T'HE DEMOCRATIC REPUBLIC OF THE SUDAN
MINISTRY OF AGRICULTURE, FOOD

AND NATURAL RESOURCE§

PRELIMINARY EXPERIMENTS ON RICE CULTIVATION

UNDER THE HOT AND DRY CLIMATE IN SUDAN |

— ANNEX TO SUPPLEMENTARY REPORT IH —

October, 1979

TP Wm0 A AL L 20y 0 A N o et Vb

* JAPAN INTERNATIONAL COOPERATION AGENCY -

3 R A

8006

e SRR S o - e A

ARy







 JIEN Lirary

By WA

1063673)






REPORT
to the

GOVERNMENT OF THE DEMOCRATIC.REPUELIC

. OF SUDAN .
on

PRELIMINARY - EXPERIMENTS ON-RICE CULTIVATION

UNDER THE HOT AND DRY CLIMATE IN SUDAN

October, 1979
S. Matsushima, S. Honma, A. Maeda, H. Niki and H. Ikewada

(Rice Trial Team bispatched by JICA)

JAPAN INTERNATIONAL COOPERATION AGENCY, TOKYQ






Ripening Stage of Rice Plants
{(IR-8, Sown on Feb, 15, yielded 8.2 ton/ha)







PRELIMINARY EXPERIMENTS ON RICE CULTIVATION

'UNDER THE HOT AND DRY CLIMATE IN SUDAN

CONTENTS

CINTRODUCTION o ive et vnninnnnnaesaanenss s e

GENERAL BACKGROUND OF RICE PROJECT - +....... e e e e P

EXPERIMENTAL FIELDS -~ NATURAL CONDITIONS ...0ee.o.... e ae e

PESTS AND DISEASES OBSERVED DURING THE EXPERIMENTAL PERIOD ..

RICE EXPERIMENTS & .......... e e
5.1 -Varieties Tests .o iiieniiiiien . e wr e
'5:2 Fertiiizef Elemént TesSts .oe.v.... e e
5.3 Ni.trogen Amount'andfﬁpplication Time Tésﬁs Q;...,.....
5.4 Spacing ané SOwing_Denéity U
5.5  cultivatioh Methods Tests. ......... e eaaas e
5.6 Herbicide Tests ............... e e
5,7 .Seésonal Planting Tests .........vien.... e ...
5.8 ° Sowing Method Tests  ..... S .
5.9 - Measurement of'Evapotrahspirationiby Rice Plants .....

5.10 Investigafidns of the Growth Patterns of Rice ........

5.11 Relation between Water Temperature -and
Air Temperature .........-. e e e e e .

SUMMARY AND CONCLUSION .......... e [P e o

LITERATURE CITED  +'evveneearennnnuennnns e U

14



ANNEX

1. Meteorological conditions in Ed-Dueim ...... e . 127
2. Cverall resulls of variety test .............. .1....;.... 154
3. Overall resuits.of.fertilizer éleﬁentftest e .. 167
4. Oéerall results of nitrogen amount test I ]
5. Overall results of spacing test R R I e 175
6. A briéf'note‘on the "Broadcast Tr.ansplantati'01'1"= methbd L. 179
7. Overall results of the seasonai planting test _..' ........ 185 -
8. Daily evaporation, Piche evaporation and pan evaporation. 196

- ji -



1. INTRODUCTION

This is the final'feport on thé rice experiments which have been
implemeﬁted inEDueim, White Nile Province, in the Democratic Republic
of the Sudan. These experiments Weté.coﬁdhcted for two and a half
years from-June 1977, to October 1979 és_ohe.part of the Abu-Gasaba Rite
Development Project feasibility study..;The experiments were undertaken
by Nippon-Kdei'ricé experts dispatched by.the Jépanflﬁternétidnal Co-
ope;ation Agency. And, an experimental field was prepared at a small
field of 0.3 ha in June, 1977. This was expanded to 2.0 ha in March,

1978,

Objeétives

“The objectiveé of the experiménts were to clarify the ﬁossibility
_of.rice créppingitﬁice‘a year under the extremely hot and drf climate
of sudan, and tosformulate the most appropriate-rice cultiﬁatidn system
épplicéble in the Abu-Gasaba.area. The essential scope of the experi-

ments are summdriZed as'foilows.
o Eitimation of yield pétehtial of the land for rice cultivation
in the dffwseason {from November to April) as well as in the

main-season (from May to October).

° selection of the most suitable'improved varieties and

.cultivation methods: for the project.

° petermination of the most appropriate_cropping.péttern for

the double cropping of rice.

° Estimation of the optimum kinds and amounts of farm inputs such

as fertilizers, insecticides, fungicides and hexrbicides..

°  gSelection of appropfiate farm machinery for the project.



Major Work

To achieve these objectives the following major experiments were

carried out.

Varlety tests
To. select for the project area, . the most suitable varletles w1Lh

hlghuyleld ablllty, hlgh quality, high reSJQtance to 'diseases and

 insect pests, and lodging under mechanized farming and the: irriga-

tion conditions. Fifty nine varieties were tested.

Seasonal planting tests .
To select- the optimum sdﬁing date for the off-season crop as well
as for the main-season crop ta establish the most suitable double

cropping system for the project area.

Fertilizer-element tests
Togciarify the effectiveness Of-nitfogen, Phosphorus, potassium

and ‘sulphur on rice yields.

Nitrogen tests

To clarify the effect on rice c¢ultivation of nitrogen dosage; and

to determine the optimium amount of nitrogen to.be-applied.

Cultivation methods tests
T¢ compare various. cultlvatlon methods (regular transplantlng,
broadcast transplantlng, and direct sow1ng, and to select the

most approprlate cultlvatlon method

Spacing tests
To select the most suitable spacing'for the - transplanted plants

and the optimum seeding rate for the direct sowing method.

;Herbicide tests

To select the optlmum type and dosage of herb1c1des for weeds

'1n the project area.



H. Sow1ng technlque teste
~To determlne the most sultable sow1ng technlque for the dlrect
sow1ng method. The studles lnveetlgated the effects on the '
emergence of Seedllnqs of: the. depth of coverlng aOll an oxygen
supp]ylng chemlcal (calclum peroxide), forceo germlnatlon time
lapse from puddllng Lo sowing, and duret;gn of submergence of

seeds after sowing.

In the crop experiments, the growth proeess:cf rice bleﬁts,.cli_
' maﬁic cOnditicns and evapctranspiration of water by rice plants were
alse investigated. In edditiqn; seed multiplicétion-of promising
Varietiee'wasicarried out for a operation of 50 ha pilot farm, and

sufficient seed was cobtained.

These rice experlments were carrled out as the following five

5tud1e5 in the perlods 1nd1cated.

Feasibility Study '+ - May to December, 1977

lst.Suﬁplementary Study ' December, 1977 to March,‘1978

1.

2nd Supplementary Stﬁdy :  May to December 1978
3rd Supplementary'Study : December, 1978 to March 1979
- 4th Sdpplementary Study . May to October, 1979

The peeﬁlts of fhe.tests_perfcrmed in the_feasibiiity study and
_the %st;'an aed 3rd‘Supplemehtafy Studies.have been reported in
Supplemeﬁtary Reports I and II This fepert is a compilation of the
experlmental results from all the prev1ous experlments (from June, 1977
.to March 1979) ‘as well as those from the 4th Supplementary Study
‘(from May 7 Lo October 31 1979)

Parsonnel

Personnel a551gned to Lhe cultlvatlon trlals are listed below.



Japanese Experts . ~ Counterpart Personnel

Field Work ' “Home. Office Work .

{l) Feasibility Study (May to Dec, 1977}

Dx. Seizo Matsushima Dr. Seizo Matsushima Mr. Ahmed Khalid Shouk
Mr. Susumu Honma ' Mr. Hassan Omer’
Mr. Hisashi Ikewada . Mr. Abdul Moniem

Mr. Ali El Amin
{2) -1st Supplémentary Study (Dec. 1977 to March 1978) _
Mr. Hisashi Ikewada © Mr. Susumu Honma Mr. Ali El Amin

Mr. Tadaharu Murono Mr. Hassan Omer

(3)  2nd Shppléméntary study {(May to Nov. 1978)

Dr. Seizo Matsushima Dr. Seizo Matsushima Mr. Ali El Amin
Mr . Hisashi'lkewada. Mr, Hisashi Ikewada My . Hdssan Omer
Mr. Hikaru Niki o _ Mr. Ali Abdel Wahab

Mr. Ahied E1 Sideg

{(4) 3rd Suppiementary Study (Dec. 1978 to Mérch 1979)

Mr. Akio Maeda Dr. Seizo Matsushima Mr. El Rayah Ahmed

Mr. Hikaru Niki Mr. Hisashi Ikéwéda Mr. Issam Musttafa
Mr. Akio Maeda Mr. Ali El Amin _
Mr; SuSumu Honma Mr. Ali Abdel Wahab

Mr. Ahmed £l Sideg

My, Mohamed Fouzi

(5)  4th Supplementary Study (May to October, 1977)

Mr. Akio Maeda . Dr. Seizo MaﬁsuShiha 'Mr.'El Rayah Amhed

br. Seizo Matsushifma Mr. Hisashi Tkewada Mr. Issam Musﬁaffa

Mc. Hikaru Niki . Mr. Akio Maeda - . Mr. Ali Bl Amin
Mr. Susumd Honma  Mr. HagSén Oner

Mr. Fumihiro Nagao Mr. Ali Abdel Wahab
Mr. Ahmed El sideqg

Mr. Mohamed Fouzi




In addition to the personnel listed above several staff membeérs
of the Agricultural office in ‘Dueim were temporarily-aséiqned during

pericds when regular counterpart personnel took their ahnual leave.



2. . GENERAL BACKGROUND OF THE RICE PROJECT

"~ The Dembcratic Republic of Sudan is the largest country in Africa
with a total arca of approximately 2.5 million square kilometres. The
population is about 16.5 million; giving a density of 6.6 persons pex

square kilometre as of 1977.

. Sudan has a- contlnental troplcal arid climate w1th two dlStlnCt
sedsons, wet: dnd dry, except for a narrow strip along the coast of the

Red Sea where winter rainfall predomlnates.

The Nile and its trlbutarleb are 1nd15pensable to the development
of the national economy, providing 1rr1gat10n and municipal water.
Water resources allocated to Sudan from the Nile total 18.5 bkillion

cubic netres,

'Sudaﬁ islblessed with a vast fertile land area -for agricultural
development. In a study carried out by the FAO in 1970, it was esti-
mated that about.30% of the total area of'Sﬁdan was suitable for aérié.
cultural ﬁse. However, only 13% of the total area has beén so used, .

that is, 4% for crops and 9% for pasture.

Agriculture is predomlnant in the national oconomy.
‘About 40% of the GNP is produced in thls sector, and about  70% of the
population is engaged in this sector. Around 95% of the total export

value is derived from this sector.

Major'agfibuitural'cdmmbdities.for'éxport‘are.éottoh,.qrbundnﬁts,
sesame, gum Afabic'and_meat,'of-which:cotton adcduﬁﬁs fbr about half
of the total export amount. The ﬁafional edohomy'dépénds”bn'é siﬁgle
crop {cotton) which is highly suécgptihlefto adverse weatﬁer conditions
and price fluctuations in the international market. In this context,
the Budanese Government hés beén,eﬁcouiagihg.the diversification of
export crops from cottdn toisugér;'wheat, rice,-éna so forth, ﬁndér é

six vear Developmént Plan (1977/78 - 82/83).



The average annuval prodiuction énthhe average annual area under

" rice cﬁitivaﬁion in the sudan in the past éiX'yéars'afe esﬁimated'at
about 12,000 tons and about lO 000 ha. The ﬁajorfpfbductibﬁ areas for
lrlce are Ge21ra Bdhr El Ghaddl and Equatorla Thé averaéé Yield‘OE
rlce ln 1975/76 in Lhese area was 1.19, 0.32, and 0.57 fﬁnyha;

1espect1vely

The domesfié'demand for rice has been exceeding thé domestic pro-
.ductiOn.' Ahd:'the-riCe reqﬁirémentS'haVe heen méf with rice'impdrted
'The amounts of - rlce 1mported in’ 1971/72 1972/73 ‘and 1973/74 were about
9,000, 9,000 and 13 000" tons, respectlvely, and thls w1ll lncrease

rapldly follow1ng the increases in per caplta consumptlon

Theltéiéetupfodﬁctioh of rice for 1982/83 under the six yéaf

Dévelopmént Plan is=57,0003tons,IWhicﬁ‘is 4.75”timéé that for 1976/77.

_ ‘:The_éudaneée Goﬁeihmén%"plané"to'ihcrease fide produétion'ﬁrimarily
%0.étfaiﬁ'éelf;sﬁfficiéhéy ana'sécondérily to export tﬁe surplus to
nelghbourlng countrlea. The plaﬁ:firstlv calls for'the.prbmbtion of
Lhe rice productlon in the vast swampy areas ad301n1ng the banks of

the whltc Nlle, whlch have been subjected to seasonal inundation aind-

have been abandoned since the completion of the Jubel Aulia Dam.

The Sudanese Governnent Carrled out a prellmlnary survey on seven
abandoned areas, and as a result, threc areas, includes the Abu Gasaba

Basin, were selected as first priority.

‘In July, 1975 the Sudaneso Governmcnt 1nv1ted Nlppon Kﬂel Co.,
Ltd to perform a reconnaisgance survey of thebe three areas in

response to a techn1ca1 propoqal prepared by this consultlng flrm

: Nlppon Koel submlttcd its reconnaissance report to the Sudanese
Government in January, 1976. “The report concluded that the areas were

suitable. for rice cultivation project both technically and economically.



L At the beq1nn1ng of November, 1976 the Japanese Covornmcnt dig-
-patched a contact m1s51on in losponse to the request from ‘the Sudanese
.Government for promotlon of the prOJect. The m1551on specrfled the Abu
Gasaba Bagsin out of three schemes for & - feaSlbllltj study *o be under—
taken as the next. stage, in due conslderatlon 0t the overall soundness
of the project, the avallablllty of topographlc maps and the easlness

of access..

~In earlv'1977,-the.SudauesejGovernmentﬁrequested_technical asslst—
lance for the_fessibilityﬁstudy‘ou the:ebu GaSaba RiCe.Developmﬂnt Pro-
jeCt from:the:ﬁepeoese.Goverhmeut;_ Aud in March 1977 the Japancse
deernmeotrdecloedrto undertake_the:survey! and entrusted it ‘to. the
Japan.international.Cooperetion:Agency (JICA) .. The_Agency dispatched
a survey. team to Sudan during May to August ) The objectives'of the
survey were to formulate an approprlate rlce development pr03ect ‘for
the Abu Gasaba Ba51n, and to evaluate the fea51b111ty of the pro;ect
Along with a fea51b111ty study, rlce experlments were commenced in June
1977 to obtaln ba51c data on rlce cultlvatlon 1n the progect area, as
mentloned 1n preceedlng sectlon.‘ Thelr fea51b111ty report’ was sub- -
mltted to the- Sudanese Government in June,, 1978 The feaSlblllty report
concluded that a rice progect of 15 ¢600 ha in the Abu Gasaba area would .
be fea51ble both technlcally and economlcally w1th an 1nternal rate of
return of 17 6% The report also concluded that the prOJect could
fproduce an annual yield of 100, OOO tons oY more of mllled rice at the

stage of full development



3. . EXPERIMENTAL FIELDS - NATURAL CONDITIONS &

Logation, o | N
The experlmental 31te is on tho 1eft bank of Whlte Nlle in Duelm,

the prov1ncra1 capltal of Whlte Nlle Prov:.ncer Wthh 1s about 200

km - south of Khartoum, the capltal of Sudan. Duelm is 13 JQ'.HOIth in :

1atrtude, 32,20' east in longltude, and 380 m above sea level

TopOGraphy and Geology

The- topography is mostly flat The geological formation of . the
experlmental flelds prlmarlly con51st5 of fluv1al de9051ts of Quarter—
nary orlgln The geologlcal proflle may be broadly classrfled as an
alluvral clay layer formlng the surface and- 5ubsurface, and a sand

layer underlylng the clay layer

80115 and Water Quallty

Predomlnant SDll in. the experlmental ‘fields ‘are Vertlsols
'They aré very flne 1n texture,‘moderately alkallne (ranglng between
8,0 and 8 57 1n pH), relatlvely poor in organlc carbon (around 39 in
'the surface soils’ and less than 0.5% in sub~501ls), rlCh in mlneral
elements {0 to 0 8ﬁ in. total N 2 to 60mg/lOOg of avallable P205,
0.5" to 4 qu/lDOg of exchangeable K), free from the problems caused
by sallnlty and chemlcal tox1c1ty, hlgh ‘in catlon exchange capac1ty,
(40 to 50 moleculor equ1valent),_hlgh 1n water holdlng capaclty, and

-very low in permeablllty

The water quallty of the Whlte Nlle it Dueim is excellent for

lrrlgatlon purposes, as- summarlzed in’ Table 3: l

Table 3-1.° Wateflguality of the White Nile

'1.;.';51{:‘8 0
2;7-ECT: 220 m mho/cm/25°C



_3._'Solubie-salts ; o
| B S -1

Na' i 0.97mie/L . CLT i 0.63 mie/l
K.+ O : O‘_.l'z " . Soj_ ; 0..2_8: o n
catt o oos2 v f:_coif.;._l.vo-i:v
: mg?t tovez
4. Soluble Mn - : 0.03 ppm
5. Soluble Si0  : 25.31 ppm -
6. Soluble PO3? 9 0.0é'ppm
7, Soluble‘NO; i, 0.49 ppm

uCllmatef; ' | . - o ‘ i

. Duelm lleS w1th1n the troplcal hot arld zone of Central Sudan.
The cllmate of Duelm 1s characterlzed by 2 dlstlnct seasons, dry and
wet. The average annual ralnfall at Duelm from 1941 to 1970 is: 280 mm,
_of whlch about 90% is concentrated in the ralny season from May to:’
_August The alr temperature varles greatly 60th annually and dally
The average monthly mlnlmum alr temperature 1n the coldest month
January, dis 16.4° C. : The averaqe monthly max1mum alr temperature 1n
:Lhe hottest month May,_ls 41 °C. Evaporatlon (Plche) 15 qulte hlgh
_and ranges fron 19 4 mm per day 1n.Alel to 7.7 am per day 1n August

The relatlve humldlty is low espec1ally in March and Aprll

V Mcteorologlcal condltlons durlng the test perlods were lnvestlgated.
for analy51s of the experlmental results. Cllmatlc data such as daily
max1mum air temperature -mlnlmum alr temperature, relatlve humldlty at

'8 OO a. . , and ralnfall durlng the perlod from June 1977 to June 1979
were obtalned from the meteoroloq1ca1 statlon 1n DUElm.- ' ’
.Dally max1mum and . mlnlmum water temperatures were measured at a p01nt
'about 2 gm below the water surface 1n the rice field, These data are
presented in ANNEX l. The monthly mean meteorologlcal values recorded

'durlng the test perlod are llsted 1n Table 3 2.

- 10 -



Table 3-2 Méteorological Conditions during~t§¢fTeéE'Perida'.

S , Air’Téﬁpératgxe Watet;Téﬁperature Reiétive_ﬂu@idityl
Morith Year Max,  Min,  Max.. . Min. _ at 8:00 aim. Rainfall -
P (o) (ee) {(eC) (OC) L ) . (mm/mpnth)_.

January 1978 30.6 15,8 27,0 11,7 .37 0
' ' ©1979 0 30,80 17070 027.8 0 13,0 ‘ 40 L0
tean ~ 30,7  16.8 - 27.4 - 1Z2.4. - . 3% 17T

February _ié?ﬁfﬁ”31§4@l : iagl“; 31.1 . 14.2 o 35_1' ' 0
o 1979 36.4 - 21,0 35.7 7 15.0 L3680 0
=20 29 , ~5

~ Mean  35.2 19.6 33.4 14.6 T 36

march 1978 36.5  20i6 31,7 1s.3 - 26 %,
o 1979 36,8 22,0 . .- 9. 0
~ Mean 36.7 2.3 31.7 . 15.3 ¢ - 28 U130

april . 1978 - 411 26.4  37.6 - 19.3 26 - 1.1
1979 40.5 - 25,6 . 32.2° 19.3 . B 5 R R | I
Mean . 40,8 | 26.0 3439 - i3 o 29 T0Te

May - 1978 41.5  26.8 39.6 22,9 . . 39 ¢
B R R IR -0
“Mean .. o T 0.3

June S1977 39,5 . 25.9 0 a. s L .63 108

S oT1978 0 37,80 002642 5 34,0, 21,000 43 104,77
£197%. - .38.6 25.5.  .34.6 - 22,8 - . 58 © 13,3
~Mean,  38.6 - 25,9 34,3 T 21.9 .55 42,9

July 1977 7 036.00 2407 0 . o er L a2
. 1978 7 33.0 23.2 - . 33.0 23,0 770 .. 237.0
1979 . 36.7 .. 25,4 . 32.8° ' 23,5 64. .- . ' 37.0°

. Hean 36,2  234.4  33.4  23.3 69 1070

‘August . 1977 - 33,9 2401 - . . S 28.9 .
- . 1978 ©  33.7 23,7 . 36.8 . 24.5 - . i 76 . 156.8
o o2 8 s , . A
- Mean

September 1977 . 37.2 .. 24..
S 19780 36.2 24
Mean 1 36.7 0 24l

38,8 .23.8 - &4 ' T16.4
October * 1977 35.7 o 23.2 4 oo g DR ¥
S Mean. . 3859 . 23.9: 34.

13,4 36
15.5 Y

"November lé??:f}f‘ 420,30 3001
TR 1978 - ..33.2 19.8 = 2B.4
Mean 33.8 . 20:1 29,3

' December léﬁi. | _3ﬁ:7  7.7 26.éf' ‘12{7 ':l o 37
' 1978 32.4. .18.6  25.7 14,3 ... 42 _
Mean' ' "~ 31.6 = 18.2. 26,0 13,5 40 o
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. To schémqtical;yashow-tbefseasdnal'and yéarly_variénce of ‘air
temperature, the average air teﬁpefature for each 20 days From July
1975:to‘May 1979 are shown in Fig., .3-1. A nearly identical?tfend in
seasénal change of air temperatufe can be éeén_iﬁ each-year; Two peaks
of high air temperature are visible, one in May and one in October.

The minimum air temperatures. occurred in Deéember or.Jaﬁuary;' The air
temperatufes in the wintef Qf 1977, ike.; bécembef, and in'January of
J978 were cooler than:thé'average'yéar, while 1978 was warmer

than the average vear.

;quhfall in 1978 was abnofmally heavy with 'a total rainfall of
.534.5.mm. ' .

- 13 -



4.  PESTS AND DISEASES OBSERVED DURING THE EXPERIMENTAL PERIOD

Major insect pests and diseases observed during the test period

are listed below in the order of their occurrence.

'PESTS AND DISEASES OBSERVED

_ . Degree
Name SéasonObservéd Damaged ‘Variety - . of
' : Damage
*Army worms August - IR~8, 'IR~-20 great
*Ants October all varieties’ great
*Disease resembling November BG-90-2 moderate
orange
leaf disease
*Rats harvesting season lodged vaﬁietiés slight
*Sparrows harvesting season, all varieties great
éoﬁing-périod .
*Damping-of f December, January' IR-28, IR429,'IR—5" moderate

-~ 14 -

IR-24, C-15, IR-38.
c-1L, IR~40, Toitsu, -
' IR-36, IR-30 '



‘pamaged Variety

Degree .

sheath blight:

Narme Season Obsexrved of
' ' ‘Damage
*Bacterial leaf June, July ' CHIS,IIR—ZO slight
streak disease '
*Disease resembling August, September IR—298, c-15 slight
baQteriél . ' '
1eaf_bligh£
*Leaf miner fly 'Auguét ' tranplantéd varieties . slight
_in late August
*Rice stem borer Augqst; Septembe: .. IR-298, C-15, BG-90-2 slight
*Southern green June all varieties slight
stink bgg
*Green rice June all varieties slight
leaf‘hopper
fGrass_hopper June all varieties ~ slight
“*Locust - June all varieties . ‘slight
*pisease resembling  June all varieties - _ moderate

- 15 -



Army worms caused much damage to rice rlants., They invdded.the
rice field from surrOQnding'fields wheré'their-fooﬁ'and the gfass, had

‘been destroyed by plowing.

ants caused much damage to rice plants by carrying ripened grains

to their nests.

A disease something like orange leaf ‘disease was observed on TOS-

103 at its ripening stage. The following symptoms were obhserved.

1) Orange discoloration of the leaves beginning with the lower

leaves and starting from the leaf tip.
2) Llongitudinal rolling of affected leaves.

3) Rapid'death‘of plant affected and white head. No leaf hopper -
was observed. Orange coloﬁred insects like melon fly stuck

to the bases of infected'rice'plantsg

. Sparrows damaged the rice plants ripening. Without necessary

.prevehtive means such as nets ér.guérds, much damage would hdve occurred.

Damping-off was observed on rice seedlings sown in Dedembér . or
Januafy. This was caused by the low air- and waterwtemperatures;"The
montﬁly minimum water temperatﬁrés.wére.l2.7°c and'li.7°C in Decémber
and January, respectively. Démping—off_was well prevented by applying-

the fungicide Hymexazol to the nursery beds.
,Bacterial leaf streak disease appeared?to'be dne of the most cOmmon.
rice diseases in Sudan. Damage by this disease dimihisﬁéd'arouna-the

maximum Ciller number stage.

. .White heads caused by rice stém borers were observed_in the-

later stage of rice growth. -

- 16 -



¥: disease'like sheath blight cauéed Sefious;damage-to_rice plants
but was not fatal. Differences.iﬁ_susceptibility to the'disease of
different varieﬁies were observed. The following groﬁping could be

made.

Susceptible ' . IR-5, TR-28, IR-30, IR-36, IR-127,
TOS-103, C-~11, BG-34-8, Taichung-

Ikukyu, Toitsu, Ishin,

'Moderatély susceptible : UR-20, TR-22, IR-24, IR-29, IR-40,
' . ) . IR—lSld, TRZ1561, HINO, Asominori,
ReimEi,.Toyénishiki,-nawn,'c—15
Moderately résistant :.-IR;38, IQ~298—12—1*1, IR-2053,
' IR-2153, ¢-15, BG-90-2, Taichung 65,
Takao~-21., Hesinchu. 56, Koganenishiki,

Norin 17, Blue Bonnet, SML—lB, _

Resistant : - ~: IR-8, BG-11-11,

- 17 -



'RICE EXPERIMENTS

Purpose

project area which have hlqhwyleldmng abl]ltY, hlgh quality, high re-

51stance to dlseaseS, insect pests and lodging under the mechanized

The objectlve of this test ig Lo 5e1ect varieties su1table tor the

.1 Varieties-Teété‘

farmlng ‘and irrigated conditions.

Method

collected.

name of each variety and the country in which it was bred are listed in

‘From various rice growing countries of the werld, 59 varieties were

Table 5.1-1.

- 10.
1.

12,7

13.
14.
_15n
16.
17,
- 18,
19.

20,

21.
22,

23.

24.
25.
26.
27.

28,

29,
30.

Table

Variety

Kuang Chu 15'(0515)

c-6

.11

These were raised in plots by the transplantionimethod.'

Varieties Tested in Varieties Test

Gouhtfx Bred

China

Chen Chu Ai 1t {C-11) . ™

HINO =
Waikyakunantoku
BG-90-2

BG-34-8

UBG-11-~11

BG-34-11
BG-33-2
BG-34-12
BG-34-6

TR-2053.

TOS-103
BG-90-2

" IR~24

IR=5
IR-298-12-1-1~1
IR-8
iR~-28
IR-30
IR-20
TR-22
IR-29:
IR-36
IR-38
IR-40 =
IR-1514°
IR-1561

IR-127

31.

32,
33.

34.

35.

.36,

37.
38.

39.

40,

42.
43.

44,
45,
46,

47.

S48,
49,
50,
51.
- 52,
53,
54,
55,
56,
57..
*58._
©. 59, .

Varieﬁz

IR-2153
Ishin
Toitsu
Mitsuyo

Taichung Ikukyu _

Takao-21
Hesinchu 56
Taichung 65

:Taichung Native 1

Dawn

‘Blue Bonnet
Cawad Mali

Basmati 370.
BR-4
BR-5

‘SMI-18
‘Asominor i

Koganen13h1k1
Reimei

_Toyoanhlkl

Norin-17
FUJlmanIl

Dewachikara
‘Mutsunishiki

Sasanighiki

‘Matsumai

Chuemon
Klyonlshlkl'

Oryza glaberrlma S.'

The

ﬁahgladeshi‘

n .

Surinam

Japan
",

Nigeria“



R ' . - ; T |
Variety tests were carried out three times in the off-season

. . ’ T kD o -

. {dry season) and twice in.the main-season = (wet season).

Standard methods applied to each tést are listed in Table 5.1-2,

below..

Table 5.1~ 2 Standard Methods Applled in Var1e+y Testlng '
. . Test Number. '_ : .
1. .2 _ 3 4 5
1. Number of = 26 - 31 20 s 40
D Varieties ' R v P .

Tested

2. Sbwing-Time ':June, July, -Nov."S-té. ‘Fébs 13 to 'Jul.Q18.to Feb. 1,

1977 6, 1977 15, 1978 _  30,-1978 1979
- 3. Transplant- Uuhe‘to- - -Nov.f29-tb Mar. 16 to Aug.‘i'to . Mar. 12
.ing Time = August Dec. 8. . 18 22
‘4, Planting 22.2 hille/m2 26.7 . do  °  do s
Density . ' : . AR
5. Nitrogen 23 kg N/ha = do - ‘do 80 " do
Applied : : :
- (Basal)
(6. Phosphate .40 kg . do 80 75 100
Applied P305/ha
77?f1$t‘T§P“m
~ dressing _ _ b
Time * "14th day . " do do - - 14th day
SRR _after. trans- o S _ . after trans-
. -~ planting L : " planting
‘Kmount' 23 kg N/ha S de Cdo - 45
8. 2nd Top- = '
dressing o _ _ _
- Time Just before do do - .do - . do
reduction :
' -division stage : ' S
Amount - 23 kgN/ha 30 - do _ 40 o 45
9. 3rd Top-
dressing - ' _ o
Time 'Full headlng _ do .. do _ do _ do
_ - ‘stage : . : . _ o
Amount . - 23 kg N/ha 30 0 - 300 . - 45

Note:: *1 . The oft -season. is deflned as the cropplng season whose scw1ng is
' ' :carrled out from Jan. to May ‘and’ from Sep. to Dec.
%2 The main-season is defined as- the: cropplng season whose sowing is
' fcarrled out from June to August.
_19_



Investigation items for each varigty were Sowing date, Heading date
(5%, 50%, and 95%), Maturity date;_Culm length, Panicle length, No. of
. o ' ’ . . 2 - SR .
panicles per hill, No. of panicles per m”, No. of grains per panicle,
" : . 2 . . .' . : B
No. of grains per m , Percentage of ripened grains, Percentage of

non~-fertilized grains,.Weight of 1,000 grains, and Grainlyield.

Among the itbmS‘méntibned above, (1) the percenﬁage of ripened
grains and (2) the percentage of non-fertilized grains are difficult to
measure. The methods for measuring thém are given below. ' '

For further information, refer to Matsushima (1966, 1980)..

(1) Grains with-a”Specific:gravity greater-fﬁan 1.06 ére taken
as ripened, and tHe number of riéenéd giaiqs thus obtained
is diéided by the“tota} numbef'of grains. 'This‘vaiue, as
a percentage, is taken as the percentage of ripencd grains

. *
(Matsushima 1966).

(2) Non-fertilized grains éan'clearly be identified'by iodine
reaction (Matsushima and Tanaka 1960, Matsushima 1966)L
.In the experiment, however, to éavé‘timg and 1abor,'empty
.grainé'were ideﬁtified with the finger tips; éﬁa:theée were
taken as'hohefértiliZed grains, ﬁhe_percehtééé'of_which'Qas
taken as the percentage of nbn—fertiiized_gréins. A com-
parison of the two methods Shows‘théﬁ'the iodine reaction
.method:givés a percentage of non—fertilized‘grains highex

by 4 - 12% than the finger tip method_in most é?ses,

‘Refererices are listed in section 7.

e



Results

Overall results of variety testing are given in ANNEX 2.

The results of variety ttStlng durlng the ralny geason of 1978

are summarlzed in Table- b 1 3, below:

.Table‘5.143 Summary of Results of Varlety Testlng

~in the Maln season in 1978

: Yleld (Unhulled rice : . ton/ha).

"Block I Block’ II  Block III  Average
c-15 S - 8.9 16.1 . %6 9.5
c6 8 10.2 - 9.3
BG~90--2 T 9.1 7.4 |
IR~2053 - | 7. 7.9

Tos-103 6.9 . 8.4 7.6 7.6
BG-34-8 | 7.6 8.3 6.6 . 7.5
R-24 7.5 8.0 6.6 7.4
IR-5 . o 7.2 6.9 7.7

TR-298-12~1-1-1 o 5.7 sl 7.0 6.9
Ishin T 7.2 6.2 - 6.8
Talchung 65 o ‘;?.5 6.1 -

1R-8 _ . 5.9 7.1 6.9 6.6
Taichung Native 1 5.5 7.0 . 6.5 6.3
-1 A 6.1l 7.2 5.2 6.2
IR-28 . . 5.6 6.7 5.6 6.0
IR-30 - 5.9 6.3 5.9

R-20 3.7 s 67 5.3

- 2] -



The table below gives the result

yield.
Source of . beg:;ees of
variance £reedom
Total = 48
?e:iety- . 3 :}.16
B1ock 2
Error - 30

As shown by the above table; the

average yleld with 99% probablllty.

of variance analysis of the

Sums of ‘Mean of

squares squares F

190,09 - -
66.19 4,14 ¢ g.9%*
5.95 2,98 -

17.95 . 0.60 -

re is a 51gn1flcant dlfference in

Thls difference was analyzed by

Tukey s (1949) method,-and the follow1ng groups were obtalned._

i) . C-15, C-6, BG=90-2 ..

i) IR-2053, T0S-103, GB-34-8,

TR-24, IR-5, IR-298-12-1-1-1,

' Ishin, Taichung 65, IR-8, Taichung Native 1, c-11; IR-28,

 IR-30

©1i3)  IR-20

Con51der1ng the results of varlety teetlng from a statlstlcal

viewp01nt it can be sald that the yleld of varlety IR 20 is 51gn1-

flcantly low in comparlson Wlth other varletles, whlle the ylelds of

C- 15 C- 6 and BG 90 2 vurletles are 51gn1flcantly hlgh

There 15 no 51gn1flcant dlfference between the: varletles in each group

A Summary of the results, of varlety testlng in the off season of

.1978/79 ]S glven in Table 5.1-4.

- 22 -



Table 5.1-4 Summary Of Results of Variety Testing

in Ehé=l§78/79 Of f~season

‘Variety o S Block I Block II -Bl'oc_k-III" - Average

CIR-22 o | s e 9.7 8.3
c-6 o 5.9 6.4 80 6.8
IR-1561 S e 7.9 6.0 6.7

dListt S X 5.2 7.7 6.6
c-11" . . 5.8 5.6 7.3 6.6
BG59b¢2 S EX R A E 5.6 _“'6;4
Dawn - S 7.0 76 4.2 6.3

CTR-24 - 4 8.2 5.8 6.2
tR-2153 T gy 6.7 6.0 6.1
Ishin s 7.9 556 6.1

IR-2053 5.1 6.2 6.8 - 6.0
BG-34-8 T s g ey 5.9 5.9
 IR-208-12-1-1-1"  s.s . sls - ss
‘1§;15141 R S &.5 . 6;3.' 6.4 . 5.7

CIr-200 o 4.9 7.1 5.1 5.7
Takao-21 . :' o 5.1 6.4 5.3 5.6

‘taichung-Tkukyw . 4,7 5.9 = ‘5.9 5.5

Cwros-103 a8 s s N
‘iRt 4.4 6.2 . 5.5 5.4
tr-a0 S oas a9 66 5.3

Cirs o 5.3 6.9 3.4 5.2
IR-30 T 3 6.2 ' 5.6 5.2
Toitsu | 3 6.1 5.4 5.1

TR-28 e 5.9 5.4 5.1
R-5 '_' o 4.3 45 5.7 4.8

- 23 -



Physiblogieel-trouble, preeumabiy'eaused_by hot dry wind, was
ebserved in April or May":Tﬁis eéuseé:heauy damaée'to‘leaves and - to
gralns, rutrea51ng the percentage of sterile gralns and 1mperfectly
. rlpened grains. Varletal dlfferencee in susceptlblllty o the hot
dry w1nd were observod Table .15 lists varletal dlfferenceq in
the percentage of rlpened gralns and 1n the percentage of nonwfertl—
lized gralns, when varieties headed at high alr—temperatures of 40.0
to 42. 13‘ According fo the table; there are big differences between
-varletles in the degree of rlpenlng, but these differences may be due
to not only hlgh temperature but also dry wind. The table indicates
that IR-- 298 IR-1561 and IR-28 ceem to he r951stant to hlgh temperature,
| while: HINO, SML 18 IRfl27'andzIBu5 seem to be susceptible. The varie-
tal differences given in the'table, however, must be cohfirmed'by

'further'studies.

Oeada_el'el.'kl9?2) observed'high percentages ef.empty‘(stqrile)
grains in the dry'seeson in Thailehd, and found consgpicuous verietal
': differenee in the'oecurrence of:empty’grains, attributing the occurrence
._to high'temperature. ‘Satake and:Yoehida-(l978) also recognized varietal’
difference in ribening under higﬁ temperatures, pointing out more than
.209 of sterile gralne occurring at 36.5°C at flowering time for a re-
51stant‘var1ety and at 32ec for a susceptlble varlety Enocmotéd et al.
(1956) reported that the: crltlcal high temperature for pollen germlna—
. tion ranges from 41 to a5°¢, and varies with varletles. Chao (1959}
and Tto. (1963) also recognlzed that the sterility percentage isg markedly
. 1ntreased greatly varies w1th varieties under the extremely dry and

hot cond;tlons in Iraq.

Thus, the 1mportance of studles on varlatal differences in’ tolerancc
to high temperature cannot he over«empha51zed. (See also 5.7, Seasonal

Planting Tests, in this chapter.)



Calculatlng the mean values of ylelds for three off- seaeons and
two' main- seasons for each varlety, and ch0051ng the max1mum values of
them, varletles ‘were clasalfled by mean - yields and max1mum ylelds, as
shqwn 1n-Tables,5.l~6, 7, S:and 9.n With reference to these tables,

the foliowiﬁg points can'be noted.

Varieries'thbse attained more than 8.0 ton/ha mean yield in the

main season were:

BR-4, C-15, C-6, BG-33-2, BG-90-2, IR~36, BG-34-12, .
TOS-103, IR-29, BG-34-6 -

The maxinum yleld in the main- season test was 10 2 ton/ha :iThis
was attalned by C-6 (cf the max1mum-y1e1d among plots was 11. 4 tdn/ha
which was obtalned by TOS - 103 in. the cultlvatlon method test)
Varletleo these attalned more than 9, 0 ton/ha as the maximuam yleld in

the main-season were
Cc-15, C-6, BG-90-2, TOS~103, BR-5, BG-33-2

While, those that attained more than 6.0'ton/ha in the off-

season were:

BG-90-2, IR-8, Taichung Native 1, IR-1561, Heshinchu-65,
C-15, IR-2053, IR-24, IR-22, TR-2153, Dawn

The maximum yield in the off-season was 9.7 ton/ha. This was
attalned by IR- 22 Varieties“those attained more than 8.0 ton/ha _

as the maximum YLOld in the off season were

IR-22, BG-90-2, IR-8, C-6, IR-24

-2k -



Variety . . Block I Block IT Block IIL. Average

w20 3.7 5.6 4.8

S.2
IR-36 - 32 s 3 4.1
BG-11-11 2.9 3.5 5.6 .. 4.0
Heshichu . 2.8 5.3 3.8 4.0
Taichung 65 . as 3.2 5.3 3.7
w27 - X 3.3 4.6 3.6
 Toyonishiki 1.6 4.7 3.1 3a
Asominori B : 2.7 - 3.6 2.7 © 3.0
Reimei = | 1.9 3.3 2.0 2.4
SML-18 | 3.4 2.7 0.9 2.3
'Koganenishiki : o 1.8 2.3 1.6 - 1.9
" Blue Bonnet : 1.5 13 1.3 1.4
Norim-17 1.0 L1 0.6 0.9

HINO | 0.3 . 0.3 0.3 . 0.3

' Based ¢n analysis by Tukey's method, the varieties were grouped

as follows:

i) IR-22
ii) C-6, TR-1561, C-15, C-11, GB-90-2, Dawn, IR-24, IR-2153,
Ishin, IR-2053, BG-34-8, IR-298-12-1-1-1, IR-1514; IR-29,
Takao-21, Taichung-ikiukyu, TOS-103, IR-38, TR-40, IR-8,
IR-30, Toitsu, IR-28, IR-5, TR-20, IR-36, BG-11-11;
Heshinchu; Taichung 85, IR—127
1ii) Toyonishiki, Asominori' Relmel, SML--18, Koganenlsh1k1

Blue Bonnet, Norln 17, HINO

.It can be said, that the. ylelds of IR~ 22 were significantly higher

than those of other varieties.

- 26 -



' Table 5.1-5" Varletal DLfforences in Susccptlblllty to ngh

TomperaturLl (40 0 - 42.1°C) at the Headlng Stage

Taichung 65 26.0 71.0 65.2 61.0
Blue Bonnet ~50.6 60.1 56.4
Heshlnshu 55.0° 55.1 53,8
_Toyonishiki 56.5 59.1 33.1

IR-5 - 50.0 38.9 57,7
IR-127 52.4 45.2 42,1
SMI~18 15.9- 65.3 54.3 21.8

HINO ~65.1 12,7 25.4 16.3

Variety Percentage of - Rlpened Graing Average
TR-298 87.9 87.9 {76 )
IR-1561 - 84,0 '89.5 79.5 84.3 (11.8)
IR-28 763 83.6 86.0 8L.8 (18.1)
1R-22 78.8 80.5 74.7 67.8 75.5 (19.7)
Dawn  60.9 78.3 86.2 | 75.1 (16.3)
BG-90-2 78.2 76.8 67.9 74.3 (20.7)
Takao 66.8 75.4 80.3 74.2 (11.0)
T0S-103  83.2 67.1 9.1 71.7 72,8 (21.1)
IR-20 . 72.4 76.6 74.9 51.4 68.5 70.7 (11.9)
c-11 42.2 89.3 74.6 76.8 70.7 (20.5)
CIR-24 . 70.0 70,0 (23.7)
R-38 69.9 . 69.9 (17.1)
IR-30 69.6 77.9 71.7 63.9 69.6 (25.1)
TR-36 81.1 65.2 59.9 54.1 65.1 (25.9)
Ishin ~  6l.1 59.0. 68.4 61.0 | 62.4 (27.5)
IR-8 62.1 5i.8 41.0 5.7 68.2. 88.7 62.1 (18.0)
Tajchung~  59.5 62.5 63.9 | 62.0 (22.0)
Tkukyn A .
TR-40  66.7 57.0 61.9 (25.4)
BG-34-8  61.4 | 61.4 (28.8)
Toitsu 59.5 60.8 58.2 55.7 | 58.6 (27.4)
-6 . 65.3 58.5 47.3 49.3 61.0 66.4 58.0 (18.2) -
Reimei 65.5 51.5 55.0 55.8 57.7 (34.7)
| IR-29 13.9 69.9 76.8 68.3 57.2 (34.0)

55.8 (27.4)
55.7 (36.1)
54,6 (22.5)
49.6 (42.1)

48.9 (42.7)

46.6 (43.4)
39.3 (46.5)
29.9 (65.7)

Note 1: _Average dally max1mum air temperature for 10 days
centered on the ‘heading date

Note'Zé Flgures in parentheses give the pércéntages of non-
fertilized (empty) gralns (1dent1fled by using the

flng@rs) o _
e 3 A



The qualuty of the ma3or valletles of rice qrown in the main -and
off- -~58a50Ns was checked in the form of pollqhod rlce, and a classifi--

cation was made which is given in Table’ 5.1-7.

Based on the yleld ablllty, quallty and dlsease re81stdnce, the

follow1ng varieties may be recommended.

Main-season: BR-4, BG-33-2, IR-36, BGM34—12, TOS-103, BG-90-2,
IR-29, BG-34-6, IR-2053, IR-298-12-1-1-1

Off-season : BG-90-2, IR-24, TR-22, IR-2052, IR-2153,
' : IR-1561, Dawn -

" Besides the selectlon of recommendable Vdrletleu, the relation
"between Yleldb in the main- Season and those ln the off Season was

studled.. The results are shown in Flg 5. 1 1

‘Roughly sﬁeaking, the.figure shoﬁs.a‘élear'positive'éorrélation
between the yields in the two seasons, and no varlety was found to be
'espec1ally well adapted to the main-season or the off- -season, though
 some varletles_appear to show,sllqhtly better adaptabll;ty to one or

. the other.

-.28 -
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Table 5.1-6 Mean Yields.of Rice Varieties'in Main-seasons

vield. Variety
(ton/ha) '
10.0
9.5
C-'ls' C"‘Gp BG_33"‘2;
9.0 : - : :
) BG-90-2, IR-36, BG-34-12,
‘8.5 . :
'POS-103, IR-29, BG-34-6,
8.0 . : — ——— -
IR-2053, IR-1514, IR-1561, BG-34-11, :
7.5 - : - S T—
_ BG-34-8, IR-24, IR-5, IR-38, Taichung Ikukyu, Toitsu,
7.0 : — e — i
: i IR—'-298-12-'—1—1-—1, Ishin, IR-22, IR-—-127, ‘BG-11-11, BR-5,
6.5 _
. 'Talchung 65, IRmS Talchung Native 1, c-11, IR~28, IR—BO IR—2153
6.0 .
IR—20 Toyonlshlkl, ‘SML-18
5.5
' Relmel,'
5.0 e e EE—
o Dawn, Fujiminori, Native Oryza glaberrima
4,5 : - —— -— -
; . Basmati-370,
S 4.0 - — . : T .
Blue Bonnet, Cawad Mali, Waikyakunantoku,
3.5 - - : .
3.0
2.5 _
- ~Asominori,
- 2.0 — -
. ' Koganenishiki, Matsumai,
1.0 : ' e '
0.5 ”Norln-l7 Dewachlkara, Mutsunlshlkl, Sasanlshlkl, Chuemon,
_Klyonlshlkl,

=30 ~.



Table 5.1-7- Maximum Yields of Rice Varieties in Main-seasons

. Yield _ Variety
(kon/ha) |
_ c-15, C-6,
-+ 10.0 o ———
BG~90-2, T05-103, BR-5; "
9.5 : N : -
9.0 L e et —
. . “IR-2053, IR-36, BG=34-12,
8.5 : i e e i -
. BG-34-8, IR-24, IR~298-12-1-1-1, IR-20, IR-29, BG-34-6,
8.0 : ——— e e e e
, IR-5, Taichung 65, IR-1514, IR-1561, Toitsu, BG-34-11,
7.5 - - S —— S L —
o . Ishin, IR-8, Taichung Wative 1, C-11, IR-28, Taichung Ikukyu,
7.0 S ROt s — :
. . IR=28, IR-22, IR-127, BG-11-11, BR~4,
6.5 R e : e . —
B - IR-30, IR-2153, -
6.0 e
Toyonishiki, SML-18
5.5 . : :
. : Reimei, .
5.0 . : : - . -
: Dawn, Cawad -Mali, Fujiminori, Native Oryza glaberrima
4.5 : - — S e - -
' Basmati-370,
4.0 .
o ‘Blue Bonnet,
3.5 :
3000
2.5 :
o - Asominori,
2.0 '
1.5 ;
Koganenishiki,
1.0 :
- 0.5 T
: Norin-17,
0 . L



Yield

Table 5.1-8 * Mean Yiéidé:éf Rice Varieties in Off-season

Variety
 {ton/ha) '
BG-90-2,
7.0
- IR-8, Talchung Native 1, IR—1561, Hesh1nchu—56,
6.5
¢-15, IR-2053, IR~24 1R—22, IR—2153 Dawn,
6.0
o c-6, TOS-103, Ishln, IR—30, IR—1514 Takao-2l,
5.5
BG~34—8 IR—S IR—298 12 1~l—l, C-11, IR_ZO,
5.0
'IR—29, IR-—38, IR-40 T01tsu,
4.5 T
o IR'—_36',‘BG-111-=-11-, “Paichung I'kukyu,— -
4.0 —r- —— ‘
IR-28, IR-127, Waikyakunantoku, -
. 3.5 : —
Asominori,
3.0 - .
Taichung 65, Toyonishiki,
- 2.5 .
T Reimei,
2.0 T S = _
: 'HINO,.Koganenishiki, SMI-18,
1.5 — :
Blue Bonnet, Matsumai,
1.0 :
Nor1n~17, _ _
0.5 Fujiminori, Dewach1kara, Mutsunlshzkl, Sasanlshlkl, Chuemon,
O Kiyonishiki, '

'_53'2 -



Table.é-l“?g Maximum'Yields of 'Rice Varieties in Off-season

Yield o Variety
(ton/ha) ' ' :
10.0 _ :
TR-22,
3.5 —
' : BG-90-<2,
9.0 —
' © IR~8,
8.5 - —
. C—G, IR—24,
8.0 .
C—lS, Ishln, IR*1561, Heshlnchu 56 Dawn,
7.5
C—ll IR—ZQ, IR~36,
7.0 _ ‘
: IR-2053, TOS-103 -Taichung Native 1, IR-40, IR-2153,
6.5
'BG-34-8, IR-30, IR-—38, m-1514, Takao-Zl, Toitsu,
6.0
IR—S, IR~298 12 1—1 l, IR—ZB, IR—20 BG—ll ll, Talchung Tkukyu,
5.8
_Talchung 65,
5.0
e IR-127, HINO, Toyonishiki,
4.5 -
4.0 ; :
N Asominori.=Waikyakunahtoku,
3.5 -
' Reimei, SML-18,
3.0 = : .
2.5 :
Koganenishiki,
2.0 : :
Blue Bonnet,
1.5 : :
- Norin-17, Matsumai,
1.0 -
0.5

Fujlmlnorl, Dewachikara, Mutsunishiki, Sasanlshlkl, Chuemon,

0 _K1y0n1sh1k1,
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Grade

High

Medium

I

i1

III

i1

il

11

11T

Table 5.1-10 Results of:QﬁalityiTéstS=bn"Riée Kernels

Main-gseason

IR4298—12-1—1—1. BR-5

‘BR-4, IR-29, TOS-103,

Ishln, IR—38, IR—20

*BGPQO -2

BG-34-8, C-11, C-6,

IR-8,

‘=15,

34 -

IR-22, IR-28,. IR-29, IR-36,

. IR-127,
Dawn, SML~18,

:TOS-103 BG—90 2, Talchung
'Ikukyu, Takao«Zl, Heqh1chu—5
‘IR-8,

IR-2053,_

IR-5, IR-20, IR-38, HINO,

"Reimei,

- Cc-11, C4151"

‘ggﬁ-season;
IR-24, 1IR-298-12~1-1-~1,

TR-40, IR-1514, IR-1561,
IR—2153, Asominori,

Toyonishiki, Blue Bonnet,

IR-30, BG-11-11, Ishin

Koganehishiki} Norin-17,

Taichung 65, Toitsu,

C-6, BG-34-8,




5.2 Fertilizer

Element. Tests

Purpose .

Thle test was pelformed to clarlfy the offect of N B, K and S on

tho Y1Gld of rice. 1In the experlment, Sulphur in partlcular wab Lebted

becauqe the hlgh value of DH (8. 0) of the 9011 and water in the pr03ect

. area wmay be decreased by thL dppllcatlon of bulphu1

Method

The'follOWing 4 tests with dltferent treatments were carried out

accordlng to the randomlzed block method with three repllcatlons

ufable 5.2;l Fertilizer Element Test Treatments
Test 1 Test s Test IIT Test IV .
‘Hon-N ‘Nom-N - Okg K,0/ha - Okg S/ha
_ Non-P Non-p ' 50kg Kég/hé SOkg.S/ha
}an4K , NeefK | © 100kg K;0/ha 1oégg S/ha
Non-N.P.K Non~S _ 200kg K,0/ha 150kg S/ha
Standatrd anAN.P.K.S

Staﬁdard

"'THe main’ points of each test are-listed in Table 5.2-2, below:

Variety

Sowing date

Tranéplqnfingn

" date

Plaﬁtihg”
- density

Stahdqfa fer-

Table 5;2—2 ‘Main Pointg of Pertilizer Element Test

Test T Test II = Test IIT . Test IV
c-15 - T0S-103 BG-34-8 . IR-8

June 8, 1978 Feb. 1, 1979 Oct. 21, 1978 Oct. 21, 1978

tilization

N
 Fals
KIZ'O

s.

Jﬁne 25 "Mar. 8 ‘Dec. 5 Dec. 4
15 x 25 cm 15 % 25 cm 30 x 15.cm- 30 x 15 cm
. (26.7hills/m2) o a (22.2hills/m2)f
150 kg/ha 180 kg/ha 170 kg/ha 170 kg/ha
100 kg/ha 200 kg/ha - - -
100 kg/ha - 150 kg/ha oo | -
- ' 200 kg/ha -
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Results
Overall results of the tests are presented in ANNEX 3, The
Table 5.2-3, below, shows the yield responses of rice plants to each

treatment.

- Table 5.2-3 Yield Responses to Fertilizer Elements

(Test 1) _ _
_ Treatment
Block Number . Non-N Non-P . Non-K Non-N.P.K. Standay
| (ton/ha) (ton/ha)  (ton/ha) (ton/ha) (ton/hi
1 3.5 7.7 8.9 2.8 9.4
11 4.2 7 e ." 3.0 7.9 |
mr . 6. 5 7.5 3 7.7
Mean 4.8 8.2 8.6 0 3a 8
(Test II) .
_ _ Treatment
Block Number  Non-N . Non-P .Non-K _Nohes _ Non—ﬁ.P.K.S. Standa
{(ton/ha) (ton/ha}) {ton/ha) (tqﬁ/ha) (ton/ha) (Ebn}h'?
I 4.6 6.1 6.8 1.3 2.2 8.4
11 3.0 49 6.1 5.8 2.2 6.2
III 2.5 6.9 - 5.3 5.5 1.4 6.0
Mean 3.4 6.0 6.1 62 1.9 6.9
(Test III)

; _ Amount of Potash Applied
Block Number ~ Okg K;0/ha  50kg Kp0/ha  100kg Kz0/ha  200kg Kp0/ha

1 2.7 ton/ha .1 2.1 - 2.1
11 _ 3.2 6 1.6 2.5
111 3.4 .0 1.9 . 1.2

1.9 1.9 1.9

Mean 3.1

Note: F = 4.74< 4.76.F (3.6:0.05)
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(Test IV) | .
Amount'of Sulphur applied

Block Number 0Okg_S/ha 50kg sgha 100kg s/ha 150Ky S/ha

1 3.8 ton/ha 2.1 3.6 4.2
oo 2.9 © 3.8 2 3.4
111 o 5.1 2.7 .0 2.5
Mean = . - 3.9 2.9 4.3 3.4

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

Significant.differencesfahong:avefage'yields_were inveStigated
for Tests I.and II. ' The results revealed that the standard treatmeht.
showed a 51gn1f1cant dlfference with 95% probability from the tteatment
with Non—N Non—N P.K or Non-W. P K.S,; ‘while the treatment Qlth non-
N.P.X or NonﬂN P.K. S had a Slgnlflcant difference from Non—P Non—-K or

I\_lonfS. .

The results of varlance ana]y51s of the mean ylelds showed no dl—
fference betwcen the treatments in which- dlfferent amounts of potash or

_sulphur were applled.

The abotefmentiohed Fesults clearly prove that'nitroéen‘is_indis-
ponsable and the'most efficient"elemeht for inoreaSiﬁg the rice yield.
" The effects of the appllcatlon of phosphate, potash and :sulphur fer~ .
' tlllzers were hardly observable 1n Lhe present eXerlant These'
' results 1ndlcate, thersfore, that rice cultivation in the pro;ect area
5cou1d be conducted using only nitrogsn fertlllzers In actual practlce,
-however, the application of phosphate with a half amount of n1trogen.
Uwould be advantageous, because Non-P treatment gave lower yield than
the standard treatment, and the content of phosphate in the soil would

decrease year by year if only a nitrogen fertilizer were applicd.



5.3 Nitrogen Amount and Application Time Tests

_ Purpose_and_Me£hod - o . e o
 The objecfive ‘of this test is“té éétermine'the most effective
timing and the bptimum quantity of nitroéen:to be appligd,_under the
‘climate and soil conditions of £he'proﬁect area... Fof‘this, tests were
carried out in the main-seascn and the off-season hy the:randdmized
plock method with 3 replications.

" Application times were chosen with referrence to Matsushima's results

{1964, 1966, 1976).

The treatments set up for this test are shown in Table 5.3-1. In
the maih—seésdn, the applicétidn'levéls of nitrogen were méinly in-
- vestigated; while in the off-Seasdn,:the 1efels of nitrogen as wéll as

application times were investigated, as shown: in Table 5.3-1.

Table 5.3-1 Treatments for Nitrogen Amount and Application Time Test

{A) Main-season Test (1978)

Application time and amount

S Total -amount Basal =~  Spikelet differ—  Full headiﬁg
Ireatment of nitrogen - dressing . entiation .. R
B (kg N/ha) (kg N/ha) (kg N/ha) (kg N/ha)
1 50 w0 a0
I : w00 60 200 .20
B § SN 10 - 80 a0, 30
w2000 110 so a0
v . 250 S 0 60 S 80
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(B} .Offuseason Tegt (1979}

‘Application time and amount
R E 20th day -  Spikelet
_ Total amount - Basal after trans— differentia- Full heading
Treatment of nitrogen dressing  planting . tion stage  stage '
(kg N/ha) (kg N/ha) {kg N/ha) (kg N/ha) (kg W/ha)

T 0 | 0 SR T
I 50 50 ' 0 0 0
It .20 10 10 10
w oot T s o e 20 0
v " 200 0 20 10
vi 100 ¢ 100 0 0 0
VIT . " r 30 0 3 20 20
VIIT ' &0 g . 40 ’ 0
xoo 40 o a0 20
x 150 - 150 0 | 0 - 0
xt v 50 30 " 40 30
XII " 80 o 70 6
XI11 " 0 0 60 20
XV o 2000 ;§0b  e 0o o o
cxv o q20 o 80 0
XVI 280 . 80 60 60 50

The main points in each test até_shoWn in Table 5.3-2,

Table 5.3-2 Main Points in Nitrogen Amount and Application Time Test -

"Maih~season test . . pff-season Test

Va;iety_ { - C«lS:{KﬁéngIChUmiS) - TOS-103"
Sowingldate , : { June i?,:lQTB S Feb. 2, 1979
Traﬁsplanﬁing'daté?. July 5. - o LT Mar. 12
Plantiﬂé dénéity o éS X?i?ICQ (éé;? hillﬁ/mz) .25.x 15 cm
O

PO  _. Halffof ﬁhé:ﬁotailamount ' 106 kg_Péog/ha

2 5 of nitrogen was applied
in each -treatment
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Results

The overall results of the tests are presented in ANNEX 4.

The test yields are summarized in Table 5.3-3..

Table

(1} Main-season

5,3-3 Response of Rice Yield to Nitrogen Amount and Application Time

Treatment and Yield

Block Number  50kg N/ha  100kg N/ha  150kg N/ha 200 kg N/ha  250kg N/k
{ton/ha) {ton/ha) {ton/ha} {ton/ha) (ton/ha)
I 4.3 5.5 7.4 6.3 7.9
Ir 4,2 5.4 7.1 8.4 10.0
1 4.1 5.7 6.8 7.6 _1.0
© Mean 4.2 5.5 7.1 7.4 8.3
{2} Off-season
Block Average
Number Treatment and yield yield
Okg N/ha (0-0-0) 3.0
I 3.7
II 3.0
11 2.3
Mean 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 4.8 5.2
II 5.9 3.6 3.8 3.6
111 3.6 3.7 3.7 4.0
Mean 4.6 3.9 4,0 4.3
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
I 3.9 3.2 4.6 4,2
hids 4.2 4.8 4.4 4.7
Mean 4,1 4.6 4.5 4.6



Block : o ' - 5 _ Average
Number o _ Treatment and yield ' ‘yield

150kg N/ha  (150-0-0-0) {50“30“40730) (80~ 0~70 0) (70~0v60-20) 5.3

1 5.7 5.9 . 6.8 5.9
T S 3.3 . 5.1 % 0 6.9 5.3
foxs S N} = 4.9 1.3
Mean = - L 4,2 5.5, 6.2 5.2
200kg N/ha  (200-0-0-0) (120—0 30 0y o 5.6
I o ' 6.7 6.2 ' -
11 ' _ 8.2 : 5.9
111 | a7 s
Mean ‘5;2 _ 5.9.
250kg N/ha (8Q-6b-so-5b) | o _ . S 5;1
1 e :6.2 o - '
15 S | 5.4
o 6.8

Mean - i 6.l

Note: Treatment (30 30 2020) meaus that the total amount of
nitrogen. was . spllt—applled as follows; 30 kq at basal
dreSSLng, 30, kg on 20th day after Lransplantlng, 20 kg
at the’ splkelet dlfferentlatlon stage, and 20 kg at_the
full headlng stage. |
The average yleld in  the rlghtwhand column - above shows

the average of ylelds of all plots in each test.

(1} Maln—seaeon test _
The ylelds in the main-season test are glven in Fig. 5. 3-1.

As shown in the Flgure, the yleld 1ncreased in proportlon to, the
_ amount of nltrogen applled w1th1n the range of nltroqen appllcatlon
_between 50. kg N/ha and 150 kg N/ha The vield: 1nerease, however,
‘tailed off for treatments of 150 kg, 200 kg and 250 kg N/ha.__
_Accordlng to the results of 51gn1flcant dlfference analySJs, which
Vare glven 1n Table 5.3-4, the treatments of 50 kg -and lOO kg/ha showed
_SLgnlflcant dlfferences Erom other treatments, while no 51qn1flcant
leffercnce was observed between trcatmentb of 150 kg, 200 kg and
250 kg N/ha. '

-4l -
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Table 5.3-4

Significant Difference Analysis of

'Nitrogen-Amount'Test Results (Main-season)

. Cémpérison- e Valuef+ - Dégrées of Fréedon
50 kg N/ha vs. 100 kg N/ha 12, 3%# 4 '

50 vs. 150 : | 15.9%* e
50 ys. 200 5.2%% 4
56 . vs. 250 - 4,6 4
100 vs. 150 © 8. 2%% " 4
100 . vs. 200 3.1% 4

100 - vs. 250 - 3.1 4.
150  vs. 200 0.47 K
150 ws. 250 133 4
| 250 . 0.83 4

2000 vs.

Note: ** Slqnlflcant with 99% probablllty

* Slgnlflcant w1th 95g probablllty

" The above results demonstrate that the optimum amount of nitrogen

to beiappliéd is likely to be 150 kg N/ha as far as the results of this

test indicate.

The yield-response curve of Fig.

o . -5
¥ o= 2,975 + 0,03052X - 3.69 x 10 X

'5.3-1 can be expressed as follows:

2

Where, Y is the yields and X is the améunt-df_nitrogen‘appliéd-

According to this expression,

the rate of increase of yield per unit

amount_of-nitrOQEn decreases markedly with the iﬁcrease'of the amount

of nitrogen to be applied.

. For reference; therefore, considering only

the prices of.paddy rice and nitrogen (excluding all other factors)

and taking the cur}eﬁt'mérket price of the area as Sudanese £8 per 50

kilepgram and the paddy rice prlce as Sudanese EO 45 per - kilogram, the

follow1ng Table 5. 3 5 can be produced.

1 Studentfs "t“_valde
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Table 5.3-5 Economical Analysis of Nitrogen‘Application in Main-season

. Incremental Incremental  Value—cosk

Treatment : g:‘glﬂg_ value cost _ ratio
0 kg W/ha 3.0 ton/ha S

50 4.3 85 586/ha  Bs 17/ha 34,4
100 | 5.6 586 . 17 34.4
150 6.7 . 495 17 o 29.1
200 7.6 405 ST & - 23,8
250 8.3 315 : 17 : 18,5

The "value cost ratio” in the last,column 1n the table expresses
the economic efflclenty per unlL amount’ of nltrogen " The efflelency
decreases w1th an 1ncreaee of applled nitrogen, but it is Stlll large
enough at 150 kg/ha, show1ng a near max1mum value.‘ Economlcally the

application of nitrogen at 150 kg/ha appears not to be unreasonable

Further, seaeonal changes in leaf—colour w1th d1fferently fertl—
11zed treatments was traced in the 1978 maln—season by using a standard
_Colour plate, the value of which: closely correlates w1th nltrogen
.content in leaves (Matsushlma 1976) . The results were shown in qu

5.3-2. The follow1ng pOLnts can bhe noted from the flgure

_l) Discolouration of leaves was observed at the splkelot _
dlfferentlatlon stage in all the treatments The leaf colour
faded even with a treatment of 250 kg N/ha at the spikelet
drfferentlatlon stage with as much as 140 kg n/ha applied

.as a basal‘dressinq.
2} The_leef'colour faded at the heading stage - in all treatments

except for 250-kg N/ha. It started to:deepen_oh_the.7thuday

after application of nifrogen;
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Observed Colour Grade

Flig. 5.3-2 Changes in Leaf-colour in Different Fertiligation Treatments

o
 //}&_250 ?g N/4a
{ 5 PO kg N/ha
4 : /{ A—150 kg N/ha
A //- 100 kg N/ha
\ \\d/'./' : l .
TR g‘// 4 B0 kg N/ha
N '.// ﬁ e
A ] sodaress
A:l Top-dressing at the
: : -spikelet ‘differen-
N tigtion stage
_ 7 . ‘B: Toﬁfdﬁéssing at the
A o heading stage
S (2 IR (R R 1/
1 — Lt bk b l‘l],l -..,4‘ I N ‘%a|. 'l.lll.llll i
-4'Aug. 6 Aug.l6 Aug.26 Sep.5 Sep.15 'Seﬁ.25
50 - 60 - 70 - 80 90 100

Days ‘after Sowing

Note 1: Variety: C;15, sows on June 17, tfansplénted on July 5
- . and harvested on October 15

Note 2: TFertilization:

‘Total _ Amount
| | Date  50kgN/ha, 100 150 200 250
Basal Application . July 8 30kgN/ha 60 30 110 140
lst top-dressing Aug.24 10 20 40 . 50 &0

2nd top-dressing - Sep.11 10 20 30 40 50
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{(2)  Off-season test

The vields of thc teqts in the off seabon are shown 1n Flg 5.3~3.

All plots are included 1r1espect1ve of thL appllcatlon tlme The figure

indicates that the yleld lncxeases with an lncrease of the amount of

nlLrogen applled

However, accordlng to the resu]ts o£ 51gn1flcant dl—

fference analy91s of the yields, glven 1n Table 5.3-6, the treatmont of

0 ka, 50 kg and 100 kg/ha show 51gn1flcant dlffcrences agalnst all ‘other

treatments, except for 50 Xg agalnat 100 kg/ha, whlle the" treatment of

150 kg lndlcatea no 51gn1flcant difference agalnst the treatments of 200

kg and 250:kg/ha, and further the treatment of 200 kg shows no dlfference

agalnst 250 kg/ha.
150 kg/ha does not increase yleld.‘

ThlS suggests that nltrogen appllcatlon of more Lhan

Thus,_lt can reasonably be considered

that the optlmum amount of nltrogen to be applled is ]50 kg/ha, as far

as indicated by thlS experlment.

Table 5.3-6,

Slgnlflcant leference Analysis of _

Nitrogen Amount Test Results (Off season}

: - _ : - : "t" value 'Degrees of-Fréédom
0 kg N/ha vs. 50 kg N/ha 2.53% a3
0 Ces 100 3,47%% 13
0 vs. 150 3,150k 12
0 vs. 200 4,194+ 7
0 vs. 250 5,41%* s
50 vs. 100 L 0.72 22
50 vs. 150 2.69% . 21
50 vs. 200 3. 46%* 16
50 vs. 250 4.00%% 13
100° ve. 150 2.32% 21
100 vs. 200 3.20% 16
100 vs. 250 C4,20%% 13
150 vs. 200 0.53 15
150 vs. 250 S 1.0 12
200 'vs.'zso-' 0:81 7
Remark: #*% Slgnlflcant w1th 99% probablllty .

* Slgnlflcant with. 95% probability
Data of 0 kg N/ha are obtained from the resulLs of the'
_ fert;llzer element_test in the off-season,

- 46 -

1978,



(BY/N %) (%) @%=soq usl8oiziy

ose - e0z . osT oot oS 0
- _ z
4
y
. 4 g
B
(33
o
D
. 2
9%
. ’ . _
&
Lo1
(eu/uos)
_Ngommmm-mwov

PI=®Ts puUE mmmmom usZox3TN cmmsumaqcoﬂumamm, £€-C ¢ 81y

47 -



- The yieldéréspbnse curve in Fig. 5.3-3 can be expressed as folliows:

’ : o : 6!
Y = 3.314 + 0.01447% - 1.44 x 10 X2

Where, Y is the yield, and X is the nitrogen dosage. By the same

procedure as for the main-season results, the following table can be

produced.
. : : Incremental: TIncremental Valug-—éos’t
Treatment Yield value _ cost’ ratio g
0 kg N/ha 3.3 ton/ha ‘ _ R )
50 - 4.0 s 315/ha Bs 17/ha; 18.5
w0 . 4.6 210 17 . 15,9
150 5.2 : 270 o 17, 15.9
200 ' 5.6 : 180 : 17 . 10.6
250 6.0 o 180 177 10.6

_ 'The'éxpiessioﬁ shows the same trend as thét'for thejmain—éeason.
Using the formﬁla, yielﬁé were.caicuiatéd fhéorétiqally,'then the
incremental value, incremental cost and the value;cost ratio were
worktd out, as given in the table. The value-cost ratio 1nd1cates _

' that judglng from the eff101enty for the unlt amount of nltroqen applled
appllcatlon_of nltrogen at 150 kg/ha would not be unreasonable, as in

the main-seascn.

It is worth not1c1ng that 150 kg of nltrogen per ha can be tenta—'
tlvely con51dered to be the optlmum from the rgsults of experlments in
both the main- season and in. the off—season, though further studies
.muct be conductod to confirm thlq conclu51on leen that the amount
of nltrogen to obtaln 100 kg of brown rice is 2.0 ~ 2.5 kg in Japan
(Matsushlma 1966, 1976) a n;trogep level of 150 kg/ha appears to be_

reasonab;e-to produce-the'yields of 8 to 7 tons per ha.
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In an IRRI nltrogen response experlment (Vlllega Feuer 1970),
IR~8 showtd a maximiam yleld (9. 5 ton/ha). at 120 kg/ha in ‘the dry
season, for treatments of 20, 40, 60, 180 100 and 120 kg/ha
This al%o 1ndlcates that the results obta]ned in the present experiments

are not unreabonable

As to the effeéts‘Of the time of appliCQtioh'on yields, from the
resulté of'the.significaﬁt difference'analy51s, no 51gn1flcant differ-
ence was found betw@en the treatments in; whlch 1dent1ca1 amounts of
nltrogen were applled i.e, 50 kg/ha,wlDO kg/ha; 150 kg/ha and 200 kg/ha.
Only llttle or no dlfference was Ffound between treatments in whlch
relatlvely‘small 1dentlca1 amounts of nltrogen‘were applled 1 e. 50 kg
and lOOIkg /ha. Whlle s0Me dlfferences could be observed between
treatments ‘in ‘which- relatlvely large 1dentlcal amounts of nltrogen
were-applied, i.e. 150 kg and 200 kg/ha, show1ng that split appllcatlon

is better than single appllcatlon.
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5.4 Spacing and Sceding Density Test

Purpoqe
The objectlve of this test was to. £ind the most suitable spacing
for transplanted or directly sown rice plants, and the seeding density
for dlrectly sown rice plants. In thls_test, three different methods,
i.é,'the ordinary trénSplantation method, the diréét'sowing method and
the transplantation method using broadcastable seedllngs were also com—
.paxed to select the cultlvatlon method suitable for the climatic and
Csoil conditions of the project area. -
- Method
Testing was carried out four fimeé under the randomized blbck

method with' three replications. Treatments for cach test are listed

in Fable 5.4-1.

Table 5.4-1 Spacing and Seeding Density Test Treatments

(Test I)
Method ' No. Spac1ng
Transplantation 1 25 x 15 cm (26. 7 hllls/m }
2 30 ¥ 30 cm (11.1 hllls/m )
3 30 x 20 cm (16.7 hills/m%)
4 30 x 15 em (22.2 hills/m?)
5 30 x 10 cm’ (33.3 hills/m?)
(Test II)
Méthoa .No. Row spacing and Seediné Density
Direct Sowing:with 1 20 ¢Sm, 80 kg seed/ha
Puddling ' 2 30 cm, 80 kg seed/ha
3 40 cm, 80 kg seed/ha
4 30 cm, 50 kg seed/ha
5 30 cm, 100 kg seed/ha.
6 15 cm, ‘80 kg seed/ha
7 Broadcast. 80 kg seed/ha
8 Broadcast 50 kg seed/ha
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(Test III)

Method

No.

Spacing 6r‘Se§ding-Denéity

fransplantation 1 130 % 20 om {16.7 hills/m2)
2 30 x 15, (22.2 hills/n?)
Broadcast-transplantation 3 16.7 hiils/mz_ _
- ’ 4 22.2 hills/m?
Hand transplantation'with 5 22.2 hills/m?
proadcastable seedlings
Direct sowing in strips 6 30 cm, 80 kg seed/ha
‘Direct sowiné (Driliing) : 7 12 cm, 80 kg seed/ha
birect sowing (Broadcast) 8 80 kg seed/ha
(Test :V)
Method No. Spacing or Seeding Dengity
‘Pransplantation 1 15 cm x 15 cm 44 hills/m2
2 25 cm x 10 cm 40 hills/m?
3 25 cm x 15 em 27 hills/m2-
4 25 cm & 25 em 16 hills/m?2
5 30 em %10 em 33 hills/m2
6 30 cmx 15 om 22 hills/m?
7 30 em x 20 om 17 hills/m?
8, 30 cm x 30 cm - 11 hills/m?2
* Broadcasting 9 Broadcast 17 hills/m2
' ‘transplantation 10 do 22 hills/m2
' 11 do 40 hills/m?
Trahspléﬁtation with 12 30 cm x 15 em 22 hills/m2
broadcastable seedlings : :
Direct sowing ‘13 Uplénd . 50 kg/ha
: {(without puddling) -
14 o do 75 kg/ha
15 R 100 kg/ha
16 Submerged . 506 kg/ha
"({after puddling)
17 do 75 kg/ha
18 do 100 kg/ha

The main points of the methods used for each test are given

in Table 5.4-2.
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Table 5.4-2 Main Points of Method for Spacing and Seeding Density Tests

Test I Test II Test IIT Test IV
Variety . C~15 c-15 Cc-11 T05-103
Sowing date Jun. 17, 1978 Jun. 28, 1978 Aug. 15 and Feb, 1, 19
21, 1978
Transplantation Jul. 6 - S8ep. 9 and Mar. 10
date 21
Standard fer-
tilization
N 150 180 150 180
P205 75 75 - 100
K20 - . - -
Results

The overall results of these tests are glven in ANNEX 5. The yield

results of each test are summarized in Table 5.4-3, below.

Table 5.4-3 Yields of Spacing and Seeding Density Tests

(Test I} (Maln-season)

Treatment
30 x 30 om 30 x 20 cm 30 x 15 om 25 x 15 cm 30 x 10 cn
(11.1hills/ ({16.7hills/ (22.2hills/ (26.7hills/ (33.3hills

Blogck Number m2) me) m2) mz2) e
I 7.3 ton/ha 7.4 7.6 10.4 8.8
II 5.7 6.5 7.6 9,7 8.7
IIT 6.1 7.1 7.3 6.3 7.8
Mean 6.4 7.0 7.5 8.8 8.4
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(Test II)

{Main-season)

Seeding Density, Row Width and Yield

50kg Seed/ﬁa

80kyg Seed/ha

100kg Seed/ha

Block Number 30cm Broadcast  15cm  20cm' 30cm  40cm  Broadcast BOCm
T 6.7(ton/ 9.4 9.6 8.5 6.7 9.4 10.5
R 8.2 ha 8.0 0.6 - - - . 9,5
111 = - - - - 7.1 -
Mean 7.5 8.7 10.1 8.5 6.7 8.3 - 10.0
8.1 8.6 10.0
(Test III)} (Main-season)
" Cultivation Method and Yield
' Transplan-—-

Block Number

Ordinary Tfanspiantation-‘

tation with
Broadcast-
able

Broadcast Transplantatlon Seedllngs

30 x 30 em

30 x 20 cm -

17 hllls/m2

22 hills/m2 30 x 15 cm

- IX
ITI

Mean

(11 lhllls/m2) (16.7hills/m2)

3.8 tOn/ha
3.6
3.3
3.6

(Test 1V) * {Off-season)

Cultivatién Methbd

.3:.
-J

.h
.b

-3

.0

Spacing or Seeding Density

(22.2hills/m2)

5.8 3.7
4,1 -

5.1 4.9
5.0 4.3

Block Number .

Mean

1. Transplahtdtion ‘15 x

25 x
30
25
30
30
25
30

oK Mo M %

15 cm 44 hills/m2

10

10

15
15

20

25

30

40
33
27
22
17
16
11

1 11 TIT
(ton/ha)

0.4 8.5 8.3 9.1
8.1 8.5 8.0 8,2
9.4 9.5 8.2 9.0
5.9 6.1 8.4 6.8

4,5 7.0 6.5 6.0
4.4 5.8 6.0 5.4
6.5 6.1 7.0 6.5
4.0 4.2 3.8 4.0



Block Number

Cultivation Method Spacing or Seeding Density I II IIT Mean
{ton/ha}
2. Broadcast trans- 17 hills/m? 3.8 5.9 5.2 5.0
plantation 22 6.6 5.3 5.5 5.8
' : 40 : 8.4 11.4 7.1 9.9
3, Ordinary trans- 30 x 15 em, 22 hills/m? 7.3 5.7 7.1 6.7
plantation with
broadcastable
seaedlings
4. Direct sowing without puddling 50kg Seed/ha 6.3
{upland) 75 6.2
100 6.4
with pudding 50 5.8
{submerged) 75 9.9
100 7.1

(1) Transplantation

The relationship between planting density and yield is shown in
Figs. 5.4-1 and 5.4-2, using the results obtained from Tests I and IV.
As the plots in the figures show a curvilinear increase in yield with
planting density} an empirical curve was worked out by the least

squares method, obtaining for Test 1:

Y = 3.8 + 2.56X% - 3,37 x 107 X

And, for Test IV:

1 2

Y o= 1,42 + 0.3% - 2.40 x 107" %

Where, Y is yield, and X is the planting density. According to
the results of wvariance analysis, both equations are significant with
95% probability of confidence. The optimum planting densities derived
from each equation are 38 hills/m® for Test I and 62 hills/m2 for
Test IV. These optimum planting densities are derived only from the
above-mentioned eguations. Theréfore, scerutinizing the data obtained
in Test I again, and making a significant test on the yields, the

following conclusion was reached.
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Judging from Fig. 5.4-1, it can be said in general that the greater
the'planting density, the higher'the yield is. A noticéablé point,
however, is that nQ'significant difference is found between treatments
with planting denser than 22.2 hills per m2, {30x15 cm), while sometimes
significant differences are found between treatments with smaller plant-

. - o . 2. - : : :
ing densities than 22.2 hills/m”, as shown by following table.-

Results of Sighificance Analysis for the Spacing Test

"t" value Degrees of Freedom

11.1 hills/m®  vs. 16.7 hills/m* = 1.10 a-
11.1 hills/m®  vs. 22.2 hills/m’ 2.24 4
11.1 hills/m® vs.  26.7 hills/m’ 1,77 4
11.1 hills/m®  vs.  33.3 hills/m? 3.46 4
16.7 hills/m? © vs.  22.2 hills/m’ 1.79 - 4
16.7 hills/m® vs. 26.7 hills/m? 1.41 4
16.7 hills/m® vs.  33.3 hills/m’ 3.40" 4
26.7 hills/m? vs.  26.7 hills/m’ 1.02 4
22.2 hills/m®> vs.  33.3 hills/m* ~  2.69 4
22.2 nills/m®  vs.  33.3 hills/m’ 0.31 4

% Significant with 95% probability

This means' that the planting density of 22.2 hills per m?

(30x15 cm) may. be taken as an optimum density for labour saving.

To make clear the relationship bhetween planting density and vield.

. 'the correlatlons between yleld and number of grains produced per m2

between yleld and number of panicles, and betweeﬂ yield and percentage'
of ripened grdins are'shown in Figs. 5.4-3, 4, 5 and 6 using data
obtained from the nitrogen7amount tést and the spacing test. The

correlatioh:betweeh yieid and’ number of grains per m2

was highest,
showing a correlatlon ‘coefficient of 0.93. This figuré'revéaléd also
that a higher yield might be obtalned by lncroa51ng the number of
gralns per m?’ The correlation between the yleld and the numbér of

panicles per m’ was also strong, show1nq a correlation coeff1c1ent

Of‘0.80.
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Thus, higher yields might also be obtained by increasing the number of
. panicles per'mz. The cotrelation coefficient betweéen vield and the
.percentage of ripened grains was as low as -0.27. This low coefficient
explains why the hlgher yields are brought about w1th a large number
of grains per m2, even when a large number of - gralns is obtained. .In
view of this, it is qulte important to increase the number of grains
or panicles per square meter to. obtain hiqhet yields tman those at-

" tained so far. The same fact as above was also observed in a pilot-
farm:in-Nigeiia, whlch was operated by the Nippon Koei team. .Further—
more,'scrutinizing'the contfibﬁtidn of:each yield component to grain
yield, Yoshida and Parao (19765 in IRRI emphasized the importance of

" an increase of spikelet number per square meter to increase rice vield.

Examlnlng the data for the transplantatlon method in Test IV, and
making a sxgnlf:cance test of the ylelds, the followlng points were
noted. According to Figqg. 5.4—2, it may aiso be recognized that a
greater planting densityigives a.higher.yield. However , from.the re;
sults of a significance test on yields shown in the following Table
-5.4-5, it .is recognized_that denser plantihg treatments_for'densities-
greater than 27 hills/m2 (i.e. 44, 40 and.33 hille/mz) show notsigni»
ficamt.difference'from treatment at 27 hills/mz, while they shom clear
significant differences from thlnner den31ty treatments than 27 hllls/ .
m2 (i.e. 22,.17, 16 and 11 hllls/m ). and furthermore the treatment of
27 hllls/m has a significant difference from 11 hllls/mZ. In this case,
if the treatment of 27 hllls/m2 had shown 51gn1flcant dlfferenceu from
22, 17, and 16 hllls/m , 27 hllls/m2 could clearly have been taken as
the optimum'planting density. The treatment of 27 hllls/m . thevef,
showed no slgnlflcant difference from treatments of 22 17 and'16
hlllo/m , but denser treatments than 27 hllls/m show elgnlflcant
dlfferences against 22, 17, 16 and 11 hllls/m . .Thus; the treatment

of 27 hills/m may be taken as_the_optlmqm plantlng density.
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Table 5.4-5 Significant Difference Analysis of Test IV Resulls

‘Dégfees'of.

Comparison: . "t" yva  Freedom
(1) Transplantation | .

15x15cm (44hill€/m2) vs 25x10cm (40hills/m2).  1.31 4
" vs 30x10 33 0.13 n
" vs 25x15 27 2.20 v
v vs 30x15 22 3,05+ o
St ws  30x20 17 4.42% "
n  ws 25%25 16 3.62% u
" vs  30x30 11 7.51%% o
25x10cm {40hills/m2) vs  30x10. 33 . 1.80 "
" : vs. 25x15 27 1.71 "
" C yg o 30%15 22 2.82% "
n : vs . 30x20 17 5,32%% "
LI vs  25x25 .16 . BL.GL¥¥ "
weo vs 30x10 11 21.93*=* "
30x10cm (33hills/m2) vs 25x15 27 2.43 . "
" © wvs  30x15 22 3,45% "
" vs -30x20 17 5.50%+* u
u S vs  25%25° 16 ' 5,07 %% u
" vs 30x30 11 ©11.52%% "
25x15cm (27hills/m2) vs 30x15 22 0.72 o
" . wvs :30x20 17 '1.48 u
" vs 25x25 .16 0.36 _ o
.o vs 30x%30 i1 3,42+ om
30x15cm (22hills/m2) wvs 30x20 17 ' 0,66 "
o vs ' 25%25 16 0.62 "
" . vs 30x%30 11 2.59 "
30x20cm (17hills/m2) vs 25x25 16 1.94 i
: " o vs 30x30 11 2,71 "

25x25cm (16hills/m2) “vs 30x30 11 8, 75%* n

Note: ** Significant with 99% probability
* Significant with 95% probability

T&kihg the results of Test I and labour saving into account, 22.2
2
hills or 26 7 hlllS per m“ can be taken as .the optlmum piant;nq den51ty
for the transplantatlon method in the pleect area. ThlS optimum

plantlng den51ty is almost equal to that generally practlced in Japan
(2} Dbirect sow1ng

For dlrect sowing, the grain ylelds of Tests IE and Test IV are

"shown in Table 5.4-3.
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Firstly, in Téét'II'so many plots were missing that the anaiysis
of variance Qf'tieatmehts with 3'blocks was impossiblé;
.Tth,'for the “treatments with an identical seedihg'amoﬁnt as a grodp,
as. shown in Table 5. 4-6 below énly.a Coﬁpaiison by the “t“ test of
the average yleld was made, glVng the following results for the 51g—

nificant difference test.

Table 5.4-6 Comparison of Effect of Seeding Density ‘on Yield

50 kg/ha - 80 kg/ha L 100 kg/ha

6.7 (ton/ha) 8.5 (ton/ha) 10.5 ‘(ton/ha)
8.2 6.7 .9.5.
9.4 | g1
8.0 ' , 9.4
7.1
9.6
Mean - 8.1 86 - 10.0
: ' o Degrées of Siénificance of
Comparison _ "t Value freedom difference_
50 kg/ha vs. 80 kg/ha 0.61 ‘9 S ‘nil
80 kg/ha vs. 100 kg/ha. 1.32 7 nil

50 kg/ha vs. 100 kg/ha 2.15 4 o nil

- According to the above table, there was no significant difference

in yield for different seeding densities.

_Seéoh&ly, examiﬁihg'the yields shown in Table 5.4-3 for the difect
sowing in Test IV no COHSlStent relatlon is ob%erved . For the "Without
puddllnq“, no dlfference was found in yleld for treatments w1th 50 kg,
75 kg and 100 kg/ha, while for "w1Lh puddllng" the treatment w1th
75 kg/ha qave:the highest yield.
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Bringing together the results of Test II and Test IV, it may be
deduced that any amount of seed per ha within & range from 50 kg to
100 kg/ha can be taken 'as the optimum'seéding density.  This optimum

density is slightly larger than that generally used in Japan.



5.5 Cultivation Method Tests

FPurpose

- The objective of thig test is to determine the most suitable
cultivation method of three different methods, i.e. the ordinary
transplantation method, the direct sowing method and the broadcast
transplantation method. The broadcast transplantation method is de-

tailed in Annex 6 and in the work of Alluri, K, (1978).

Method

The test was carried out as part of the variety test in the 1977
main-~season and as part of the spacing and sowing density test in the
1978 main-season and 1978/1979 off-season. The main points of the

methods used in each season are given in Table 5.5-1.

Table 5.5-1 Main Points of Methods in Cultivation Method Test

Variety

Sowing date:

Regular transplantation

Broadcast transplantation

Direct sowing
Sowing density

{direct sowing}

Transplantation density

Pertilization
N
P205

Replication

Main-Season Main-Season Of f-Season
in 1977 in 1978 in 1978/79
IR-298-12~1~1-1 C-11 TOS-103

June 15, 1977
June 15, 1977
June 23, 1977
60 kg Seed/ha

22.2 hills/m2
(25 x 30 ecm)

92 kg/ha

40 kg/ha
1
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August 15, 1978
August 21, 1978

16.7 hills/m2
22.2 hills/m?

150 kg/ha

75 kg/ha
3

February 1, 1979
do
do
50, 75, 100 kg
Seed/ha
17, 22, 40
hills/ha

180 kg/ha

100 kg/ha
1 (direct sowing)

3 {other methods)



ngults_

{a) 1977 Test

:The overall results are given in ANNMEX 2.

The yields abstracted from the tables are given bhelow.

-Cultivation method + Yield (ton/ha)
Direct sowing (Drilling) 7.0
Direct sowing (Broadcasting) 5.8
Transplantatidn (Regular) o 7.5
Transplahtatibn (Efoédbast) 7

From these results it ¢an be seen that the broaddast transplan-—
tation_method géve*highest.yield, followed by the ordinary;transpldn—

tation method. The broadcast direct Sowing-meﬁhod gave the lowest yield.

(b) 1978 Test
The ylelds of the test carried out in the 1978 main-séason are

glven for Test TII in Table 5.4-~3 for the sp301ng and seeding denSLty
test.

The results of the 51gn1f1cance tests between treatments are shown
in the following Table 5.5-2, in which ordlnary transplantatlon is

compared with broadcast transplantation_at identical spacing.

Table 5.5-2 Results of Significant Difference Test for

Cultivation Method Test (Maih~Seéson'in”1978)_

Seedling Brdadcasting Ordinary transplan—_u
tation using broad-
castable seedlings

Ordinary'Transplantatibn 17 hills/m2 22 hills/m2 30cmxlS5cm (22 hills/m2x
30 x 20 cm (17 hills/m2) t = 2.07 / _ /

30 x 15 cm (22 hills/m2) Y t=1.12 £ = 1.19

Note: ¢t is student's "t"
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From the table; it cén be seen that the broadcast traﬁsplahtétibn
méthod showed no 'significant difference from ordinary transplantation.
This fact proves statistically that the.broadcast%traﬁéplantation
methdd is by no means inferior in yield to the labour'iﬁfensive ordi-
nary Eransplénfatiqn method.' Furthermoré, broadcast tfaﬁsplantation

'in which seedlings_afe randomly broadcast is also not imferior to the
ordinary traﬁsplantation me thod using broédéastable seedlings in which

broadcastable secedlings are transplanted evenly.

It is worthy of note that, thegbroadcast traﬁsplanting'method,
which can reduce transplantation labour to 1/10 - 1/15 comparad with
ordinary tfansplantation by hand,.is_by no Mean$tinferibfzto,the or-
dinary'transplantdtion method in: whHich each seé&ling'is trénsplanted

. one by one by hand at a regdlar.spacing.

(c} 1979 Test

The overall ékpérimehtal results are given ANNEX 5.
First, using the yield data given in Test:IV (Taﬁle 5.4—3) an'anAIYSis
of variance for the treétments of ordinary transplantation, brdadcast
transplantation and d:dinary frdnsplanéation with broadcastable.seedl—

ings was made to give Table 5.5-3.

Table 5.5-3 Comparison of Yields for Three Different

Transplantation'Methods

Ordinaiy . o L T Ordinary'Tfén9plaﬁtatiOn with
Transplantation Broadcast Transplantation :Broadcastable Seedlings

4.5 ton/ha 6. ' ' 7.4
7.0 5.3: | 5.7
éli_' o o iﬁé. _ I:. f | :ng
Mean 6!0 _ 5.8 . _ o 6.7

{Note: Planting density was 22 hills/m2)
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Analysie of Varience

Source of Degrees of Sums of _Mean

Variance . Freedom . Squares - Squares . _F
“Total 8 N 734

Treatment 2 © 134 87 0.67
Error. .6 . 600, . 100

‘As Shown in the table no slgnlflcant dlfference is found for the
three dlfferent fransplantatlon methods, whlch conflrms the conclu51on
stated in (b) 1978 Tcst | so far as these two experlments (Tests 1n
1978 and 1979) are concerned no dlfference was statlstlcally observed
in ylelds between “the ordlnary transplantatlon method the transplan~
tation method using broadcastable seedlings and the broadcast trans-

plantatlon method .,

Secondly, u51ng the results of the dlrect SOWlng method in Test
v and those ‘of the nltrogen level test and Test II in "Pable 5.4-3,
which were conducted by transplantatlon comparlsons between the dlrect
sowing method and the ordinary transplanatlon method were tentatlvcly
made . As shown in the follow1ng table 51gn1f1cant leferences for
the'three treatments of the dlrect ‘sowing method were Lested egalnst
elgnt treatmentq of the transplantat1on method showing the "t" value

for each eomparlson
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Comparison of yields for Direct Sowing Method

and Transplantation Method with. "Student's" t

Cultivatibnemethod R _ - Transplantation Method

Planting or . 27 27 27 11 17 22 27 . 33
Sowing Rate hills/m2 L '
Nitrogen 150kg 200 250 150 150 .150 .150 150
Ap lied N/ha 5 '
Average 7.1 7.4 . 8.3 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 . . . i . : ‘
80kg |180kg | 8.6 I T T . iy
Sowing | Seed| N/ha| ton/ha  1.78 = 1.31 0.30 . 2.49 1.88 1.31 0.18 0.23
| /ha : R ' ) : : : Co '
Method|100kg [180kg |10, 0 e o | T
| Seed| N/ha| ton/ba 6.68*%*% 2,98 1.41 4.97%%5.97%%6.34%%0,72 2,88

/ha - - L - - -: '

Note: The numeral in each'cell expresses Student's "t" which
ihdicétes the difference between the yield for the
transp]antatlon method and that for the direct sow1ng

method

Oout of 24 eeﬁparisons only 4 comparisens'showéd sighificanﬁ dif—
ferences between the transplantatlon method and the direct 50w1ng |
method Generally speaklnq, a 51gn1f1cant dlfference could hardly be
=observed hetween’ the two methods. Howaver, the follow1ngs p01nts may

.'be noted: (1) The dlrect _sowing ﬁethod applylng a hlgh rate of speed
{100 kg Seed/ha) and a hlgh rate of nitrogen (180 kg N/ha). is superlor
to any transplantatlon method from the view point of average yleld.

It is also euéerior, takihg variance of yields intofeonSideration,‘to
the tganéplantetionﬂmefhod with a'lower transplehtation'denSity than
27 hilis/m2 and enlordinary application level nitrogen.(150 kg N/ha) .
~{2) The maximum'yield, 10.6 ton/ha, obtained by the direct sowing -
method cxceeds the maximum yield, 10.0 ton/ha obtained by the trens;

plantation method.
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From these facts, it may be said that the direct séWing method
with applicétibns of a high rate of nitrdgen and'seediﬁg is superior
to the tranéplantation method using an ordinary rate of nitrogén'and
trénspléntation'density, although this comparison is not so rigoro@s
becausé thegfwo methods were performed with different sowing dates,
i.e. about half a month aparﬁ, different_fertilization énd different

experimental fields.

it must=bé borne in mind, howéver, £hat the diréct sowing in this
test waS'éondubted on a well 1evélled field with good drainage facili-
ties. If'difect'SOwing were'éarried out on a badly levelled and ill-
drained field;'tﬁé yield would be much less than that for the trans-

plantation fethod |



5.6 Herbicide Tests

Purpose
The objective of this test is to select appropriate herbicides not
only for transplanted rice but also for directuséwn rice in due consider-

_ation of their effect on'weeding and on phytotoxicity,

' Method

(1) Direct Sowiné

Tests of 7 herb1c1des, listed in Pables 5.6-1 beiow, 4 for soil
treatment and 3 for 5011 and foliage treatment, were started by sowing
varlety{ IR~20 on Oct. 8, 1978, w1th three repllcatlons.. control plots
were set for eaeh block. The area of a plot was 21.6 square meters.
The seeding density was 80 kg of eeeds per hectare Nitrogen WaS'applied
at a rate of total 150 kg per hecLare. This was spllt applled as follows:
80 kg just before soﬁing,'QO kg at the spikelet differentiation'stage,
andZSO kg.at the full he&ding'stage. Total phosphate:was applied at a
rate of.75 kg per hectare jﬁet before soWing.- Herbiciaes were applied.
just after sewinq for the test oh'hérbicides for soil treatment and
after eMe:gencé of seedlings for the.test on herbicides for soil and
foliage treatment. For the test of ﬁErbicides for éoil and foliage
treatment "%aturn" was sprayed at the tlme ‘of sowing as a 5011 treat~

mant, and then herb1c1des for the soil and foliage tredtment were applied.

The number of weeds on. the 20th day after treatment and the degree

of phytOtOXlC1ty were 1nvestlgated
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Table 5.641'_Herbiéides Pested for Direct-Sown Rice

application

' planted in 1978 with 3 repllcatlons.

block.

:ween

was applled at a rate of 150 kg per hectaxe in total

applied as follows:

Percentage of ‘ - )
Name Active Ingredient © Pormulation  Application Time Amount
(a) 501l treatment
MO CNP : 7% ‘granule 5th day after - 30 ké/ha
sowing
Saturn Benthiocarb 50% emulsion do 6 f/ha
X-52 -Chlémethoxynil 7% ~granule do- 30 kg/ha
Ronstar _'Oxadiazon ' 12% emulsion do 4 %/ha
(b) Soil and Foliage treatment
"Molinate Molinate 8% granule at full emergence 30 kg/ha
: of seedlings
‘Stam Propanil 35% “emulsion 15th day éfte: 10 &/ha
' sowing :
Swep (M) Swép 20% granule' 25th day after 30 kg/ha
: sowing '
MCPA 0.7%
(2) Transplahtatldn o

The Six herblcldes 11%ted below were tested for the rlce tran8w

The area of a plot was 21.6 square meters.

rows was 25 ¢m. The distance bétween hills was 15 cm.

Control plots were set for each

' The spacing bet-
Nitrogen
“This was-split?

'80 kg just before transplantlng; 40‘kg at the

spikelet differentiation stage, and 30 kg at the full heading stage.

Phoéphate was applied at a rate of 75 kg per hectare just before

transplantation.
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Table 5.6-2 . Herbicides Tested for Transplanted Rice

Percentage of ' " Applicatio

Name Active Ingredient " Formulation Application Time Amount
Ronstar  Oxadiazon 12% emulsion just after puddling 5 %/ha
Saturn Benthiocarb 50% emulsion Just after puddling 8 L/ha
MO CNP 7% grandle 5th day after 30 ka/ha

transplanting :
. 5th déy after . _ '
X-52 Chlomethoxynil | 7% granule transplanting 30 kg/ha
SWEP (M) MCC 20% granule 20th day after . 30 kg/ha .
' transplanting .

MCPA 0.7%
NIP Nitrofen _ 7% granule S5th day after " 30 kg/ha

' transplanting '

. Results

(1} Direct Sowing
the results of the test an herbicides for soil treatment are

given in Table 5.6-2.

Table 5.6.2 Effect of Herbicides for Soil Treatment

_ o .3_Surviv1ng'Weeds; . . )
Herbicide : - Cyperaceae : . .Echinochloa crus-galli

| (hills/m?) | (hills/m#)
Cdntrbi {no éppliéaﬁioﬁ) 69 . : _ iO 
Saﬁurn 0 | b
X-52 1 1

Ronstar® 0 0

. Note: Severe phototoxicity was observed on rice plants

to which'Ronstar'was'applied.

Surviving weeds were determined on the 20th aay
after treatment.
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The effects'of.hérbicides for éoil-éreatment were remarkable
cpmpéred with the control plots. The most effective and safe herbicide
-was.Saturn, follbwéd by %X-52 and MO, -

Ronstar caused severe phytotoxicity to rice plants, giving rise to a

tow peréentages of éstablished seedlings and many stunted plants.

The effects of the herbicides on the scil and foliage treatment
cbuld not be determihed, because the effect of Saturn appliéd in the
‘soil treatment was so strong that no weed was left for the test of

herbicides for soil and foliage treatment.

(2) - Transplantation
The éffects of the herbicides were evaluated visually.
Every herbicide éxcept Ronstar had a powerful effect on weeding.

Ronstar caused severe phytotoxicity' to transplanted rice plants.
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