 kg/ha) can safely and effectively
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be used, as can be seen in'the_Herbicide test, For.directly sown fields,
firstly, the soil treatment herbicides such as MO (30 kg/ha, granule)

and Saturn (30 kg per ha) must be applied just after sowing or just
before emergence of seedlings. Secondly, just after flooding Saturn,
X;SZ or MO must be applied again at the 3 to 5 leaf-age of rice plants

with the dosages mentioned above.
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4. RECOMMENDATION

Particuiar stress should be laid on the further rice growing
expeiiments in Gassaba Rice Pilot Farm for the successful development
of rice cultivation in the Abu-Gassaba Rice Development Project.

Though the outline of rice cultivation'techniques, which cﬁn be applied
to the project area at the first developmental stage, could tentatively
be revealed through the experiments mentioned above, Further detailed

experiments should strongly be intensified along the following line.

As for the operation of the pilot farm, basic experiments as well
as practical operation technigques should intensively be studied taking

the recommendations itemized below into consideration.

1)} Experiments on mechanized cultivation,

2)  Experiments on farm management,

3} Experiments on yield maxlmlzlng,

4) Generallzatlon of - the results of yield- max1m171ng exper1ments,

5) FEstablishment of the most approprlate double cropping system,

6) Selection of the superior varlctles through the s¢reening of
varieties collected froﬁ all over tﬁe world,

7) ExPerimenfé on the direct'sowing method and the broadcastable
transﬁlanting.metﬁod, -

8} Water management, especialy for the economical water use,

9) Physialogical and:écolbgica]_expériments.on the rice plant under
fhe hot and dry climate conditionsg, especialiy vafietal difference
_unde1 the conditions,

10) P1eparat10n of fac111t1es in the experlmental farm (espec1ally
'bullﬁlng of iron net houqe, concrete boundaries etc. ),

11} Improvement of expellmental-equlpment (i.e. meteorologlcél observa-
tion facilities, laboratéry equipménts, elc.),

12) Increase of the officers'and'training of the officials and Tarmers.
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