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Ilcrccenegilo C. (;ices, As, nior research as.icant 
Mantle: M. amiin, A1/, oc'nir re.carch asscisant 
Robcro 'I. Fa1tihn, AIS, tif.r reciarch assnl. t 
I/enigno 1. Sacicslon, ,L.,', stcci, cr rt's'arc/c aic cita. 
'leresita S. [.clautel, ,A/fc, ccs.cicilltwn'lr r.ccctch 
Rogelio I) Magbacic. ,WN, ct'icr re.ocarch ao't.'taItc 
Ronulo I-. Fin oc, ,1/,5, .cc'tcocr rto,.arch asis'tat 
Sacel 1'. I iboon, BS, r,'.x,',ucicca'icctan 
ROitdO 0. 1ccrcc.s, .t/S, re.carc/t a..iimal 
Cecilia II. Roes, iS, re.warch a. vixtant 
Anacorita N. Villcas, ./, rc.c ar,'ch t.wqatt 
Patricic(C. Agustin, .h., ,AtS. r ,c'arch assitat 
Victor A. QUicusing, AS, r'.warch a.ci."tct 
icvecnido 1). Garrote. ./S. research assistcit' 

Maridelle A. Dizon, BS, research aide 
Zenaida P. Pascual, BS, research aide 
Rogelio G. Pernito, BS, research aidht 
Narciso A. Fdillo, BS, researchaide'
 
Anastacia P. Aclan, B"S, research aide
 
I leclcn-Grace S. Centcno, BS, researchaide
 

Bettina R. Santos, BS. research aide 
Reynaidlo C. Rodriguci, 11S. research ai"de 

PESTiIDE RIESIDUE LIABORATORY 
licnvcenido 0. ,luliallo. 'h ), c/nctist
 
Redcntor A. R. Natividad. BS, research assbitani
 
I;liallhI r. Accdo,. 
 /BS, r,'xearcha.cixiatit
 
Atorc M. A-gente, if/'. resc','h assisiant
 

P I YTOTItON 
Icnito !. Vcrgara, cI'lc 1), pla/nt ph ./oic/c'g.ct 
(0,Lies? l is), a. S, rtcala 'er 
Amiand(o R. I)ia. /BS,,sc't'cireh'ciricalcst rvisor
 
BI/icncnido I. M dictim, B,'rcs'.carchacskiant
 
Pio Q. Tabo, 1tS. 'ct ri'cal.wq'rvivcr 

PI. A NTI'R EE 1)1 N 
ui.ctat(crdcv S. Kh ush, I'h 1). lric'i/ clant hrecder ad head 

Sant S. Vircmci, I' I), pIant brceder 
Derk [lillcRislkacbcr , Ph ), plant bcreee'r
 
David .1. Mackill. Ph 1), a.ssociatc pat /breedecr
 
M ichel A. Arraccca.ll. Af', visiting plant /reeh'r
lharnm ansa Scnadhira, I'h 1), a.sociatept a breeder
 
I)wight G. Kanter, Ph I). a..vociateplant breeder"1, 

1. 1,. Shahi, Ph 1), platt bcree dr' 
brciccmali A. Siddiq, P/c ), plant breed'r'
 

T'suguficci ()gzca. 
 .Ic,r. assciate,pcud breedclccr
 
Leslcy Ann Siuch, 'h I), as.wciate h/tc reeder,
 
.cacc-('hristophce ( as/cann, I' 
 , .visitingassociatc sc'ientist 
Chucng-lk Cho),Ph I), vig (itcii.i 
Chong Ito Kim, /' I). visitc' .o1 tcivntist' 

Rodolfo C. Aqu'ino, 11S, assistanti.cit,cict'

.lose C. de Jesus, .Jr. A1S. atiotitantscienti,
 
Rial NI. 1Herrera, P', cikc. ii sc'inljst 
FnriLUC L.. Navarro, ,A'. a.ci.tant.ciettics 
Albien I). Gacutan, A/S, isiwcacicnucti'"" 
Vicecntce T. 1.ibrojo, ir.,A', ctwiccr research assistant'
 
Regina I). l)maco, /S, .wnicrrevarc/ assitant
 

R. Angeles..fS 

Norcica 


cnrittuc .i.ctocntrrescarcha'sistant 
N. ticla Crcuz, BS.,,senior researchassistant
 

Fclipe I. I asal, 
 lS, .v'nior research as.'lctan 
I [craldina R. Saicccc 1.'a. AS'S,c.ecarch assistalt 
Alici' V. A lna, B'S, 'ctr, -/2Itaistanct' 
Em ll22211tctcl N. Si5on, BS, tc.%carch as.s'.stant' 
Esperacira I, lcalangco, BS, rcsearc a.csistant 
Prc.qu1ito A. Aurin, A/A, researchasis'statt 
Benito I. Rocena, BS, research as.istat 
Antonio A. Fvaccgelista, BS, researchassistat 
Modesto M. Aiacic, ,1/.5', re.carchassistant 
Alicia A. Capital, BS, research a. i.tatct 
Nestor R. Baraoidan, BS, research assistant 
Alma1L. Iibrojo, AfS. researchassiclanl' 
Georgina V. Vcrtgara, A.S, research assistant' 

http:Arraccca.ll
http:a,,rontcic.st


Rodolfo S. Toledo, BS. research assistant' 
Rodante F.Tabien, BS, research assistant" 
Carlos L. Casal, Jr., BS, research assLstant 
Alma Cruz, BS, reseach asi.stant4 , 

Norvic L. ianigbas, BS. research aide 
Alvaro M. Pamprlona, BS, research aide 
George A. Busto, Jr., BS. research aid' 
Paulino I). Tenorio, Jr., I15. reswarch aide 
Oscar I). Edraliji, BS, research aide 
Silvino B. Calver Jr., /S. research aide' 
.los--- 1. Roxa , BS, research aide 

tenildo t los Revcs, IS. research aide"' 

Elcaar lialili, BS, researchaie >
'" 

(;lein B. (igoio, BS, rt'search aide' 
Gabriel ). Romero, BS. re.warch aid' " 

PLANT PATIIOILOGY 
lwng-Wal Miew. I't I). /ant paho/ogistanld head 
fliroyu ki ibino. I) Agr. phant pat/hooiIst 
,John Michael Borman, Ph I), a'st(ihtt' uhtt1mhtohgist 
Hei I tung. Il/ 1). associatephtnt pathlogist' 
Sang-Wot Alin, ['/t 1), visiittitiienti.t 
Llla L. ll1ag, 11h !), visitlng sirten11tPI1), lV1.1I .dio JI.l. Pinlit. iti i5 tol 

Arcadio .1.Quitio. I'/t I). visiiin,, .wintot 

Faust I.Ntqti., HS.assi.vlait s it'iist 

lienI'Hnido A. Fstrada, assistaw sint st
Hietten i o A.Estrd~t,~.t'i~tttttl)o11ngo( 

Francisco A. Fltgui, MS, assistant scientist 

mmianuel R. Tongco, MS, tts.1itistam sietit 

Vladinarte M. Aguiero, MS, senior research assistant 

Pepito Q. (abatuatan, MS, senior research assistant 

(asianit M. Vera Cruz, IS, senior rtstart/i (s~vtti 

Sontiat P. biron, B, .sniior restae/i assistant 

Rogelin U. (bnagai. MIS, rt'scart/i a. i.ktat 

ClaRom Q. Tortes, MAS,researth as.twit 

Reinato C. Reves. AIS, research tj5ifttis t 

S. researfhi istattCariett .. 1laraoidst,MM ,ssa'mrcnato S. Brie S.tsac 

F e. 1 ieAnSco heri 


Byron L. S, rtsarh 
eodttao C. Aballa, AMS.re.o'arc assi.stait' 

Avelita NI. Rosales, A. research assistant 
Alita 0. Naekill. AS, re.-ar/ alianiSithrobiolg 
Ed natYV.A rd ales, AMS.rttart h ji5 tt 

Goilermo Z S,trriot, r .1BS, research assistant 

Ricardo I ). Iadtt iog, iS.rtesa ch assistatt 
Nestor C. Eabellar, BS. restarch assistant 
Zenaida NI. Eores, BS . research tstait 

Filoanit C. Sta. .i.', S. research assistan t 
Leanidtcro M. Sanche , BS. rescarchassstant 
Maricht 1. Alventla,g BS. reseah tide 
Gilds 13..onson, BS, risert/ ,it, 

Robert C. de lit Pc a,BS. research aid 
Edward S. NFedalla, BS. research aide' 

PLANT PHYSIOL. GY 
Benito S. Vergara, Pit D, p/anit p/siolgist atid ;ead 

Shigeni Akita. 1) gr, at i phsiohogist 
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Genshichi Wada, D Agr, plant physiologist 
Francisco J. Zapata, Ph D. plant physiol gist 
M. S. Naik, Ph D, visiting scientist' 
B. Venkatcswarlu, Ph D, visiting scientist' 
Francisco 1. Parao, AS, assistant scientist 
Romeo M. Visperas, MS. assistant scientist 
Victoria P. Coronet, MS, senior research assistant 
Aurora M. Maziaredo, iS, research assistant 
Gloria S. Cabtus'ty, MS, research assistant 
Ma. Rebecca C. laza, MS. researdh assistant 
Librada Ilanco, BS, research assistant 
George Patcfia, MS. re.,carch assistant 

Pompe St. Cru7, MS. research assistant' 
F. Sherwin Iope., MS. research aik 
Darryl Aragones, 11S.rt'.'art I aide' 
Rowcna (astafteda, BS, re.scarch aide' 

R FARMING SYSI' ES PROCRAM 
Vitgilit R. C; tigal, I'h 1), agronomist and head 
Pam K. Paridey, I I). agronomist 
,lantes R. Hoolipcr, Ph I). agronotiist 
Jerry I.. Mclntosh. Ph I), agr otmi.st' 

Rosendo K. Palis, I'll I), atronmist' 
r

Noel P. Magor, A/..lgr, assotiat ag,ronoinist' 

Arsento 1). ( I). visiting scicttist
i

'alb. 1i 

Anmke lopark-Ngat. /i 1), visiting scientist'HI.Rtxats. P/i It. ,i.,iting seie'itist' 
Dtmingo V. I as, A/S. %'mttir se ista 

Rolando V. Mrabios, MS. wnior re.sarch assistantt 

Raton A. OM', eros, MS. senior research assistant 

Ed,' A. Ilar ai,. MS, research ass istant' 

Esward A. God in, iresearchassistant 
Estban C. Godilano, B, research assistant 

Rlconila A. lantican,IS, resartch aesistant ' 

EReunerd . Reto, rMS. reMssarchiaseaistthaita 

icnrado 1'. ei do ra, S.researchassistant' 

Prio I. ionaoBS' resetrh assistat ea .MlglgS, researchaidel.tal 
El4s ,rrBo , Sa resarchassistant 

nandrod, r..r.sissttnt 
SOILICROIIOLO(Y 

ritto ataniabe, 1) gr, .oi iiarhaiogist and head 
Jagd ish K. I adha, PI' 1). assoiate toil gt 
Pierre A. Rriger, ) PSologi, visiting scientist 
Wilbur II. Vei tur, S. assistant scientist 
Agnes C.Tirol-Padte, AS. senior research assistat 
Hen 5mmC. Padre. Jr., research assistant 
Corazor R, Espinas, S, researci assistant 
Teresita Saitiago-Vehtura, /S researc/ roiottassi 
Susan Saitiago-Ardales, MS, researtchassistan 

Reynaldo T. Oheros, AS. researci assistanit' 
MIa. IuisgnG. Daroy, BS.r researchassistant 

trace Iienaventura-Msearna, BS, research assistan' 
Rosario Renitilla-.imen/, 1BS', rese'are/h assistant 

NIoa.T B. Lapis, BS, research assistant"Reiesa 
Gloria CSlde-Prinalan /S. researc/ asistant' 
Rolando 1. So, MS. research assistant 
Minviluz . Gareia, assistant'L S. research 
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SOILS 
Heinz-Ulrich Neue, Ph D. soil chemist andhead 
Terence Woodhead, Ph D, physicist 
Subramanian Nagarajah, Ph D, visiting scientist 
Shah Muhammed, Pit D, visiting wientist' 
Paul R. Bloom, Ph D, visiting scientist'
 
Ruby U. Castro, MS, assistantscientist 

Rhoda S. Lantin, MS, assistantscientist 
Corinta C. Quijano, MS, assistantscientist 
Bernardita E. Mandac, MS, senior research assistant 
Myrna R. Orticio, BS, senior researchassistant 
Ma. Theresa C. Cayton, MS, senior researchassistant 
Alma Ma. B. Capati, MS, senior researchassistant 
Rene R. Diocares, BS, research assistant 

Rodolfo Y. Reyes, Al'S, research assistan 

Nida 1B.Uy, MS'. researchassistant 

Susana G. Maghari, BS, researchassistant 

Edna A. de San Agustin, BS, researchassistant 

Josefina L. Olivas, BS, research assistant 

Jocelyn B. Ballesteros, BS, researchassistant
 
Ma. Cannelita G. Robielos, 1S, re.iearch assistant 

Cynthia M. Chavez, 115, researchassistant 

Elmer B. Zarate, BS, researchasistatct' 

Virgilio Q. Gaddi, BS, researchassistant 

Roberto P. Bautista, BS, researchcssistant 

Ricardo F. Capistrano, BS, researchassistant 

Nancy Urriza, BS, researchassistant' 
Delfins R. Valercia, BS, researchassistant 

Celeste C. Patefia, BS, researchassistant 

Adonna M. Robles, BS, researchaide 

Roberto Oficial, BS, research aide' 

Bayani I . Polanginan, BS, researchaide 

Nenita B. Fortuno, BS, research aide 

Mary Ethel C. Tenedora, B, researchaide 

Estela M. Pasuquin. BS. research aide 

Nora R. Macariola, BS, researchaide 

Teresita R. Savares, BS, research aide' 

Romeo J. Cabangon, BS, researchaide' 

Edgar V. Salire, BS, researchaide' 


STATISTICS 
Kwanchai A. Gomez, Pi D, statisticianandhead 

Nora Epifania N. 
 Nano, BS, senior researchassistant 
Grace L. Reyes, BS, seniorresearch assistant 
Violeta I. Bartolome, BS. research assistant 
Joseiice B. Caballes, BS, research assistan2 

Urbana B. Cadiz, BS, research assistant' 
Rowen T. Calinga, BS, researchassistant"' 
Victoria M. Claveria, BS, researchassistant 
Anabella B. Cruz, BS, researchassistant 
Joel Rizaldy G. Flor, AEA researchassistant," 
Dolores R. Ledesma, MS, researchassistant 
Leonardo P. Lopez, BS, researchassistant 
Adelina Nenette C. Mendoza, BS, researchassistant 
Ruben T. Palabasan, BS, researchassistant 
Thelma H. Parado, BS, researchassistant' 
Priscilla A. Piguing, BS, researchassistant 
Rise D. Ron.quillo, BS, researchassistant' 

Julie D. Zamora, BS, researchassistant
 
.6
Antonia M. Aquino, BS, researchaide4


Dennis A. Benigno, BS, researchaide"
 
Lynn Corazon M. Mulimbayan, BS, researchaide
 
Ester C. Ulpindo, BS, researchaide4"6
 

TISSUE CULTURE FACII,ITY
 
Francisco J. Zapata, Ph D, plant physiologist
 
S. T. Mercy, Pi 1), visiting scientist'
 
Lina B. Torrizo, MS. senior researchassistant
 
Evangelina S. Ella, AMS, researchassistant
 
Manuel S. Alejar, BS, researchavsistant
 
Gemma D. Encarnacion, BS, researchassistant
 
Editha M. Abrigo, 1S, researchassistant
 
Rhodoa R. Aldemita, BS, researchassistant
 
Leonardo B. Magaling, BS, research assistant
 
Annabelle U. Novero, BS, researchassistant'
 
Christopher B. Ignacio, BS, research assistant
r '
 
Delfa C. de Castro, BS, researchaide
 

TRAINING AND TECHINOLO(y TRANSFER
 
Dan R. Minnick, P/i D, trainingspecialistand head
 
Glenn L. Denning, Phi 
 D, associate scientist -- technology 

transfi.., 
B. R. Tripathi, Phi D, visitncg scientist'
 
Alfredo A. Domingo, MS, assistantscientist
 
Rizalino T. Dilag, Jr., BS, seniorresearch as'istant
 
Emerito V. Tipa, ALS, senior researchassistant
 
Noemi M. Yapit, MS, senior trainingassistant
 
Ernesto G. Perez, BS, senior trainingassistant
 
Madeline B. Quiamco, MS, seniortrainingassistant'
 
Oscar A. Garcia, BS, trainingassistant
 
Salvador I. Yabes, AMS,trainingassistant
 
Orlando N. Magistrado, MS, trainingassistant
 
Josefa L. Gonzales, MS, trainingassistant
 
Alberto C. Aduna, BS, trainingassistant 
Enrique L. Navarro, AIS, trainingassistant9
 
Rosela I. Gementiza, BS, trainingassistant
 
Rebecca H. Patalen, ?. Agr, trainingassistant
 
Jose V. del Carmen, MfS, trainingassisiant
Lutgarda D. Barnachea, BS, training assistant' 
Aurora M. Argente, MtfS, trainingassistant'
 
Jose S. Nicolas, MS, research assistant
 
Rodolfo R. Salcedo, A'S, researehassistant
 
Regalado M. Aseron, BS, researchassistant
 
Romarico S. Nccesario, BS. researchassistant'
 
Arsenio R. Samiano, BS. researchassistant 
Remedios E. Ballesfin, BS, research assistant 
Celia B. Correa, AS, MA, trainingassistant' 
Joel Rizaldy G. Flor, A B trainingassistant" 
Ma. Martha de Villa, BS, trainingaide' 
German 0. Turija, BS, researchaide' 

WATER MANAGEMENT 
Sadiqul I. Bhuiyan, Ph D, agricultural -ngineerandhead 
D. Hammond Murray-Rust, Ph D, associate agricultural 

engineer' 
Domingo F. Tabbal, MS, assistantscientist 
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Tolentino B. Moya, MS, senior research assistant2 

Manuel M. Alagcan, MS,research tysistant 
Marius M. Agua, MS,research assistani 
Valeriana B. Gloria, BS,research assistant 
Gloria S. Bumanlag, AlS,research assistant 
Abel R. Sumayao, AS, research assistant 
Maximina A. Lantican, BS,re.a'arch assistant" 
Ambrosio R. Castafieda, BS,research assistant 
Oliver G. Coroa, BS,research assistant" 
Wenceslao C. dela Vifia, MS. research assistant' 
Alejandro L. Galang, BS,research Lsistant 
Roberto S. Soriano HS,research assistant4 

Larry C,Guerra, MS. research assistant' 

'Leftduring the year.
 
IOn study leave.
 

- Joined and left during the year.
 
'Joined during the year.

ICooperative research staff, 
'Onproject appointment. 
'Transerred from PlantPathology to International Rice Testing 
Program.
T

' ransfered from Pesticide Residue Lahoratory to Training and 
TIetchnologyITransfcr.
 
l'rk.tslerrcd trom iraining and Tccl,no!og\
Iransfer to Plant 
Breeding. 

"Iiansterred trom Statistics to frainig and lechnology Transfer. 
"Died during the year. 
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About thS report 
This 25th annual report reviews research conducted by IRRI staff during 1986. Some 
experiments are summarized completely. Others are ongoing, and interim results are 
reported. In all cases, further information can be obtained from the departments identified 
in section and subsection headin,-s, as this volume is necessarily abbreviated. IRRI 
scientists also report their iesults in IRRI highlights, the International rice research 
newsletter (IRRN), the IRRI researchpaper series (1RPS), conferenace proceedings, 
monographs, and technical journals. 

Each year, the lnstitute intensifies its cooperative work vith national and international 
agencies, based on prio:ities expressed at work plan meetings. Although almost every
section of this report mentions this collaboration, it is cover,,'d specifically in the 
Cooperative Programs section. Three programs that a~e predicated on international 
cooperation - the International Rice Testing Program (IRTP), the International 
Network on Soil Fertility and Fertilizer Evaluation for Rice (INSFFER), and the Asian 
Rice Farming Systefis Network (AR FSN) -- are discussed waider Cooperative Programs. 
Other sections that include a particularly strong international focus are Machinery 
Development and Testing, and Training Programs. 

The volume of detail requires many abbreviations, which are listed on the following 
pages. In addition, we have spelled out all names and terms on first use in each subsection 
and have used abbreviations thereafter. 

This report refers to four fundamental types of rice culture. Upland culture means rice 
grown in rainfed, natural"y weii-dained soils with bunded or unbunded fields without 
surface water zccumulation. Rainfed lowland culture means rice grown in fields that are 
usually bunded and in which the crop isnot irrigated, but the soil isflooded for a portion of 
the crop cycle to a depth of 1-50 cm. Irrigated culture means rice grown with irrigation in 
bunded fields. Deep water culture means rice grown in unbunded fields that oecome 
submerged under 50 cm or more of water. The adjectives upland and lowland describe rice 
and rice-growing soils. 

The report uses the International System of Units (SI), with a few exceptions. Monetary 
units are usually in U.S. dollars ($); if not, exchange rates are provided. Co~arol or check 
normally means an untreated control. Grain yield is calculated as rough rice at 14% 
moisture content, and protein content as a percentage of brown rice at 14% moisture 
content. Yield refers tc grain yield unless otherwise noted. Fe_,< Ler amounts are given in 
terms of the elements (N. P, K, Zn, etc.) and not in the older conventional oxide 
foimulations (P2O, K20, etc.). 

Pedigrees are indicated by a slant bar (/) rather than by a multiplication sign (X). For 
example, PTB33 X IR30 is written PTB33/ IR30. The sequence ofcrosses is illustrated by
the number ofslant bars: (PTB33 X IR30) X IR36 is written PTB33/ IR30/ /IR36. Fourth 
and further crosses are designated /4/, /5/, and so on. Backcrosses are indicated by a 
superscript numeral. 

Unless otherwise noted, scoring of morphological characters and of damage attributed 
to rice pests and physiochemical stresses is based on scales in the Standardevaluation 
system for rice (SES), 2d ed., 1980. Copies are available from the IRTP, IRRI. 

A single asterisk (*) means difference at the 5% level of significance, and a double 
asterisk (**) means a significant differenc:' at the 1%level; ns means not significant. Unless 
otherwise stated, separation of means ,n .able columns is by Duncan's multiple range test 
at the 5% level. 
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This report normally uses generic names for chemicals. Use of a commercial or brand 

name does not constitute endorsement. 
A thumb index on the back cover provides access to each section. To use it, bend the 

book slightly and follow tlhe margin index to the page with the black edge marker. 
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Abbreviations and acronyms 

AARD = Agency for Agricultural Research and Development, Indonesia
 
ABA = abscisic acid
 
AC a--
anylose content 
ACC = I-aminocyclopropane- I-carboxylic acid
 
ai = active ingredient
 
AIRAT = African Irrigated Rice Advanced Trial
 
AIRON = African Irrigated Rice Observational Nursery
 
AIRPSS = African Irrigated Rice Preliminary Screening Set
 
AN = ammoniacal nitrogen
 
AP = aminopeptidase
 
ARA - acetylene-reducing activity
 
ARSFN = Asian Rice Farming Systems Network
 
AURAT = African Upland Rice Advanced Trial
 
AURON = African Upland Rice Observationai Nursery
 
AURPSS = African Upland Rice Preliminary Screening Set
 

BA = benzyladenine
 
BADC = Bangladesh Agricultural Development Corporation
 
Bak = bakanae
 
BARI = Bangladesh Agricultural Research Institute
 
BB = bacterial blight
 
BC = backcross
 
B:C = benefit-to-cost ratio
 
BGA blue-green algae
 
B&I - broadcast and incorporated
 
BI = blast
 
BLS = bacterial leaf streak
 
BPH brown planthopper
 
BPI = ureau of Plant Industry, Philippines
 
BR broadcast seeded rice 
BRP = brown rice protein
 
BRRI = Bangladesh Rice Research Institute
 
BS best split
 
BSi bush sitao
 
BWDB = Bangladesh Water Development Board
 

CAAS = Chinese Academy o[ Agricultural Sciences 
CABO = Centre for Agrobiological Research, The Netherlands 
CAl = cellulolysis adequacy index 
CEC = cation exc.mange capacity 
CFU colony-forming unit 
CGIAR = Consultative Group on International Agricultural Research 
CGR = crop growth rate 
CIMMYT = Centro Internacional de Meioramiento de Maiz y Trigo 
CIPR = Christmas Island phosphate rock 
CIRAD = Centre International de Recherc~ie Agronomique pour le Developpement, 

France 
CMS = cytoplasmic male ite:ile 
C:N = car xin-to-nitrogen ratio 
CNRRI = China National Rice Research Institute 
CP = cowpea 
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CRIFC Central Research Institute for Food Crops, Indonesia 
CSIRO = Commonwealth Scientific and Industrial Research Organization 
CV = common variance, coefficient of variation 
CW =caseworm 
CY = crop year 

DAD = days after draining 
DAI days after inoculation 
DAP = days after planting 
DAPI days after paiicle initiation 
DAS days after seeding, days after sowing 
DBPI days before panicle initiation 
DBS = days before seeding, days before sowing 
DBT = days before transplanting 
DE = days after emergence 
DF = days after flowering 
dH = dehydrogenase 
DH = days after heading 
DM dry matter 
DM RT = Duncan's multiple range test 
DP = deep placed, deep placement 
DRRI = Dokri Rice Research Institute, Pakistan 
DS = dry season 
DT = days after transplanting 
DWR = deepwater rice 

EC = electrical conductivity 
El = efficiency index 
ELISA = enzyme-iinked immunosorbent assay 
EPG = eggs per gram 
EV = early variety 

FAO = Food and Agriculture Organization 
FAS = fluorescent-antibody staining 
fb = followed by 
FCC = Fertilizer Capability Classification 
FFFIA = Father Farmer Irrigators Association, Philippines 
FIA =-farmers irrigators association 
FMD foot and mouth disease 
FMP fused magnesium phosphate 
FOFIFA = National Center for Applied Research on Rural Development, Malagasy 

Republic 
FR = farm reservoir 
FTM fertilizer testing model 

GA3 = gibberellic acid 
GB = germplasm bank 
GC = gel consistency 
GCA = general combining ability 
GEU = Genetic Evaluation and Utilization 
GHC = green hairy caterpillar 
G-K Ganges-Kabodak Irrigation System, Bangladesh 
GLH green leafhopper 
GSV = grass3 stunt virus 
GT = gelatinization temperature 
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HD = high density
 
HI = harvest index
 
HMB = higher mobility band
 
HRP = highly reactive rock phosphate
 

IAEA - International Atomic Energy Agency
 
lAP = ion activity product
 
IAS = Institute of Animal Science, UFLB
 
IBPGR = Inte.national Board for Plant Genetic Resources
 
ICAR = Indian Council of Agricultural Research
 
ICRISAT -= International Crops Research Institute for the Semi-Arid Tropics
 
IDRC = International Development Research Centre, Canada
 
IDS = irrigated dry season
 
IFDC = International Fertilizer Development Center
 
IFRON = International Floating Rice Observational Nursery 
IFST = Instiute of Food Science and Technology, UPLB 
IITA = International Institute of Tropical Agriculture 
INSFFER = International Network on Soil Fertility and Fertilizer Evaluation for Rice 
IP13 Institute of Plant Breeding, UPLIB 
1PM integrmted pest management 
IRAT = Institut dtc Re.herchcs Agronomiques Tropicales et des Culture., Vivrieres, 

France
 
IR13BN = International Rice FLacterial Might Nursery
 
IRBN = International Rice Blast Nursery
 
IRBPHN = Inte:rnational Rice Brown Planthopper Nursery
 
IRCTN = International Rice Cold Tolerance Nursery 
IRDWON = International Rice [,:epwater Observational Nursery 
IRGC = International Rice (cirmplasin Center 
IRIS = Inarihan River hrigation System, Philippines 
IRON - International Rice Observational Nursery 
IRRI I Rice Research Institutehiternational 
IRRSWON = International Rainfed Rice Shallow Water Observational Nursery 
IRSATON -- International Rice Salinity and Alkalinity Tolerance Observational 

Nu ,.ry 
IRSBN = International Rice Stem Borer Nurser-
IRSTYN -- Internationual Rice Salinity Tolerance .ld Nursery 
IRIN = International Rice Tungro Nursery 
IRTP = International Rice Testing Program 
IRUSS = International Rice Ufra Screening Set 
IRWIBPHN = International Rice Whitebacked Planthopper Nursery 
IRYN-1 = International Rice Yield Nursery - Early 
IRYN-M - International Rice Yield Nursery - Medium 
IRYN-V. International Rice Yield Nursery - Very Early 
ISF = irrigation service fee 
ITPRON = International Tide-Prone Rice Observational Nursery 
IURON = International Upland Rice Observational Nursery 
IU RYN-E = International Upland Rice Yield Nursery - Early 
IURYN-M International Upland Rice Yield Nursery - Medium 
IVDMD = in vitro dry matter digestibility 
IVOMD = in vitro organic matter digestibility 
IWS = irrigated wet season 

LAI = leaf area index 
LCPIS = Libmanan-Cabusao Pump Irrigation System, Philippines 
I.D5j = duration, in days, to 50% mortality 
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LER = land equivalent ratio 
LF = leaffolder 
Ies = liters per second 
LRP less reactive rock phosphate 
ISc= leaf scald 
LSD = least significant difference 
LSS = line source sprinkler 
LWR = length-tn-width ratio 

M = maize 
MAF = Ministry of Agriculture and Food, Philippines 
MB = mungbean 
MBCR = marginal benefit-cost ratio 
MDW = medium deepwater and deepwatcr 
MORIF = Maros Research Institute for Food Crops, Indonesia 
MRM n-ultifertiliier response model 
MRP = mlled rice protein 
MRR = marginal rate ot -clturn 
M RRTC --Maligaya Rice Research and Training Center, Philippines 
MV = modern variety 
MVP - mean vinbility period 

NAR = net assimilation rate 
NBPI =-N-(n-butyl) thiophsphoric triamide 
NIA = National Irrigation Administration, Philippines 
NIAS National Institute of Animal Science, Denmark 
NSKF. neem seed kernel extract 

OC organic carbon 
OM = organic matter 
OPV = open-pollinated variety 
ORSTOM = Office de laRecherche Scientifique et Technique Outre-Mer, France 
OTMS = Ottawa texture noeasuring system 
OY" = observational yield trial 

P = peantut
 
PAR = photosynthetically active radiance 
PARC - Pakistan Agricultural Research Council 
PB = phosphate huffer 
PET = potential crop evapotranspiration 
PI panicle initiation 
PP = pigeoripea 
PPD = phenyl phosphorodiamidate 
PPtH = plants per hectare 
PR IS =-Pampanga River Irrigation System, Philippines 
P/S = protein per seed 
1) prilled urea 

P-V pressure-volume 

R = rice 
RAVC = return above variable costs 
RB = rice bug 
IRCBD = randomized complete block design 
RDA = Rural Development Administration, Korea 
RGA = rapid generation advance 
RH - relative humidity 
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RRP = rough rice protein 
RS = rapeseed
 
RSV = ragged stunt virus
 
RTBV = rice tungro bacilliform virus
 
RTSV = rice tungro spherical virus
 
RTV = rice tungro virus, tungro
 
RWM = rice whorl maggot
 
RYT = replicated yield trial
 

S = sorghun
 
SA = South Asia
 
SB = soybean, stem borer
 
SCU = sulfur-coated urea
 
SI) = standard deviation
 
SEA = Southeast Asia
 
SES Standard evahationst'stvm fir rice
 
ShB sheath blight
 
ShR = sheath rot
 
SIDA Swedish Iternational Development Authority
 
SMT soil moisture tension
 
SP = Sweet potato
 
SRI. shallow rainfed
 
SS = striped stem horer
 

TARC = Tropical Agriculture Research Center, Japan 
TDMY = total dry matter yield
 
TDN total digestible nutrients
 
IRI= Tropical l)evelopmcnt and Research Institute, England
 

TPR transplanted rice
 
TSP = triple superphosphate
 

UPE upland pan evaporation
 
UPIIB University of the Philippines at Los Bafios
 
lR = upland rice
 
(JSAI) = United States Agency for International Development
 
IJSG = urea supergranules
 

VANI = vesicular-arbuScular niycorrhiial fungi
VDW = very' deepwater 
VISCA = Visayas State ('ollege of Agriculture, Philippines 
vol = voltnie 

W - wheat 
WA wild aborted 
WAI weeks after inoculation 
WARI)A = West Africa Rice Development AssoIciation 
WAS :=weeks after seeding, weeks after sowing 
WBPI--whitebacked planthopper 
WIRFS Women in Rice Farming Systemn program 
WS = wet season 

Xco bacterial blight caused by Vantnomonas campestris pv. orvzae 

YSB yellow stem borer 
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FIELI) C(OLI.tCION ANIJ StEl) t)EIOSItS 

InternationialRice Gerniplasm C''t'r(IIMC) 

Direct collaboration with national centers iI 
collecting indigenous rice germplasii was phased 
mt in 1986 when the International Board for Plant 
Genetic Resources (IIHP( RIceascd to ind such 
activities. On the other hand, the 12 participants in 
the (Genetic Resources Conservation and Man-
agcmcnt rai ningCourse w Crerequired to conduct 
3-no field collection activities in their home 
countries as part of their traing. 'lI cy brought to 
IR RI 984 seed samples is follows: 03 from IUrina 
12 lrom China. 104 Iroim (ihana. 317 from India, 
96fron Idonesia.5()tiouit Malaysi,. 125fr.ti'Sri 
ILanika, 41 troi tile I'liibppincs, 50 Iroim itnaij, 
and 6 cutil\ais and 

Limited C0,Clti0 

by local \\orkct,, il 


Thailand. A:)01ut N7( 


I) wild liccs lroimi[thiopia. 
acti,VitiCs sClc implunincltcd 
India. the IPhilippinc,,. and 

'Cd s;iinpIt, \ Ci -cifcrc 
from these and Calicr collect lion rili ,siiS. 

Major donlors sCd t) the IR(I( 1lo1M.:(11 
* 	Anlii.lJiansi, Yuinilan. aind Siehtlaui !)rov-

inces of ('hina 1,102 saiples 
* 	Central Rcsealch Inistttc of l.ud (.'feil,i 

lndonimsii 7o6 samplcs 
* 	Fiatlh1urn Ihani and Ini RI.ic RI esearch 

(Centers. Thailand 
* 	National IBurcai of 

and the Shilloni! 
I udiari ('1nucil o! 
338 samnples 

* 	Naiional Iistitic 

441 
Pilant ( ;crtiIc IRsouce 
.esearli ( ninplex of the 
Aericuttnratl RescearchCA 

of AIgrobiohogic,,l R,_-
sources, Jalpi 121 iimc and 48Ilimprocd 
van-ictics, plus 36 blast tr cc,, 

* 	 Victinmim AgiiCtLni i'icicC IIn't 1lutC, 11:i11)i 
200 samplcs 

* 	IRIGR collccion Icain ;,oikii. in I on)!; 
12 sample,. of ( )ri._ andMid . 
0. (Iivaticuilibll's 

'I lie Iritrnatinoil Ricc I cstilni lrogram pla,.cd 
232 promising cntrics iII the IR((. collccrio:r. 
Ironm many tltr sunall doiallo)ns, 4,1'50) seed 
.iariiI)lcs ill ill \ Crc 'cCcivCd in 1986, all 
incr~eisc ovCI the averagC ailual total(oi the past 
decade. 

I 

INVENTORY, (IIARACITRIZATION, AND DATA 
PROC'ESS'ING 

. ':ernationalIi,":' Germphan m ('Cnter and
 
Sulniastics I7parlinut
 

At the cld of the year, IR(C holdings consisted of 
72,460 registered accessions of() 0.sativa, 2,983 
strains of 0. ,'ahicrrinma,2,268 populations of wild 
species, and 700 genetic testers and mutants. 
PIlated in Nmoembcr and I)cccmh r were 3,391 
recently arri\ cd seed sanmples of (). , anotlher 
192 remained to be platlcd. 

Iir iniial scud incrcase, 4.503 plot,, were 
l.lted; forfield charctcri/ation, 4.75 . Field and 

lahoator)Y charactcri/tioii \Crc completed for 
3,000()0. viliva acccsions, res.iting in 60,047 
accssions conpletely ehiiraeteri,ed. (i'harnacteriZa
tiori of the11Africai lricCs lld wild species was 
continuCd, \it1 the comPplCte characteriiation of 
1.311 	 Arieaii rices and 786 m\Ild taxa.
 

MicrocOMilItelr tiles for IRRI-involved 
 field 
collections werc established for past collection 
missions, totaling 1,893 simiples. Ariong the 
saimNples colhlecd from1 ttnilfasorniblc production 
reat-s e lists setparate s\crc up for dcepwater 

tolcriancc (8(3 acccssions) arid salinity tolerance 
(.412 acccssions). I lie I(('Ctleiputcr now handlcs 
HI,0plesinenine entries, caiicd accessions, characteri1a
lion data of wild species, and various files needed 
bv 	 the IR( ('. 

nicro-bii,,cd Seed IrisenolrY System dccl
opcd by the Statistics I)cpartinl was tested and 
irnplmerICerted to spced tip the recording of the 
canCd (10ong-and mCdim-tr preservation) 
accessions. The seed system alhws interlface with 
the cclitrali/cd 1niirfrimc-balscd (il datalase 
s sIcIl .5,99 records oin 27,998',; canned accessions 
wcrc transferred f'rom the mainfianic to tl,' IR(;C 
microcomputer.''rrluld 

[he Statistics IX iartrliicrnt arid IRaC also 
collaborated ill developing a generalized micro-
IbasCd daita niaiaecrCi system that will aid 
iiatiolial nice gCliebanks in procesing their data. 
lie svsteCii incldCs facilities for data entry, data 

editing , diata upd Ile, report generation, arnd in
fl'inlation retrieval. 
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SEFI) INCREASE, REJUVENATION, AND related information and in receiving tilesame 
I)ISIRIBIA ION accession for retesting. The guidelines are dis

tributed to IRRI staif, scholars, foreign research-InternationalRice Germnplasm (enter 
crs, andl national genebanks. [or the proper care of 

"lhe total land area devoted to seed production di'ficult-to-grm wild species, we have been 

both inside and outiside JIRi toit supplying u.:cs.l'l,,d slightly lnlder a similar leaflet to 

30 la, which was less than that of"previous years 
because of reallcatiori of lind usc on tle IRRI 
larm, use of space try the Genetic Resources 	 ,1,47, IItFSIRV.\ IItON 

Consersation and Mianag, Innt T'raining C'ourse Ilernalioal Rice (;erniljhtan Center 

trainees, and severe /n deficiencv o part of the 
rented fields at !)a ap, Laguna.Seed produci n In rcont years, a lirge proportion of the inconmn 

sich' Nced ,amiples were collected by extension workrs 
tromtthe field plantilie, outside IR RI wa; ad'ei 

11vi o lcntatioiial ceiiters froll farmers' fieds. Sonic 
affeled bv an Uillsilll',' vVCI 

fn Iarmcrs pi ler to keep a uiixttnrC of genotypes its
fiooliie.deiciecyand fliiel ineidetieV 0i StICiIi 

tot. A colbilltioln (AtthelaCtrs- pool arecly adverse weatherL ,ultCI Ill lsd., as insurance auaistl 

the slightly larger oW chaiiges il pc t Incidence. Such intentional
seed production, ill spite of 

prohlem to con
numher ofl'plhts devotcd to rcjuvenation: 3,736i 	 noiixtuers havc pohsCd atscrious 

scVatmioists because nc-ar all brceers and
1980 vs 12,SW(O in 19 5 


eseaitchers and rice affiliated rcsearchers xxoiild like to receixc purifled

Seed distributioi to II,1,RI 

increase ov\c il' seCd. Molc strilnigcnt mcasilres ilseed purle;tation
scientists abroahcdsl d an 
axae anin 1 	 \xere implciclited in carly 1986 by selectingittlts of the past d~cade. RI ,,cient-

seed samples (d paniciCs ill the hcaIdhteusc prior to threshing. I lie
isIs and.traiines otaincd 39,135 

0. sou''a unde 327 rcquCsts: otlicr resCettLI.'rs IalddCd opcraliotill ll, ieipd t(1pturiy the seed 

I7 ca';iois. Ili stocks to soie extent. but it las also reduced the 

lyCItl -aiiipfes (4f wild species seedC fuiiititiCs Ald cuiiStuied iiuoci more staff
IC(jtLCstcd 9,S97 sample, on187 

dcniaids forf 2.85ff 
prc.erl aiicoi Ihllse.

and 0. ghi/l>'rnr/im fimre than doubled those ofI 

for ,(tel exotie goe'- Witi 3,46 atcccssions' I ). 'hiea about one
1985 1lie hill, ol reiicts 


Iimples grow l toiicftiveiatio i -
plasiin cameI roi1 1n , l1 es i biotcchtoloev. "he third of the s 
IR(G(' ound it iecCCssiI\ - in dried, sealed aliii ,+;Insto pl;aiIi !ICX selected, and in iinLlll 

acccs
.rleed nuir,,r iil to produce such dliiiing 198, the Car-nd iotll of canned

of the 
\,its end, oilvificl-i tsos 	 27.838.At re-third of the 

(111cl-o g griiplasml.2.3.Atarcdc 
being distributed wa, tolill collection oftcultivars hd hein ;caled in cais

Suiality cotitol of see( 

strcnigt hliied. [xcrv sed sample for rCji'elnation, and deposited at a duplicate site (National Seed 

Storage I aboratorv, I't. (ollils, ('oloiatdo, USA).
distribution, and pleser'itioii was checked against 

seeds stor'd in the seed file. iid the mipho
agloloIllic data \wlc Collitltcd when IICCcssitlV. ONiF IISI Ilt )IS) I)VtAItII 

I]\il ,pe ics wereiiltipIicd ,l Rice'u /iplasm Ce.Mel/eI)iriig tlicyeal, 3 	 I h Ier'a( 

In response to i'Scarcl.ci CLICNists ill addition to 

430 \U'ild rices ,runin latc 19,X5 ormboth eliarac- lie mnc1iiiit iring Of t lie scd viability oi 3 varieties 

leliatiotln aind ,;UCd itceas. Ilox' eel, the seed durillg the past 23 years toutinued. The two 

supply still lagged behind the rcclt stirge in 	 trOpicil and dihrilail itarieties. Siam and Ileta, 

dii(aMId. Meaitwhile, (00O African rices \ereciowil 	 rctaiinCd thcir ucrnintability at 95 and 94(., 

for seed rciliveliatiol. irspecC xiv, alie .Clud f thC Wll, Wile ('hiiaiin 8I 

A 2-iagc lciflet was rIep;uCd to guidc thC users hitcl hemcc.. 1 and ,1<(in 2 senialnual tests. 

of IR(it services in obtaining cirrect seed .1uid Ihe loigCvIi, ptltterniwa ,,siiilly the same as 

http:i'Scarcl.ci
http:liVAI.UI
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that for 1985 (Anntwal report t'or 1985). This 
experiment is the longest continually monitored 
seed longevity study in crop science. 

We also monitored seed viability levels of 
remnant seeds stored in the funigatcd short-term 
storeroom (19 °C, 50% relative humidity [R Elf, 
and 10('j, seed moisture content) before we dis--
carded the seeds so as to make room for newly
harvested seeds. The viability levels of 59 acces-
sions from 7 countries after 5-0 \r of stor .oge weer 
compared with those of seeds stored for 31. yr arid 
tcs.ed in 1979. thc 1)-8 seeds had108- harvested 
markedly higher viability lesel, than those hila-
vested in 1975 (Table It, niiuil\ because the seed 
prduction iClds had 6eCn lloved from11 pest-
ridden fields (oi1 the Old IRRI farni in the 19 7 )s to 
the upland farl iIn 1980 aind to a1nloll't-staion field 
in I9,3. [hi , marked improvemenl ini seed 
longevity is more obv ii u. in tliperaie-/one karic-
ties of ('hiina. Japan, anI Italy, \hieh highlyare 
susceptible to disease.irus I opical \arietiCs 
having stroi- grain doriln.'\ hii c retained thCir 
gernminabilitv better than the foihmrniant acces-
sins from lellp'i;l md tIopical c-untities.;ate 

IR \.IN( il ( t\11HANK N\.\(.1 R, .iR 
NA I IONA I (' N I 

Ihacti l R'ice (ermpi.mi)/ (" nl'r atic 

,tlUalX~ji .* I)eparlm/I'll, 

IRRl's first (eno.etic Re,,ourcc. (onservatioli and 
M-lageien 'Iramiing ( ni:Am;. which had begun in 

Table 1. Moan viability of seads of different national 
origins in the short-term stororoom from 1975 and 198081 harvests. IRRI, 1986. 

975 T'yre5-6 190r1 yrl 
Country of -. . 

Mcan 
.... 

Accessions Mean 
. . . 

Accessions 

China 

viabilitytI a 

30 

testedtn.) 
(no.... 

8 

viability(1,%) 
. 
91 

testedtno.) 
. ) 

8 
India
Indonesia 
Italy 
Japan 
Sri Lanka 

72 
75 
2 

16 
90 

13 
12 
4 

16 
7 

7 

92
80 
61 
91 

14 

63 
6 
8 

Thailand 80 7 81 14 
. . . . .-. 

October 1985, was completed at the end of 
September. Twelve participants from 8 Asian and 
2 African nations implemented a 3-moo field 
collection in their home countries during late 1985,
completed tile 2-wk rice production course and the
3K-mo Genetic EIvalation and Utilizati nCourse, 
and acqrlired 5 no of intensive training in the 
SCIL ntilic knowledge of and practical skills in 
genetic conservation. lie partici rants also 
planted, characterized, harvested. and processed
their collected seed samples for preservation. At 
the end of the course, tlie participants were 
awardcd the Associate of IRI lDiploma, the first 
of its kind. 

The inteiisi\ e course iSunllitue in combining a
coniplete array academic withof lectures the
 
hands-on practices or genebank in
a a crop
oriented research ins'ittite. With the participation

of lecturers from other conservation-oriented insti
tuItions, especially tile U1nive'rsity of the Philippines
 
atIl Os Bafios, tile trainCes also aCCliired knowledge

of other crops. ield and laboratory exercises
 
occupied a major portion of the lime the trainees
 
spent in I.os Ba'ios (fable 2).
 

This Unique training course was funded by the

Italian Mim[istry of 'External Affairs and the
 
I I{(iR. Foreign lecturers came from tile Nordic
 
and I,1i s-eneblank s and tihe I laPGI. 

VIA'ItNI('AI .. \ASISt I)ANAI NAtIONAl. ANI)NlAII. ('NI I S 

hiteHrntioal'ta Rit, (;rmphi/sm Center 

The I ,GC extended to ecnebanks in China andIndia technical assistance on genehank design and 

choice of laboratory eqiipient. Constrlction of 
the National Crop (icrinplasm Resources Storage
('enter of ('hia in leijing was com pleted in
 
)ctober with scicntific inputs from 
 the I _RGC.ILaboralorv tcniiicians aind engineers of the
 
'hiese genebank also training at
eeg n o, c rii-eceived 1kRI.C i n b l ci g a R 1

lhe agricultural research station of the Andlira 
Plradesh Agricultural Ulni ersity at Marutern

the A g ic l l ;1iP cs earch Instit ute at P atn 
and

a, 

IBihiar, in India :cqtiested the return of seed samplesof their cutit-c rice collections deposited earlierwith IRRI alld received 98 and 63 accessions, 

resp ective ly. 

http:ermpi.mi
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Table 2. Time spent on topics in class, laboratory, and In December, 752 traditional wetland varieties 
field, Genetic Resources Conservation and Management of the Philippines were grown or seed illclease. 
Training Course, IRRI, 1985-86. The multiplied seed will he trned over o the 

Time (hi Philippine Ministry of Agriculture and Food in 
Topic . . . . . ')--,7 f'i further srCd inCreaCSe and distribution so 

Lectures Laboratory and that t ii pio imcfrnrs who want these difficultto
field exercises 

............ ........... obtain varIctitc\, may have ;co ss to the seed. 
Field collection in parti- 9.5 at 320i (2 no) \ brochture on traditional Philippine varieties 

cipant's home country IRRI 
Principles of bio~ysternatics 6 7.5 prcservcd in 1R(i(' was piepared. 
Plant geogranhy 1.5 6 
Crop evolution and history 7.5 8 
Population genetics 11 6 
Quantitative genet cs 11 6 
Seed physiology 8 12 
Morphology and physiology 4.5 6 

of the rice plant 
The genus Orilza (inclILding 6 20.5 and 

wild rices) 1-d field trip 
Evolution of cultivated 4.5 8 

rices 
Systematic characterization 3 21 
Genebank operations: 13 31.5 

registration, seed processing, 
and quality control 

Seed preservation 8 20.5 
Seed viability and monitming 4.5 21.5 
Refrigeration and dehuridi- 4.5 3 

fication equipment 
Design and management of 9.5 17 

genebanks 
Seed health 4 5.5 
Evaluation and use of 4.5 (under GEU 

exotic gernplasmn training course) 
Documentation 6 20 
Biostatistics 13.5 8 
Use of microcomputers 16 16 
In vitro and in situ 3 9.5 

coniservation 
Availability of cro germ- 6 

plasm and related politico
socio-econromic issues 

Participation in IRGC. - 51 
activities 

Special project: Seed increase -- 743.5 
and characterization ol the 
collected rice samples 

CorTrmunicatinr. process, 10.5 74.5 
scientific comnir ication, 
and miniseminars:
 

Field collection
 
Country report on rice
 

germplasn 
Wild species 
GEU traits
 

Genetic resorces and 13 6 
conser4ation of crops 
other than rice 
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Agionomic and physiological characteristics 
.4 ,ronomi. 1]'Iw Ib txii .. (id I. hultiple (roppihq l)eparuments 

.IAiH) IIIM niF \ Ri.-"\( IikI 

IRRI 11
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MNgaiyua 12
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a I cN ic\ld Ii NIsi~ s.NlVI ) l I U I( S h,\GR(U \W l( I'\R V 1 S )IF,

RHTI 18
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FN 

Critical growth analysis of selected lR cultivars 24
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Relation bet"en pro\\th duiration aid yield of IR ciltikars 27
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il(' \ ' I ,lN( 'II SiiI 11 liI'IIYSI ( )to \i '1 ()ti\ \ IItii R ) I ON 

(;RAIN tt11 INN 1\ RkI I \S \tHt 1 0 ty SIt \N) l(tAtN O UR(E 

(Wain virld l34
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MAXIMUM YltI1 IXIPRIMENT 
tlgronoiiy I)r7partnwm 

IRI. len earl- and uCeduin-nmturing rices 
received varying N rates. Irca supergranu les were 
deep-placed. lollmed h topdressing of prilled
ulrea at tle deirted gr'n\th slage. Plaltino dates 
verc stal!cl'ecd fmr unilor0 ripTening at two IRI 
sites. 

Inthe dry' -tCOt1 (1),), 1R64 yildd the highest(8. I t Iha) among lie carly--ruaturin ua 11I R 29723-
143-3-2-I (7 8 t ha) anongthe i diu-atitur'irg 
rices at the old site (ti-. I).Yields at the new site 
were generally loxc'r because of norc severe 
lodging, especially a:t Except frIthe highest N rate. 
1R,64 at the old site, rio sigildicant yied response to 
ihcreasing N rate was observed. 

Grin yell (l/ho) 

6-

5h 

In the wet season (WS), the mediurn-maturing
I1+29723-143-3-2-I and early-maturing IR32307
107-3-2-2 consistently gave highest yields in their 
maturity groups at both sites (Fig. 2). In general,
there was a negative vieM response to increasing N 
rate. 

I ow yields in DS \crc attributed niostly to 
lodging. In %,V,.sten borer, sheath blight, leaf 
,cald, bacterial iI' streak ( 1S). and lodging were 

tihe major cuises .fvickl redUtction.
Farmer's fie. In I)S, IIost of' the test rices 

attained a niaxitli yield at the lowest level of 
applied N. Only tile yields of early-maturing IR64 
and rucdinL n-iriatitrrirg IR28150-84-3-1-2 increased 
with an increase in N application rate (Fig. 3).
1R14.9723-143-3-2-I yielded the lighest with 7.9 
t ha. 'Tlis mediu m-matu ring cult var has given the 

] ]
I,64 R8 2 +-2222 0 I R +28150-B4-3-3-2 ]IR IVR;)43-3-2++0 FF3 *~-F.5-; V 1 ... ++273-143-  iJ 1R4241 0 lR35293 -12x.,'~]~- 2 

8 

7F 

6-

I IP 
---L __ L-29+30 58+30 8730 29,30 58t30 87+30 2930 58t30 87+30
+30 +30 30 *30 +30 +30 +30 +30 +30 

N applied (kg/ha) 

i. N rtspunc and gain ,icidtIca k-and ntledium-maturing rice,dt2 ,itcs.IR I, I1986 DS. 
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I- Early I Medium 

Grain yield (t/ha) 

Oldysite
 

2 

iRt64 1 [@ :k2B24 --2-3-2 61 R,12
• 

IR44595-703-2-2-3! 
• 
0 1_294230,3-3-2-i 1 P3R9323-82-2-3-3-2 

I -LR32307-C07-3-2-2 [V R)80,o4-3-d 2-3] yV 2822-9-2-2-2 

New ite 

0 T?- ~ I Li 

3 

4- __ _ 

29+30 581 30 87+30 29+30 58+,30 R,'-30 29+30 58--:0 87,30 

N appled kg/hg) 

0111 dol cai ;I- u i ri Icc 1 ,I2. N rt"p lIs.cand cl I Inil Ilie(lilI-II ii2 sites. I . 1986 WS. 

Grain yield (i/ha) 

8 LSD(05 Early-maturing Medium-m ur go t t 

7 

,IR6 IR21820-154-3-2-2-. 
V IR35293-25-3-2-28150-84-3-3-2 
SI3546-52-3-3-28222-9-2-22-2 
--3I0 
 iR2822i-20-1-3-3-2
 

0 IR29723-1,03-3-2-1 

29+30 58+30 87t30 29t30-30 58+30 130 87+30+30 
N applied (kg/ho) 

3. Yields or rics isal letCd hy N application rate in th Il0%.it,am yield trial in a,Iarmer's field. 
lalavera, Nucsa F-ci, Philippines. 1986 ). 
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Groin yield (t/ho) 

Early-moturing NMedium-rnournng 

5

0 :R36 0I4
* R64 R21820-154-3-2-2-3 
I IR32307-107--3-2-2 I IR28222 9-2-2-2-2 
V iR44595-,'0-2--2-3 IR28224--3-2-3-2
2 9 2

3 R ? 3-1433-2- I 

i IR3932 3-182-2-3-3-2 

2 

29+30 58-30 87+30 29+30 58+30 87+30 

N oplhed (kg/hc) 
4. Yields (11rit'cs itsMicctcd h% N applicaition rate in huKnia\i uni yield trial in a farmer's field.l-alii'ria,Nuc\Al Iciiii. lPhifliplltcs.I9SIWVS.
 

Table 1. Yield3 of hybrid rices, their Migh-yielding parents, and selected IR varieties at 3 N levels on an irrigated farm. 
IRRI, 1986 DS. 

YieldO (t/ha) 
Entry______________ 

No N 75 kg N/ha 150 kg N/ha Mean 

Wei You 6 4 b 2.0 3.5 3.2 2.9IR21845-90-3A/IR7.541 4.1 5.7 4.0c 4.6IR21845-90-3A/IR29512-81-2-1 5.1 6.1 6.3 5.8IR21845-90-3A/IR 19392-211-1 5.2 7.3 7,0 6.5IR21845-90-3A/IR20933-68.21-1.2 4.1 5.7 5.0 4.9IR21845-90.3A/IR4422-480.2-3-3 4.9 5.4 c

3.9 4.7
IR46830A/IR50 3.3 5.3 5.5 4.7V2013d 0.9 1.2 1.3 1.1IR9761.19-1 3,5 5.5 5.9 5.0

IR21845 B 4.9 4.8 4.7 4.8IR54R 
 5.1 5.9 6.3 5.7IR29512-81-2-1 e4.4 .4 4.7 4.8IA19392.211-1 4.3 5.9 4.9 f 5.0IR20933-68.21-1-2 e3.4 3.9 3.3 3.5IR4422-480-2-3-3 4.1 4.9 4.4 4.4IR46" J0B 2.4 4.3 5.0 3.9

IR5C 
 4.4 5.2 5.4 5.0li64 (check) 3.8 6.0 6.6 5.5
1R5 icheck) 2.6 4.7 4,6 3.9IR28150-84-3.3-2 (check) '4.0 5.6 5.0 f 

4.9 

if Av of 2 replications. To compare 2 N means for the same or different rice entries, LSD (.05) 1.0 t/ha or LSD (.01)1.5 t/ha. To compare 2 variety means for the same N = entry, lSD (.05) 0.9 t/ha or I-Sr (.01) = 1.2 t/ha. CV = 13% for Nand 10% for variety. bDamaged by brown planthopper (BPH). CSevorely lodged i,both replications. dAffected by tungroand BPH. eDamaqed by leaffolder (LF) in both replications. fDa maged by LF In 1 replication. 
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highest yields in many seasons. Trable 2. Yields of hybrid rices, their high.yielding parents, 

In WS, increasing N application rate inmedium- and selected IR varieties at 3 N levels on an irrigated farm. 
IRR I, 1986 WS.

maturing rices resulted in yield decline (Fig;. 4). In 

the early-maturing rices, maximum yield was YelrO It/ha) 

attained by IR64 (5.0 t ha) with 8Xkg N Entry N N 6 k 1 kNo N 60 kg 120 kg 

N/ha N/ha 

NAITII) III RI'FORM.A NCF OF MIM[R) RIC'I: 
IR54752A/IR19392.211.1 2.5 3.5 2.9 

!r.,l~J /)cnert,'zcl 1R46830A!IR13292-5-? 3.1 4.4 4.2 

IR46830A/IR50H 2.8 3.8 4.1 

IRRI. \it/ogei respo/nse. In 1986 )S, six hybrid IR46828/lFi 13524-21-2-3-3- 3.1 4.5 4.7 
2-2

rices front IRRI and their high-yieldig parents IR46830A/IR13524-21-2-3- 2.9 4.4 4.5 
were tested at three N rtes. Two other hybrid rices 3-2-2 

frorn cooperating countries and three check Cln- IF54752B 2.9 3.3 3.4 
IR46830B 2.8 4.0 4.1

ti\,1.rs were lso R,6828B 2.7 3.04lud, 2 2 
--.\mong the test cices, IR2 1845-90-3,X R 19392 I119392-211-1 3.3 3.9 3.9 

211-I yielded the IIdghI-t wilh 7.3 I ha at 75 ki, IR13292-5-3 2.6 3.3 3.0 
NT1R 13524-21-2-3-3-2-2 3.3 3.7 4.0

N ha (Fable I). Anmot the cheek varicis. I ,, 11OR 3.2 3.2 3.4 

yielded the hig-hest with 6.6 1 ha at 1 50 ke N ha IP64 (check) 2.9 3.6 4.3 

Without applied N, hybrid rices IR21 X45-9}- IR58 (check) 2.J 3.9 4.0 

1k1939?- 01128150-84-3-3-2 (check) 2.8 3.4 3.4
AR29512-8i-2-1 and lR2lX-15-)0-.\ 

211 -I yielded more thait 5.0 t ha. Thcir yields were are compare 2 N means for the same or different varieties, 

statisticalhv similar to those of IR21845-90-3A LSD (.05) 
:= 0.7 t/ha. To compare 2 \,ariety means at the 

sam.e N level, LSD z 0.6 t/ha. CV = 8% for N and 9% for 
1144422-480-2-3-3, IR218451,. IR29512-S1-2-1. Va,Cy,.. 

IR 19392-21 I-I, and IR50}. 
With 75 kg N ha, opitil-1011 yield was obtaincd 

Ior hybrid rices ,nd Check varieties. Four high.- IR46830A/I R5) yieled the highest with 6.6 
yielditg IR parenit gave optintum yields, while the t/ ha when spaced at 20 X 20 cm (Table 3). Except 
remaining five gave no significant inci ease with N for IR46830A/ IR50 and IR21845-90-3A/ IR4422
application. Wei on 64, danaged by brown 480-2-3-3, all hybrid rices yielded similarly at any 
planthopper. and V2013. inlected with tllinro virus plant spacing. 
WIV), gave low viel,., lhe vield of I1R50 decreased with an increase in 

In WS. IR46830Alj IR5)R was retained and four plant spacing: that of IR64 declined only when 
hybrids were replaced with new entries. IR58, planted 30 X 30 cm apart. IR21845-90-3A/ 
IRK, and 1R28 150-84-3-3-2 were included as I, 19392-211-I, ahybrid that yielded highestin the 
checks. N fertilizer was lower thaln it I)S. N response trial, had a high percentage of sterile 

Without N fertili,'er, yields of, two lhbrids aid grains and heiec low yields at all planting densities. 
three high-yield iitg parents wvcrc higher than that of It WS, three hybrid rices, their high-yielding 
any check variety or line (Table 2). parents, aid check variety IP,64 were evaluated at 4 

At 60 kg N. la, IR46828, IR 13524-21-2-3-3- plait spacings with N at 60 kg/ha. 
2-2 and the same hybrids that yielded highly A 20- X 20-cn spacing appeared to be optimum 
without N yielded half a toi more tilan the check for the high-yielding entries. 11463A/I R50OR 
varieties and their parents. Increasing N to 12) yieldcd 4.3 t! ha, as did I1,64 (Table 4) The yield of 
kgi ha did not significantly increase yield. Sterile both rices declined, however, at wider spacing. 
particles of IR54752AlIR 19392-211 -I caused its Among the high-yielding parents, IR19392
low 'ield. 211-I yielded high at all plant spacings. Wider 

Plant slacing It 1986 I)S, seven hybrid rices plant spacing significantly reduced the yield of 
and three check varicties were tested at four I1,46830B and IR19392-21 1-1. IR54752A/IR50R 
plantingdensities. N fertilitc.,was applied at 150kg and 1R54752A/II,( 193'12-211-1 had a high per-
N/ ha. centage of sterile particles. 

http:ti\,1.rs
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Table 3. Yields of hybeid rices and select.,d IR varieties with 150 k-1 N/ha at 4 plant spacings on an 
1986 DS. 

Entry 

IR46830A/IRSO 
IH21845-90-3A/IR29512-81-2-1 
IR21845-90-3A/IR 19392-211 -1b 
IR21845-90-3A/IR20933-68-21.1.2 
1R21845-90-3A/IR14753-120-3 
1R21845-90-3A/IR4422.480-2-3.3 
IR21845-90.3A/IR54R 

IR64 (check) 
IR54R (check) 
IR50 (check) 

Mean 

a Av of 3 replications. In a row, means followetLby a common letter are not significantly dilferont at the 5% level by 
DMRT. CV - 12% for variety ar. 5% for spocing. High percentage of sterile grains. 

Table 4. Yields of hybrid rices and their parents with 60 kg N/ha at 4 plant spacings on an irrigated farm. IRRI, 1986 WS. 

Entry 

IR4683OAilRSOR 
1R54752A!/R50R 
IR54752A!R19392-211-1 
IR46830B 
IR54752B 
IR54R 
IR19392-211-1 
IR50R 
IR64 (check) 

aAv of 3 

irrigated farm. IRRI, 

Yielda (t/ha) 
-- ...--- ..------- -___ ______... 

20 X 20 cm 20 X 25 cm 25 X 25 cm 30 X 30 cm Mean 

6.6 a 5.9 b 5.9 b 5.1 c 5.9 
5.9 a 5.7 ah 5.4 b 5.5 ab 5.6 
3.5 a 3.8 a 3.6 a 3.5 a 3.6 
5.2 a 5.5 a 5.1 a 5.1 a 5.2 
4.7 a 4.7 a 4.8 a 4.8 a 4.7 
5.5 ab 5.7 a 5.2 bc 5.0 c 5.3 
6.4 a 6.2 ab 5.9 b 6.1 ao 6.1 
6.2 a 6.0 a 6.2 a 5.5 b 6.0 
5.7 a 5.4 a 5.7 a 5.3 a 5.5 
6.0 a 5.3 U 5.4 b 4.8 c 5.4 
5.6 5.4 5.3 5.1 

Yield' (t/ha) 
....... 
 .- ----- -20 X 20cm 20X 25cm 25 X 25cm 30X 30cm Mean 

4.3 a 3.8 b 3.9 b 3.6 b 3.9
4.2 a 4.1 a 4.1 a 4.0 a .1.1 
4,0 a 4.1 a 3.9 a 4.0 a 4.0
3.9 a 3.9 a 3.7 aS 3.4 b 3.7
3.5 a 3.5 , 3.4 a 3.3 a 3.4 
3.9 a 3.9 a 3.9 a 3.7 a 3.8
4.3 a 4.2 aS 4.1 at 3.9 b 4.1
3.6 a 3.6 a 3.6 a 3.4 a 3.5
4.3 a 4.0 aS 3.8 b 3.7 b 3.9 

the 5% level by
replIcations. In a row, means followed by a common letter are not significantly different at 

DMRT.CV =6% for variety and 5% for spacing. 

Maligaya. The potential yield of 13 hybrids was 
compared with those of 5check cultivars in Nueva 
Eeija, Philippines. In DS. NPK was apolied at 
150-26-50 kg/ha. Most hybrids produced o.0 t/ha 
or more (Table 5). Two very promising ones, 
IR54752A/ IRI 92-211- I, and IR54752A.i 
IR29723-143-3-2-I, yielded morethan 7.0t/ha, but 
this was not significantly different from the highest 
yield among the check varieties (6.5 t/ha). With the 
exception of Wei You 64, the hybrids showed 
varying degrees of sterility. The sterility rating for 
IRRI-dcveloped hybrids ranged from 5 to 14(. 
Sterility varied widely within individual hybrids 
(CV = 94C. ): h,-ncc the sterility rating among 
hybrids did not vary significantly, 
InWS,only 6 of the 13 hybrids tested earlier 

were retained. N application was reduced to 90 kg 

N ha, while P and K rates were maintained. The 
highest yield w'is obtained from the check cultivar 
IR28150-84-3-3-2. Among the hybrids, only 
1R54752A/IR54R and IR54752A/ R.14753-120-3 
gave comparably high yields of about 5.0 t/ ha. 

[I 

OlF VARI:I I WS 

YAI 1FRI-f), 

Aroiiomp l 

MANCE ANDNI)RO(GIIN RIESPONSE 
AND BREEDI!N( I.NF S 

miJ'pain 

Irrigated rice. The yield performance of promising 
breeding lines was compared with that of the 
outstanding check varieties at four N levels in a 
farmer's field; ive N levels werccompared at IRRI; 
and six N levels were tested at three Philippine 
Bureau of Plant Industry (BPI) stations. N rates 
were higher during DS than during WS. 
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Table 5. Yield of hybrid rices and check varieties. Maligaya Rice Research and Training Center, Mufioz, Nueva Ecija, 
Philippines, 1986. 

Grain yielda (t/ha) Duration Visual 
Cditivar .............------ (DAS)b sterility ratingc 

DS WS (%) 

WVeiYou 64 	 6.4 3.2 98 0 
IR-.,J830A/IR50 	 6.6 3.2 108 14 
IR46830A/IR9761-19-1 	 6.5 - 116 9 
IR54752A/IR54R 	 6.6 5.2 123 4 
IR54752A/IR29512-ts1-2-1 	 5.8 - 128 14 
IR54752A/IR19392-211-1 	 7.2 3.6 123 8 
'R54752A/IR20933-68-21-1-2 5.7 - 120 	 14 
IR54752A/IR 14753.120.3 	 6.4 4.8 128 13 
IR54752A/IR 15847-215-2-1 4.2 -- 130 	 6 
IR54752A/IR4422-480-2-3-3 6.3 3.6 133 	 14 
IR54752A/IR 13146-243-2-3 4.6 - 133 	 5 
IR54752A/IR29723-143-3-2-1 7.4 - 130 	 12 
1R46830A/IR29723-143-3-2-1 6.8 - 112 	 12 
IR58 (check) 	 5.7 3.3 112 0 
IR36 (check) 	 6.2 2.8 112 0 
IR54 (check) 	 6.1 5.2 116 0 
IR64 (check) 	 6.5 3.8 116 0 
IR28150-84-3-3-2 (check) 	 5.5 5.4 128 0 

LSD (.05) 1.6 0.6 	 11 

aN at 150 kg/ha during DS and 90 kg/ha during WS, with 26 kg P and 50 kg K/ha. CV 16% in DS and 9% In WS. bDAS 

d after seeding. CAv of 3 replications. CV - 94%. 

IRRI.In l)S, 11R64 yielded thc highest (7.21 ha) 3-3-3. 1132429-122-3-I-2, 1R32453-20-3-2-2, and 
at 120 kg N ha atmonp the 28 test rices ( ig.5). IR39385-124-3-3-2-3) increased even at the highest 
Without N application. IR328,0-92-2-2-3 out- N level. Most of the cultivarsgave maximum yields 
yielded the other test rices. Yields of five promising with . ) or 120 kg N. Increasing the N rate further 
breeding lines (I R28228-12-3-1-1-2,2I110 1868-64-2- resulted in a decline or ,cvcling off of yield 

, 	 1J;! . - ] ~ . Aii,."! ,; .... 	 - 7.: 	 ........... 7,, .........
 
0m 	 '
-03 -- -	 - 3 - I 5165-4-3-3-3 

! 	 0 P ')0'.j 3-2.. ,I*ttS lb 	 [ I CA[ 


'36 n R-4-- 	 i R ,30 V2-16-1-3 
' 11F13 642- u 

33? 

fZA I.,; 

O oo 90 !50 O 60 ~t-120 150 O 03 90 20 51 I GO902 F!TJ2 512 	 9 


2 	 A ,F', F
 

A pi)PA'" F)) F
 

i.ct"
5,-edo aL, IR I,19 6 )S
A-A-LL----I
 
0 60 90 120 50 60 90 120 150 0 60 90 120 150 0 G0 90 120 150 

NaIpplied lkg/ho) 

5. Yield ohg ices at -5 N rates. Ik I I 196 D S. 



Groainyeld rt 	 response. Ii i IR. sevcre RTV infecton caused loNv 
yieIlds. [Ihe traiditionail Vart-Cy P'etit was oulyielded 

/Vlines, at all N Ic,, s.<is -ngth*bV 111 , IIIi dCl'll ",,iiritCis and p i.Yiisig breCCling

/ ihtil,WS,WS strwitis ditli Os'rii phill
ConlsRidurZhl redUCedL IC t CIn -k' ile 2,8: test 

ice,. I R 3,3(059-2-?--" e-dic highest yield of 4.7 
t ha iilh 30 ke N Lia (I-i. (r) and, along with 
IR2X228-I 2-1-Il-1-2 and I1R32307-107-3.-2-2, 

* ....... .	 showed 
 the best vick' pcrlrr liic,. IIP.S, 11.20, 
v G.; 3 3 2+0, 	 IR42, and Petta 'were ad.hrscs allmcied bv virus

.2.2 I. .' .	 disease,, hence the crratic iuld itsprtuse t \;tryingIII 

o L..... ....... . . . .. . .. 	 N
-	 leVelsJ 

--...- - .... 	 .. Ih v,,aY'r w/ . li 1986 I)s. IR42 \Iveded the 
highest.. 0.2 1 li) a. phors \\ith nol N letiljcr. 
"xCept i u IRS. , lih Ca\,e the lIr\,, t vield, the 

,,"' :- other test ices \ ielocl 4.011 iiim iuoc I Fable 6) 
With N :ipplica.'it , the hiuhct yields were from 
the prIisiriv icedirie lijics 11.2,5, 1504-3-3-2 ;ird 

II( 297.1311-3-2-I. \ hich had mit Idcd the other 

te..lt ices iII the sain e Ik)Mi 1,'5 S). Illtw\ver, 
''ieluhs I9N6. .... .	 rrbtainiih ii 9 I \,,ors k\Iver than tliose.In? st +,, .- [ . . . .. 1H N5 . 

In W ), ilie purnijrii-credinge line IRP2
143-3-2-1., %hich had mntyichdlithe other test rices 

i II tC s.i licld itliii the 1984 and 1985 
,-of)inIt ,. gaC the hrielih",l yicd at all N levels 

L~ 	 1)723-

IIPie. 7). lic ,ami line ASrr pCrIrMiCd \Well at a 
[-i IIe d Site. \1;i\iniiirII yields, lIoweser. sere. hisser_ 
thlii Ilhose ptnioriisl+5 I)bscrxed. 

"''"" " Illl .%atioll.s. \t theIalieisa Rice Research 
V.. ,, I t . 1 and Trailiing (1Cc tci (M IP.I() Ii Nueva Icita..1 

eloped ric 
. :, 0 ' 96,) i)() inctreasing N applicatiot rate II Ds (Fig. 5). 

of 17 11RRI-dch s rcsponded p,.stis ely to 

, .,, 	 I R29723-143-3-2-1 and I R3'45 -20-3-2-2 

6).Yicht (,I icI at N a . IRR1. I r Ws. proditced tilrie than 8.01 hi. W hen N lertilizer 

Table 6. Yields of IR v;arioties and promising breeding lines at 4 N levels in in irrigated farmn 's field. Cahuyao, Laguna, 
Philippines, 1986 DS. 

Grain yiriI'+ (t/ha)DuiationV altiety III lii Mt'. 
No N 50 kq N/ha 100 kt N/ho 150 kg N/ha

. . . ... . . .. 

IME 	 134 3.9 6.3 5.2 6.6
 
IH36 112 4.0 5.2 5.6 6.5
 
IR42 	 122 5.2 5.3 6.2 6.8 
IR64 119 4.5 6.0 6.5 6.8 
IR28150-84-3-3-2 128 4.8 6.4 7.4 8.2 
IR29723-143-3-2-1 142 5.0 6.8 7.2 7.1 
IR32843-92.2-2-3 119 4.5 6,0 	 6.9 6.6 
IR35293.] 25-3.2.3 119 4.0 5.7 5.9 6.8 
JAv of 3 replications. CV for varluty 7%. LSD (.05) 0.7 tiha. 
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Grain yield (t/ha)
6 

F €4*,2 

2 

120dO
/ ,'O120H) 1?)J0 ,WicO 

(kgha)
ci.pohed 

, l held I. illia,
7. Yield il m ', i', in i in ii..mimd Ia ,1iii/ ('ahuuu.-c,,1. N r e d alaihlic I 


P'hilppines,.
1H \\ .
 

Groin yield (fhu) 

7V 

6-

3 ~ 1 R 
4,3 12-2 

2C3 A~i~ffj 64P-3i._ 

8oT . ......... I L
 
Z0 l 1'fi(-,u;3.2 

-

6

5K 

1 14297 3 ,13-- -I 

R B - 64 pIhN) gll-i 
* R 2 appn 1 12. )

-1-- 10-0--!--I I 
0 60 90 120 150 180 0 GO 90 120 150 180 

N iuai 'Nc(I kg / iku 

8: Yieild ul u-ces at 0 N rates. NMaligmo~ Rit.C. Ru-cucl andu Ii uaiuuiug(Culr (MI R VC). 
Nuevau Fuiia Iuilippmeus. IMi) I)SN' 
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reproductive phase. None of the test rices yielded 
more than 4.0 t ha. Rat damage, LS,and bacterial 
hlight (BB)infection also ctrihuted to low yields 
iarly-natunrine rices. 

In 11icol durring D". insufficient water supply 
sCriouslh alfCctCd the gramiyiCl of the early
mat urine rices. The mediunin- to late-matuiri ne" 
rices, howcer, had better yields even without 
applied N. Yields o1 1R28224-3-2-3-2, IR29723-88-
2-3-3, and1I 32453-2)-3-2-2 \were hiehlv promising 
with low N application (Fig. 10). Viral inflct1ons, 
which had reached CnlcdiC proportions in itiol 

it alR - - - , 11R42,-I,.64 . a n d e v - ectta niag edvaIc S< - - - n- the tra- d-itii-ria l 

variet \I t. 
Ia ,VS. N application he,wntd 10ku ha reduced 

yield in most riccs. IR41996-50-2-1-3 gav e the 
highestictd of5.21 ha(FI g. II). IR39323-IS2-2-

I+-_-.-. it90 kg 


N hia lso-, i,1\i~hz.l.c tlu +.h a, \an
c 5.0)t 


kas infcted with II .
 
Ns in BiCeIi. sliorliol t
water c it lie rlproCuctivC 

phase \is a plioleln i 1 )S in t he VisavaS. Rice e 
ViClds wurececnCuall iih ,kci thanhoseon thc RRI/ 

diat Nikk I(IP, -,aI2i. I1<.)307-107-3-2-2 
';.is oirtstrrtdirig ill ICd rpcrloritiancc, rll'dlCi 
0.6 t hat kv ]h;i.at (,)( N 

Ir\,., !R'1123-1X2-2-3-3-2 .ICdcd the highest 
(5.1 t hil). Iti the no-N plot,, this line. along ,ith 
IR.,--12-3-I-I-?. prudticcd more 4.(1 itthti ha 
(Fig. 13). Stemr hor nt.",tatiotl wasknoted allioig 
tile rit.cs.carly-llaturill 

Rainfed rice. /I I?/. 'tieds of 4 Vrfftics a.id.; 
linCs ranrgCd iroi 2.3 to 4.4t ha,and notic showed 
a respotise to N. IR39323-182-2-3-3-2 yielded 
marginrally hi lehr thiathe chec'. varicty 1R64. 
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IR32307-107-3-2-2 was a promising rainfed 
variety, vielding the highest (4.4 , ha) at 91) kg 
N ha. 

[ ' '..fic hlie highest yield 5.u t , i<',/# '. ,I" w;'4 
obtaiLd 1ron IR29723-143-3-2-1 at 80 kg N ha 
IVie. 7). ' [his fine, aloing with IIR46 and the 
hced ing liie IR39323-182-2-3-3-2. prod trced iore 

-
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thall 4.0 t iha in the no-N plots. IR39323-!82-2-3- Table 7. Rice seedling height at 3 d after broadcast seed.3-2 likewise performed well at all N levels. ing in pots. IRRI, 1986 DS. 

Seedling height (mm)
A(iRONOMI ('lAR.\ II RItII(IS ANI) Y ItIDS )F 

Variety or line; 
No N 75 kg N/ha 150 kg N/ha

I O( ) ASt I 11 ) II 1 ) R 
-

I.-,'ro~ l~lo/ ,)c/)aut/,idu IR36 45.8 a 35.4 a 19.6 bc 
IR42 27.8 d 31.6 ab 16.0 cIn 1980 )S, the agrotiolnic characleristics and IR58 33.8 bcd 25.8 bc 14.0 cIR64yields of bI'oaIdcI.S( seeded.Ilooded, 34.6 bc 24.2 c 16.6 cand tl,,- IR29723.1433.2-1 28.G cd 14.8 d 24.6 ab
 

planted rices wcrC ,:oip;ircd. Pot 
 studies were IR32429-47.3-.22 35.2 b 31.4 ab 30.0acotduicted to dCIerinell seedlinle growilh cliarac
telistics ol the entries. 

l,,IoI' thie6 test rices, 113 c'I ieddnetisI . ndI
hence \\as tale:,, at 3 d alter .\lr ccdi ug (lI),<,I). Without N fertilizer, yields of broadcast seededseedling cer.ence. IR58 and IR_123-143-3-2-1 rices. except for lI29723-143-3-2-1, were either 
showed tilefIstetl ,eed Ii i1uwMth, while IR-12 and sinilar to or better than that of transplanted riceIR32429-47-3--2-2 .ere ,lowest (1iW. I14with or (lahle 8). Application of 150 kg N, ha was favor
without applied N. SCedli,., at 3 I)AS \%,L'Lc able to the grain yield production of most transsigtilicanitly shtellmi( I1S kg N h;lOman at lno planted rices. 
N (Iahle 7). Anottg the broadcaIst seeded cultivar:s, lI164II the ield, tuieu seed di,tribUtion lrinc cosistently yielded high at all N rates. 11R64 andbroaldcast s1,Medie, bird anod I'M dalmage, anodll Cit l1(30 had higher lodging resistance when tratnsof prwgerniated seds colt ri hited to incnm- planted tham when broadcast see(ed. In contrast,sistelcies in relating plant densityIto gr0ain .ield or IR42 and IR29723-143-3-2-1 \v.'resusceptible tovield components, lodging, perhaps because of their tall stature. 

Plinrt t),,qhl ( Itm ) 

too L 

50 

300 
F- / F 

--,h 

03 C; 9 12 15 ) 3 6 9 12 15 0 3 6 9 12 15 

!jaysutter seding
II. ('i lti,.iiC- h .I hhie,,ts ,t'ded 1ntld iceIT .arioii, N lttiliation tates. Pot cxpeinrittl, IRRI, 1986 )S. 

http:IR32429-47.3-.22
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Table 8. Grain yield of transplanted and broadcast seeded flooded rice as affected by 3 N rates. IRRI, 1986 DS. 

Crop Grain yield," (t/ha) 
e sta b lishm e nt . . .. . . .. .. . . . . . . . . ... . .. . ... .. . 

method IR36 IR42 IR58 IR64 MF29723-143-3-2-1 IR32429-47-3-2-2 

No nitrogeln 

Transplanted 4.0 b 4.5 a 3.3 b 4.6 a 4.8 a 4.4 a
 

Broadcast seeded 4.5 a 4.8 a 4.0 a 5.0 a 3.9 b 4.3 a
 

75 kg N/ha 
Transplznted 5.7 a 6.8 a 5.4 a 6.1 b 6.7 a 6.4 a
 
Broadcast seeded 5,4 a 5. b 5.7 a 6.5 a 6.5 a 6.4 a
 

150 kg N/ha 

Transplantec 7.A a 6.8 0 6.6 a 7.0 a 7.3 a 6.6 a 
Broadcast seeded 6.3 b 5.8 b 6.4 a 7.1 a C, b 5.8 b 

a In a column, at the saMe N rate, means followed by a common letter are not significantly different at the 5% level by 
DMRIT 

SIMII, I ION 01 RIACGlR\WI I ANDI Dry weight (Kha) 

l~l~stt <Tdet~c Jr isnN'et SP&UIII 

I V 01II Ap armn 3 0 0I 

2 -

Crop growth simulation nodels integrate knowl- 2 

edge of'plant processes such as photosynthesis, ___ 4 
respiration., and tfiarspiration and tile impact of '.. L 0 _L 

weather hailcs oenthese processes. 1... 
A sianulaontion model. I.0RIC(.. was developed - 

for rice at Ih (enter li Ar l hillo ical R8search, 6 

Wageningcn, lie Net herlands. I .()R I('I- SiIulltCS 

the growth alnd developucnt of irrigatd rice with Q01 2t 

no nutritional sit Pest prohicnils. (hrow lil is ilflccit:d O 4l _ 1 . A - . OTL - -I

by light and tclprIrtL . [l iModel wasirriiproved 30 1e 'O 90 110 10 30 50 70 90 110 130 
0ay ofler seed-ri,by chililgilig some1C pl;lllt pilrlnerCrs 1111d flnctionlS 

based on experinental results. o veri tily n'thcrsll, 15. Siiul;attd M l and cspclirntal () drv ,ighrs ol tieobtaneddilici cnn phlit paris tif I154 nr;tlitpI;iinlc ;ir 25 d tilrer settling.
tile dif- RH. 1t86. a ied dry weights ofexperim entally ob IRRIL 19W6 

ferent plant parts of lIZ54 wcre compared \ith 
sirimulated valics. I R54 w\as giowil sil i wctlaind site 

at IRRI i 1984 1)S arid lcrtili/cd with 60-30-3) kg (-ig. 10). iitlated yield trends were similar to 

NPK li;. (hose of long.-terml rice garden experiments at 

iodel sensitivity \\ as 'csled hy siniulaling 1R54 iRlR . 
yield at diflercnt trarsplailiigr dales, using 7 \r Sinlutlation rt2sults suggest the possibility of 

(1979-86) of IR RI weither data oil idiatiorl and using tile tniodel to predict rice growtl ald produc

temperaturc folr i wetland site. liton at'diflerent tihmes off the year. [Ho\veer. sirrce 

In general, sinulhted valies wo.re 1catelr thlil soime plant parameters and functions of the miodel 

tlecx perimental v\llics, btl difflerencces were srial were adapted for IR54 grown at IRRI and prob

(Fig. 15). Actuarl arid silrrilated griirn yields were ably su pplied with instfficienlt N, eXtripolaliOll to 

5.8 and 6.3 t, ha. lhe iniidel predicted lighust other sites should be done with Litutitoni. A - ersion 

yields whenI rice is transplanted duling tt first 60 d ol'tlis llodel that incorporates soil water balance is 

of the ye at, and wlowest being inilptoved to siuilate rice growth ai(d devyields wien tra nsp liited 

durilg the third and fourli quarter., of tlhe year elopruerit tinder rainled csonditions. 
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Seedling growth is relatedl to yielid Potential and Nl , ) -- -
Seedling 

hybrids. 
tolerance o'm v riols Stresses In F rice 
One of the ilnportant fa'Ictors affectling 

seedling growth isembhrvo weight, which is highly-
variable within a cultivar. [actors affecting enibrvo 
weight were exa.mlned to learn whether it can be 
used is a stable varietal characteristic. 

riatiolhn inl enlil'o weighl, [inbrvo weight
varied significantly, depending oil the p( 'ition of'. 
the spikelet on the panicle. In Nona Bokra,spikelets having larger em bryos were located on 
the tipper part of the pa nicle; in IR64, these 
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Table 9. Embryo weight of IR58, IR64, and Pokkali from the panicles of one hill. IRRI, 1986. 

IR58 
 IR64 
 Poklcli
 
'Panic le no . ---- . . . . .----.. . .
 

Seeds/panicIt Av weight (rng) Seeds/paniclea 
Av weight (mrge Seeds/paniclea Av weight (mg)

of embryo of embryo of embryo 
per panicle per panicle 	 por panicle 

1 67 0.39 136 0.42 67 0.49 
2 46 0.41 85 0.42 109 0.49 
3 88 0.42 97 0.46 121 0.49
4 70 0.44 85 0.43 64 0.53 
5 66 0.40 77 0.42 102 0.47
6 61 0.42 118 0.44 68 0.40
7 53 0.46 74 0.40 49 0.47 
8 59 0.46 64 0.44 112 0.47 
9 48 0.45 56 0.39 52 0.48 

10 46 0.39 68 0.38 92 0.41
11 69 0.44 38 0.41 31 0.63 
12 60 0.44 37 0.39 27 0.41 
13 65 0.44 35 0.40 15 0.33
14 54 0.47 29 0.39
15 46 0.46 17 0.35 
16 43 0.39 
17 42 0.40 
18 39 0.38
 
19 24 
 0.42
 
20 21 0.43
 

Av 	 0.43 0.42 0.44 

aIncludes only filled train. 

spikel:, were ,oitthe lower paitof tilep;i!icle 6-1 01i higher V;lIUe than control material (Table 
(F 1 7).1l eC ;i\Crl,L'e -IrI1tivo w\eigIht aIlso lowod 10, I I). 
hielhler \'Cieon paUlicles trn on lll Iiruunt N ieriiliation was olijito have no eltect on 
(Table 9). enrhrvo weiiht. Howc\cr, materials grown at 

In inotlir CxpeCiueilt, the cItt A "cud'11tt 12 extreiely hiuhltemperatlrt.es, is !11a glasSlroLisC,per~ce gClont.le;illmol \ %C11- i le 1[ 	 1tp %a\.'C\iIIIIel and thosets 11! stored for a lont titlc had smaller
m1ale sterile ltlerial arnd artil call\ I hineCd Cilhr\os. 
panicles. In hoth CeNcinwieltr, he cblirYo welt 

sorrlof Seelsd e.\tie.tiel\ lowI ' eM eC,liCLI sliir\tL I 
Table 11. Effect of removal of spikelets on the embryo 

a
and entlosper,ii weight of IR64. IRRI, 1986. 

Table 10. Difference in embryo and endosperm weight Av Embryo E ndospermn
between isogenif:mialesterile line and fertileline of rt'maini,,i eigh weirht 
IR54753." IRRI. 1986. spikeletsl---------------- .... 

panicle ng "I", Y2(i
Enrrb ry o Endo sper n S ee d Sp ik ele ts U pp e r. . . . . . . . . . . . 

Variety weih[lt weight setting (no.) Upper 2 spikelets 
(f g) Omg%) ob, erved No tfhinning 82 0.28 16.0 

Thinned 2 0.30 (107) 16.9 (106) 
IR54753P 0.33 (110) 10.8 (97) 4 83 Upper 5 spikelets 
(male sterileline) 	 No thininig 82 0,32 16.4
 

Thinned 
 5 0.34 (106) 17.2 (105) 
IR54753B 0.30 19.3 73 317 aUpper 2 and 5 spik'ifets connted frurn the toomost rachis
(fertile line) of the panicle were used for tacit deterninatton. In 

... ......... . ........ ... ..... .. thinned plots, other sltikelets reiovedw ere by scissors.Figures irt tparenthieses show relative ,alue to fertile line Figures in rtarernthesus show relative value to no-thintrng 
as 100. plot as I00. 

http:temperatlrt.es
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Thus seeds from a limited number of panicles or 
from a certain panicle cannot be used as an 
indicator of the average embryo weight of a given 
cultivar. At least lit0 seeds' randomly selected from 
more than I hill are necessarv if the sa ruple mean is 
to be within 5"1 of the true value. 

Intervarietal variation in embryo weight. The 
embryo weight of 200 seeds of 154 cultivars from 3___ 
groups of rice indica, japonica, and javanica 
were examined. In general, indica rices had smaller 
embr\os than Javanicas and japonicas (Table 12). 
Most of the japonicas with larger enbryos are the 
tines adapted to cool rcuions. StL inLg that 
crvo weieht may he related to seedling cold 
tolerance. W\ithin each group of rice cultivars, there 
is little correlation hctwccn \1 andCil rvweieht 
endosperm weight (idliea. r . 0.5: j.aponia, 

0.50: javanica. r 0.5) hmocvcr, a hieher 

correlation ,ats obscrved wher all 3 groups were 
c o rr e la te d ( l g . I8 ). 

t )mryo(1FNt 1 1 L '( RI1 Y .\Nl) A ' 1101 ) ] R 

P RIt'YI V RI tI (I 1 I I \'.VAR 

Plan l hsi/i u )s'prI4 

When a cultivar is propagatcd, certain agronomic 
earacteristics roust be iiainlained. Often, how-

technique to determine the genetic purity of seeds 
of a rice cultivar and a purification method are 
essential for physiological work. 

The variability in seedling growth in a cultivar is 
related to differences in embrvo weight (Fig. 19). 

rO)m gh! mg 
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ei m8 ) 

18. Pl.,Iation hetween embryo v\cight and endosperm weight of 
different groups of rice cui ars. IR R I, IS6. 

,, 
[ 

ever, a rice culti ar grown in a certain cnvironmenti / I / 
shows all ecotype differeni from that of the originml
 
ctiltivar. The reason or he difference in;v be
 
genetic impnritv of the or,,inal seeds. The existig top
 
level of' seed Imrnpurity mlay- be acceptable or even
 
favorable for practical use in 1ar-mers' fields ind for m,,y....
 
breeders: bill for physiological and genetic wkork .
 

this genetic impuritv often becomes ia haiard itt
 
identifying responsible physiological Chlialaclris

ties and in analy/ing their inheriluincir. 

Table 12. Average embryo and endosperm 
cultivars from 3 groups. IRRI, 1386. 

Enrries Finbryo 
Cultivar group (no. weight 

(0 

Indica 103 0.40 
Japonica 42 0.61 
Javanica 9 0.53 

Av 154 0.47 

:\ suitable 

1t)
 

weight of rice 

Endoserrn 
weight 
rn), 

16.77 
20.22 
20.83 

17.93 

0 16 020 024 028 032 0 36 010 

LeI.iY mi) 
0 32 0 52 0 7? 092 112 132 152 

1-1,,dl~ng frPvh Ne:jht (i) 

1). isirihuiiion cti\e ol scu'dling mciglt and ciiihi yo weight of 
IR($O. IRRI. 1t)6. 



The embryo weight of seeds harvested from one hill 
grown from one seed showed a normal distribution 
pattern (Fig. 20). This pattern indicates genetically 
fixed and pure seed. On the other hand, an 
irregular or mltimodal distribution pattern of 
embryo weight or seedling weight indicates genetic 
impurity of seed, i.e., thle cultIiar IScomposed Of' 
several variants (Fig. 21). The embryo weight 
distribution pattern of 1R8 seeds obtained from the 
International Rice Germplasin Ccntcr and the 
IRRI Plant Breeding Department varied (Fig. 22). 
Because of the more frequent cultivation by the 
H1ant Hreeding Department, thecre is a strongI 

Frequency 

80-

60 	 I 

40 - 40 

20 	 V 
o 2 
15 20 25 30 	 35 40 15 

Embryo . eiqgt 

20. Ifcqumncy distribution ol 
rtt the pmniclcs oI one hill. IR RI. 
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Lmbryo igeht(rng) 

22. lrnbryo,weigt distributi ,OI tetis CL lRS oltaiirIed Ifromn 

Interniational Rice (6criplasin (Cente.and IRR I Plant BreedingDepartnment, )(l
 

possibility that on,: variant having a smaller 

embryo is lost because of some special selection 
pres::ure such as RTV. 

To determine if this irregular distribution 

pattern is related to genetic impurity, seedlings 
obtained from different peaks of the seedling 
distribution curve were transplanted to the field, 
and heading time was observed. Materials 

obtained fron different peaks clearly showed 
different heading periods (Fig. 23). When early and 
late variants obtained from IPR4 after a one-time 
purification were grown in the field, marked 
differences in yield and yield components were 
observed (Table 13). The cultivar tnat showed a 
relatively smooth normal seedling distribution 

pattern showed almost the same heading time, even 
when the seedlings were taken from various peaks. 

The purified seeds obtained from one plant from 
each peak uIsurally showed a normal distribution 
curve. In some cases, however, the seedling 
distribution crrve of purified material still showed 
two or three peaks, indicating that the material was 

S 050 075 Tn~ 12.5 , ,,segregating. Seedlings from two peaks of lR64 had 

S,ding tireh w,ght (q) different heading tiries. 

21. Distribition curve fseedling weight ofIR64. IRRI, 1986. Breeders ulsually observe several qualitative and 
V= variant, morphological characteristics such as heading 
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time, grain type, and leaf color to determine the 
genetic purity of a variety. Seed purity can be 
improved remarkahly by introducing one ClUanti-
tative characteristic such as seedling weight. The 
seedling weight distribution pattern can be used as 
a conveniect indicator of the genelic pur::y of rice 
seeds, and purification by using the seedling weight 
distribution curve can be useful. 

Plants (no 
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2.1. L l,1he12,laV li 

Yield components and yields of 2 variants of IR64. IRRI, 1986 VVS. 

Panicles SpikeletsV ra (no. Spikelets Ripened 1 000-grain Yield Total Harvest) (no./pmice) (no. x 10 /mi ({rains weight -......... index
 

Table 13. 

Early 340 68.8 
Late 423 61.9 

aUnder these growing conditions: spacing: 

with 40 kg N/ha topdressed at 20 DBH, 
'ariant. Plant height at harvest was 88.2 cm 
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ANAIYSIS OF PHYSIO.OGICAL FACTORS IN YIELD 
IMPROVFMENIT 

Plant Phisiologr Department 

One of the most critical factois for the analysis of 
yield improvement and modeling is a reliable 
database of energy balance and organ differentia
tion. Therefore, database collection depending on 
improved techniques has been initiated using 
selected recent IR cultivars. 

Critical growth analysis of selected IR cultivars. 
A field experiment was conducted in 1986 DS to 

t h eI,, gr"';h't-r lI_IC of rec en t 1K 
~~~~cultivars i fcU efrcn 1 
"-_decline ' cultivasin RRI fields. le were somlanlaged tha t flowerIing occurredl shIIUltaneCOUsly 

and heading period was comparable among 

varieties. 

Most cultivars lodged at early ripening because 
of heavy rainfall. Peta, IR42. and I?8 wereattacked by I4TV at later growth stages. 

The cal area of the early-niaturing 1R3242947
3-2-2 and the mediunl-maturIr-g 1164 developedrapidly hut declined drastically before heading 
(Fig. 24). Transplanted late, these cultivars 
benefited more at the early vegetative phase from 
higher solar rad iation and temperature. On the 
other hand, IR29723-141-3-2-1 and Peta, both 
late-mat tin rig. showed mue gradual development

the assimilatihg aiea ipto heading. 
-iThetotal N absorbed bv the l[4cultivars,

particularly IR29723-1433-7" !,increased up.to 
maturity, while that of Peta decreased after 
heading (Fig. 25).

he tota l d ry,weight ofl"173 24 29 47-3-2 -2, anear!y-rnaturing cultivar, increased sharply up to 

maturity. Those of the ither cultivars started to
level off toward matturity. Total dry matter produc

dry weight 
(%) (g) g/m 2 

% g/m Ind 

23.4 78.6 25.8 473.1 100 856 0.44 
26.2 83.4 26.5 577.9 122 1028 0.41 

)30 X 10 cm (33.3 hills/in ; fertilization: 60-40-40 kg NPK/ha applied basal 
tranplantirng: 14 Aug; heading. 17 Oct for early variant and 22 Oct for late
for the early variant and 95,6 cm for the late variant. 



-- --------

GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 25 

Lerfareaindex 

Ft 
, ' 

I * ID2?. 5 A-7- - -2 ,J
 

7 IR64 mecedi, \ b 
* 'R29723 -143 -3 2-1,ot 

0 Peto 1-,re


P - 
_______-----

Ar May Jun Jul 

Dte of sampling 

rlClIOrIM 1 Lltiar;I[S a. IRR!, 1986
24. I.C~llile r 01c It CL. nd I 


Dl' 

N uptake (gm 
2) 

...-..--
..-

T R32429-47-3-2-3, early
 

R64 medum 

* R297?3-14-3-2- t 

' P31c0 ,tOte
 

15-


~(3clh-l~10.. 

10
 

5
 
" - . . , ... 

... '"'. r ...
* U* -I, 

0 41- I ia[ ___0 


0 30 60 90 120 150 


Days after transplanting 

25. N uptake of IR cultivars and Peta. IRI. 1986 DS. 

tion was highest in Peta, followed closely by 
IR29723-143-3-2-1 (Table 14). 

While the crop growth rate (CGR) of most 

cultivars tested declined before heading, that of 
1R29723-143-3-2-1 increased continuously up to 
heading and then declined (Fig. 26). The ceiling 
CGR of 25 g!cm2 per d was almost the same for 
IR64, IR29723-143-3-2-1, and Peta. 

Table 14. Grain yield, total ory weight, and harvest index 

of selected IR cultivars and Pete. IRRI, 1986 DS. 

Grain Total Haes 
Hares 

Variety or line yielda dry weight indexb 
(g/m 2 ) (g/m 2 ) 

IR58 456 1400 0.33
 

IR32429-47-3-2-2 618 1470 0.42
 

IR36 432 1200 0.36
 

IR35293-135-3-2-3 611 1420 0.43
 
I). 322 0/2IR64 1470 


Peta 225 1910 0.12
 

IR21820-154-3-2-2-3 639 1520 0.42
 

IR8 394 1620 0.24
 

1580 0.32
 

IR 29 7 2 3-14 3-3 -2 -1 7 3 9 18 0 0 0 .4 1
 
IR42 514 


At 0% moisture. bGrain yield on dry weight basis divided 
by total dry weight. 

CGR )gAn2 perd) 
30
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26. Crop growt I. e (('(; R) of I It cultivars and Peta. I R RI, 

1980 I)S. 
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Although the bionmass accumulation pattern wNas location of the photosynthates in the sheath and
similar in the late cultivars Peta and IR29723-143- culm to the panicle.
3-2-I, the panicle weight of R29723-143-3-2-l was IR29723-143-3-2-1 gave the best yield
higher (Fig. 27). The hiheglir paiicle weight of '840g/m 2 

of 
(Table 15), mainly because of high

IR29723-113-3-2-I can he attributed to morc spikelet numbcr per inland better grain filling.
assimilation iher heading and more eflcient tralus- 1I<32429-47-3-2-2 and IR64 yielded best aniong the 

Carl' and mediin ctiltiva rs. respteclivly, lhe 
unusuall, lok yields of IRX.1R42, and Pila can bePry ... .. attributed o R'V daig "at late " tr,th stages. 

S,+ [..lie haivesz index od' most normally grown1.3.': ..
2

,cultivars ranud lrin 0.41 to 0.43 regardless of 
q, 

S " ....... ... 
ii 

::: Growth performanice of IRZ58 and .1164 at three: IRRI sites. ligher %ari;ibility in growth 

0019 I:'P"" ,glowth duratiOt . 

was 

- r
obscrved ailllong the experimental fields e IRRI. 

Toaassess the eftects of soil fertility on the vrowth 
and Yield of a cultivar, I Z58 and IZRt4 were grown 

1000 .-I in 1986 D.S at three IR RI location under similar"...ivorablc
k" nMUagern 'nt. The gtoil and. yield ofVboth cultivars showed wide vatriation almong the 
three sites, even though the same faivorable 

. ! agrouoinic managcmett was adopted (T[able 16). 
. Yield and drv i ather production were highest at 

site B and lowest at 109. lighest ((;IR was 
olscr\Cd at B, especially in earlier growth stages• ./ (Ilg. 28). N up~take wits hiluher at 13th~an aItM 

(aag. 29). although N content in the tissues was at0 , .... asi 1:'ilarlevrel.1.,\ ,tan la e into mlor.e spike-Ihll' l,[Ftllll 

c,..,
"",, lets for hoth cultivars at B,which may be partly
,,t tv I
27. it'. , l lIhlc ,,nhIucu u t1 i.a v~ atlributed to hC low fertility of N and 109 

adld I IiL't - hlr \,,Ict 1R2)72l.B"-t2i. IRR collpa, 20 with that of Hi (lable 17). Tlt,, arkedlust I)S 
 variatiou in productivity among sites complicates 

Table 15, Yield and yiold components of solected IR cultivars and Pota at 150 kg N/ha. IRRI, 1986 DS. 

Growth Grain 
FlnicVariety or line (urationr yiel' !(Vit (/rn iPanichsSpikelets Spikelets FilndI ( )iYel(no./panicie) (thousand/m 1W, 0.rain 

(d) ) g)rains weight
(n./1%) (g)


IR58c 
 102 520 cd (330 53 33.6 59.7 22.7tH32429-47-3-22c 109 700 b 595 68 40.4 66.6 23.0 
IM36 490 c 605 52 31.3 64.3 21.4

110 
1R35293-135"3-2.3c 119 700 br 470 76 35.5 75.4 22.8IR64C 112 710 1) 490 63 31.0 78.2 25.7
Peta 280 113 31.5 33.0 21.6

145 260 e 
IR21820-t54-3-2-2-3c 129 730 h 470 88 41.2 73.6 21.1IR8d 420 72 30.2 50.2 26.0

126 450 d 
IR42d 134 590 c 505 92 '16.4 60.5 18.5IR29723-143.3+2-1 134 840 a 440 95 41.9 76.0 23.2 
At 14% imolsturo. hSamples dried zt 70 'C for 7 d. CLodgoed on 19 MW. "'AttackedbV RTV beginning 22 Apr. 

http:1R35293-135"3-2.3c
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Table 16. Nitrogen uptake, yield, and yield components of IR58 and IR64. IRRI, 1986 DS. 

Total Spikeluts Fertility 
2

Site N uptake (thousand/rn ) (%)
2

(g/rn ) 

8-10 19.0 

M-11 18.0 
109 
109 

B-10 18.5 
B-40 
M-1 1 15. R 

109 

o ( "m
2 )Ory Aeig 

CGR (g/m
2 oer d) 

- . --

2000 200 

1000 i 0u 

! 
O . 

2H. (il ,i ,lm t 'a V'.%,- wdi '(i o]-l{ W f ,.1 

I lIR R I locaions. I19-SO1), [ail. 

\1 21 Fll, 10) IW.1Ii II 


indical i , lle'Ntti . IIi l\ ,,,tl'hl 'fltcl 


IR58 

41.0 86.6 
33.6 59.7 
28.5 76.8 

29.0 70.4 

IR64 

38.4 86.7 
33.1 81.1 
31.0 78.2 
30.0 82.3 

Solar r ylo - (MJ,( 

2 

A 

, , r --• 


..... .f 


,mid o*lij Ii t i ll 11}vilq 

I
,

til l_'-t , 11,i I- I'h 

h,' l ' 1 S j-;'lne 

l .lr , 

the cxalualtiot. ,t the ul tovl chtrIarictiicrsbO o rice 

cultivars. There is a ncd to dc'vol an agronomlc 

nanagenient techniqueo wlcrChv the vield of a 
cultivar at diltelit locations will ho coiparahll or 

to assess the potcntial of ditllrCnt location- lot 

\,ild and dry matter production lo o usod as 

baseline information for growth analysis. 

1,000-grain Yield Total 
weight (g) (g/m2 ) dry matter 

(g/m ) 

20.5 810 1560 
22.7 5;0 1400 

1200
22.4 490 


22.9 532 1290 

2n.4 960 1790 
24.2 740 

25.7 709 1470 
25.6 684 1470 

2 
N uptake (9/r ) 

10 

---7M plot 

pIlot P6 
0---0rdpot8 r.O, y 

R6
 

0~ ----------------- BPo 

0 30 930 
rl ,p(r*f( 

29. N iliptakc ol l1I58 anod 110U4 at dillecent 

196'' S. I i rahplanntihrg ;lateN: IR5timid IiR(4 

IR5,; and I kM in MIplt It6 lh 

IRRI locations, 
i It plot --6 Fch, 

Relation between growth duration and yield of 

IR cultivars. 1he relation between growth duration 

and yield ol IR cultivars was analyzed usilg the 

rosults of' growth analysis of IR ctiltivars. Corn

parison tI the growth o ctiltivars having different 

120 
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Table 17. Soil analysis from the IRRI Soils Department.a 

Site Total N 

B-10 (old lowlardl 0.22-0.24 

M-11 (old lowlaid) 
 0.20 
109 (new lowland) 0.15 

Optimum level 
 >0.20 

Soil depth: R-10 > M-11 > 109. 

growth dturations showed higher total biomass 
........ ........
a- tiv.r . Ih dhte oilier and,grain yields showed less variahility. The total N 

uptake through growth increased ill proportion to 
growth duration under low N conditions. -low
ever, it hardly chaged among clihtvars of different 
growth duratiots inIder high N conditions 
(Fig. 30). Therefore, (or ealyv cultivals the Cfhi-
ciency of dry Illatter production pet absorbed N 
was lower. Farlv cultiars can produce relatively 
higher spikeh.t numhvr it ,pite lofImxr dry matter 
acctl lilt)lattn. Ftrthermore, tile ,CcttltlttlatiOll of 
carbolhydrate in" the sieaths and culmlls of early 
ctltivars is ihmitcd (Fig. 31. 32). while photo-
syilthetic activity during riing can h ml 
tained at a high if:clbecause of high N content 
during ripcning. ()ften, the pholosvttthctic rate tofill the sink capacity ofl arly-nttng cttlth ars is 

.lj, j. 

2000 
.
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/._..-. 


1000"' 

/1/; 
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/. 


-,.,)-
0 ,) 

30. Rcltitusltip hc,.en total dr, matiler producti and tt al
N uptake ol IR sulnarsttth
diflerent grtt)slh durations. IRRI,I'986mI)S. 

IRRI, 1986. 

Organic C pH Available P 
(ppm) 

2.1 5.8-5.9 15
1.7 5.7-6.2 10
1.4 6.3 13 

>2 5.5-6.5 >10 

Dry wegh (g/2) 

8 10()
 

600 

i.' , 
. , v 

400 -

I
 

20 -) ., ( 

52429 

,,CT
 

o t...
 0...0.1.0 
 20 
ik,) C,) Ho o 90 W 110 120 

i-ieut
( irqt1,J!:'j( ,q ofter tronsp+anting) 

tliOn 
L-0Ittp1 tlll0 varitices and lcta. IR I1,1986 I)S. Y(" 

.11.Rclalm qnslupbVItocn 1r,0'otl rth and grain-lilling
nf IR 

,heath aind ,iln), 'r plmttto rtthelicactiv'ity durin g ripetting.. t . tI Ilansltc.tirol oit Carhoh fromtt
rAiles leaves.
 

stufficient, and reacountllation of carbohydrates is 
observed in sheaths and culms at maturity.

Yield is (etermined hy the summation of photo
synthetic activity during ripening (Pr) and trans
lcatiton of carbohydrates from sheaths and culms 
(Ts+c) and from Ileaves (I) (Fig. 31) Tie TI ofmost cultivars is less and almost constant. Ts+c is 
always Iiigher and Pr lower in late-maturing
cultivars.,Iepcnding on the contribution of Pr and 

s--c, the yield of cultivars of different growthdurations varies. Under high N conditions, early

[matt ring culliars hiad higher Pr and lower Ts+c,
while late-mattring cultivars showed lower Pr andhigher Ts-f-c. Consequently, yield was almost 

http:0.22-0.24
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Dry weight lg/m 2) planted in January (Fig. 33, 34). The biomass 
produced was also high with December planting. 

50 hgN,, 4 --N/hi] The maximum total dry weights obtained from the 
Boe 1T,ce ..' 12 plantings were 12.8 t/ha from IR58 and 

15.2 t/ha from IR64. 

I ooI Table 18. Comparison of yield and yield components of 
R • 1 96;early- and late-maturing IR cultivars at 2 N levels. IRRI, 

1986. 
1 Growth Yield (g/m) at 

FR ? i C u ltiva r du ratio n .... 

400 M (d) 40kg N/ha 150 kg N/haa 

4 IR58 100 620 848 (137)
IR64 110 714 954 (134) 
IR21845 130 747 797 (107) 
IR29512-11-2-1 130 808 888 (110) 

SN ur r lrs i i ., ,ntheses rar porcontigo increase over 

r4613 30 r 40-kg value. 

0 C 1""i 

32. Relationilii bi'k+c'I n pLIim h dulimionl andll plnflll-tihg ,"f ,'A) T[A 

coniponint,,it diltiici N lc~clk. IRI IE1. I )S. v i r" 

constant in cultivars with diflrcent growth dura- r , " 

tions. Varictal charactcristics such as higher ability 
to develop sink, highcr partitioning of' carbo
hydrate It) grain rorn cuin, and higher photo- a 1 0 4 j F M AM.J 

synthesis during ripening have stronger effects than Tronsprlnhramonth 

growth duration uiTlr favorable fcrtilization 33. 10t.11 dry matter (TI)M) production and grain yield (Y) of
 

conditions. Jnder low N, however, tle ,'eld of I R58 nd 114kith diflerent transplanting months and no N.
 

late-maturing ecultivars tended to be higher because IRRI. I980
 

of higher sink capacity and higher Us+c (Fig. 32),
 
and the yield decline of' early-naturing culiivalS I M :Ind Y g/m z)
 

was higher than that of' late-mnatiring Cullivars
 
when N was rcduced (Table 18).
 

Effect of' temperature oni growth and yield. A 1 

monthly phint ing test lt IR RI Cvaluated the effect . , / 
of temperature oin the growth of I Z58 and 1R64. 
E'very 20th of the nonth, 20-d-old seedlings of both . P64 _ . 
varieties were transplanted at 20- X 20-cn spacing," 
with ind without 120 kg N/Iha. 

Without N, IR58 yielded 5 /ha or more when 
planted in December or April. IR64 showed o - - -J ,- , N D- F M 4, M J 

similar yields when planted in Dcember or March. Tronspnt, monh 

With 120 kg N/ha, IR58 gave the highest grain 3. T)O and Yol IR59 and Imw with dillrcittransplanting 

yield when planted in December, and 1R64 when motiths and 121 kg N ha. IRRI, 1996. 
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The yield difference between fertilized and non- Y/DM 
fertilized plots was high in the January and July 07 

transplantings (Fig. 35). The ratio of yield to total 06 IRJ 
dry matter production decreased after the January 05 ,** " 
transplanting and sharply decreased at the May 05 ..-. 

transplanting (Fig. 36). A high negative correlation 04 
was observed between grain yield and average 03 
temperature from transplanting to panicle initia
tion (TI) (Fig. 37), although dry weight at heading 02__ 
was positively related to TI. Spikelet differentia- J- A S ...... 0.. ...J N D J F M A M j
tion may thus be negatively related to temperature Trcnspraning month 
at particlte initi ation even in tropical conditions, 36. Change it grain yield per total dry matter production 
becautse in curly-niattiring cultivars the effect of (Y I) N ) of 1108Rnd lIR64 with transplanting month. IRRI, 
ripening on yield is less and yield is highly related 195b. 
to spikelel numher. Thits, the higher spikelet 

nulmnber with lower lcnipe raltttics arounld paniclc mG,yield i(/ro)
 
initiation could be one of the major causes of
 
higher yield in )S crops,
 
Nqe
 

L~t< R-012 

050
 

0 d ; S 0 0
1 r jJ 2- M A, .1 . -4I 1 I I l 

Trriv fur, j ron, rN 0 24 25 2G 27 28 29 30 
N applicatiotn on grain yield of 

1164 ;n difetcen! transplanting 
35. Niscc... IR.'8 and Av ". from tronsp4ning o psiileinifia.c,,, 0C) 

mont h,. I R R I, 1985-86. 37. Relation tie\teen griain vield and average temperature front 

ol IN,,h ,e.tiveness .ertiliation transplanting to paticle initiation in IR64 with 12(0 kg N hi.I 
I at IRRI. 1986. 

Table 19. Varietal ditlerences in N absorption of short-duration varieties and lines at different growth stages. IRRI, 1986 
DS. 

N absorbed (g/io ) at
Sink Yield ........ .Variety or lWr } lg/m 2 )ig/in Active Maximum Flowering Maturity 

tillering tillering 

IR36 787 708 1.4 2.6 9.9 12.6 
IR25588.7-3-1 787 661 1.6 3.2 10.4 13.2 
IR25261-135-1-1 823 694 2.0 4 4 11.9 14.4 
IR29658-69-2.1-2 801 705 1.5 2.8 10.0 12.4 
IR29692.94-2.1-3 742 651 1.4 2.5 9.7 11.3
IR29725.109-1-2-1 738 633 1.3 2.6 9.9 12.6 
IR31868-64-2-3-3-3 756 675 1.3 2.5 9.8 12.5 
IR32419-81-2-3-3 726 635 1.2 2.1 9.2 11.6 
IR32429.47-3-2 738 652 1.3 2.2 9.8 12.0 
IR32429.122.31- 2 725 .... 654 1.5 2.6 10.0 12.4 
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VARIETAL DIFFERENCES IN NITROGEN RESPONSE The amount of N in plants at flowering under 0 
WIlH SPECIAL REFERENCETO GROWII N and 90 kg N/ha were correlated with growth 
DURATION duration (r =-0.736** and r = 0.734**). The 
Plant t'hysiohgy lDeljrt'jnt amount of N at flowering was also correlated with 

the amount of sink and the yield (Fig. 38). 

The optimum growth duration for sink size andForty-five varieties and advanced lines grouped as 

very short (<! 10 d), short (111-120 d), nedillum yield was observed at 125 d (Fig. 39). Ikcwise, the 

(121-130 d), and long (>130 d) growth duration highest contribution of plant N at flowering to the 

were planted in 196 )S at 2N levels 0 and 90 kg sink and the ild was observed at 125 d growth 

N/Iha (60 kg basal + 30 kg topdressed at panicle duration (Fig. 40). 
was shorter than theinitiation) to studv varietal differences in N \Vhen growth duration 

absorption and the contibution of p!ant N to yield opimuinm, the yield decreased because of small 

and yield components, with special reference to amouts of differentiated sink caused by low 

amounts of plant N at the laie-stage spikeletgrowth duration. 
initiation. The lower yield of short-durationVarietal differences in N absorption ability were 

observed lip to tuaxinunt tillcring, it in sub- varieties was also caused by the low contribution of 

sequnil growth stagesthey wercdifficult to identify 	 plant N at flowering to sink flormation where 

panicle initiation of*very short-duration varieties(Table 19). 
occurred before the maximum tiller number stage. 
The contribution of N absorbed after panicle 

5, , e q+f, initiation to the ditercntiation of sink is small, and 
l0- N absorbed after panicle initiation contributed to 

,0934" A numberpanicle formation only by decreasing tile 

A of degenerated spikelets.
8,65 ,, 

6(0) I ,rVH) yVeld(gimn 
2 
) mnksize (,/1

2 ) 

, - - -8oA . . . . . 800 

00V 700 
c V Vill-120 

'100 1 121-lY 

3(y) GOO1 60 • 

500 .\" 50c) 

Yield (gin,?) 
),1 	 4001000 

:O,)2t* 	 300 300 
y 522W 6) 	 C It.,,t14.16 


8- 1000) 

t~oil 

n 	 7700 Q , ,, 

300
400-- 0 VA AOP 	 t 

W f (I " .1 	 0100 110 1'0 1!0 140 15) 10 110 120 130 140 150 

GFO' (JI tiofln (d) 

38. Rehtionship bcmecen sinik sil/or yicM and them ini of N 
in the p an t ltoweing hi varietieswith dillerent gi.v :h 39. Rclatunship hcmcen gi n yid oi sink sim and growth 
duramtions. IRRI. 1986 1)S, dttion. IRRI, 1986 I)S. 
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Sinksize/N obsorbed (j/q) 

140[~ ~~ ~ ~ ~ ~~~~-
-00 , 4.14X- rK,...... 

, 


of20 

8c) 

- ,----------plants
Cr 100 1'0 141 


,. Ut(drfl5 

41. Rc'lant.iu tip hli,cci the cii Ulion ilN il inlk Imn;t-
lioniand V'Imill, dutalitiIRRI. iqSt, 

When glo,, th duration wais longer than the 
oplinu, the y ,elcddecrasedbecause ofa shortlage 
of sink as a reiult of ;aliti number of degenerated 
spikelets. [he percentage of degenlerated spikelets 
was correlated with go,,th duration (r - 0.X59** ).
In this case, plants have a large amount of N at 
flo'riiigndi ld 'CililUi of differentiated siiik 
with ',rclati\Cly large a111out of dcccratd sink 
attllributd to dlccrease of Nill the laiinac Iroln the 
late staige of spikelt initiation totiowering 
(lable 20). Fihe losv contiibutiOll Of plat N t 
flocrint, to the yield And to thC aidnMit Of Sill,of 
long-duration varictics i, cawiscd lw spikelct 
dcgcliation. 


PIYSIOlOGICAl. ASPECTS OF INCREASING YIELD1............................
OF SI lORP,-tD; R ATI )NVA R I1-HIlIS 

.iol
PhjI' 'rIl larlment 

Six entries (I05-d mat urity) of panicle numhertype
a'nd intere diate tylpc v,crc planted in 1986 DS 

udr2 N levels (0 anld 120 kg2N hia [90 kg bajsal +
30 kg top')d rcs sed and 3sp)acings (20 X10 cm, 20 Xc 

cim, and 20 031cm) to delrmIine tI,effects on
\'ield, yiekd CllnponICntS, and N use eficiency. 

Narros, spacing promoted N absorption and 
tillering at carly growth stages and Clabhled the 

to reach hlieImlaximumtilllr number stageearlier (Fig. 41 ). With1amrro\ spacing, both panicle
number typc and iniermcdiate type varieties had a 

vegetative lag phasc. Ilow,'cicr, itovgCetative lag
phase v ic,ia 1; l'ts i lh iviio ilal widecon aind 

spac in e.
 

I he carliness or lateness of the inaxiuiUm tiller 
ilnilbcr istage in ielation to panicle initiation makes 
the differcnce in "icld, yied ci nponents, and Nuse 
If-icinc. Nairrow spacin incr.ascd N absorption, 
ield, alld sink ill boII paniMle nuibCr tVpe and

iliterlnediatc type vaiisIC at both Cro aInd high N. 
lhic
amount of N at flowering was correlated with 

the vield and sink (l-ig. 42). However, a higher
amioUlll of Sink w-is obtained in the intermediate 
lype varieties (Table 21). 

Intermediate tpc varieti s have a higher per
c.ctllage olsink legencration than panicle number 
type \aricties. A higher percentagc of sink de
gencration is noted at iarrow spacing, bill these 
values are too small to offset the anount of sink. 

rable 20, Yield and yield compoilnts ot selectud varietios and lines. IRRI, 1986 DS. 

or line 
V ie Growthrliedfaor 

(iirrny(iratior 
N conternlotllltl; l 

ol lamina) arsink 
flov)rinq C% 

Yield 

QI/In) 

Sink 

10 1%) 

PotentialtoeriSiee 
size 

() 

Spikelel 

degeneration 

IR58 
IR1973b-5-3-2-1 
1125588-7-3.1 
IR36 
IR29262-65-2-3-3 
IR64 
IR24632-34-2 
IR28228-96.3.2.1-3 
IR28224-3-2-3.2 
IR29723-88.2.3.3 
IR31836.46-1-3-I 
IR36892163-1-2-2-1 
IR29723143-3-2-1 

106 
107 
110 
111 
111 
117 
117 
122 
126 
133 
133 
139 
139 

2.64 
2.88 
2.58 
2.51 
2.44 
2.14 
2.16 
2.03 
2.20 
1.85 
1.82 
1.72 
1.82 

572 
673 
661 
708 
678 
750 
677 
759 
812 
692 
-89 
678 
798 

623 
761 
787 
787 
785 
804 
814 
885 
910 
788 
803 
816 
919 

791 
944 

1117 
1049 
1029 
1036 
1165 
1193 
1215 
1273 
1239 
1285 
1477 

22 1 
19.4 
29.6 
25.0 
23.7 
22.4 
30.1 
25.8 
25.1 
38.1 
35.2 
36.5 
37.8 
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For increasing the alount of sink for short- Panicle number type varieties have a higher 
duration varietiLeS, it is ilnportaf it to increase the percentage of ripencd grains. Narrow spacing does 
amount of diffe.ntiated sink by increasing N not decrease the percntage of ripened grains 
absorption at carly growth stages, despite the increasing anount of sink. 

Regarding the contribution ot plant N at lower
ing to yield and sink, liilihcr Nclheicucv' is obtained 

'l A ~ ~~1200-ruo -0/58"', y:.ix 
r 

,;5 NO?,y*', S • 

?0 I 
-. ,vl Q)+,'13',p~q1,A 3 , 

~V:0' . . ... 
i 0:(8 ,+' 'tt,'iF352DO-0 3 7'X+141 

Yield (c."rn ) 

, 
.. . ... . .. ..- '-072.t' y .2 B943W ,1( 

SLY)CXYII0 M a 

60 T11[Ovn v v V g _ v' zO764-4Y):28X +395,o::0651 Y.373X+353 
... 0 t 0763 : : 21x+ 433 

TH11I- Ds L 

D75 P[ iiiatinl. Ihml(vcliioi '9S(6I 1(25558-7-3 I. 86 I t' cark ititili in Wli t Mal Iuit,l cili lpwlanai . 8tH, 

Table 21. Effect of spacing and N level on the yield, sink size, cntribution of N at fowerin i to yield and sink formati i, 
and rpe-ning of short-duration lies (105-..sink d "enerationl, varieties and maturi+yt.,' RH I, 1986 OS. 

GIc i Yield Sink s e Yw!I5lN at Sink:N Sink teget' - h ipening 
1

(IIn' ) (/ n') flo' 'ing at llowerincg ration h%) (%) 
Treatnent . 

l)N I PN I PN I PN I PNj I N I 

Spacing 1:n) 
20'. 10 822 865 905 10,18 65.7 61.4 72.4 79.1 6.7 11.6 91.0 83.0 
20 x 20 7,12 131 831 901 61.8 60.3 69.3 73.9 5.5 9.8 89.7 82.0 
20 x 30 696 611 791 837 52.5 51.0 65.4 72.2 4.7 84 89.0 80.3 

N l.vel (k!/ha) 
0 676 703 762 836 70.2 618.9 76.8 80.9 5.8 10.5 91.0 83.7 

120 814 810 923 1023 b3.6 514.7 61.0 69.1 5.5 9.5 88.0 79.3 

PN •panicle nun buer typtu IH58, I164, M160), I Intermeiliatu tvne (1G3167-4, IR2558B-7-3-1, 11129692-65-2-3.3). 
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in a no-N plot with narrow spacing. Tile lower N 
efficiency in a higher-N plot is caused by top-
dressing at the panicle initiation stage, arid the 
higher N efficiency in , narrow-spacing plot Is 
explained by tileoccurrence of panicle initiation 
after the m ax im u m tiller n um ber stage. Th e co n-
tribution to sink formation of N absorbed after 
panicle initiation is small compared with that of N 
absorbed before panicle initiation, 

(RAIN FI.LING IN RIC_ AS AIFtI'[II)BY SIZI 

AN) ILOCAIlI)N OF SO(R('F NI) SINK 

Plant Ihysiology Departmet 

The grain size of rice is plhysically restricted by the
 
hull and is considered as the most-stable yield
 
component. However, single grain weight can vary 

greatly within i a plant and among cultivars. 
Increasing kerinel density can increase its weight 
and enhance potential vield. High density grain,; 
also increase milling and head rice rccovery. Ana 
understanding of the factors that cause spikeles to 
fill to their maxin capacity and density may 
help in increasing the proportion of heavy grains. 

FxperimentS using IR58 studied the distribution 
of heavy grains on the panicle and the f';ctors 
affectiig this distribution, evaluated the relation-
ship of leaf size and position to grain filling and tile 
competition for assimilates amiong spikelets, and 
investigated tile effect of sink siue and position on 
grain filling. 

Source size and position. To determine the 'ole 
of leaf position and source size on grain filling and 
the distribution of heavy grains in the panicle, the 
following treatments were imposed on the main 
culm at flowering: control, all leaves removed 
except the flag leaf', flag leaf and 2d leaf remaining, 
4th leaf removed, flag leaf removed, flag leaf and 
2d leaf removed, and all leaves removed, 

Grain yieht. With only the flag leaf and 2d leaf', 
grain yield was similar to that of intact plants 
(Table 22). Removal of the two leaves 1rom tiletop 
or from tilebottom resulted in almost the same 
residual leaf area, but yield was lower with removal 
of the top two leaves. These results indicate the 
greater influence of the source nearer the sink 
(panicle) than those further down. Removing the 
flag leaf alone or in combination with other leaves 

Table 22. Effect of source size and position on the grain 
yield of 1R58. IRRI, 1986. 

Leaf Grain weight
 
Treatment area
 

(cm'/pla't mg/plant As percent 
...leaves atta...... .183... .
 
Only flag leaf attached 183 17791,440 100Al leaves attached 40 81 

Flag leaf and 2d 90 1720 97 

leaf attached
 
4th leaf removed 142 1997 112
 
Flag leaf removeo 143 1547 87
 
Flag leaf and 2d 93 1189 67
 

leaf removed
 
All leaves ;emovd 0 1013 57
 

LSD (0.05) 217.5
 

reduced grain yield. Total defoliation resulted in 
tile greatcst reduction in grain yield. 

Removal of the 4th leaf, i.e. retaining the 
to, ihiee leaves, in,:reascd grain yield, indicating 
a negative assioi!zi,n late ol'the 4th leaf, probably 
hecaUsc of senescence o: eonlp:'titiol for assi
nilates. 

l'hc three top leavus appeared to be the major 
sources oiassimilates for grain filling. The flag leaf 
and the 2d leaf showed important roles iii grain 
filling.The 3d leaf may translocate tip or down and 
may have less effect on grain filling. 

Ih'a,'i' grains. Grains differ in weight and 
density. Heavy grains (>22 mg/grain) constituted 
the largest number in control and treated plants 
(Fable 23) except in 2 treatments. When the flag 
leaf and 2d leaf were removed or when all leaves 
were rcmoved, most grains weighed <16 mg. 
The total grain weight was significantly cor

related with the number of heavy grains 
(r = 0.953**). 

Removal of the flag leaf and subsequent leaves 
increased empty spikelets and poor grains, but 
removing tile 4th leaf increased heavy grains and 
decreased light grains. Removal of leaves below the 
2d leaf showed a pattern of grain weights similar to 
that of tileintact plant. 

l.ocation of' tiavy grains. Heavy or well-filled 
grains were generally f'ound on the primary 
branches (Fig. 43). The grains on the secondary 
branches weighed less than those on the primary 
branches. The grains on secondary branches in the 
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Table 23. Effect of size and position of source on the number of giains of different grajdes in IR58. 19R1, 1986. 

Grain; I'o.) at weight n'twrvals of 
----.-

'Treatm ent 
-22 mg 21.9-20.0 mg 19.9-18.0 mg 17.9-16.0 mg <16 mg 

4.1 10.424.6 13.,All leaves attached 35.6 
6.9 3.9 23.4

Only flag leaf attached 29.3 21.6 
9.3

Flag leaf and 2d leaf attached 34.0 25.7 12.5 L-.5 
4.4 4.3

4th leaf removed 48.1 27.9 10.2 
3.5 23.4

Flag leaf removed 32.3 22.9 6.4 
32.3Flag leaf and 2d leaf removed 17.5 21.5 4.2 4.4 


All leaves removed 11.3 13.8 5.3 3.1 52.2
 

8.3ns ns nsLSD (0.05) 13.6 

upper part of the panicle were hcavicr than those in N:ver:heless. the number of heavy grains and their
 

tile ihution on the paicle were similar to when the
lower part. The diffCicnces in fieal grain weigltl dist 


at various positions within the paillcle ,cgnerally flag I-af was' removed, which left 143 cm2 of leaf
 

follow the order of'iossrie. area (tVig. 4l4). When tileassimilate was limited,
 
by,,'tedUCo0 in leaf area or reloval of theRemoval of leaves helow Ihe llaleaf wcdtcd either 

leaf area by 78111 and cit a 411-cm2 leaf irca. most at.tie lea), the same. spikelets that are
thL 

haS 'Vvcre the ones thai were well filled.cencrall 
(irains ol secondaiv riclis and oiltilelowcr 

part of the pailt;e wereV orly filed., [here Was Ilk 
applitsassimilaites toindication that the flag Ilaf 

lanyspecific branch of the pankcl. 

the flag leaf or tie 4th leal gave thel "Removing 
same ICsiduial leaf.Ifca. I I owo. er.ul'l 1ovalof tile 

4th leaf increaseld 0ile blel!r onof heMa'y g'raIIS 

' .. "r branchCs and ternminial spilelets of 

"" scconldary branches (Fig. 44). 

When twot ca,el fril the hottolIl or the top 

.were removed, tie rtdtlclo illo leaf area was 

-,. , ., - .similar, but removal of the top leaves had more 

",adverse effCcts on ithCiiumnber of heasv grains 

A (Fig. 44). The flag l.af is generally important in 

prod ucing heavy grains a.well as in grain filling. 

' leaf area is not critical, hut tileactivity and 

location of leaves are Important. Spikelet filling 

Iw ' ot related o tile.distio ldiesnce n. 
low ~ filt( was limited byWhen suIpply Of assimiilates 

,-'":53 defoliation, spikelets of upper panicle branchles, 

which were also tile spikclets that [loweredl first, 

19-i-i9became22mg stronger sinks than tile lower branches in 

11the pani cle. Th r differ-_nices in." <_, mg r o ioal 

grain weight within a waunicle. 

Sink size and position. Io study grain filling in 
ofgiain l tit il relation to sink size and relative position (in the 

with all leavcs intact (Icat arca 1:3 ciii ).I R M , 1986.Ro ii 
43. I.ocation f kc t .vcilghts iila paicle of' 1 S<h 

rnanipeulated by removing
hiit ltiiictAls iiidicaic pIlrile, 5ink size was 

branch iuibihls, anunlicrals iidicate 
spikelets at fiowering (Table 24).

spikelct iii1nhet . 
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Spikelet weight. Renloval of terminal spikelets greater in primary branch spikelets than inreduced total spikelet weight but increased the se:ondary branch spikelets. Also, there was anaverage wcight of spikelets (Table 24). Removal of indication of competition for carbohydrate amongspikelcts ol the secondary branches considerably spikelets on the primary and secondary branches in
increased single :;pikclet kcight, while I-emoval of the control.spikelets on the primary branches did not, suggest- Removal of some spikelets from the panicleing that the capacity to accUllUlate carbohydrate is increased the weight of the remaining spikelets, 

Flag leaf Only flog leaf 4th leafremoved attached removed 

... 

7:-£ N.., 
 . I"
-' 

K'1 
, % | 

Number of heavy 

grains (shaded) 332 29 48 

Leaf area : 143 cm 2 
40 142 

3d and 4tn leaf Flag leaf and 2d leaf All leavesremoved removed removed 

•: 	 ( ~ , 'o-, 2 / 
1 t 

.V.... ' 1 V ' 
.00-' 

Number of heavy

groins (shadel) : 34 
 18 
Leaf area : Ocm 2 

93 	
11 

0 

44. I'lcct (i sic iid po(slinlj I soilce Oeal) cin luclion ot Itic best filled grains. IRRI, 1986. 
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Table 24. Effect of reduction in spikelet number per panicle on total spikelet weight and average weight per spikelet of 
IR58. IRRI, 1986. 

Spikelets Total spikelet weight Av spikeletTreatmenta .. . . . . . . . .. weight 

no./panicle As percent mg As percent (mg) 
of control of control 

Control 98.2 0 1741 0 a 17.7 d 
Terminal spikelets removed 64.0 36 1247 28 cd 19.5 b 
Spikelets on primary branch removed 37.2 63 682 61 f 18.2 cd 
Spikelets on secondary branch rLmoved 45.5 54 954 45 e 21.0 a 
Branch I removed 81.5 18 1490 14 b 18.3 bcd 
Branches I and I removed 58.6 41 1101 37 de 18.9 bc 
Branch VIII removed 81.5 18 1516 13 b 18.7 bc 
Branches VII and VIII removed 73.9 26 1404 19 bc 18.8 bc 

aPrimary branch I is the topnost and VIII Is the lowest on a panicle. 

implying that in intact plants grain weight is less branch may have a greater capacity to accumulate 
than the potential w'i'ht. IncreaseS in individual carbohydrate than thos, on secondary branches in 
spikelet weixghlts did not coipensate for tie loss in terns of weight and density of grains. 
number of spikelets. Location f grains of i/'lh'rrem wehts. Gen

l)itnzcnsionIs an(th',.iri IgraO/1.%. llcasygrains erally, the 5th and 6th spikelcts on primary 
(>.22) rg) had the largest grain ;.and kernel size in all branc' s were heavy and gradually became lighter 
dimensions ncasured ( Fable 25). Iightweight tow, . flie top. except for the terminal spikelet
grains hlId smaller dimensiuns, indicating that the (Fig. 43). However, tie terminal spikelets on the 
size of tile spikelel contribiles to tile final grain secondary branches were always heavier than those 
weighl. The si/e of theInhull is deternined before of lower ones. When terminal spikelets were 
heading: when It is small, ,ie physical limitation removed, the proportion olheavy grains increased, 
prevents tle kernel 'l'llir developing ftl her. Thie and they were oin the primary branches (Fig. 45). 
spikclet length it heading is highly correlated with Removal of one branch from the top or bottom 
the I,)00-kernel weight. Weilght per grain was reduced spikelet lLnmber by 18%(",but production 
closely correlated with l11 size. Within a pariicle, if 'cavy grains (lid not significantly differ between 
the large kerr!C arc those f'ron large hulls or treatments (Fig. 45,. 
spikelets. The p: odtLclieli of large spikelets may be The rliniber of heavy grains was iiot signif
related to their position oil tie panicle and in turn icantly d iffe; ent from the control when two 
to thc vascular bundle supplying tie snikelets. branches Ironl the t'p or beortt were removed. 

Primary branclis had more high density grains The differential ability of spikelcts to accimIrlate 
(sp gr >I.20). lhus, the spikclcts,si the prilary carbohvd rate, depending oil their position on a 

Table 25. Grain and kernel properties of IR58 differing in spikelet weight.d IRRI, 1986. 

Spikelet 
weight h 

Grain 
...... .... .... . ... ........................ 

Kernel 

(Inl) Length Width Thickness Length Width Thickness 
(um) (rmmn) (mm) (mm) (mm) (mm) 

-122 8.62 * 0.03 2.66 0.01 1.93 0.004 6.19 ± 0.02 2.31 ± 0.01 1.73 ± 0.01 
21.9 -20 8.44 0.04 2.65 ± 0.01 1.88 ± 0.01 5.99 ± 0.02 2.28 t 0.01 1.63 1 0.01 
19.9- 18 8.19 0.04 2.58 _ 0.02 1.87 ± 0.01 5.81 ± 0.02 2.21 ± 0.01 1.67 ± 0.01 
17.9- 16 7.96 t 0.04 2.48 i 0.02 1.82 ± 0.01 5.68 ± 0.03 2.14 ± 0.01 1.63 ± 0.01 
15.9- 10 7.49 t 0.1 2.41 ± 0.03 1 72 t 0.02 5.21 ± 0.01 1.98 ± 0.02 1.54 ± 0.02 

a Mean tstandard error. b8.9%"of moisture content. 
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panricle, was apparent. Among the spikelets on a 
primary branch or a secondary branch, the 

terminal spikelet flowers first, followed by the hasal 

spikelct, and proceeds acropcally in a branch. The 

early opening spikclet immi a sinkrediately Creates 

for carbohydrate to he translocated from the 

source. [ilus, f]owering order apparently affects 

grain filling, 

Removal of sPi k flets from the primary branch 

did not increasc heavy grains (Fig. 46), perhaps 

Terminal 

because hull size limited the growth of the 
remaining spikelets. However, removing spikelets 

from the secondary branch increased the weight of 

spikelets with large hull sizcs. Increasing the source 

or assimilate supply does not necessarily increase 

grain weight ifgrain size is limited by spikelet size. 

Spikelets on the primary branch were always better 

filled than those onl the secondary branches. 

Grainfillintg rate. Increase in grain weight was 

analyzed based on tilelinear-plateau model. In the 

Control mq 
,pikelets

r22removed 

C rO 20-219 
C[ 0 < 189-19 Branches Iand R 

11POremoved 

Q~'C 

to ) CAo04 Qp cmOq)040 

330 50 2II0 140 290 51Q 
030) 30 19 C60 

BrnhIrmvdBranch VIII removed Branches VIIand VIII removed 

0 5 

300 5 )330 6 330 50 
35) 110 32 130 229 90 

locationii grains o ditfgcni grades. IR RI, 196. lremrendhcr of grains of a gier grae45. [ffcct fsink .iic 111 psl,,ifO unii the o is 

icust rationunder ach r 
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top branch (I), dry matter weight started to branch (IV), grain weight increased almost linearly 

increase 3d after flowering (DF), rapidly increased up to 15 d and became constant 24 d after heading 
(D H). The increase in grain weight of branch VIIIup to 15 d, then leveled off(Fig. 47a). In the middle 

Spikelets on primary 
branch removed .

[ 
. . - . 

> 22 mg,.7 20-219 

Spikelets on secondary 
branch removed 

21' 
,,- 18-199 214 !",20 ? 

< 18 

211 20 194 214 - - - 224 . 22 

92 199 A237 

206 1;.r 187 '202 
- '89 234 'I 22 1 

217 198 

20 4V 
99 ' 

21 f0 -. v2.2, 

44.224' 
2 13 (69 

233 22 ,209205 

713 182 212 122 2 22 P 212 

I P 199 

00' u 1 
104 28 211 

7r 

3
6 - 21I4 , 222 . 

222 122 - d 207 220 i ,'92 6 . 9 2220442 

17772177 P. 18 3 21 2 22 1 

22 2 01654B 203 20 5
2024.'i7 7 

+73 2, K~2 
20 3 

~ 2 2 2 1 

2011 

I I i1 

1330 

30', C.) ;_
C) I,' *, C),) .2 1)3 21 

47. Dry nuatter liccutntitilation in the glail(ai) aid daliy [ate of acculuhilttion (h) at different positions 

of the branch orn thc panicic. I R RI. 1986. 
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was slower than in tipper hranches and reached the 
final weight at 27 )1. The grain filling rate was at 
its maximult+m 1)1 lt2.0 me t inthe top branch, 
12 I)1 at 1.3 ing d iII the Illiddlc hranch, and
15 I)l at 1.2 mu d inthe lower hranch li.17h). 

(G;ain filling rtc and (IIIttior \aried \%illhrarili 
locat)lion onIl i paniicle. SpikIl', On th lop a11ICh 
iHcd laster than thoa oil the losnei hniche, 

Ihe 51h and th grains On the prinarv hv:Iiic 

hML the Ii ihc,t raLin 1illiiig rales and final Acights,
arionig the grainsOn the top hriauchI 1[alel 20). 'lie 
2d grair hia tilelowCSt grain filling rateFi andC ihr 
a longet grairi fillin d.l tion. ()i the
secondar\ hrianclh, the ternii llgriain had agI:ial 

grain filling rat arid Cieihi than 
 theI o cr ones."

I he 2d grinir had tie h s(ct lilling ir intl i 


aid longest fu:lin iinILti 
 I ir glie 
ralte w;s Iosc_,t ;in1 tllire llrl;ltoil humitge ill 
scCondiary\ hr;inichiliri in 

di inion. aifiline 

aid illlii ci ht ntgrlalsnn 

(iaiin thelie priniuarv hirich ()of paicle hrllilh 


V\ Ilatl tile ',;ntit trend in,rainiI IiI lg ratie and 

duathirl,hnt 
 grill o th wclldli\' hlinch. 

especially the haa,:l grains. had ai hwl 
 iniit:il lill 
phase,. followcd bY a rapid incat, ildiyv seiih.

lhe i.rinII lillr altard dilti~nt i I.rc grea;t l_ 

dlepetndent on 
 hc rnOtuOi I0he tainli andi 

the hranch Ihc i tc rtnrued Irun 1.71 ito 

1.0r.'ug Irinl pcr (I on pliillliir hrianich.,,. it! 


Table 26. Estimated rirain illirqralte, dluration of qrjirfillingq ancl weighlt of Urain at 
IRRI, 1986. 

Top oranuh (I)Posiiona.. . . . .. 

Rate 


(tmt/grain 


par d) 

P-1 1.59 
P-2 1.49 

P-3 1.58 

P-4 1.64 

P-5 1.71

P-6 1.71 

S1-1 1.64 
S1-2 1.16 
S1-3 1.26 
S2-1 1.65 
S2-2 1,24 
S2-3 1.31 

a' 1 topomost spik el ou 

1st secolt lary branch, S2-3 

GIain DuaIion 


welIhI 

011() 

21.3 
20.3 
21.7 
22.8 
23.2 
23.0 

22.2 
19.0 
20.!) 
22.2 
20.2 

21.1 

the iurilmary 

3d spikelet 

(d) 


1 . .9 
12.9 


12.7 
12.8 

12.4 
12.1 

12.2 
15.9 
15.6 
12.0 

15.3 

15.1 

Middle hranch (IV)
... . .
 . ....... 

Rat,' Grain 
 DtiratIon 


Irng/irt weiI 
 (d) 
pei(1) (1lt 

1.56 21.,1 12.3 
1.30 2o.4 15.0 
1.37 21.3 14.6 
1.41 21.8 
 14.3 

1.44 22.3 14.?
1.46 22.3 

1.44 20.6 
0.71 18.3 
0.79 18.2 
1.13 19.4 
0.62 17.2 
0.64 17.7 

bi ch P-6 Githspikelttt orn 

on the 2d secondary b}rancrh. 

from 1.64 to 0.57 mag/grain per d on secondary 
branches. Grain filling duration ranicd from 12 to 
I8 d onl primary branches and from 12 to 29 d on 
WctOlldar"v branches. 
(Gainfillin, rate depend, ofn the location of the
 

hrahLl(tp1 r hottom) and on \whether the branch
 
i pri a\ I Cendla.. I li.tilling period
 
arnd the dia. tloni licadill IIIIamint.irll liill 

teiglit ildO \ rikkitllpositiOn o1 tile hi. rich on the
 
piri-'c I I ,.iderntitilr the dale (1)phyisolo ical
 
rn1titv is,
difticlult e\ci ,,ithin a pairick. 

t\rI.\N(tN(,NYt It)I'(I.NIh\I
 
I'u~ PltIig/)UI/ltttit 

'
 
IanRlationship between grain size and iigh density
grains. I-ort\-ilrec ,hort-uratior Ciultivars, 
15-40 ,I 1000 ,grains. were used to assess the 
ea ilonsipsheicl.i grain si/c ant grade ofgraill.

I he era ttd. ',scc determined h the specific
01 grai 

,

Lait v net td.l icpor gradc grai i.had frol 
1.0010 p gr: iver.ge grade, 1from .14Io 
iood ladc. I' ll1.1o to 1.20: and high tfCllsit\ 
(ill)) grainls. 1.21. 

Spikclct riurirler per n112 decreased as I .000-graiu
 
iCight inclesed (Hg. 4,), A.nnoti 
 tie smaller

rlll ciltivais (15-23 1 1.000 '
gilils). 1R34615. 
IR747 (I.), I1R2526., arnd IIR30 had Iigh numbers
 

13.8 

13.3 
24.8 
22.5 
15.8 

27.8 

27.5 

the primrm
ary Irarich; S 1-1 

differe-,t positions on a panicle. 

Lowt!r hranch (V III)
 
.. . .. . . . ... 

Ftcte Grain Duration 
(rng/grain wt!igIt d) 
[utlri) (Ing) 

1.35 


1.0. 
1 13 
1.13 

1.14 
1.15 

0.82 
0.60 
0.60 
0.71 

0.57 

0.61 

21.3 14.5
 
19.7 8.4 
20.7 17.7 
21.2 17.7 
21.7 17.8 
21.6 1.7.6 

20.3 23.1 
16.7 28.6 
16.4 28.0 
19.6 27.6 
16.2 28.6 
16.7 28.8 

topmost spikelet on the 
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of H) grains. In the 24- to 30-g range. the 

variabililv was higlhe: I1 2821 1. IR32307, 

1R29692-1 17. and IR291725-135 showed high 

valis. The laree-erain cultivar Z1 I ian-Aiyu-

Naa did not produce any t11) grains. A high 
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percentage of H1) grains was noted in a wide range 
otgrain sizes. The nunber of H1) grains showed no 
rclationship with grain sie (1'ig. 4,8). 

There was gencrally a large diflicne between 
I ID and good grains within and amnong cultivars 
(Table 27), indicating that grain yield may be 
iruproed by increasing the 'perentage of good 
gradle graills. 

I-I nrcrai nu th lpi ercent age of I I I) r Ils n short
(huration eulti.ai, , ',,t1ild help to enlhance sields, 
tle grain sie, in the lrange.C us:d, Ioes not seem to be 
a linlitation. F-owever, CUltis-ars with large grains 

a round 40 g or heavier in as' ot be useftil f'or 
higher yield potentlals. 

intensity and grades of grain. IR36 \\as 
growvn in the growl cabinct; of the phvtotron 
'onltiritloU v at 195. 390. and 780 pillol Ill per s. 

ieh light intensity increased the number of' 
. pikelets, resulting ii higher grai yields. 111) 
ris anid good( gLains iIncreased with higher light 

(Fig. 49).
ilitensit% 

II1) and good grade, o grain imiLde tip tle bulkof tIle Liain yield. The similar proportions od tile 

d iflerent grades of grai i Indicate that sink size was 
determined earlier, based ol the capaitv 

of tile Soulce to supplv carbohydrate. 
\Vhenri tle plants were ex posed to dilferent light 

intensities alter inhtsis, the oltibtion of -I 
gra.ins to to al prain %ield miarkedly ir,.reased at 

high lipht ltnsils: the crai yied was Ilade ip 
IllostlY of IHi) grains. 

[he percent contribution of IIl) grains to tile 
total gIaiti yield of I IZ30 was I major determinant 

of cram eldn Thtus, cultivars having a higher
of 111) grail'; motild be better even 

under low light ,ondilions. 
Ilprosl ing the ciivironinlental conditions after 

andthsi; can result in better grain filling and better 
li[de graills. 

Table 27. Percent contribution to Ih, total spikelets of the different grades of grain in 43 cultivars. IRRI, 1986. 

dil sity 
(thlou.sam/ P ains grade grade grade spikelets 

00) (%t (%l (%) 

SiikeIet S I ul Good Average Poor Empty 

1%) 

Mean 
36.0' 6 14.6 ' 12 44.1 12 9.0+ 5 12.3.+ 8 19.9-± 7 

Range
11,8-49.0 0 -52 0 -68 3 -26 5 -53 6 -41 

http:eulti.ai
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Weiqh? (g)of groins of dfferentgrodes per lll 
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I 11t: the hliLt c Inihu itil ofL 

higih d I (i , li I. I IY:.1I fI it, e it l it 

it Lsis. Fig nsid i::c: t 

%:![tt Iio B s o:t:t:c:S:n:::::s e e 

the itu*Sae t Of eu u lo loisu u)%tlie sanjjt letter;i [o 
supiili 1iuls it( 111C IL-Cl li I )MtR I.illt S; 

IcpealIlrti ure and(highI demui (v gra in producin 
I1in36 i the gteenlhouise and transterredwas g own 

to thle naturally lit growth cahitets with tile 

hgh tnn day nigh t tenp regi nies flower-hrathtire tit 

ing: 32'24 (high), 21) 21 J( (tlediuni ). and 

26/ 1 ( ' llagavan,(low). 

temperatuLre inceased the duiration the 

ripening phase. Medih ;inia low temperatUnC 

regimes resulted indhigher eight and piroptrtioei 

(,f 1-i1) grains (Fig. 51)). [lie increase lin -II)D grain 
weight with lowertemlperal rc reglime d ieatesthe 

importance iia longer grain filling period. 

S6/)IIN( S:NS1 1 I) ILA I F IRANSIlANlIN(i 
ASi N BY )tn AND) NI'ROdi-NplIeN.)d IYdiR 

r1. re. n hig 

Multiple Cropping lDeparmui 

Insensitivity to late trans planting is a plaint 
character required lin varietal improvment for 

rainfed lowland logareas ritunpredictable rainfall 

patterns. Sixteen elite cultivars varying in photo-

Weight (g)of grain of different grades per hill 

Average 

u-gh 

-

6

.1% - !!ii-_ ii
6/ 

n 

0 ....... .......
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29/21'-, 26/18*: 
lemupurittire 

5(. Irillureliceoit eitpeitt etilei teiln itttheuev tiweight 
,rit ito (illceetipres in 110fi. IRRI. 1985 DS5.I lie figures

1 tle d iIk ilC ireCu ICC:111oIF iiti otul weight. Bars followed 

(lite%anie letter mte not ,igiicantt ly different at the 5C; level 

period sensitivitY were tested in Iur experiments in 
a dificult rainled environment in Solana, 

Philippines, to evaluate their sensitivity 

iow
to late transplanting. Seedling ages ranged from 30 
to 70 d. T hydrology amiong experiments variedili 


from irrigated to rainfed. and seedbhed conditions 

va;ried fromi stressed to unstressed. 
'he dcrease in ralinfll frequency starting 15 d 

after transplanting substantially lowered the water 

table (Fig. 51). Soil matric potential increased 

during this period to aaximumt of' 69 eb at the 

end of September. The rainned experiments were 

subjected to a long period witbout standing water 

fin thle field at thle vegetative and reproductive 
stages. 

Tiller number and grain yield were lower with 
aged seedlnies. The yield icrease due to irrigation 

(7-241',) wits not aspronounced as that due ta 

planting young (30 d) seedlings (48%). The 
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Soil motr;c potentiol (cb) 
80 

40 0ii 

20 

_ _- ,; - ,------

20 -w 4o -

S 20 

--A-(it- o Nov Dc Jon 

Snil il motuic lInsill. 1ihinhll,%kllc mahIcldepth, and sedling age inl ul adaptation trial. ino atlilyI 
stra.tmn I. Solani, (';!;lln. Iiilplincs. 19)5 WS. TP - im:mtia,linting, IF locring, M 
maiturity. 

occurrence ol' sublethal drought in the seedbed did 

not contribute to cultivar sensitivity to late trans
planting (Fig. 52). Compared with improved 
cultivars, the popular locally adapted, photoperiod-

sensitive Wagwag Fino perlormed well in those 
environments in which aged seedlings were used 
but did not responld well to better conditions. A few 
cultivars performed well across all environments, 
particularly IR13149-43-2-PI, ;a photopetiod-
insensitive entry. I R 13 146-45-2 yielded better than 
Wagwag Fine i tCe I.a orable environment but 
performed slibLtly worse iitn the adapted rainfed 
cultiv rr in the aged seedlings condition. 

The N rcspon'.e of six promising cultivars was 
evaluated in four environments composed of two 
seedling ages combined with two hydrological 
cotiditions (Fig. 53). Response to N was high for 

Most Cultivars ill irrigated fields with 30-d-old 
seedlings. The response was imuch less pronouiccd 

Groin yield Who) 

o-' IRI13149-43-2-PI 

I -.
3 '.'- IR316b2-34-1-2 

2 

o L1 
Seeding age 70 DA', 70 OAS 70 OAS 30 OAS 
Hydrology Rainfed Irrilaed rIr l i tirgoted 
seedbed cml, oi , Doh, ,,,mqated i,,oaed 

52..M ca vieds(oi4 hbes cullivais tested under various seedbed 

,ind lil conditions. IRRI, 1986. I)AS -: days after sowing. 
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Irrgoted R,nfed 

Grc. yeld (t/ho) 
5 

30 d-old ;,ee(1Inq' 

S....... ... . ... ...Brit[11C -BR ?0 -I 

cItto ii.Stiii gvn t'iipii ,I \[ , , 

when votiiig, seedling.s were uisel in rainte'd tilds. supiorc to \Vagwvag i no. IfUthe cnlviro(nmntsll inor wt'heni 70-d-old seedlings were used in irrigated thlie cx peetr s re assumed to reresent thc 

Fields (tFig. 53). N re l..cne. was1 lowesti ( mlaxim umll speeltluin of interanl nual hyd rolog ica:l cond ulions.l 
yvields about 2.0) I lhil) wvhen old seedlIi gs were and mnllagemnt levels em plohyedt by f'armecrs in a 
combinelld with rainfe~d czrowing ci d ns.llS gi\vn rainledl( enlviroini.n the decision abotcheek cut'r 3h. fagalg[ sohowed Iih\lie N wdhicqh cliva to select would depend on the 

esponse in anymeirnmllent. lhe iliar w'th the' com rtive performance¢ lof h tisl cultivars in 
most consistently slellrir iuellrniate asd each situaion, eghted bu the frepqtency with 
c'Ni (Hig. 53), but inl rinfed fields with old which each situation occurs. 

seedlings none of tile entries were signilicanily 
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Cereal ('hmislr , Phitit r,'eding, I/lant 
Phv.siology, andtati.'tic.%l7wrtments,ttionialh a Rice (fIrmldasm Center, 

InternationalRice ltnst,, Prui'rant, amd Rice 
larmins l ror-ustm.t 

Elite lines (Plamt Bredim.Q,aml Crt'al chemistrv). 
The six outstanding elite lines from the irrigated 
rice breeding prograim consited of three inter-
mcdiatc-anylhsc content (AC) lines with inter-
mediate gelatii;Lation tellpelaitllre ((i l), similar 
to IR64, and three high-AC hnes, two with low (iT 
like IR42 and one with inermed iate (l like IR36 
and "R62 ([ able I). IR31h1X-04-2-3-3-3 had the 
softest cooked rice atnong the three intertiediale-
AC liites and had the softcst gel consistency ((0i). 
IR32307-107-3-2-2 had the softest cooked rice 
ationg the three high-At lines and also had soft 
GC. [he rlking of Alinylograph conlsistent\' 
valulcs of the atnple, corresponded well to theil 
ranking based ott cooked rice Instron halrdliess. 

Sixteen initeriediate-AC elite lilies from the 1985 
wet season (VS and 36 from the 1986 dry ;eason 
(DS) were assessed. A( anud cooked rice Instron 

hardness correlated positively in both crops, as did 
cooked rice hardness and Arnylograph consist
ency. (.ooked rice hardness correlated negativelywith 90 tug flour GC in both crops. IR35366-40-3

3-2-2 had the softest cooked rice, similar to that of 
cooked waxy IR39368-31-1-2 and softer than that of 

the low-A( line IR5420-1-1-2-3 ('able I). As a 
group, intermediate-AC lines with low GT had 
harder cooked rice (10.4-12.5 kg Instion values) 
than those with intermediate (;T (6.6-11.4 kg). In 
addition, samples with more than IOC(. milled rice 
protein had hardness values higher than 10 kg. 

In 196 I)S. 12 lines with soft and medium GC 
\re verified among high-AC elite lines with low 
(i' through the use of both 90 tog and 100 tug rice 
fHtotl in the GC test. The soft-(;(- lines tended to 
have lower cooked rice hardness and lower 
Am vlograph consistency than meditum- and hard-
GC types([able I ). Those with medium GC tended 
to have intermediate hardness and Anylograph 
cotsis-mcy. Amylograph peak viscosity of the 10% 
paste was also lower in soft-CC samples than in 
hard-(iC samples, as was observed among high-
AU rices with intermediate GT. 'Ihus, alkali 
spreading value can io longer be used to monitor 

Table 1. Mean milled rice properties for 2 crops of elite lines and chock IR varieties and 1 crop of high-amylose lines. IRRI, 
1985 WS and 1986 DS. 

Cooked rice AmylographAmylose Alkali Got 
Variety or line Protein content spreading consistency Instron consistency

( ) (hardnessM Value (mm) (kg/7 cm2 ) 10% 12% 

IR64 (check) 8.4 20.4 4.2 64 7.6 - 120 
IR36 (check) 8.2 25.2 4.9 38 8.8 255 -
IR42 (check) 7.2 26.0 7.0 30 10.6 575 
IR28224-3-2.3.2 6.7 27.1 7.0 36 9.9 470 
IR28228-12.3.1.1-2 6.8 23.8 4.4 38 9.8 - 440 
IR31868-64-2-3-3-3 7.9 21.0 3.6 50 7.3 - 200 
IR32307-107-3.2.2 7.8 26.3 4.3 94 8.6 265 
IR32429.47-3.2-2 9.0 24.4 4.4 30 10.2 - 425 
IR32453.20-3-2-2 6.2 26.3 7.0 30 9.5 510 
IR39368-31-1-2 8.0 1.2 6.1 96 6.7 15 
IR5420-1-1.2-3 8.2 16.2 7.0 74 7.8 - 190 
IR35366-40-3-3-2-2 7.0 21.0 4.2 46 6.4 - 220 
IR33043-46-1-3 7.2 26.1 7.0 73 8.7 245 
IR39323.182-2-3.3-2 6.9 25.4 7,0 73 9.2 230 -
I R 13754.5.2 7.0 25.3 7.0 48 9.4 345 
IR39357-133-3.2-2.2 8.5 26.0 7.0 45 9.5 295 
IR28224-3-2.3.2 6.6 25.3 7.0 39 10.7 500 
IR32843.92.2.2-3 6.5 26.9 7.0 32 10.2 395 
IR32453-20.3.2-2 6.2 25.2 7.0 30 9.6 425 



GC among high-AC rices in the breeding program 
because now not all of the low-Gl" samples have 
hard CC. 

Screening for stable head rice yield (C(r'ral 
Chcntistr a111d I' lat te din ). IVo replace the 
inlrired moisture balance technique, a simpler 
scrccniug mcthod was deVised using 1985 \VWS IR42 
as a susceptible check and IR28150-84-3 as a 
resistant check. 1<,ougl'h rice (8 g) was dried in a 
'orced draft or air oen at 45 1 2 )(' for 5-9 h and 
then StrCssCd hv overnight exposure to ambient 
conditions ol tempcrature and humidity. lhc 
resulting bromn rice was milled ill a Kctt learicst 

mill for 30 owS(.;ootddilfercutiation Obtained 
between 4 and 10It)i hcating( i!. II. Similar results 
wcre obtained for the I'),8 1)" crop of the saue 
rices. Moisture contClt of the oen-rild graMins 
was s-9V; (wet hasis) and was siiilar blr the 2 rices 

(1Fig. I). 
lield igrain sait pil (ol .9 I l\rict ics anid 

IR28150-84-3 v\crc harvested in 11)85 W!",' at 

llr ll~ili attiirit v a itd at I \k later. r ts in I 86 

.... ....H x ,e d1 ro q )fC 

*.oiR42US)-, - A.-3411oIH 
.0~ 

MoIslule corifnt % wet b)c0s5) 

'0 

0 	 . __ .L ± L 

0 2 4 
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)S were at normal maturity and at I and 2 wk 
later. Rough rice was oven-dried at 38-40 'C in the 
lahoratory and aged in sealed jars for 2 mo before 
milling. 

I)claved harvest in 1986 )S reduced head rice 
yield more than in11985 WS (Table 2). In 1985 WS, 
head rice yields at regular hliive!;t and at I-wk 
dclaved harvest were correlated (r -- 0.90**). In 
1986 1)S, head rice yield at regular harvest cor
ielated with head yield alter I-wk (0 - 0.76**) and 
2-wk (r -0.08**) dela's of har-vest Harvest head 
rice yields for the 2 crops were correlated (r = 
0.44*). Applying the oven-drying stress technique 
tiduplicatc grough riccolth2cropsOr7or9h 
at 45 o( was more discriminatin,- than using 5 h. 
Ilhe considerable vaiait ionIn weight loss among 
the samples hald to be utinini/ed to obtain con
sistcnt head rice yields. 

Protein screening (Cerval ('hemistr, Plant 
Brceditg, Stiti.tics. and RilC l-arming ,' vssnu 
lProj,'rant). }iehld rials (Cren'al C(henlisirv, Plant 
lh-'u/liig. and Statisvic.s). (Growth duration again 

ws" DS 

US2 

t i . ... . . .... 

6 8 10 

Drying tme (h) at 44-47 C 

I. Changes il head rice vitd ot R42 and 11.8X150-W I rmgh rice, 1985 WS and 
1986 )S crops, and il inoiturt contcnt, 1t9X5 \VS - ,p, during drying ill an air 
oven at 44-47 O(. IR RI, 1986. 
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Table 2. Changes in head rice yields of 29 aged IR varieties and IR28150-84.3 with delayed harvest and drying at 45 OC for
5-9 Isto induce fissuring." IRRI, 1985 WS and 1986 DS. 

1985 WS 1986 DSPronerly 

R ange Mean Ranqe Mean 

Hlead rice yild (?, 46 - 71 57.0 40 71- 54.9
 
Clialqt in head lice yield (1-) l-r1
 

1 wk de.lliy ill harvest 
 -11 -13 -- 1.4 -23 -- i4 - 7.52 wk de l, in harw.st ._ -- -24 - 43 -10.3
Drying 5 h at 45 'l; -18 0- -8.0 (24) -14 - 14 - 5.6
[tyinq 7 l at -15 'C .-
 -27 .- 15 -12.7 (17)Dryin,, in t 45 "C -28 '--3 -15.9 (17) 

N wt l p'ii thlw;es is fl l (ibrt0 1 SJFaTI!)Ies treilteil W hell less tithai 30. 

Table 3. Ranges of and correlations among growth duration, brown rice protein (8RP), and rough rice yield in replicated
yield trials. IRRI, 1985 VVS and 1986 DS. 

1985 WS (it - 370) 1986 DS 0n 370) 

Cuirelation with Correlation with

Pr operty Rarr(rt...... ... ... .........- .. Range
 

Gl'Owvilh t-oi)(1lh rice 
 Grwth IRough rice 
dtra iol yield duration yield 

BR P (%) 6.5-11.1 -0.57 0.03 6.0-10.4 --. 39* -0.34"Growth dlration ((1) ,9 -140 -0.26' 104 -141 0.24
Itough rice yieHrl t/ia) 2.2- 6.2 4.1- 7.7 

llctnli\ckcl\ il'l"iltd \m li bi \,i lice prolcitt fil field aind grccrilrousc i Ii95 \V- o Ivlower ill 
(R Il)aIldttrinti\ld Ii IIS ab( Cilll\\\ Iilic l).()nl\ 4 Nl\CunmCIr. ()nlk 0 or lie S \nictiCs itad 
Cutll la i .\ ldie:iltl nld I liiI IR3: dinrtsnchlrrc1(thcchock varll\'arilies(laible
IR I990-103(.-2-1-2 I BRI'l.,t . .4 t Ilt,I110.23)7- .1). itd loritllilaid (ill/C had hrw l4rlin vicld. (less,45-2-3-2 IX..' B IP S.5 I hi). I .01-'1-7.-2-) I (1 h.11) IhritrA ;I itidCxCs and N
(S. 7 I ih. lll I 0)379l35--2-1-2-3l (1.2 il0.cl2 , indexes Iriweti tlhalillios oI'1 R36 aijIdi 

IIRI, S's I hi). Init lX%0I )S , tr \lb dtlualiln 110<8, hil 
 plicin coltlcill \\crc Coip;iarale to
 
CeOTl;ilcd llc'll\ Ci \\ith I RI' bitt pisimcl ,il IlrC ol 
 thehlteck \;irictles cepCClfto]u lPintirsiguz,
 
Utrihfli \ild. N ltic' fi the cilliK-, iIClltd ili! IR1l)(1 ,- \ilh 7.77 
 paiticl piotlciita d dtt iorin of- 114 d,

163-2-1-2 \uil b l tltaiit 110 0 it 
 \il - ird 11 I. ;il S iiiti;i \l,\Ih 7.91 1 paiicle prolein arid
 
Ar'ilirn lhclsi\X ciliric, wilt Ititthcr \'idd Bu I' r(l lirtl 01
ild t I1S d. Ibie ir-dilrttlI-triliirI Fleesihad
 
thill IR42 \\xiws R28224-.-2--2. 0riCollt ihe ',i\ 
 i\,cUl paricle pri-ill corlttetl hul hilther Yield per

ourlstartljrr chic liic' i 
 I iibic I. 11 Ilt t)r\l it hill. Stra"i N o1f I'i l eiuc ;ril SiIariavia was alsl
 
bMitr sCa.iroli. iCld-rir lblh dUl';il r lr\\el
clalctitoll tIhm itt Iit cirhck 1'1ices. lie results 
etitllic'icrnl, \~crc' tlsnciieali itt \Ws titdpoill,,C 1l,tcsl hat Iraliliriril \alrichic alsr shorw a

ill I)S (Allitli reirln (irl IO)84id 
 i §5), IciltaixC ciiirckiOllrri pitwecit )rotltCinlparicle 

l:u/l-/IIr d rIl i /(Irh llo llrn \'mitirfjr , < 
(( i1,0! tnlit ild FrlhmI dillttlitl. 

( luri.s ttr). ( )r l r n l, ,itl lIcs tilldI' IIc l lc'tted "\ icld I\ I'U/'i t'/1ii r./ ti,/ I ( r ( l -Yl/tli/ /" c/n', ltral'ht\\ thait IBR I, ;11 l -lrom\t ll llul titll M Clt ' Jill Ricc /'ulmh t .'i '.. l/ Prj/' "I-'111 )11 It was 

negalixilx' Ctirelated. loi xe xx ctri- ftirll hi 
rClalionixltip exist iditloiri 

12 LL -11 tuli rrhtairn I1 ricS dlillrirn hiittrowth 
tI l ric . ciglht ttrndi- 1 thedturlaiiitn wlrll in >lile' lrI;ictl fields iltIhe

tionial shturl-dlulaliulon \aiclc, sleclced by plir .- itl Rice kiutinr . crn, Nelwork (ARt-SN)
physiologists, plus 1R 3r ttd IR58.r\i.Ce [lhlled In i jeet ittSalla1 ar;.ll ' li .sllsillll, Pltilippintles. 



Table 4. Comparison of traditional short-duration varieties with IR36 and IR58. IRRI, 1985 VVS. 

Tiaditional var ietius 
Property IR36 IR58 

Sholt" Mleium/ 

Dur~nion (d) 109 -118 130 114 109 
Grain yield (I/hill) 5 - 22 35 18 22 
Harvest index 0.39- 0.50 0.42 0.58 0.55 
N harvest index 0.47- 0.60 0.53 0.69 0.65 
Hough rice protein (% N x<5.95) 7.7 - 9.4 7.2 8.5 9.1 
Straw protein (; N 6.25) 4.6- 7.9 4.8 5.6 6.2 

aFortun a, Guze, Macan Pulot, Norin 20, Pinursilue, inofdSinariaya. IJM an of FS 121 ard B 1-76. 

Onl1' i 102 aIld I R48 had Iliteditill 'o\\ tli dortai-
I ,tion. l)lha ll rough ice Iolt:it R ') atid straN\ 

proftein sh oed o\-llipile \alties aiiiti \ farc-
ties ( lahh 5). ( RI' \ lltIiS itided to b IO\\er tlan 
those htaIiic1 Mi the IlRI IatIn. leill stri\v 
lItOtciti \lie-.e0anl'ci It [ 1:tt I ic' . \\tue 
less tha t ,+.W'rc 

hhritai~t, oif amloh, , Contentlit ( 1111/ in 
aut'cl e( (0lcmisuIv). Scvcn h,\-(il iildica 
Variteties lJI .AC Clssi+.es \\., \e't \ 
low ( -9, I b. Iliterinteiatn Iinh , a(nd \CrC 

Ctossed ill ,1l1 possilc cliiliiliat ilis Iticludini 

recilprocals. I ie sCds [1 liielit, lld 11, i.), B1 l:1, 

and 13+1 iculctllition, oI 

prlIU edI in a in21 ,eiOn 

1IentCil etl(c:tt,. ,itle stain 

done lor ill populatioiin. 

all lie e ss \\clc 

to 11111ii1nii/C eiilirt-

anasit, lot \t 'l 

In 'A ix\ olltW%.\v croses, the Ippeliraitee I 

the , CTid,osperin delendcd ott licte A( t! the 
ntonwam piarien: anld its genCedoses il the .-nlo-

Table 5. Protein content of rough rice and straw in farmers' 
Pangasinan, Philippines. IRRI, 1986. 

Variety R nuLlh riced' 

Samples Fange 
(no,) 

IR36 10 5.6-8.2 
IR42 16 6.2-8.2 
IR48 5 6.1-7.1 
IR60 24 6.2-8.4 
IR62 8 0.4-8.2 
IR64 8 6.4-8.2 
Diket 4 6.7-7.9 

aN X 5,95. bN X 6.25. 

,pertIll. A single dose of a high- or'intcrncldiate-AC 
gene \us poteti enough to p1 oduce AC almost 
etlll Io Ihlat olthe tiotiwa y palrclil. 1'l.l' <crosses 

hSIo\\ed clear dlsa eI elfecI.S. A' increased with 
g,enc dosagc, althhiighi tot alwa\s IeiCarlu. 

Se lcteatioill ratios, of 1:11:1 ,I1:1:2. 1:3. and 1:1 
)ler".d si"; c .\C% o 0:, ill hF.-t i aiAlysis 

hcclause oI lIfflt doalLei efects :1id the tffect of 
!ino eti,i nidilierS. l)ifterCe CCin .\1tl wCrT 
oiiU;idl to be go\ eCried hone a1C 'lheleisjor sejiit:. 

;alo M1ii)lLI C\ IdencC lot ectreg'atiotilol itllodifiers Ii 

Ill crosse1. e r1, tion iil In seed, (leleni '(l 

itrily onl the dilerence: hCt\\Ctii AC in SeCdS 

coilliiiii.# m)ie iild threCe loste, of at hi, her-,A ' 

eCeiie. I ItIe l d i icen i a\e cleat citctirics.: 

Ialnplrlor'ed aniylose test (Cicica/ (u'hn+i.+tr). 

:\llioiiglt thie siipli ini\ lose ssa\ using 
acetate hiller aI pI. 4-., , USCd e.XtCIel'. tie 
odithie-hlt: colotl I" lot hlne hut greenish, and 

sho\\s atlmlope-Ctin ilittlcteic es CII v\ith th:e ntse 

fields in Asian Rice Farming Systems Network, Santa Barbara, 

Protein content (") 

Strawb 

Means Samples Range Mean 
(no.) 

7.0 6 4.0-5.6 4.8 
7.0 6 3.7-5.8 4.7 
6.7 -.. 

7.6 15 3.3-7.4 5.3 
7.0 5 4.5-7.1 5.5 
7.3 6 4.1-5.4 4.8 
7.4 1 - 5.2 

http:Clssi+.es
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oI ,IlloSe-ialylo peCt iII staidiards instead of 
amylose alonC. Ihus, waxv rices rIsnaliv show ip to 
2-311 AC. Also, acetic aicid Iir\ he itthalCd during 
pipetting. III a search Ior alte-r-nate butfrs to 
providc bl+luc iivl)osc-iodiric color arid miiiIIIizc 
aifylopuctir iterlercnce. ',tirioris buflers verc 
tried. lori:c 'it pI N.-Q).l) easc tire mllost Satis-
tactor results. IlIIte AtoAa1l', /cr ulodile, the 
sample in 0).09 N Na()ll %osa lrirt ineutiadidcd with 
hora -li(Il huller hioIL iddiue Iodinic to reducce 
iodine dccritPo"itioi. 

('01111MtipMr (t Ihe ;cctarec. ntld r lte btl 
methods shr ossd rmlore lalistic ;ru los.\e s jes Ihr 
\a.\x\ rice aind less,, iteCrcICCe of litllVIpCctin ill 
thie atiii\IuSc-iodirre cor])[)iple\ it alialic horate IpllI 
(rcair 2.31 , \,, 6.2(, I ale n). lo, tt buffer \was 
slightIN' tuic Imrsiti l htllerlllipidilhrii t: to 
intciItelcice..'I" sh ,ir 
arm1\ loes ire bet\wee i 

mulle+'d rices. :\ coriespo 
dc\cl,rped to pros ide 
Iodiie culot. 

h\ ;i !Icrtccr tdci cIsC ill 
del rm uf nird urdetat td 
liricllrritll tmcld 'i5as 

lih Is Miiblc,trich-blue 

(ene action analksis f'or grain prolein (bacr-
1,,iuUtiud AA,/c ]iPi l'r'rroI ). \ 1t) 1(0diallel 
cross (teelidinc reciprocal-, irls olsint-cittvp,, 
spriillilL the as n iritlrace ol HR P colltelt \ois 

IkCll )lot)! 111C;I', [t I)t Li i1. o 1 IlR P l id( Cii per 

sced () I ,. ,uicttcd")Sii seed l etr t )diillel 
alrnllysis b\ Iti\'ii;iil , ;ippric-ll. 

I ,,tilliitc,, )I the \Iilnice p rilrliltit-rs itidiiicslsictiitic':irr r:lltitisez eil ge'l~_eerie actiurli aid partiatl 

doiirtIaric for broth itIr triit iii tIre pll reil 
gclit\I. pt",. 'air thhthott lie t recesis ealleles wcre 
iti e.xcss,.f o.CLI0irit ilc>, btill Ic'si,, for P S.tel t 
Alicits>, Mith tpiit is intliiet riisC, Ctfese ss.rC 

Table 6. Comparison of lipid and amylopectin interference 
4.5-4.9 acetate and 0.008 M pH 8.5-9.0 borate buffers. IRRt, 

distributed unequally at the additive loci as well as 
between the parental genotypes. The narrow sense 
heritability value was higher for IIS (51 i, 'hall 
lor l1R1) (40"i). 

Analysis of, the /ylnograr patterns of shik imatc 
tlrdrltenalsc iso/%'Inlcs invoived in amnino acid 
bios nthesis rcvcalcd that the 10 parents and their 
45 crosses could bc dividcd into 3 groups based on 
thcdosatc tlof a hihicr mobilty band (H1B)allele. 
I ach group difTered S1,igenilicanthy1rim the others in 
mcn BRP and 1) S, both traits showing incre
merts with increascd doses of the H N11 allele; 
rican H Rl) was 10.8, and tmCan 113.2, ai.d 14.1'1 P/S 

as 2.78, 3.73, ind 4.28 ru for tile 0, I, and 2 doses 
of II N,\IHllcle. rcspetil\cl. nl,Y those parental 
.ern types hasirig II 3llelcsH aI ell iii the doninant, 
iiWIh qmadrin t htie st;nlardi,.Cd des'iatioi plot 
fior the parri ts. 

Ly.sine screening ol'anther culture grains ( 'er'al 
lCtlhisr'tlid (llltPIhisiol.gi). Br:Iown rice of 42 

llithlr ctIlrtrrc-deri'cd selcctionIs with salinity 
tolerance was scerreed for BR l arnd lysin content 
by d\C binding capacity usirig Aciltne Orange 
6 mI\c. HRPP rarL 'Cd IF'ef 1 .) toll.3 and cor
related sriiairtls' with dye hirlitig capaeity Ir 
t).,q8 I No entr\ hih1ithidye bindmlinig capacity 
\wa1S (o sCI\CL . 

Iong evityv of rough rices at high relative 
hunitidity ((Cru (7nm'nistrrI" mid hitertatiomal 
Rill' (''rorp/a.s, I ( ,Cut'r).Varietal dilferences inseed Iourgcsity sscrc emurititrret ini 3 waxy, 5 tow-

AC., 4 itlerniliate-.A(, and 19 high-AC rough 
rices Itrori 1984 WS stored at 28-30 'C at ambient 
(00(-8(') relative humidity (RI-I) with aid without 
breaking uofdormancy iii 3 ( at 55 'C. Waxy riCes 

in apparent amytose content of 5 milled ricesa 
in 0.019 M pH 

1986. 

Apparent umylose content % dry basis) 

Buffer Treatment Potato amylose - amylopectin Potato amylose standard 

Raige Mean Range Mean 

Acetate 
0.019 M 

Defatted 
Undefatte(i 

1.6- 26.8 
1.2 - 23.1 

14.8 
12.4 

8.8 -31.6 
8.3- 28.4 

20.8 
18.6 

Borate 
0.008 M 

Defatted 
Undefatted 

1.4 -26.4 
1.2 - 22.0 

14.4 
11.8 

4.4-28.2 
4.0- 24.0 

16.8 
14.1 

0IR29, IR2071.137-5, IR24, I -364, and IR8. 

http:st;nlardi,.Cd
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were confirmed to lose viability faster than non- line with intermediate AC. All had low GT and soft 
waxy rices at high R H, but no clear-cut trend was or medium GC. 
noted among the nonwaxy rices. Mean days after The rices from Taiwan, China, all had low AC, 
harvest for germination to drop to 50% (mean low G I, and soft GC except for the medium-GC 
viability period [,M VP]) was 319 d for waxy, 545 d Tainting Sen 20. All cooked rices were soft, but the 
for low AC 460 d for intermcdiate AC, and 486 d Sen varieties had higher length-to-width ratio (2.7
for high AC. ThK high value for low AC was due in 2.9) than the japonica varieties (1.5-1.8). 
part to the highest MV Pof668 d for IR2071-137-5- The Cuban samples showed tonwaxy AC, GT, 
5-1. although excluding this rice still i ulted in a and GC types. The hard cooked ric,.s (>10 kg 
high mean value of 514 d. Not all dormant rices Instron values) had high AC. low GT, and hard 
had long viability periods; dot mant varieties like GC. Four other samples c; .ucarito 104 represent-
CO 29 and Seraup 27 had low MVP values of 358 ing two K levels showed similar grain properties. 
and 321 d, respectively. Breaking of dormancy by Fifteen Ghanan varieties grown at IITA had 
heating for 3 d at 55 'C reduced the MVFP in 24 of predominantly high AC, intermediate GT, and soft 
tile 31 rices. or hard (C: some had intermediate AC with low 

(iT and medium to soft GC. All had soft cooked 
rtees. 

(,A'\IN QIUAt.! ANI) NIt RI [ONAt FACTORS [heI Hungarian rices had low or intermediate 

C'ereal ('hemisirl gro mt . PM[,t lreedi, AC, low GT. and variable G.C except for low
and P/ait IPathohev l)epartnn.',ts,and Rie arnylose Kalaris with internicdiate GT. Samples 
Farming.irstvmsProgram with hard ("C had cooked rice hardness values >10 

, 

kg.

Country' samples (('Crcal Chemistr: . Popular The Indonesian rices hadi 19-28% AC with 
varieties and lines grown in 19 rice-r.r-ducing intermediate or high-intermediate C'and medium 
countries, including International Institute of to hard C(C. MR ) was high. Sentani was the only 
Tropical Agriculture (IlA)-grown varieties from low-A( sample. The hardest cooked sample had 
Ghana and Sierra I.cone, wce analyzcd as part of tile highest MRP. 
the periodic assessmnclit (about everv 5 vr) of' The Iranian rices had either high AC with low to 
qutalitv characteristics of cotntry samples. intermediate GT and hard CC, or intermediate AC 

The samples fron Bangladesh had high AC with intermediate or low GT and medium to hard 
except for I)A31 (16"1). They had either low or (GC. MRP was highest in Hassanee. The elonga
intermediate GT, variable ((', and ave:rage milled tio riatio was 1.5-2.0. The harder cooked rices had 
rice protein content (NIR P1 kTable "'). Their hard GC valus. 
cooked rices were soft. probably because of their The Madagascar(Malagasy Republic)rices had 
average protein content. variable AC, low GT, and soft or medium GC 

The first set of Bhutan rices were those collected except the high-AC Rojofotsy with intermediate 
by tile International Rice (cirmplasm Center its (IT. The cooked rices were soft. 
upland rices. They had intermediate to high AC, The Malaysian rices were mainly high AC, low
 
low GT, and medium to hard GC. MR P was low at or intermediate GT, and medium to soft CC. Waxy
 
5.4-7 5% except for Kamnsing (9.0%). The second Pulot Siding had tile softest cooked rice, followed
 
set of samples had nine intermediate-AC rices, all by intermediate-AC Makimur.
 
with low GT and hard GC. Samples had soft [he Nigerian national program rices and IITA
cooked rice, including tle high-AC Wangdi Kaap. bred lines had combinations of intertnediate, high,
 

The Brazilian samples were predominantly high and low AC wit h low or intermediate GT and hard 
AC with low GT and hard to medium GC. Cooked or medium-soft GC. Cooked rice Instron hardness 
rice hardness values were 10 kg or higher except for values >10 kg were for samples with low GT and 
the low- and intermcdiate-AC samples. hard GC, regardless of AC. These rices are con-

The Bulgarian rices had low AC except for one stined mainly as parboiled rice. Rough rices are 
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Table 7. Range of milled rico properties of national samples. IRRI, 1986. 

Amylose Gelatinization Gel Protein Cooked ri-i Length-tobSource Sample contenta temperature consistencyC (%) hardness2 width(kg/7 cm ) ratio 

Bangladesh 12 varieties H>L L>I H>S>M 6.2- 8.4 7.7- 9.1 2.0-3.5 
Bhutan 14 varieties I, H L M>H 5.4- 9.0 - 1.5-2.2 

11 varieties I>H, L L H>S 5.9- 7.7 6.7- 8.1 1.7-3.1
Brazil 3 varieties H, I L>I M>H 6.2- 7.2 10.1-10.2 3.1-3.2 

6 lines H>I, L L H>M>S 6.9- 8.2 7.6-11.3 3.0-3.6
Bulgaria 3 varieties L L S 6.1- 7.4 6.0- 7.3 1.7-2.6 

4 lines L>l L S, M 6,0- 9.5 7.0- 8.3 1.5-2.0
China (Taiwan) 10 varieties L L S>M 4.6- 8.6 5.9- 7.6 1.5-2.9
Cuba 10 varieties L, H>I L>I>HI S>M, H 7.1- 9.0 6.8-11.0 2.9-3.7Ghana (from IITA) 15 varieties 1>1 I>L>HI S, M>H 5.8- 8.3 1.7-2.9

Hungary 7 var;eties L, I 
 L>I M>H, S 6.2- 7.8 7.4- 9.5 1.5-3.1 

7 lines I, L L M>H 5.7-10.7 7.6-10.5 2.2-2.8
Indonesia 10 varieties I, H>L I>HI, L M, H 7.8-10.6 7.1- 9.7 2.4-3.1

Iran 9 varieties I, H I>L M, H 
 7.1- 9.6 7.3- 9.7 2.4-3.7 

1 line H L H 7.1 8.8 3.6

Madagascar 9 varieties H>I>L 
 L>I S, M 5.4-10.4 6.3- 9.1 1.7-3.5
Malaysia 8 varieties H>I, Wx L>I, HI M, S>H 5.7- 7.6 5.1-10.3 2.8-3.6
Nigeria 10 varieties I, H>L L>I H>M>S 5.8-10.6 8.2-11.8 2.6-3.8 
Philippines 7 varieties I>Wx, H HI, I, L S>M, H 6.5- 7.5 5.9- 7.6 2.4-3.0 

6 lines I>H I, HI>L H>M, S 5.7- 7.5 5.9- 9.7 2.7-3.4Portugal 9 varieties L>I L>l HS>M, 5.6- 7.8 6.8- 7.6 1.8-3.9 
Sierr, Leone 15 varieties I>H>L I>L M>H>S 6.4- 9.0 - 1.6-3.1
 

(from IITA)
 
Sri Lanka 10 varieties H>I 
 I H>S>M 6.7- 8.5 7.7-10.0 1.5-3.0 
Turkey 14 varieties L>l L>HI S>M, H 6.0-10.0 6.6-10.5 1.6-2.7

Vietnam 11 varieties H>I, L L>I>HI 
 H>S>M 6.0- 8.7 6.3- 9.5 2.2-3.8 
aH "high (>25%), I Intermediate (20-25%), L low (10-20%), =Wx = waxy. bBased on alkali spreading value: L low 

= (6-7), I intermedlate (4-5), HI - high Intermediate (3). CS = soft (61-100 mm), M = medIum (41-60 mm), H = hard (27-40
MflITI).
 

parboiled in the laboratory prior to milling and cooked rice (9.7-10.0 kg instron values) than the 
assessment of grain quality. high-AC rices (7.7-9.8 kg). Of three parboiled rices 

The Philippine varieties and lines from the analyzed for aflatoxin, one showed a high level. 
Maligaya Rice Research and Training Center had The Turkish rices had predominantly low AC,
nmainly intermediate AC with intermediate or high- low GT, and soft to hardGC, except for IZ68 with 
intcrmediate GT and variable GC. Two waxy intermediate AC and Bal/SK (5YO3) with high
varieties with low GT were included. Protein intermediate GT. Baldo had higher MRP (10%)
contents were average, than tile others (6.0-9.5%) and had the hardest 

The Fortugacse rices had mainly low AC, low cooked rice. 
GT, and soft to medium (C, except for Estrella A The rices from Vietnam had mainly high AC 
with intermediate GT and Safari with intermediate with low or intermediate GT and hard to soft GC,
AC and hard GC. All cooked rices were soft. except for V.X.1.5 with low AC and high inter
Length-to-width ratio was 1.8-2.4, except for mediate GT, and TAM with intermediate AC. The 
Estrella A, which was 3.9. softest cooked rices were V.X.I.5 (6.3 kg) and 

Fifteen Sierra Leone varielies grown at lIrA V.X.1.7 (6.4 kg) with high AC, intermediate GT,
had variable AC and (C and intermediate or and soft GC. 
low GI. Rice starch properties (Cereal Chemi.':tr.;, and 

The Sri Lankan rices had high or intermediate Plant Breeding). Ver' lo'-aniylose rices (Gereal
AC, intermediate GT, and hard to soft GC. The Chemisirv and Plam Breeding). Food scientists at 
three intermediate-AC samba rices had harder the University of Strathclyde in Glasgow, Scot
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land, tested 2 low-GT, very low-AC rices - amylopectins of IR32 and IR36 (Table 8). The 
IR37307-8-ch-3-34 (7% AC) and lR37815-29-2-2-2 calculated true AC of the low- and high-AC 
(10% AC) -- for lipid content and enthalpy of starches was similar; the high apparent AC ofhigh
gelatinization. IR37317-8-ch-3-34 had 0.8% starch AC rice was due to the greater iodine affinity of its 
lipids and enthalpy of 14.2 .1ig. 1R37815-29-2-2-2 amylopectin. The higher iodine affinity of IR42 
had 1.0% starch lipids and enthalpy of 12.6 .Pig. amNlopectin could have been due to its higher 
Starch lipid levels were much higher than for waxy outer long-chain linear fraction. This was shown 
starches (0.02-0.06%), but cnthalpy values were by isoamylase debranching of amylopectin fol
similar to those of low-cf waxy starches (13-15 lowed by either gel Filtration or precipitation from 
Jg). Our analyses of milled rice lipids for these 2 l-butanol-saturated water. This higher proportion 
samples were 1.6% and 1.3% nonstarch lipids and of long-chain linear fraction in amylopectin may 
0.7 and 0.6% starch lipids, iespectivcly, also explain the harder texture of cooked IR42 

Amlose and amylopectin ot'high-amylose rice compared with that of IR32 and IR36. 
(Cereal Chemistry). In a cooperative study, starch GIveemic index ?/ high-amvlose rice (Cereal 
chemists at Kagoshima University, Japan, purified Chemistr.|,). A high-AC rice in earlier studies 
and characterized the amylose and anylopectin of showed a lower glycemic index (plasma glucose 
starch granules from high-AC rices. The starches and insulin response) than waxy, low-AC and 
were selected based on GC: hard (IR42), medium intermediate-AC rices (Annual report for 1984). 
(IR36) and soft (IR32). We found that hard-GC Because of the wide variation in cooked rice 
rices had harder cooked rice than those with soft- properties among high-AC rices, nutritionists at 
medium GC.The studies demonstrated that their the University of 'oronto, Canada, estimated in 
amyloses had similar properties and were corn- normal subjects the glycemic index of three high
parable to the amylose from low-AC.Japanese rice AC rices differing in gel and Amylegraph con
starches. An amvlopectin-like contaminant (6%) of sistency and G', and of' processed rice lroducts 
amylose was not removed by I-butanol recrystal- (parboiled rice and rice noodles). Results suggest a 
li'ation; it was removed only by Lltracentrifugation higher glycemic index for Iow-GT IR42 tharn for 
of crude ,nmylosc in 50 'C water for I h at intermediate-GT lI36 and lI162 (Table 9). The 
100,000 g. maJor factor seems to be the shorter cooking time 

Amylopectins from high-AC starch had higher of' the low-GT rice and its harder GC.Processed 
iodine affinity (1.6-2.6 vs 0.4-0.9%) and limit rice products also tended to have a lower glycemic 
viscosity (150-170 vs 134-137 ml/g) hut lower mole- index than unprocessed milled rice. 
cular weight based on degree of polymerization Texture of cooked rices with similar amylose 
(4,700-5,800 vs 8,200-12,800 glucose units) than content (Cereal Chemistr,). Laboratory taste 
amylopectins from low.-AC starch. However, IR42 panels at a rice processing company in the US and 
amylopectin had higher iodine affinity than at another in Europe assessed the cooked rice 

Table- 8. Comparison of amylosa content of low-AC and high-AC rice starch based on iodine affinity of amylose and of 
amylose and amylopectin. Kagoshima University-IRRI, 1986. 

Variety 
Iodine affinity %) True amylose content (%) 

Amylose Amylopectin Starch True a Apparentb 

Hok, !do (unknown variety) 20.3 0.87 4.36 18.0 21.8 
Koshihikari 20.1 0.39 3.69 16.7 18.5 
Sasanishiki 20.0 0.49 4.00 17.4 20.0 
IR32 
IR36 

20.3 
21.1 

1.62 
1.62 

5.08 
4,94 

18.5 
17.0 

25,4 
24.7 

IR42 20.0 2.57 5.27 15.5 26.4 
abased on actual contribution of Iodine affinities of arnylose and arnylopectin to Iodine affinity of defattod starch. bBased 
on Iodine affinity of arnylose as 20%, regardless of Iodine affinity of arnylopoctin. Potato arnylose standard had Iodine 
affinity of only -16%. 

http:0.02-0.06
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Table 9. Comparative in vitro and in vivo digestibilities in healthy human subjects of 3 high-AC rices differing in GC and 
GT, and of parboiled rice and rice noodles. Univ. of Toronto-IRRI, 1986. 

In vitro digestibility Plasma glucose Glycemic index Starch type
Cooked samples Insugrs resii response (% of white

(rag sugars released/mlh) fmmol/liter.3 h) bread) GC GT 

IR62 
IR36 
IR42 
Parboiled IR42 
Rice noodles (commercial) 

0.38 ± 0.01 c 
0.39 ± 0.02 c 
0.46 ± 0.01 b 
0.39: 0.03 bc 
0.65 ± 0.02 a 

texture of three pairsofnilled rices: C4-63G-IR64, 
Akibare-Milyang 23, -and Malagkit Sungsong-
IR65." In the intermediate-AC pair, lR64 had 
properties similar to those of C4-63G but slightly 
lower GTand harder cooked rice. For the low-AC 
pair of Korean rices, Akibare had softer cooked 
rice than Milyang 23. Malagkit Snngsong gave a 
softer and more tacky product than IR65 in the 
waxy pair. No significant, consistent difference was 
detected bv sensory' profile and by bench top 
evaluation forall three pairs cooked in excess water 
to optimum cooking time. One panel noted color 
differences for all pairs. 

The donble bite or texturc profile technique for 
cooked rice using the Instron machine was also 
tried or the three pairs. Reproducibility of the 
double bite technique was very poor with a single 
grain layer and 50 or 75%, compression. The micro 
Kramer shear press was also tried but the results 
were not similar to those of Ottawa texture 
measuring system (OTMS) extrusion cell: low-
AC rices gave higher hardness values than inter-
mediate-AC rices, probably because of adhesion to 
the Kramer cell blades. Hardness value by back 
extrusion using the OTMS cell was no better than 
the OTMS extrusion cell hardness value. 

To reduce the effect of size and shape of cooked 
rice on hardness determination, rice flour disper-
sions in water were cooked and the gel streiigth 
measured. The cooking method needs improve-
ment to minimize clumping ard to obtain uniform 
cookin, 

Rice products (Cereal ('lwmistrr and Plant 
Patholog.v). Parboiling process (Cereal Chem-
istry). Differences in starch (IT among rice 
varieties have caused difficulty in adopting a 
uniform parboiling procedure. Studies were made 

55,2 16.5 b 61 ± 10 b Soft Intermediate 
164.7 ± 3.9 fb 72 ± 10 ab Medium Intermediate 
81.0 ± 7.6 a 91 ± 12 a Hard Low 
61.3 ± 9.0 ab 66 ± 8 ab Hard Low 
52.9 ± 8.6 b 58 ± 12 b Medium -

to develop a laboratory procedure that will 
produce fully parboiled rice for all varieties. Inter
mediate- and low-GT rough rices achieved equili
brium moisture content or optimum hydration 
within 6 Ihin 60 C water, equivalent to 40-46% 
moisture (dry basis). Steaming at a pressure of 0 
kg/cm 2 for 30 min was sufficient for parboiling; 
however. IZR42 required only 25 min. 

A flato.in prouluction during soaking in par
boiling (Cereal Chemistry antl Plant Pathology). 
An increase in aflatoxin level was reported for 
rough rice soaked in colonized water for 6 d in Sri 
Lanka. Because of the universal concern about 
aflatoxin contamninal ion in prboiled rice, 4 varie
ties differing in amylose content were soaked in 
water inoculated with Aspergillus parasiticus 
NRRL 2999 spores (I X 103/ml) and colonized 
grains at 30-32 'C for 4 d. The resulting parboiled 
brown rice showed no aflatoxin, and the hull had 
total aflatoxin of 5 jigikg by the minicolumn 
technique. Thus, aflatoxin contamination should 
not occur during the 4-d soaking in parboiling if 
undamaged or sound rough rice is used, even if the 
soaking water contains spores of a toxigenic strain 
of A. parasiticus. However, recycling the soaking 
water already rich in aflatoxin may result in greater 
contamination. 

Fermented rice cakes (Cereal Chemistry). Over
night aging of rice batter increased batter viscosity; 
IR64 showed the highest viscosity among I1 
samples. Cake height and AC were significantly 
correlated for the 10 nonwaxy rices (r = 0.84"*), 
but not with alkali spreading value (r = 0.05). 
Waxy rice cake collapsed during steaming. The 
untrained laboratory panel showed an overall 
preference for intermediate-AC cakes but consi
dered high-AC cakes acceptable. Low-AC cakes 

http:flato.in


(;EN 'I" I VAI.IIAi I(N ANt 11111.IZATION (GEii) PROGRAM 55 

were less acceptable, as they were too sticky and 
mushy. Texture profile analysis of freshly steamecd 
cake revealed overlapping hardness values among 
the AC types but higher adhesiveness for waxy and 
low-AC cakes, except high-GT Century Patna 231. 
Cohesiveness values also overlapped among AC 
types. but deformation recovery was lowest for 
low-AC rices. One-day s!orage of the cakes in-
creased hardness values'of high- and intermediate-
AC samples, particularly inermcdiate-GT, high-
AC samples. Washing of wet milled IR64 flour 
with water tended to reduce cake height and 
increase cake hardness. 

Gun-puf'ed miled rice (Cereal (i7mistr'v). The 
puffing gun used required 500 g milled rice with 
13-15% moisturc content to bring about a chamber 
pressure of 11.3 kg!cm2 by heating with a gas 
burner for 3-7 in (to 200-210 °C). Volume 
expansion in the puffing gun was 2-3 tirnes the 
expansion ratio during oil-puffing of parboiled and 
of cooked milled rice ( 12.9 vs 5.4 and 4.5), and the 
puffed grains of 22 rices tested retained the shape of 
raw rice.. AC correlated negatively with expansion 
ratio (r = -0.49**) and positively with hardness 
(r = 0.66**). Protein content also correlated nega-
tively with expansion ratio (r = --0.76**). The 
Untrained laboratory panel preferred intermediate-
and low-AC puffed rices to waxy and high-AC 
rices in terms ofcrispriess amid texture. P'uffed waxy 
rice lacked crispness, although it was soft-textured 
and the lightest, almost melting in the mouth. 
Korean japonica rices (03-17% AC) approached 
waxy rice in low Instron hardness of puffed rice. 

The gel viscosity of rice grains in 0.2 N KOIH 
decreased by 81-97(, on gun-puffing, but the rice 
retained its AC.. The gel viscosity of the puffed 
grains correlated negatively %kithAC (r = -0.52*), 
suggesting tha' aiylopectin was ieore extensively 
degraded than amylose during gun-puffing, prob-
ably because of protection of ainylose by starch 
lipids. 

Oil-puffing of !27 C'C-parboiled milled rice and 
precooked milled rice did no! adversely affect the 
nutritional value of rice proteins based on the levels 
of lysine, cysteine, methionine, and tryptophan in 
protein before and after puffing. Only gun-puffed 
rice decreased significantly in cysteine content (1.6 
vs 3.1%) without lysirie degradation (4.3%). The 
low lysine content of puffed and toasted rice 

breakfast cereals may result from the toasting step 
after puffing, rather than from the puffing step. 

Rice wine (tapuy) (Cereal Chemistryv). In a 
cooperative study ,Axith food microbiologists at the 
Institute of Food Science and Technology (IFST) 
of the University of the Philippines at Los Bafios 
(UP1.13), the suitability of two waxy and eight 
t'onwaxy riccs differing in AC and G' for rice wine 
(tapuv) production was assessed, using an im
proved method with high saccharifying Rhizopus 
oryzae spores followed by Saccharomt'copsis 
cap.sularis cells and high alcohol-toleran Saccha
romyces cerevisiae cells. Waxy and low-AC rices 
showed the highest tapuY yield, ethanol content, 
and ethanol conversion, followed by intermediate-
AC rice and then high-AC rice (Table 10). Tapu' 
aged for I mo showed significant differences in 
mean scores of aroma, color, flavor, astringency, 
acidity, and general quality, but only color scores 
correlated with AC. [he weiglit and starch content 
of residual mash were positively correlated with 
AC. Separation o fermenting mash was faster in 
IR64 digests than in waxy and low-AC digests. 

Rice protein properties (Cereal Cwnmistrt', 
.gronom,. aml Ri e Frming,S'stemsProgram). 

,SWtlfiir-diefictitbr)own riceprotein (Cereal Chem
istrr anid ,groitl/nli). 13R P deficient in cysteine 
ard methionine was obtained fi on- rices grown on 
S-deficient soils in the IRRI greenhouse (Annual 
report for 1985) Soltihility fractionation showed 
17 ' albunin-glohulin, 5% prolamin, and 78% 
glutelin for normal IR64 BIRP as compared with 
9% albumin-globuin, I% prolamin, and 78% 
glutelin for cysteine-inethionine-deficient (2% vs 
5%of protein) IR4 BR P. Disc gel electrophoresis 
confirmed the higher prolamin content of S
deficient 311,P. The higher prolamin content may 
explain in part the lower cystein.-methionine 
content in S-deficient BR ), because of the low 
content ofcysteine-iethioninc in prolamnin and the 
presence of a 4%prolainin-like fraction in glutelin. 

Protein anti eeri, y utilization of rice-lepne 
diets (Cereal ('hemistrr an(l Rice Farming Sstems 
Program). The complenientarity of rice protein 
and legume protein grown in the ARFSN was 
verified in rat feeding trials using cooked IR58 
milled rice-cooked legume (2:1 N ratio) at the 
National Institute of Animal Science (NIAS), 
Copenhagen, l)enmark. Antinutrition factors, 
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Table 10. Mean properties of milled rice, tapuy, and residue after fermentation and their correlation coefficients with
milled rice AC. IFST, UPLB.IRRI, 1986. 

Mean values for AC typesa 

ra yloseProperty Waxy Low AC Intermediate High (n=10)
(2) (3) AC (2) AC (3) 

Milled rice arnylose %dry basis) 3.1 15.8 22.2 26.7

Tapuy yield ml/800 g rice) 2360 2255 
 209C 1870 -0.91"
Ethanol contrnt % dry vol) 12.6 12.6 12.2 11,2 -0.67*
Ethanol rcnversinn % of dry wt) 33.2 31.9 28.6 23.4 ° -0.86 .Panel color scoreb 4.2 4.0 3.5 3.6 -0.77**Wt of residral mash (g/800 g rice) 166 228 326 571 0.84 * * 
Starch 1%) in residual mash 0 0.6 2.2 4.1 0.88** 
aWaxy IR29 and IR65; low-AC IR24, IR43, rind ings;intermedlate-AC IR48 and IR64; and high-AC IR36, IR42, endIFP62. Numbers !n piirenti ,sus Indilcate nulber of samples. biMian of 8 panelists rating each 1-mo-old sample 10 timesusing a 5-poInt scala: 1 intense yellow, 2 - yillow, 3 dull yelow, 4 - slightly yellowish, and 5 - straw/almost colorless. 

galactosc-containg sugalrs.and titins (phentols) cereal diets. Rice had better net protein utilization 
were also analv'cd ift(ledlets. The (dletay proteins than the other three cereals, including whole wheat. 
were Still (eicient if) lvsine based on 5.5 g 16 g N as
 
(1)0O"rather than if] S-amino acids (cvsteinc ±
 
mctliolnine) (Table I1). plus
('stein nthionine BY'-PIRODI)("S ANI RFShl)llgS
 
valuIes Sere 3.6-4.0 j!16 g N for 6 rice-(egume diets nd Ilan
( ervtl ( h',ilistr oml Brr'ediunl, 
and 3.0-4.4 g 16 g N for the 4 cereals as,,compared 
with tle World Health ()rLlniialion atlin acid 
pattern o" 3.5 g 16 g N s I)(l 1. Properties of harvest rice straw (&Creal(hemistry

FIncrgv digCsliity' Wa.'. high or al)diets,except adl Phi/n Breedinig). Aniial nutritionists at the 
sorghtnm, which had lhe highest t;1tttit content Instilte of,Atitnal Science ([AS) of' UPLB tested 
(Table I1). The same was triue or protein digest- the efectivcness of' in vitro (ligestibility assays for 
ibility. Sorghtm protein had the higiest biolh)ica) fced value of straw ott 1985 WS and 19X6 DS 
value, but its resulting net prolcin iitili/ation was harvest straw of 29 IR varieties and IR28150-84-3 
lowest. Ilie rice-leguie di, s had .tealcr net ita dcmotnstration pllot. A wide range of values 
itoteit tiltili/atiot) thal rice alrI;e nd tle )tiler was obtained for both crops, uItneither in vitro 

Table 11. Mean total sugars, phenols, and energy, and energy and N utilization by growing rats of boiled cereals and IR58milled rica-legume (2:1 N ratio) diets (moan of 2 varieties, except IR58 rice only). NIAS-IRRI, 1986. 

Total Phenols Lysine Energy TrueDigestible Biological Net 
Onilled
d'et sugars %as catechin) (1/16 !1N) (kJ/g) energy digestibility valre (% of protein

(% glueCoS) % of total) % of N) absorbed N) utilization
% of N) 

Milled rice 0.2 0 3.5 18.2 92 86 74 63 
Field maize 3.9 0 2.3 18.8 88 91 64 58
Sorghum 2.0 1.7 2,6 18.6 77 51 90 46
Wheat 2.7 0 3.2 17.9 87 6393 59Rice-bush sitao 3.6 0.6 4.5 18.1 88 82 79 65
Rice-cowpea 1.9 0.1 4.7 18.1 90 88 75 66
Rice-mungberan 1.7 0.1 4.8 18.1 91 90 76 66Rice-peanut 1.7 0,1 3.7 20.2 91 87 74 67
Rice-pigeonpira 2.4 0.1 4.1 18.1 87 83 79 66
Rice-soybean 1.5 0 4.0 18.9 91 89 79 70 

Poored SD t-0.1 tO. ±0.3 
 ±0.1 -1 ±1
11 +1
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dry matter digestibility (IVDMD) nor in vitro 0.46-0.57 Hi, 36-48% harvest straw, and 31-44% 
organic matter digestibility (IVOMD) for the two leaf blade, 26-55% leaf sheath, and 12-30% stem in 
crops was significantly correlated (Table 12). harvest straw. Plant-to-plant variation in IR62 
bigestibility values were generally higher in WS revealed similar ranges in plant characteristics as 
than in I)S. Growth duration, harvest index (HI), among mean values for IR varieties. 
and proportion of harvest straw were correlated Selected harvest straw in M95 WS differing in in 
for the two crops. Ihe higher I-Il and proportion of vitro digestibility was analyzed in detail. Straws 
harvest straw foriDS were mainly tile with better IV )M I) and IVOM I) had less neutralresult of the 
shorter plants in the IDS crop relative to tile detergent fiber, acid detergent fiber, cellulose, andWS 
crop. The WS straw contained more leaf blade ash and more free (hot 70% ethanol soluble) sugars 
and less leaf sheath than the )S straw in coop- than straws withlow IVDMDand IVOM D values 
erativc studies with Tropical Development and (Table 13). The changes, however, were not pro-
Research Institute (T)RI) scientists. portionate, as caln be seen for IR36. Cutin content 

In cooperative studies with TDRI scientists, estimated from acid detergent fiber ranged from 
variation in rice plant and straw characteristics at 2.0 to 2.8% and was not simply related to diest
harvest of IR62 in 1986 1) was examined on 24 ibility of straw. The straws had overlapping poly
hills fron i 1(- X 2.5-ni plot. Wide variation was sacchlaride levels soluble in oxalate (0.3-0.8%), 
note(l among hills: 12-24 tillers, 60-74 cm plant 0.13%KOH (0.9-2.1%), 0.6% KOH (4.3-5.5%), 
height to uppermost node, 26-47 g plant weight, 1.1(,4, KOH (2.1-2.7%), 4% KOH (3.3-5.7%), and 

Table 12. Range alid moan of in vitro dry matter and organic matter digestibilities of harvest straw and other properties of 
29 IR varieties and IR28150-84-3, 1985 WS and 1986 DS,and correlation coefficients betweor crops. IAS,UPLB-IRRI, 
1986. 

1995 WS 1986 DS 
Property 

Range Mean Range Mean r (n-30) 

IVOMD of harvest straw %) 35.1 - 47.2 41.6 33.0 . 43.6 38.3 0.01 
IVOMD of harvest straw 1%) 33.8 - 49.2 43.2 26.9 41.8 33.6 0.22 
Growth duration (d) 100 -142 118.2 103 -138 120.9 0.97"* 
Harvest index 0.28- 0.60 0.46 0.29- 0.64 0.52 0.54 * 

* Harvest straw (1%o total) 3h - 64 53 46 - 74 61 0.73 

Table 13. Detailed analysis of harvest straw of 3 IR varieties differing in in vitro digestibility of dry matter and organic 
matter. IRRI-IAS. UPLB, 1985 WS. 

IR65 PooledProperty IR26 IR36 
SD
 

Whole straw 
Growth duration (d) 117 112 114 
Harvest index 0.52 0.57 0,45 ±0.03 
N harvest index 0.65 0.70 0.60 ±0.04 
Harvest straw IVDMD % 38.6 43.6 46.6 ±2.1 
Harvest straw IVOMD %) 33.8 44.7 49.2 ±1.7 

Harvest strawa 
Protein (% N X 6.25) 5.7 6.5 5.8 
Neutral detergent fiber (% 71.8 71.1 68.7 ±0.8 
Acid detergent fiber (%) 52,0 50.3 49.0 ±0.8 
Hemicellulose (%) 19.8 20.8 19.7 ±0.5 
Crude silica 1%) 11.4 10.0 13.5 ±1 
Lignin (%) 5.6 5.6 4.5 ±0.3 
Cellulos' 1%) 32.4 32.2 28.8 ± 1.0 
Cutin %) 2.6 2.5 2.2 ±0.4 
Crude ash ll 21.0 20.9 18.7 ±0.5 
Free sugars (%) 3.1 3.0 5.3 ±0.4 
aDry basil. 
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10% KOH (3.5-5.3%). Silica was shown to be 
extracted in the 0.3% KOH fraction and was not 
removed by dialysis. 

A comparison of in vitro digestibility of harvest 
straw of modern and traditional r'ice varieties 
differing inI straw strength or lodging resistance 
showed overlapping values for both IVI)M1) and 
IVOMI1) (-]able 14). Farlier studies have allsol 

shown that illodern and traditionil rices have 
similar proportions and fiber :oriposition of'leal 
blades, lealf sheaths, and stems. 

Effect of silica content (Cereal ('tThei.stIr). The 
silica content of'straw was n~artip~latcd by growving 
IR36 and I R 42 plants hyd roponically at 0-200 ppm 
Si() 2 in 1985 WS and 1R36 and 1158 plants at 
0-400 ppm Si()2 in 1986 ),. Higlher Si) levels 
were used because SiO levels, in the straw of' 200 
ppm SiO, culture were still lok. The addition of 
SiO decreased leaf openness and percentage of 
leaf blades btt increased steri intcrnode hendine 
hardness, HI, grain yield, height of lhag leaf, and 
milled rice AC. 

Silica levels .icrcascd with increasing Si 2 level 
in the culture solution ([l 15). IVF)MI) and 

IVONI) of b6th straw and hull in the 1985 WS 
crop showed lower values for Si()2-ont ainging 
samples. For the 1986 )S crop. only' the IVI) MI) 
values were significantlv lower for the Si() c(n
taining straw and hull. 1)igestibilitv vxalues tended 
to be lower ftrthe )5 crop except for the IVI) NI) 
of straw. 

Scanning electroitn icrography of tile fresh leaf 
blades of hydroponically grown plants (after 

treatment wit cetyltrimethl amniiuiun bromilde 
to remove tie cuticular layer) showed an almosttotal lack of dumbbell-shaped silica cells in the 0 

Table 14. In vitro dry matter and organic matter digestibi. 
litles of harvest straw of IR and traditional rice varieties. 
IAS, UPLB-IRRI, 1986 DS. 

Modern Traditional 

Lod( ing type 1VDMD IVOMD IVDMD IVOMD 
(%)~ (%) (%) 1%) 

Strong 41(2) 33(2) 37-44 33-37 
Wnonlodging) 

Weakly lodging 46 38 - -() 
Weak (strongly 

lodging) 
33 30 39(2) 33(2) 

ppm SiO 2 sample as compared with the regular 
array of silica cells in the 400 ppm SiO: samples 
(Fi. 2). 

Table 15. Mean silica content and in vitro dry matter and 
organic matter digestibilities of total straw and hull of 
IR36 and IR42 or IR58 rices. IRRI-IAS, UPLB, 1986. 

SiC 2 Straw Hull 
levl 

(pp 0 WVM SiOso 00M V NM 

1985 WS (IR36 and IR42)
0 0.7 58.7 54.7 (3.5)H 23.1 19.41100 5.7 50.8 48.9 -

200 8.6 50.0 50.4 (10.7)a 16.7 14.1 
1986DS (IR36 and lR58) 

0 0.4 57.2 43.6 0.4 16.4 5.0
100 4.6 57.5 46.4 7.2 15.4 4.4 
200 9.4 53.2 43.9 11.6 13.8 4.2 

300 11.6 48.2 39.8 15.5 13.2 3.2 
400 13.8 50.8 44.0 17.6 13.1 3.5Pooled 

SD 0.9 t-4.0 4.4 -0.7 c2.3 s2.4 

aCrudo ash. 

._ _i _ 

2. Scinning electron ilciirographs at harvest of surface of leaf 
(top) a nd4 W(holto i) pp r iO , 

1 m 
showing el fect oil silica cells. Culicilar lacr tello cd with hot 
4_'_celyltrim-hl anin t rnmibiomide in 5.6'; t'S04. lar is 
I(X)pro. IRRI. 1986. 
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IRTP DISEASE RESISTANCE TRIALS 

Plant Pathohgy and Plant Breeding 

Departments and hIternationalRice Testing 

Progran 


From 1985 international Rice Testing Program 
(I RTP) trials (data received and analyzed in 1986), 
entries performing well across locations are sum-
marizcd below. Others that performed well at 
specific sites appear in the IR I1 section of this 
report. 

D~isease Entries 

Bacterial blight DV85, I R 13423-17- 1-2-1 , 

IR22082-41-2, 1I126717-1-1-2-
I-I, 1R27325-63-2-2, IR29295-
70-1-1-1-1-3-1, I1R29341-85-3-
1-3, 1R40, IW54, IR8192-166-2-
2-3, 1R9830-26-3-3, IP633-76-1 

Blast H uan-sen-go , 1R AT 109, 
IRATI3, IRATI34, IRAT147, 
SR3044-78-3, 'la-poo-cho-z, 
Tetep 

Tungro ARC 11554, Boteswar, Kacha-
mota, Naria IBachi, Pank-
har 203 

Ufra nematode Ba "fuc, Iazail 65, Ra\,ada 
164)11, Rayada 164)13, Rayada 
16-05, Rayada 1646, Ravada 
16-07, Rayada 16-08, Rayada 
16-09 

BACTERIAL BIGHT 

Plant Pathology and Plant Breeding 
Departnlentsandl hIternationalRice Testing 
Program 

Screening (Plant Pathologv, Plant Breeding, and 
IRT"P). An increasing number of entries in-

cluding material from IRTP, hybridization blocks, 
observational yield trials, replicated yield trials, 
germplasn accessions, pedigree nurseries, and 
other countries are evaluated every year for 
resistance to bacterial blight (1,13) (Table I). 
Because resistance genes Xa-4 and va-5 are being
deployed in the varietal improvement program, 
race I (PXO 61) and race 2 (PXO 86) were used 

individually to screen progenies derived from these 
gene sources. 

Evaluation (Plant Pathology). Seedling 
resistance. Rice resistance to BB has been demon
strated at the seedling stage, when both strong and 
weak interactions between rice varieties and 
pathogen isolates have been found. Selected 
varieties were tested at different leaf positions for 
reaction to various races. Some showed resistance 
beginning at the 2-leaf stage (Table 2). Resistance 
was also differential. Some variety-isolate inter
actions were strong. Other varieties showed in
creased resistance at the 4th leaf posifion andbecame stable thereafter. Lesions that progressed 
differently with prolonged incubation were also 
noted in some varieties. 

Partial resistance. Partial or intermediate 
resistance has been identified in cereal crops that 
are more durable to some diseases than others. 
This type of resistance is assumed -- and has been 
demonstrated in traditional or unimproved 
cereal cultivars. Because the breakdown of the 
Major gene resistance to 1313 has been documented 
in rice, partial resistance was sought. A preliminary 
study tested a large number of cultivars at different 
growth stages with many pathogen isolates. 
lesions extended faster on young plants than on 
older ones. The differences between cultivars were 
similar to those found with a single measurement 
of lesion length later than 14 d after inoculation 
(DAI). At 14 DAI, the ED510 and the decrease in 
lesion length with dosage were measured on 10 
cultivars with a virulent isolate. Susceptible
varieties had a lower ED 50 than resistant ones.
 
Lesion length increased sharply with increased
 
inoculum concentration in some varieties and
 
gradually in)others. Sixteen varieties were found to
 
have a moderate level of resistance to nine isolates.

Six of them were further evaluated against an
 
additional 10 isolates. Few significant interactions 
between the varieties and the isolates were noted, 
except with the major genic effect tested with two 
isolates (Table 3). This could indicate that the 
resistance is either race nonspecific or that the 
specific interaction is too small to be identified by 
this method. 

Per/orrance of IR varieties. In the 1986 wet 
season (WS), we made a similar trial in a farmer's 
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Table 1. Breeding materials and varieties screen'd for resistance to BB races 1 and 2. IRRI, 1986. 

Entries (no.) with given disease scoreb 

Nursery a 

1 3 5 7 9 117 
c Total 

IRTP material 245 49 60 15 15 384 
(13) (222) (131) (12) (2) (380) 

Chit ese Pedigree Nursery (1986 DS) 1264 287 179 1730 
Korean breeding lines (1986 DS) 6 15 21 

(1) (3) (18) (22) 
Korean pedigree lines (1986 DS) 326 88 1053 4 1471 

(16) (1455) (1471) 
USDA material 5 74 64 143 

(5) (83) (52) (1) (141) 
Hybridization block (1986 DS) 9 10 14 223 7 5 268 

(144) (11) (3) (87) (14) (12) (271) 
Hybridization block (1986 WS) 90 107 41 28 266 

(34) (182) (29) (8) (253) 
Rainfed Lowland Observational Yield Trial (1986 DS) 165 3 27 8 203 

(2) (12) (34) (152) (2) (202) 
Rainfed Lowland Observational Yield Trial (1986 WS) 141 546 40 37 13 6 783 

(31) (597) (49) (1) (4) (682) 
Irrigated Lowland Observational Yield Trial (1986 DS) 330 27 13 117 30 E17 

(1) (11) (5) (499) (1) (517) 
Irrigated Lowland Observational Yield Trial (1986 WS) 44 392 132 23 25 1 617 

(2) (264) (78) (4) (348) 
Irrigated Lowland Replicated Yield -Trial (1986 DS) 321 7 13 40 21 402 

13) (33) (591 (307) (402) 
Irrigated Lowland Replicated Yield Trial (1986 WS) 2 164 168 26 17 1 378 

(45) (302) (21) (4) (372) 
Gernplasm bank (1986 DS) 156 66 93 3800 55 4170 
Upland Replicated Yield Trial (1986 WS) 36 55 9 100 

(90) (10) (100) 
Upland Observational Yield Trial (1986 WS) 45 54 1 100 

(94) (6) (100) 
Pedigree nurseries 55,208 10,231 5594 71,033 

(14,281) (21,503) (646) (36,430) 
Totai 59,972 1719 743 16,064 169 5919 82,586 

(14,432) (395) (1689) (24,412) (952) (668) 

Grand Total 82,586 
(41,691) 

aDS = dry season, WS = wet season. bReaction of race 2 in parentheses. CSegragating. 

Table 2. Interactiorl between varieties and isolates of Xan- field to compare, under high disease pressure, the 
thomonas campestris pv. oryzae at different leaf positions performance of IR58 and lR64 carrying the Xa-4 
at the seedling stage. IRRI, 1986. gene for 3B resistance with IR line lit 1695, having 

adult plant resistance (Xa-6). 1156, 1R58, IR64, 
Mean lesion area 

Variety Representative 1(%)at leaf and IR1695 were planted in Mabitac, Laguna, 
group variety position Philippines, where BB was endemic. The seedlings 

2 3 4 5 were inoculated with a low dose of an isolate from 
------------- ...... .. the same area I d before transplanting, while 

1 Chherlinge PXO U1 1 1 2 2 control seedlings were left uninoculatcd. 
Shiwuwa During 1986 WS, disease pressure was 

2 Baegumchalbyeo PXO 86 98 54 52 37 apparently high in both inoculated and unin
3 YR1617-13-2-2 PXO 71 90 72 10 10 oculated plots. Inoculated 1158 and IR64 plotsdid 

not significantly differ from uninoculated plots 
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Table 3. Lesion length of 6 rice cultivars in response to infection by 19 Philippine isolates (different race groups) of Xan
thomonas campestris pv. oryzae measured at 14 DAI. IRRI, 1986. 

Isolate Length of lesion a (cm) on 

No. Race Origin TN1 IR9101-124 GRS1-282 IR28 IR40 Cisadane 

BB 1287 
B8 1194 
IRN 812 
IRN 863 
IRN 907 
iRN 764 
PXO 149 
IRN 825 
B8 1317 
PXO 86 
BB 1325 
IRN 705 
IRN 711 
IRN 526 
IRN 922 
IRN 332 
PXO 71 
PXO 122 
PXO 99 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
4 
6 
6 

IRRI farm 
IRR I farm 
Nueva Ecija 
Albay 
South Cotabato 
Tarlac 
Laguna 
Camarines Sur 
IRRI farm 
IRRI farm 
IRRI farm 
Davao 

Leyte 
Bohol 
Iloilo 
Bicol 
Palawan 
IRRI farm 
IRRI farm 

35.6 
30.6 
37.8 
37.5 
37.1 
36.6 
34.6 

33.2 
30.9 
30.4 
30.4 
13.4 

1.1 
37.8 
35.2 
33.7 
30.5 
27.7 
25.8 

3.2 
25.8 
24.7 
20.4 
23.3 
22.6 
22.4 
23.4 
19.2 
21.1 
18.3 
18.1 

9.8 
25.8 
24.4 
17.6 
13.4 
13.8 

15.6 

1.8 
19.5 
23.8 
21.0 
23.3 
23.1 
23.1 
19.5 
18.6 
23.0 
19.4 
20.9 
10.2 
25.5 
23.9 
18.7 
6.2 

14.0 

14.6 

1.9 
21.7 
26.8 
19.2 
25.2 
23.8 
25.5 
22.0 
20.4 
22.9 
22.6 
20.3 
11.4 

25.9 

22.7 
16.9 
8.1 

13.7 

17.0 

1.9 
9.7 

21.4 
16.4 
20.5 
19.1 
21.2 

16.8 
15.0 
17.9 
16.2 
15.4 
9.3 

20.7 
18.5 
15.9 
6.7 

12.7 
12.5 

1.3 
14.4 
17.1 
15.1 
21.0 
19.0 
20.2 
13.0 
14.0 
18.1 
17.1 
16.8 
5.3 

18.1 

16.7 
14.3 

5.2 
11.1 
11.4 

0 LSD at 5% 6.98, based on Bonforroril. 

based on hill and leaf infections (Fig. I, 2). The Korean isolates. Nine varieties, resistant to:;ome or
difference in sevcritv between IR58 and IWR64 all Philippine races, were also resistant to three(Fig. 3), both carrying gone .Va-4, may be related to Korean races at all rice growth stages (Table 4). 
the background resistance of the varieties, since Milyang 83 froli Korea performed similarly.
they were the results of selection from nl:1ttiple or Among I I varieties, 6 from Korea showed adult
compouLnd crosses, plant resistance to the sane races ilnKorea

Collaboration.A joint project with the Rural (Table 5). ()lher varieties had different reaction
Development Administration (R )A), Koreo, was patterns to Korean races and may be Used to
initiated to evaluate a set of rice cultivars against differentiate the isolates. 
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Table 4. IRRI germplasm accessions showing overall resistance to 3 BB races. IRRI-RDA, 1986. 

Mtean lesion areaP (%) 

Variety Korean race 1 Korean race 2 Korean race 3 

SS MTS F'.S SS MTS FLS SS MTS FLS 

Raital 5.8 1.4 1.0 10.0 1.0 1.0 5.0 1.0 1.0
 
Aus295 3.0 1.0 1.0 5.8 1.0 1.0 3.9 1.0 1.0
 
AC19-1-1 C.0 1.2 1.0 1.0 1.0 1.0 3.8 1.0 1.0
 
Kalimekri 77-5 5.0 1.0 1.0 3.4 1.0 1.0 2.7 1.0 1.0
 
Andel 3.0 1.0 1.0 1.0 1.0 1.0 4.4 1.0 1.0
 
Oval 29A 1.3 1.0 1.0 1.0 1.0 1.0 3.8 1.0 1.0
 
Polbiri 2.3 1.0 1.0 5.0 1.0 1.0 5.3 1.0 1.0
 
Alis 176 3.0 1.0 1.0 5.0 1.0 1.0 5.0 1.0 1.0
 
DV85 3.0 1.0 1.0 2.3 1.0 1.0 5.3 2.0 1.0
 
Milyang 83 5.0 1.0 1.0 2.3 1.0 1.0 5.3 2.0 1.0
 

aSS - seedling stage test, 20 d after sowing (DAS); MTS maximum tillering stage test, 45 DAS; F LS = flag loaf stage test. 
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Table 5. Varieties from IRRI and Korea showing adult plant resistance to BB races in Korea. IRRI-RDA, 1986. 

Mean lesion area (%) 

Variety Korean race 1 Korean race 2 Korean race 3 

SS FLS SS FLS SS FLS 

Shodua 
 47.0 1.9 29.0 1.4 25.0 1.0Chamara 85.0 1.0 65.0 1.0 96.0 1.0Pa Morlai 7U.0 2.0 92.5 2.0 100.0 1.0Chherlinge Shiwuwa 92.0 1.0 55.0 1.0 100.0 1.3Sann Putt 96.7 7.1 95.0 10.0 90.0 2.9Suweon E5.0 2.3 75.8 2.0 95.7 2.1Suweon 346 92.5 1.0 75.0 1.0 85.0 16.1Cheoliveon 40 98.0 2.6 75.0 13.8 83.6 5.2Jinbu 4 88.3 8.8 69.0 10.9 75.8 12.2IRI 375 95.0 1.0 93.0 3.3 97.2 4.1Yeoigdeog 5 99.0 3.4 81.7 2.2 87.5 5.7 
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4. Correlations among 3 scoring pa'irameters to assess B-34on 9 varieties at 3 growth stages. IRRI, 1986. 
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Another study in Korea assessed the resistance 
of current commercial cultivars under epidemic 
conditions. Three scoring parameters --percent-
age of infected hills/plot, percentage of infected 
leaves/hill per plot, and percenlage ". :tra.f!::!" 
affected! hill per plot vcre compared. The 
correlation coefficients among the parameters were 
highly significant; any one could be used to assess 
the resistance of varieties in the field (Fig. 4). The 
mean effect of variety and scoring time, and the 
effects of interactions between isolates and varieties 
and between scoring time and varieties were highly 
significa-t using any of the three scoring para-
meters. 

As part of the I RRI-Chinese Acade ny of Agri-
ct:Itural Sciences (CAAS) collaboration, 20 
(,'ese commercial cultivars were evaluated for 
resiwlaince to 4 isolates in China. Four sets of two 
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variety-Iwo isolate combinations at maximum 
tillering and one at booting showed strong inter
action with isolates in China (Table 6). Differences 
in lesions were rather small. Perhaps some varieties 
showing strong intelaction at maximum tillcring 
with some isolates increased their resistance as they 
matured. The majority of the' varieties used in the 
test had adult plant resistance. 

Several varieties tested previously at the seedling 
stage at IRRI were tested against B13 isolates in 
China. These varieties showed specific resistance to 
races at IRRI, but most displayed broad-spectrum 
resistance to Chinese isolates (Table 7). 

For details of the Japan-IRRI Collaborative 
P)roject on Bacterial Blight, see the section on 
('ooperative C('outtry lProjects. 

Pathogen variation. lhilippines.The survey of 
the BB pathogen population in major rice-growing 

Table 6. Strong variety X isolate interaction of selected Chinese varieties at maximum tillering and booting in different pro
vinces in China, CAAS, 1986. 

Variety 
Zhe 173 HN84.31 

Yangeng 2 30 13 
Yunyu 1 12 42 
Chaitang 12 -

Aoyu 24 9 40 
Wei 34-894 _b 
H84-213 8c 

c
Zhong Xi 8409 35

Lesion areaa (% 

KS6-6 

10 
-

55 
-
5 
-

-

HB82-21 HB84-21 

-
-


5 
-

28 
- 50C 
- 5c 

aMean of 3 ropl!catio'is. bNo interaction with any of the 5 isolates. Clnteractlon at booting. 

Table 7. Reaction of selected germplasm varieties to BB isolates in China and the Philippines.a IRRI and CAAS, 1986. 

Mean lesion area f%) 

Variety IRRI CAAPS 

Race 1 Race 2 Race 3 Race 4 Race 5 Race 6 KS6-6 Zhe 173 HN84-31 HB84-21 

Camor 15 20 10 60 40 40 
Bali Ray 95 1 65 75 1 45 
Bowalia Sadi-A 75 15 10 75 1 95 
Chota Kati-A 3 1 15 40 20 25 
Khoia 10 10 3 30 20 60 
Chamara 75 45 40 75 55 25 
Polbiri 15 1 35 60 1 60 
S/C 223 1 5 75 40 55 65 
PL 3144 45 10 10 60 30 35 
Serudhan 1 10 5 45 50 55 

aTests were atthe seedling stage atIRAI and at tilleringatCAAS.
 

1 3 3 1 
28 5 44 3 
7 7 20 5 
1 1 1 1 
2 1 1 3 

25 5 18 8 
1 1 2 1 
1 1 3 1 
1 5 8 2 
1 1 1 1 



66 IRRI ANNUAL REPORI FOR 1986 

areas in the Philippines was continued. As in the 
past several years, race 2, virulent on rices with the 
Xa-4 gene, was still dominant (Table 8). The 
majority of the rices planted were improved high-
yielding varieties, many of which carry \'a-4. 

China. The virulence of Xanthotnonas cam-
pestris pv. orvzae (Xco) isolates in China fronr 
1985-86 was also tested on Japanese, Chinese, 
Korean, and IRRI differential varieties as part of 
IRRI-CAAS collaboration. None of the isolates 
(in five groups) were comparable in virulence to the 
known races in Japan and the Philippines. Also, 
none were virulent on varieties carrying the \'a-4 
gene. 1R26, for example, was resistant to all 
isolates tested. 

Serological relationshil. Ninety isolates were 
grouped using polyclonal antiserum to Xco (R-2 
iso PXO 86) extracellular glyco1 -,ioteins , 
glassbead-disrupted cells in saline as antigens. In 
Ouchterlony double-diffusion tests, 98% of the 
isolates fell into 2serovars (S-I and S-2), while the 
other 2% belonged to another 2 serovars (S-3 and 
S-4). Most field isolates vere S-I. No race-specific 
immunogen was detected by intragel absorption 
tests of the antigens with the antiserum, 

hnmuno-elctropho, etic tests yielded two pre-
cipitating ilumunogens: heat-labile and heat-stable 
(100 'C, 30 main). Ouchterlony doublc-diffusion 
tests showed that the heat-stable immunogen was 
specific in pv. orezae, while the heat-labile 
immunogen was common to or'zae and other 
pathovars of X. canilestris such as arrhentatheri, 
begoniae, canipestris, cerealis, cirri, ge"rcines, 
grarninis, hacinthi, nal'aceartm, oryzicola, 
phaseoli, phlei, anid vesicatoria. 

Table 8. Virulence of the BB pathogen population in the 
Philippines, 1986. 

Race Virulent on Frequencya 
group 1%) 

1 C 20 I20 

1 Gas 209, 1IR8 20.9 
2 IR8, IR20 60.5 
3 Cos209, 1R8, IR20 12.8 
4 Cas209,IRS, IR1545 0 
5 IR8 5.8 
6 Gas 209, DV85, IR8, IR20, IR1545 0 

d...e.ent... 
aBased on 86 isolntes tested on IRRI differential varities 
(Cas209, IR8, IR20, IR24, IR1545-339, DV851 at 40 
DAr. 


Eighteen enzymes alanine dehydrogenase 
(dH), isocitrate dH, phosphogluconate dH, leucine 
dH, sorbitol dl, glutamic dH, glucose 6-PO 4 dH, 
shikimatedH, malicdH,esterase, phosphoglucose 
isomerase, malic enzyme, phosphoglucomutase, 
leucine aminopeptidase (AP), arginine AP, alanine 
AP, catalase, and peroxidase - of glassbead
disrupted or sonicatcd cells of the Philippine's Xco 
races were examined in horizontal starch gel 
electrophoresis. The potential of electrophoreti
call, detectable isozvmes as markers was analyzed. 
Race 6 could be easily identified from other races 
(99 test isolates) by the zymograms of' malic 
enzyme and malic dH; the rest of the enzymes of 
the 6 races had either similar isozyme patterns or 
no activity, or yielded inconsistent test results. 

BLASI 

Deatmedte 
D~gartmntA 
Screening (Plant Plattholog.r and Plant Breeding). 
)uring 1986, 117,748 materials from the Genetic 

Fvaluation and Utilization (GEU) program, 
national programs, the International Rice Germ
plasm Center (IRGC), and the IRTP were tested in 
the IRRI blast (131) nursery (Table 9). 

In 1986 a previously unidentified race capable of 
attacking the variety Carreon was isolated from 
upland screening plots at Cavit'i, Laguna, Philip
pines. This new race was introduced in the IRRI BI 
nursery and is being maintained and used for 
screening. 

Evaluation of GEU elite lines and IR varieties 
(Plant Patih(,og.). Using an upland nursery mini
plot technique, the IR varieties and dry season 
()S) elite line., were evaluated for their BI 
resistance relative to the partially resistant check 
1P36 and susceptible check IR0. 1R64, which is 

currently being cultivated widely in the Philippines,
had a slower rate of' disease progress than IR36 
(Table 10). Future surveys of Pricdariaoryzae in 

the Philippines should reveal it' the resistance of 
1164 remains effective, as has the resistance of 
1R36, or if the pathogen can become more 

aggressive on !R-4 with time. 
Some of the G' U elite lines showed little disease

in the nursery trial (Table 1I probably indicating 

that for those lines fully comnpatible races of 
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P. or),zae were absent in the nursery. Recent (Table 11), probably will have acceptable BI 
experience suggests lines with resistance similar to resistance in lowland fields. However, for corn
that of IR36, such as IR32307-107-3-2-2 plctely resistant lines such as IR35366-90-3-2-1-2 

Table 9. Source and number of materials tested at the Table 11. Percent disnased leaf area IDLA) of GEU elite 
IRRI BI nursery, 1986. lines evaluated for resistance to BI in upland nursery mini

.. plots., IRRI, 1986. 

Source Entries Line DLAb(%) 
(no.) . . . - . - . - . . ..- - - ___ 

IRs9368-31-1-2 0.0 

populations 	 8,473 IR37721-9-2-1-3 0.0F2 
Pedioree nurseries 96,815 IR37712-90-3-3-3-2 0.1 

Irrigated lowland 62,738 IR32843-92-2-2-3 0.1 

Rainfed lowland 17,151 IR39422-18-1-2-2 0.1 

Deepwater 16,926 IR31868 -64-2-3-3-3 0.3 

Yield trials, elite lines, and IR32429-68-3-3-3 0.4 

hybridization block 4,618 IR37865-29-3-1-3 0.4 

National prcgrams 2,639 IR29658-43-3-2-2 0.9 

IRGC accessions 4,097 IR31302-48-2-2-2 0.9 

IRTP nurseries 969 IR32429-47.3-2-2 1.1 
1.4137 	 IR39423-124-3-3-1 

IR13761-11-3 1.5 
Total 117,748 IR39357-133-3.2-2-2 1.6 

IR28224-3-2-3-2 3.4 
IR10147-113-5-1-1-5 4.6 

Table 10. Pert,-nt diseased loaf area IDLA) of IR varieties IR10011-16-3-2 4.7 
,4valuatod for resistance to Bl in upland nursery miniplots ' IR32d29-122-3.1-2 5.4 

IRRI, 1986. IR28222--2-2-2-2 5.6 
. .. ...... ... ... IR 12979-24-1 8 5.8 

Variety 	 DLAb ( ) R5931-113-1 6.7 
.R35546-52-3-3-2 9.1 

IR54 2.3 IR28228-119-2-3-1-1 9.1 

IR58 8.2 1R 13754-5-2 10.1 

IR64 13.1 IR32720-138-2-1-1-2 12.5 

IR29 16.1 PH IR33043-46-1-3 13.0 

IR45 16.7 P IR6023-10-1-1 14.4 

IR60 17.8 PR IR35366-90-3-2-1-2 16.2 PR 

IR28 19.0 P0 IR28228-28-1-3-3-2 17.5 PR 

IR62 21.8 PR IR32453-20-3-2-2 18.5 PR 

IR43 22.5 PR IR28228-12-3-1-1-2 20.3 PR 

IR46 25.6 PR R29723-143-3-2-1 22.6 PR 

IR36 (partially resistant check) 26.2 1R29692-95-2-3-3 24.3 PR 

IR42 28.4 PR IR32307-107-3-2-2 25.4 PR 

IR44 29.7 PH IR36 (Partially resistant check) 26.2 

IR40 30.3 PR IR35353-94-2-1-3 26.8 PR 

IR38 31.7 PR IR5420-1-1-2-3 28.7 PR 

IR8 32.8 PR IR35293-125-3-2-3 29.9 PR 

IR34 33.8 PR S IR35366-40-3-3-2-2 32.6 PR 

IR20 34.7 PR S IR27078-11-2 37.0 PR S 

IR26 34.9 PR S IR37704-98-3-2-2 43.8 S 

IR48 36.1 PR S IR29725-22-3-3-3 43.8 S 

IR24 36.4 PR S IR29692-99-3-2-1 44.1 S 
IR32 38.7 PR S IR35361-59-3-3-2 44:4 S 
IR56 38.9 PR S 1R39385-124-3-:".2-3 47.6 S 

IR65 39.4 PR S IR50 (susceptible check) 49.5 

IR50 (susceptible check) 49.5 1F129725-109-1-2- I 52.5 S 

IR30 50.9 s IH35546-17.3-1-3 52.7 S 

IR22 51.3 S 1128150-84-3-3-2 65.2 S 

IR52 98.3 1R29723-88-2-3-3 71.3 

aMean of 3 replication bFigures followed by PR re ot Mean of 3 replications. bFigures followed by PR are not 

Tissue culture-derived plaits 

significantly different from the partially resistant IR36; significantly different from the partially resistant IR36; 
those with S ate not. significantly different from the sus those with S are not significantly different from the sus
captible IR50. ceptible IR50. 
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(Table If), future field pcrformance cannot be 
predicted. When compatible races of P. ori1zae 
arise, lines that were previously completely 
resistant may be severely diseased. 

Effects ofgrowthstag~eon blast resistance( Plant 
Pat/fhologi.). In 3 lowland Iield plantings, the level 
of neck 1II mcasured in29 ;ice lines:resistance was 
The rices were inoculated at heading, and neck I31 
was scored as the percentage ,)fseve re neck node 
infection at harvest The resuIts I''neeck HI were 
compired with tie leaf BI resistMance of the lines as 
measured in several nurseryCxperliicits: a positive 
corrClation between the two sets of (datawas found 
(Fig. 5). The :orrelatior1 was best lilen the Inealls 
of the three plantings v\e e used. which probably 
indicates that in aliy single planting errors are 
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InI an experiment io test the effects of plant age 
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inoculum. Regardless of whether the variety was 
relatively resistant or relatively susceptible, the 
levels of leal 131resistance increased with plant age 
(Table 12). Also, collar and panicle 13l varied with 
plant growth stage ainvariety, 

For C22,panicle 131was less severe when plants 
were inoculated at hooting aId flowering, 
probably because at these stages the panicles had 
not fully emerged in this variety and th us escapeld 
neck node infection, resulting in lower severity 
scores. Analysis of variance showed significant 
variety by planl age interaction for all character" 
measured, indic;ating that the degree of chaige in 
resistance frio1m onL glOwth stlgC to allother 
diflcred anong varicties. [or examplc, Kclc had a 
higher infection efficiency (lesions 100 cm2 hCal) 
than ('22 at early tillcrifig. bui this rcationship was 
reversed al imaxiillul tillering. The relative level of 
resistance also varied between leaf Ill and paliicle 
131.Forl..-aiplc, Brown (iora SN84 was rclati\clv 
resistant to leaf aud collar Ill, relalivll\Ct 
suseeptible to particle 1I lfable 12). These resuhls 
suggest that, to oltin iarelevanlt assessmlenl of the 
131resistance of a vriiety, both leaf ald panicle Il 
,;hotld be scored. 

Virulence (Plam l'atho/vlo ).In i 193-85. 
P.orizue isolates from different sites in the Philip-
pines were tested for virilence on varicties widely 
grown in the Philippines. 'he studies indicated that 
the varieties crown in ail arca influenced the 
virulence pattern (f the isolatc popilation. 

In i986, 1. orrzav' isolates from an upland 
nurscrv ill tavinii and roin farmllers' fields in 
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"'oeva Ecija and Covite, Philippines, were 
sampled. At the Cavinti site, I isolate was obtained 
from each of 10 imrroved and traditional varieties, 
10 from an improxcd upland variety, and 30 from 3 
traditional uplanid varieties. From Nuneva Ecija and 
Cavite, 50 isolatcs, mostly from improved lowland 
varieties, crc obtaincd. The,isolates were tested 
on a total of 35 varieties including a set of 
Fhifilippine varieties. 6 elite IIRlines, and the 
Japanese differential varicty set. 

With the use of principal component analysis, 
the isolates were grouped ba;d on their reaction 
patterns on the 35 varietiCs. Thc virulence -,titerns 
of isolates from lowland f'armers' fick s were 
(listinct fro1mhoe off the upland (Cav\inti nursery) 
populUtion (FPig. 6). ')le isolate fromn Cavinti 
derived fron thle lowland 'ariety IR52 lvid a 
virulcnce pattern itliilar to that ofhlowland isolates. 
I wO isolatc Ifrom Nuoeva lFcija showed unique 
patternls (IKg. (). ()ne callc frholl Milagrosa, a 
traditional upland variety, and had a virulence 
patternimoe similario tlhit of('avinti isolates tItan 
of otiier isolates on lowland areas. The other 
isolate, derived from 1R 25572-87-3-3, was col
lected from a va ricty trial experiment. Again, the 
results slho\VCd the importance ofthe host Cultivar 
in dtermiining tile virulence patlern of the isolate. 

No isolate fro! the (avinti nurscry showed a 
broad spectrum of virulence similar to that of some 
nursery isolates fron previous siudics. Perhaps it is 
individual host genotype that mostly influences 
virulencL pattern, rather than the diversity of host 
germplasn within a stand. 

Table 12. Relative infection efficiency (lesions/100 crmnleaf), collar BI severity, panicle Bt incidence, and panicle BI sever
ity in 6 upland rice cultivars grown in the greenhouse and exposed to inoculurn of Pyricu/aria oryzae at various growth 

astages IRRI, 1986. 

Lesions/100 crn leaf Collar BI .. !:verityb 
Panicle B1 incidence (1%) Panicle Bl severityc 

Cultivar 
ET MT B M iF MT B M B 

C22 177.0 32.0 6.0 0.5 4.5 3.2 1.9 3.1 100 
KeIc 298.0 8.0 0.3 0.8 1.9 0.3 0.1 1.2 75 
KinandangiPatong 166.0 2.0 0.7 0.0 3.5 1.8 0.4 0.6 27 
Brown Gora SN84 1 1.0 0.1 0.0 0.0 0.1 0.4 0.1 0.3 97 
IAC47 '180 
Denorado 4.0 

LSD 10.05) 

a ET early tilierinig, MT 
where 0 - no infection and 

0.5 0.0 0.0 0.8 1.5 0.1 2.0 100 
0.2 0.0 0.0 0.2 0.6 0.1 0.1 68 

26.0 0.9 

naximnum tillering, B -booting, F flowering, 
b - severe infection. CSuoied 0 to 9, where 0 1- no 

1- M ED B F M ED 

100 97 100 3.7 4.,, 6.2 6.6 
97 99 98 2.1 2.7 1.9 1.5 
76 6 21 0.4 1.7 0.2 0.3 

100 75 100 1.8 5.5 4.7 3.4 
100 100 100 5.4 4.1 3.3 2.6 
82 14 

24.8 

M milk, ED . 
infection, id 9 --

17 1.1 1.4 0.4 0.3 

early dough. bScorod 0 to 5, 
wvuv irtie;tiuri. 

0.9 
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Factor 1 

500 

100 ( 

0 c 0 5Milogrosa 

050

0 25 

Locoton ond vtrety type 

-0 5 CavO, ECI1OCavlfe 
0 v 0 I'Prepd lotrnd 

-0 50 I0 T,)djonal 

a 01 0 Imploed uplod- 0 7 5 -- __. . . . . . .. . . . . .. .. . . 
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:octor 3 
6. (Groupingot 0(1isto;ltes tI I' 'tr:a c ,t cted ttmi Vaims \ arictics in 3 aic s in the Philippines bal::d on principal 
Comltpolnent ajlttalVis ot theit wtacti pattern tett varieties 1IVpoints ate hidden).1 on 35 

I FAF SCAI.) RISIs AN( I leaves per variety were inoculated using each 
Plant Patlologi Ipar/tment method, and lesion length was recorded 72 h after 

inoculat ion. The means from two replications were 
Researchers in Braiil have developed a method c" ius I to compare the methods. The lesion length
assessing resistance to leaf scald (1,Sc) disease that values obtained using the 2 methods were highly
requires whole plants ;in Incubation in a dew correlated ( /=0.90"*) (Fig. 7), indicating that the 
chamber. To find a simpt i icthod of evaluating detached leaf tchtiq uc can be used as a method 
gelrinplasn bank accessim,., tlC detWiehed leaf for assessing resistance t,) [-Sc in young plants.
miethod was developed and cootmpared with tile oya (Acec. 58920) and IR10068-18-2 were the 
intact plant method. In the detached Cat1 method, 111ost resistant in both methods. 
the filly expanded penultimatc leaf from ;, 30- to 
45-d-old plant was used. Froi;, each leaf a 7.0-cin 
segment was excised and placed oti benzimidazole SitIA[I Il( iiHi 
agar (80 ppm ) i i t petri dish. A 4-tmn niycelial disk Pkmnt I th ohui~y. Plat PI it)Iio t, (( Plat 
was take iifon1 t lie inmargi n of 'l (it rle/acha or'lr (iig IDcparu 

iolony and placed ott the center (If the leaf piece. 
The inocul'tted leaves in the pet ri dishcs were scaled Screening (Pant Pa/iologi). lest materials were 
with parafilm to maintain high moisture, aind \were screenied in the new mass screening upland nursery
incubated in darkness, introduced in 1985. To sinplify the process further, 

Twenty rice varieties varving in ISc resistance relative lesion height was used. The scale was based 
were tested using hoth methods. A total of 25 on the general relationship between sheath blight 
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Lesion length (mm) of intact plant 
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• 3 0 VARIETY (accession number) 

• I. IR10068-18-2 
2. UPLRi-2 

6 3. IR6023-10-1-1 
2 0 020 8 4. IR13540-56-3-2-1 
* • 5. IR24 

6. iR25774-3-1-1 
7 Boya (58920)
 

25 - 8. Siyawasa (36378)
9,IR4829-89-2 

10 R36 
I1. BRIO 

12. !R31851-63-1-2-3-2 
13. IR21848-65-3-2-2 
14. IR29670-15-2-3 

7 I5 Renik Gadis (18630)
 
20 0 16. Sicimen (18821)


17 IR52 
18. IR29723-143-3-2-1 
19 Gogo Lempak (43394) 
20 Tupo 730 (29445) 

i I I I I I I I
 
0 15 20 25 30 35 40 45 


Lesion length (mm) of detached leaf 

7. Rclationship bctt,;cr1 the d,:-cl; t IcAl and intact plant lnthods 1lasse:sing Icalscald resistance in rice. IRRI, 1986. 

(Sh13) severity and cstimated yield loss. Relative Mg, silica, and wax of rice leaves and sheaths were 
lesion height was computed using the formula: analyzed and associated with varietal resistance 

esin heightci (Table 14). Sheath silica content was positively 
It lesion i -hI orrelated with ShH severity. The content of totalhe 11l:1111 )
pl:iit hcight 

carbohydrates in resistant varieties was signif-
Using the new scale, 672 entries werc evaluated icantly higher than that iIl susceptible varieties. A 
(Table 13). Although no highly resis',ant cntries strong negative correlation was shown between 
were noted, susceptible materials were readily ratio of total carbohydrates to N and vaietal 
identified. csistance. P content in leav was positively 

In the past, ilnoculu in produced from rice grain- correlated to the disease level, and the Ca content 
rice hull mediuin was rapidly contaminated. The showed a similar tendency. 
use of media such its potato-soil, which is low in Sheath hlight in hybrid rice (Plant Iathlology 
nutrients, has significantly lessencd the problem ofl andlant lMre'cding). ShB development on hybrid 
co ntamination. combinations and cytoplasmic male sterile (CMS)

2haracterization (f resistance (Plant PathologY lines was examined. The results were not con
a,. 'lant Pht'siolog'). Starch, sugar, N, P,K, Ca, sistent enough to show any effect of CMS or 

50 
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Table 13. Summary of breeding mateiials and varieties screened for resistance to ShB. IRRI, 1986. 

Source Entrias Entries (no.) with given reactiona 
(no.) HR R MR MS S HS 

Hybridization block 178 0 6 35 87 37 13
Germplasrn bank 85 0 14 22 35 13 1
Upland Observational Yield Trial 81 0 1 11 36 29 4
IRTP materials 	 250 0 18 54 80 66 32
Hybrid rice and parents 	 41 0 0 11 22 8 0
IRRI-Korea Collaborative Project 37 0 6 8 12 9 2 

Total 672 0 45 141 272 162 52 
a IfR -- highly resistant, R resistant, MR moderately resistant, MS moderately susceptible, S -'susceptible, S highly 
susceptible. 

Table 14. Chemical analysis of leaves and sheaths of rice plants and their association with ShB development.! IRRI, 1986. 

CacParts Total Starch Sugar P Si Area

Variety analyzedb. carbohydrates ll (%) (%) (% 
 (%) (% C: Nd aflected 

1%) 
Ta-poo-cho-z L 7.3 2.5 4.8 1.4 0.5 11.7 3.6 8.3 

S 12.0 3.9 8.1 2.7 0.1 10.2 8.9 1.8Gyehwa L 3.9 1.3 2.6 2.2 0.6 16.0 1.5 23.6 
S 5.9 1.6 4.3 3.1 0.1 14.3 4.1 15.3IR58 	 L 2.8 1.6 1.2 1.8 0.7 17.0 1.1 58.8 
S 2.9 2.2 0.7 2.3 0.2 17.4 2.1 51.8

IR 1317-392-1.2 L 3.2 0.6 2.6 2.0 0.7 15.9 1.1 72.9 
S 3.8 1.7 2.1 3.2 0.1 16.4 2.4 67.3 

Correlation coefficient L -0.836" --0.G26 --0.775 0.858 0.;32 0.537 -0.863

with datnaqle sever;ty0 

S -0.632 -0.290 -0.615 
 0.509 0.60 -0.715 

aAv value of upper 3 leoves and sheaths atnalyzed at 10 d afti lowerng. bL - leaf, S - sheath. CFlag leaf only. dRatlo of 
0total carbohydrates to N. 0Based on analysis of 7 variaties 

hybrid cotltbinat ion oil susceptibility to S111. The ARC 11921, ARC12629, ARC 12632, ARC!3363, 
FI hybrid of 97AiMilyang 54, however, had Dam noeub Phcar Trach, DIamnocub P'ratas 
significantly lower disease incidence than any of Roneap, and SILO 13. 
the parents. 

'I UN( Rt)SCRIKIININC; [OR RIISIS IAN'I (0 VIRAl I)IS[ASES 

Plan! Ialwulo,, /)epurtmn'ni 	 Plani I a thologi' an(( Taitinhi and Technology'
 
7Iaiq'i/rDeparitnl'its
 

Materials from the IRGC and the (; U program 
were screened f1or resistance to tuigro (RIV), Tungro and green leaflopper "biotypes" in South 
grassy stunt ((;SV), and ragged stunt (RSV) by the Sulawesi (Plant t'atho oi).As part of'the IRRI
greenhouse mass screening metlhod. A total of Agency for Agricultural Research and Develop
15,327 entries were tested r RIV during 1985 and ment Collaborative Research on Rice Tungro
1986; 3! were resistant (infection rate was lower Virus Disease, conducted at the Maros Research 
than 30",1). A total of"3,730 entries were tested for Institute for Food Crops (MORIF), South Sula-
GSV during 1986; 11( showed resistance. A total wesi, Indonesia, astudy determined the reaction of
of* 7,247 entries were tes;ed for RSV; 9 varieties selected IR. varieties to RTV under natural 
were resistant: ARC[ 1206, ARC 11280, conditions in the field and with ari ji,-_ial i-,,,_ 
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tion using green leafhopper (GI,14) Nep)lToutt ix 
virescens colonies selected on IR54 and TN I. 

Natural infection o/ IR varieties in the fihld. 
Plants of selected IR varieties established in (he 
monthly planting trial in the MOR IFexperineital 
field and the lIamrang lungro Nursery were 
scrologically indcxed tot the presence oI rice 
tungro bacilliforn virus (RIIV) Iand rice tunte.ro 
spherical virus (RlSV) bv the latex serological lsi 

At M()RIF, tile IR \'ariCt ie Wreacted dftc rentlv, 
depending on the disease incidence. he (Il I 
poplatnn prevailed dtluring the meoth of planlting. 
RTV incidenceI as higher in the Field planted t 15 
AII (Talhe 15). IR60 and IR62 hid 1o o 10W 
inlections. IIR2( wa, mostly intected with R IIW 
ailolic. 

InI the Inanllrar " itgro Nllrsery, lairlv hie[h 
(1.1-1 and (i seasc I[Cessu rc thls i high incidence 
of RTV \\crc ohsrCrcd. All lR \ aill ric phintcd 

Table 15. Incidence of RTBV and RTSV on selected IR 
varieties at 45 d after transplanting. Mares Research 
Institute f or Food Crops (MORIF), Indonesia, 1986. 

PlanIting 	 V rifPllt (,,, infectedl
i
withdate Vaii rsvyTOV1r1v

d a t e V 1 11 t y H I V i H T S V R T IBV R T S V 

1 Aug86 	 I) 26r o 
130 0 30 0 
IR42 30 0 0 
IR54 10 20 0 
IR58 0 0 0 
IR60 0 0 0 
IR62 0 0 0 
IR64 0 0 0 
TN1 70 0 0 

15 Aug 86 	 IR26 10 50 0 
IR30 20 40 0 
IR42 70 (1 10 
IR54 70 0 0 
IR58 20 0 30 
IR60 10 0 0 
IR62 10 0 0 

IRe386 0 	 0(826 40 
830 30 10 0 
IR4 30 10 0 
R84 0 10 0 
IR65 0 10 0 
R60 0 0 0 
IR64 10 10 0 

10 0 0 
T060 
SKelara 

alndexed by 	 the latex test. Test plants were 10 for each-

variety. 
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had relatively high infection with tie viruses (Table 
16). All IR varicties except 11.20 and lI.26 were 
mostlv infected with RTBV + RTSV. TKM6 
progenies such as IR20 and IR26 had infections 
with RTBV only. Kelara had low infection with 
RTV alone. 

Artficial biocittii ofIIR varieties with IR54 
'olntr'. IR varieties that have resistance to GIH, 

derived mainly from Gaim lt ai 30-12-15, were 
selected. TN I served as the susceptible check. GLII 
colonies that had been maintained on 1I154 and 
IN I and fed on RlV-ifiilcd plants (variety 

(Iisadane) at M(RIF wcre used for inoculation. 
Scvcn-da\V-old Cedlings of cach varictv were 
exposed for I d (Io adult (il11 in test tubes at 
I inrsect seedling. 

lhe I154 colm triiismItd RTlV rINire effi
cientlv than tIe 'IN I colony toill IR varieties. The 
IR varieties wve preferentially infected with 
R 1V alone when inocuila;cd vith the TN I colony 
(IWig. 8), hul showed high infection rate with 
RtIVi RISV when inoculated witItthe IR54 

colony. 
Varieties with the resistance gene frol (ain Pai 

3f1)-12-15 cii thts be, infete(id with I'IIIV -RITSVtal(uh r'ate it (i 1.11 liat have adapted to variettes 
awith the gene are predominant. Preferential 

infection of (ain I'ii 30-12-15 progenies with 
RllBV alone might be dle to theit resistance to 

Table 16. Incidence of RTBV and .3TSV on t ice varieties 
at 30 d after transplanting. Lanrang substation, MORIF, 
Indonesia, 1986. 

Plants Plants I%) infecteda with 
Variety tested 

(no.) R1I BV f RTSV RTBV RTSV 
... . . .-

TN1 10 70 0 0 
IR20 10 0 30 0 
IR26 10 0 40 0 
IR30 9 11 11 0 
IR36 t0 40 0 0 
IR40 10 40 10 0 
(F42 10 40 0 20 
IH50 10 50 0 0 
18R2 10 30 20 0 
IR54 10 30 20 0 
IR56 10 10 20 0 
I861R58 10 30 10 0 

9 44 0 0 
7 0 14 0 

Inclexed by the latex test. 

http:tunte.ro
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tI. II V itnh.Jtl t ,xlllI lll I tI\ M 1< I \' lltlita haocd oil thc le ch I ;i,(% IN 
."[inI lic' v.ii nt i h ;tha I h.'dt (nlIcc In'i.lt~t I Nl IRSM cIhcm ii (i;dnl 

phmit, ullcotcd %%Ithboth R lIIY and It ISV. M(W)P, - Indomvli;,, 19NO . 

TtLigro and green Ieafhtopper "hit.ypes" in tie A (l11 colhmv t hat had bcen maintained on "N I 
Philippines (alm hl/,olo' i. I)uri ng Mav 18,S. for several \'Caris served as the control. The 
about 5(1 (ilII adults wecre collected Irm a Koronadal colony excreted more basic hole, Jew 
ricelield planted it)dillerelit I l(varictie and lines on all varieties except on TNI and transmitted 
in Koonadal. Soth ('otahato. Ihilippiiies. lhe RTIH FIRASV more elficiently in I R36 and IR54 
(ilII 'werercaicd on INI wed lin.s. Newly than the TNI colonv (lahlc 17). 
CruuertLed IIst-Peecratioii adults \,crc testcd hor After having been reared fo four to five ovr
their fCctliig belhlviuor and trauntisismoh RIV- on IN I, the young adults weredl' lapping generalgtcin, 
associated virusts on I R26. I R36 I R54. and TN I. Sublected to the prCLrClCC or free choice RTV 

Table 17. Transmission of RTBV and RTSV and honeydow excretion during a 1-dinoculation accoss" on TN1 and 3 select
ed IR varieties by field and TN1 GLH colonies that had boul, exposed to RTV-infected TN1 plants for 3-4 d.1h IRRI, 1986. 

Koronadal colony TN1 colony 

Variety Plants Averagle awa Plants Averaglearea 

tested (Iof hoIevcivw tested of honeydew 
(nn.) spots (11r7) Plants (no.) infected with (no.1) spots (tam) Plants (no.) infected with 

Acidic 0,isic HTiV fRTSV RTBV RITSV Acidic Basic RTBV R-FSV RT13V RTSV 

IF126 20 02 33 0 18 0 31 201 7 0 5 0 
IR3(i 20 99 58 7 3 0 25 194 8 1 9 0 
I054 20 115 2?2 9 3 4 30 210 0 0 4 0 
TN 1 20 123 68 13 I 0 25 146 90 16 3 1 

iil1oclltIlon iacess was flivon ina special feeding chamlber. 'The inoculato plants were indexed !or the pru. nrce or ab
sante of viruS.i by latex test about 1 nIoafter inoculation. 
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transmission tests. Ten 7-d-old seedlings of each Reactions of selected IR varieties to RTV
variety (1R26, IR36, IR54, IR62, and TN I) were associated viruses were also tested bv using tile 
randomly transplanted in a plastic tray (28 X Koronadal and INI colonies, and an IR64colony 
36 cm), and 100 GIl adults that had been that was or'iginally collected at Koronadal and had 
exposed to RV-infected plants 1,)1- d been maintained on IR64. Newly emerged adults3-4 were 
introduced. 61.11 alighting ol sedlings of each were given a 4-d acquisition access to RTV
variety were counted 3, 6. 9,and I12 h alter the infected plants and then aI -d 'Ioctlation access to 
introduct ion. Scedlings weie indexed by the latex I-wk-old scedliugs in tcst tubes. The Koronadal 
test Ior the prese[ce of(leviruses at I noialter the and IR64 colonies preferentially transmitted 
infestation. Ihc Koronadal and IN I colonies R'IIV- IrSV in mnly varieties tested, while tile 
showed similhu pretcrncc for the test varicti s. IN I colon pielerentially transmitted RTBV 

except that tileKoronadal coloh' tended to prelcr alone in almost all varietics except I142 and IN I 
1I136 (1-ig. 9). 1l)uring the test, thle, Koronadal (I able IS). 
colonV translittCd RIIV I RISV ofr R IBV al(onC Varietal reaction to tbugro inthe field (Plant 
morc ellicientlv than the TN I colony (1Fig. 10). ITu/oHtv 1fI ini'i, and Titchnolog.l' 

tr th e i r rea.ctio n1 ';../lr).I1 \a tie tics we re te'st c Itl 

to REV iI (iuimht, NuCva lcija: Ba\l'ay, leyte; 
,.,,/10 ",edh~wi and Koronadal, South ('otabato. Philippines, 
...... f ,..# durine 19X6 I)K. R V had occurred in the pIreVIos 

crop at tile slic except Ii Nuevai Ilcija, where the 
.. " disease OCCri ilItI the 1983-8-1 croppings. Three

2n 'Xek-old,',1hinis of cmh Viarietyk were trals
phlntcd i1 3- " 3-ni plot',. At 0(ld alter trans
plantinig.R IV incidence was assessed by visual 
.yllpltis :ird by tile latex test. 

/' (INi ant I cyle, \Iere R,IN incidericei\ I ciri 
-z ..... \,'aS in RI SV was, \cry I\ moderate0. incidence 

high. But ill Smth ( otahato, where RTV incidence 
.\ashigh. incidence t R I3V-(-RiSV was high. 

k.IIuIc I C I Of L c t C II i IIC K Ii I Ii. II (lie I R 50, 1R 00, and IR02 had very low infectio nirates
 

I N I ColUti\ ,dihiI 1 4 'c 1,6 9, AiuulI? iI altCI tlie il South (otahato arid I.cvtc blit
 
ILCIIILIII! I ,IIIM 

.I wit il Iirses 
iiiii,Ii Si 1 RItS,, relat isls' high ilfction rates with ISV in Nueva 

Intecion t ) 

Koronmdal Coony r, cr,kI., 

CO ' v .

40 * 

R26 IP-, 1P5-I if(PG1 , :;;: Ix, P A F' ' T 

R IB\V and R I SV dillig (ihe Ict.Il0.Pecenlage In..ctiol %,,ithl puCICtC11cL IItR 1, 1980. 
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Table 18. Transmission of RTBV and RTSV to selected IR varieties by field or olocted GLH colonies that had been ex. 
posed to RTV-infected TN1 plants for 3.4 d.a IRRI, 1986. 

Koronadal colony 1R64 colony TN1 colony 

Variety Planti 
s 

tested 
(no.) 

Plant'; (no.) with 

FnFBVRTSV H *IV H-1 -;V 

Plints Plants (no.) vvilh 

tested 
(nno) IIFrVoyiJSV .'tRV FITSV 

Plants 
tested 

(11o.) 

Plants (no.) with 

OTBVIRrsv RTB+V RTSV 

IR8 

IR20 

1R26 
IR30 
IR36 

1R42 
IR50 
IR54 

IR56 

R58 
IR60 

IR62 

1164 
TN1 

20 
20 
20 
18 
20 
20 
16 
20 
19 
20 
19 
18 

18 
39 

6 
0 
0 
0 
3 
5 
4 
5 
3 
5 
1 
5 
2 

20 

2 
12 
12 
4 
6 
3 
4 
7 
3 
1 
3 
2 
2 

id 

0 
0 
0 
0 
2 
1 

0 
0 
1 
0 
0 
2 
1 
2 

2H 
1,) 
20 
18 
30 
27 
27 
25 
30 
22 
27 
26 
29 
25 

2 
0 
0 
0 
7 
6 
5 
6 
2 

11 
10 
2 
3 

14 

9 
9 

13 
6 
3 
9 
6 
7 
4 
8 
7 
2 
8 
5 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
4 
0 
0 

30 
29 
30 
29 
25 
20 
25 
27 
28 
29 
30 
29 
29 
27 

1 
It 

0 
0 
2 
6 
1 
0 
1 
0 
0 
1 
0 

14 

10 
19 
12 
12 
9 

11 
3 
5 

9 
5 

11 
7 
7 
8 

1 
0 
0 
0 
1 
2 
0 
0 
1 
0 
0 
0 
1 
0 

erSodlin.s wre given a 1 d inoculation access at 1 leafhooper/setrdlinq in test tuhes. 

l1cia (Tahli 19). IR50, 154. and 11kol4 ad hidch tict:c' W s high in IR22, IR54, and IR56, but 
inlIcctlOn aIlts vWith RI+ V i ISV iltl SmIt\ nw ill IR26, 1R30, and s'veral lines (Table 20).
(otiihuito butiltw itlcctill rales witll RI)V Ainet Ihe high inl'lI rat s with IISV and IIV 
it) Nuc'\*ut I csija. ItnStlhh ( 'u;t)'itn. (1 SV' inhc nce l II 5(). I I 54,and IIR(64 ittdicato. they had no morcwas 0)-I,; tuq)C~II(III, \;fItIt\'. t"11t'll lhe' \il[ -rC',istanicut:to a\ll;1.Icq lA,\l\"irl ,,I c\te, antd South 
w,£o ril- ;Ik .o (. tct p l~ I'llII t h1;1\c'i lllt illis co,:d ('ot i a+ tt t. 

smith ( IS%\ 2, \hih ia ll,"iSR IV-likes Yl+,It;ptilp'. ,iS! 'Joletrinct for ltungro-asiciated viru;es ( P/lat 
occtrred ill simtit ( trl+aii. I',huInfJ/Pwohg). Ric cultivat Balitmati lt (I RRI 

Ill 1)% IYS I ,\cc. I17204)+hiti,a riti jct inti line", \v 'te ltslc, ii .tl listtCitlclt t l'cI[itl to 
lihorn, .\Iiba. whrcl Rl' i, ciittcit, P I V P IV ittflirtim itt rwell hotuse tlla<s SCt.enllg tests. 

Table 19. RTV incidence based on symptoms, and RTBV and RTSV incidence based on the late), test in IR varieties at 60 
d after transplanting at 3 Philippine locations, 1986 DS. 

Nueva Eciia , 
L(yte South Cotabato 

Valiety i 4V Virus ircMinP (I HTV Virus incidence %)Irci(r ioci IIcidiiici" inci nce . 
(; RT3V f 1SV R IRV RSV (% R1 BV I RTSV RIBV RTSV 

IR22 11 61 20 13 11 99 850 29 
IR26 12 0 0 02 89 0 34 0IR30 10 0 0 01 49 2 37 1
IR36 '29) 45 3 22 92 1219 19
IR42 26 25 17 4 9864 25 14 20
IR50 9 1 2 2 28 100 39 10 19 
IR54 4 3 4 2 48 100 65 5 21
IR56 5 0 0 21 5 1 2 10 
IR60 26 0 0 1 4 29 1 3 11
IR62 13 0 0 0 74 4 2 25IR64 6 3 22 28 100 31 15 22 

No visual scori-,' w iatlre. TIhe latex test s'o, cdno 0!i,_+dceRTBV 4 RTSV rnd RTBV.a! 
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Table 20. RTV incidence based on symptoms and RTBV
 
and RTSV incidence based on the latex test at60 d after
 
transplanting in IR varieties and lines in Albay, Philip
pines, 1986 DS.
 

Tuifgro Virus incidence (9)
 
Variety or line incidence-------------------

(%) RTHVi RTBV RTSV
 
RTSV
 

IR22 70 31 12 8
 
IR26 2 0 1 1
 
IR30 7 0 3 1
 
IR36 8 3 1 18
 
Ihb4 38 11 1 40
 
IR56 47 22 1 29

IR22822-4-2-3-2 0 0 0 1 

IR22822-8-12-3-1-1-2 0 0 3 0
 
IR32307-107-3-2-2 4 1 1 1
 
IF132429-47-3-2-2 7 1 1 6
 

The resistance of this variety to RTIIV and I TSVB,\"
 
was further evaluated. 0)ne hIunid red 27-d-old
 
SeelingS )f BialilllMtland TNI were II. igrieri-iilected Balhniau i'utih plants. The right-hand
Putiti ino-

culaLd at 5 insects seedlinu using1(i. ' h at had (check). -1lieotl plants are infected with (leltplant islwtallhv 
to Ilit) R I BVtYRI SV. R I BV,and RI, V.

4 d acccs to TN Inlants infected with both RIT\
 
and tIS V. All niocI cd seedlings were idexcd
 
by etII\'time-Iintked ii. t.,iosorbeit assav (FI.ISA)
 

Absoi baice up to 405 pm
I tili after inoctlatiot. Ilhe tip (about 10 ciii lotg) 2C

of the second ytoungttIesatlaf \,,ascollected I otti cacth TN ... 

plant, arid the relative aiiotit of the viruses itn the/[ tihou Puthh 
leaf tip was determined by II 1%A based ot 16-
11bsorbartcc valtie at 405 rni at 2, 0, a, ll1 wk altter 
iIocuhtion ( VA I). 1leIht aId yield reduction due 
to itfectioi with either RII V or RIBV f R ISV 12

were rioted. 
IIISA tests showed that Ialitaiu Piutilh was 0 8 

susceptible to irifetion with the RTV-associatcd 
viruses just like I'N I. lirasever, IlaliMauIutih did 
riot show S.iitlptotits tvpicil of R'V arid 04 

RTIV RITSV infcctiotnIig. 11). 1Ih relative 
aillounits of RIIIV and RI SV were constantly 
lower in I litaitm Iutih than itt IN I (liT. 12). 2 6 10 
Apparently. the ruttltiplicatimo of WI BV and weeK ofter inoculation 

RWISV illl alirn au PIu litwas liniltcd to a tolerab le 12. R CItkt 11110MIis 0 I IV MiiICOl I I ad ltalii ti 
level. Hence, infected plants showed no discernible I'itih tll l 2.6. ildlMto, ;dCi ill.'liiti. 

Syllptonls, evern whell hoth viruses were preselt. 

Height reduction was 5, for Ialimau Pu t ih and 
20% for IN I ,vherl irfcctf:d with RITV alone, arid In anot her trial, live plants each of IR36, 1R54, 
10% and 40(,'. wh,n the infected withI Ialiau Pulith, aid INI that weije infected with1tcrc, 

RTII3-i TV.Conscqutiitly, Ialinian Pitilh had RI'I'11-I- TSV wcrc selected to compare viris 
a lower perecrtnhgc o yield Ledtiction ( Fable 21). coicentration in file plants. At 5 WAI, whole 
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Table 21. Pe 'centage of height ar J yield reduction in rice Seeds. ,cre soaked in1retri dishes in Iive :batches
 
varieties TN1 and Balimau Putih ilfected at the seedling
 
stage with RTBV o,RTBV - RTSV. IRRI, 1986. Seedlings were artiriciallV :nocui' . d with RSV at
 

.. d alter soaking by a standard mass screening
 
Height reducoion Yi,_t reduction 11liod 
illthe greenlh litmseinfected with RSV at 

Variety 	 . 45 d altur soaking, and Ithen transplanted into the 
Tii H"1VB H IBV4 hL(ii H iH,/ 	 idll II ts ,, s I I't I / tiiC L, ivi t'. ti I,,..r,. 

n ;SV FITSV dcieri 2 replicat ijj. 

TN1 21.3 41.6 50. 90.0 N at 19) kL huawa,,appilied in 2 splits. )ata on
 
Balirnau Putih F0.0 11.4 7, 18.4 
 spikelet lertilit werec tertl.u,_t 

Sitopas conlirulcd its tolcrnc,'. ',hilc 1R20 and 
IR8234--() I- )-2 v,.e inio . i l IR II/ alA)e23)Table 22 Relative amount of RTBV and RSV 	 (rosses o ,1 andin douF.ly IrmI 01I I11-itme howed z!
 

infected plants of 4 varieties at 5 WA 1. IRRI, 986. sigit' iti tiiiihe of lertile plants C ilp rd to
 

Ahsortmhnin [i)ito, -id othcl Sit op'lIe, c aitd chte. var'icties !R2() and 
Varctv -t405 n,,, point IRK234--( ) i -9-2. ( rosses with Sitopsi>, pevrtormcd 

0lrv js7' a,1-v 'w di tl klkpCldililtOn ,ithlc parents involved
 
, 

hiut,ill the a\cruec, thvey \,ct sigcit an;fy hetter

IR36 .65 .0/ 1 - . 040 1 tA 1 ,12' thlmi th o check a1i-tCs. they also had a corn-

IR54 . 0 I (..,II 1 i6.t 1 1",:
 
Ealirnia P .1 6 0;1 11 1, 
 1 32 1 3+2 pafItelcl hlih pecltage o; plots with tertility of 
TN1 .10 .14 
 5(aIst thati'.o I 20; 1 1 it S)i (. lissiti8g Sitopas was able to 

aI leelln dU),j . 1 < .I t ,' .1£ tU.lst lC Ce lot. 

dilotio,) ... T ! l falls. I hesc Iiilditigs hold ptoilis_ lot further
 

' 	 ilii its to! C r \' intii si'lt e scpre.
r.. , 


sClct ion of lintcs tlll ,;% .tt'l 0 

plants .xclkd;ip itsll \\urtcscltiiuly :10i- Tolerance for raggied slnnt virus (lh itt 
gcliel., aund Olith lo'clates , I ,elIi'lI, diluted /'thdoi'.r) Seedlings o1' 10 .Clccted vaieties were 

I' 
A ,hailu a ns itt cid Io, 6- I-"1- pots with fertile 

up to I ()- a.d tested ) II1,oa0kcd 	 for 7 d, inocullated with RSV, and then 
il dihi patill t i1a;,spla il d If', 19-Cni 

positic 1,%,A\ aried \ ith \Iiril\I lable 22) 	 sOil all3 secdlitie> pot. ()t her secdlines weie 'iAso 
Balilll;l I tih tail a ;siii.sitluc atld low trtansplaltt'd at 7 d alter soaking t.'ld then 
dl'ntlion crl po:int RI H)V R1 S\. at 45Ilr hoth ili.I inocul.'ed 1. 31). or 60 d after soaking. 
Inleccd 11360. IR0'. aid INI i iwcd sc\crc 

sylliptotis, wiile lalitmn ,li ,hWtt it dis 
eerntible s\'tvnltono,. 

Table 23. Reaction ot rice varieties and Sitopas prugenies 
RA(i(,t 51 II I to RSV a, IRRI.1985. 

PJa/1 Btrediui and I hint llIts/lot.l Plots ( Mean 
l)ckparltenI.s DSqlinat ion with, fertility 

fert;lity 

iEvaltitiing Sitopas crosses for toler-ance for ragged 500 
Br(iu!stunt virus (Plantr aold laht Iathoh.'). 	 Siti(as (check) 61.2 31.9 a 

The Ind onesian \a'icl', Slil-'ias \kas reporicd to 	 IR43301 (litop-/iR2670252-3i 12.2 15.3 b 
:R436,11 (Sitopas.IR2(-;702-52.311' 15.3 13.3 bhave toleratce for IrSV. We evalliatcd 523 1 I11c, I48234-OT-9-2) 

ron- 5 cio ,scs of Sitl, logsto'ther wviti 3 check 10'46'330 IR20,Sitopas//f3rl 18- 7.6 8.1 c 
varieties: IR2). st:.sccptihlc to rowit p!anltloppcr 3B-17) 

(04621;3 lii!;ios'os1C-l 4.2 2.8 dBPH) arid iltolcrait of RSV IN 8 1,,4-I " , IR46734 IIR20/Sitopas//New 4.1 3.1 d 

resistant to BlPH biotype I but intolcrani ofI RSV; Saba,niati 
and Sitopas, tolerant of RA but su, ceptiblc to IR8234-OT-0-2 (check) 2.8 2.8 d 
PIR biotype 1, 	 020 (check) 0.6 1.3 d 
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Uninoculated plants served as the control. Plant Table 24. Symptoms and plant height reduction at 30 and 
height, major sympton,. and grain yield were 60 DAI in 10 ricit varieties inoculated with RSV at 7 d 
.noted for each plant established in September 1984 after soaking.a IRRI, 1986. 

and in November 1985. Fach trial had three 30 DAI 60 DAIreplications.rhAtinoclated VarietyVarie Symptoms Height Symptoms Height 
All inoClated seedlings developed symptoms VP reduction i eduction 

characteristic of RSV at about 2 WAI when %) l%) 
inocilated at 7 or 15 d alter soaking. The . . . .. . .
 
emergence of new leaves in infected seedlings was Sitopas R 

4 + ,V 24 R+ ,V 7
 
V+ 

, V+ +Ptb 18 R 29 n 17delayed, and tie leaves were short, iaggcd or Tetep RH ,V
+ 29 R-+ , V+ 22


twisted, and darker in color. At I mo after Lemo R+ 
57 R++, V+ 36
 

+
inoculation, newly developed leaves were less Ptb 21 R 59 V4+ 20 
+
Utri Rajapan R 52 R4 V 27abnormal in all varietie,.. At 2 111 after inoculation, Khao Mali R+ 

+ 

43 \/++ 21 
many varieties showed vein swelling and occa- Khao-Tah- R+, V -

45 R
++ ,V + 43 

sional ragged or twisted leaves hut less stunting Haeng 
Kiriliara R , V' 68 R+,V 34(Table 24). The recovery of irif.ctcd plants was TN1 Ri, V + 56 R++ ,V4 25 

evident in Sitopas, Ptb 18, and Tetep more than in 
the other varietics. The symptoms wece milder D = days after [no-.ulatlon; R raggec' or twisted 

=
when pants were infected at 30 d after soaking. leaves: V vein swelling; +, +4, +- + increasing severity. 

The symptoms were not clear ':xcept in Kirihara 
and TN I when plants were inficted at 45 d after Table 25. Percentage of yield reduction ini 10 rice varieties 
soaking. infected with RSV at different days afte roaking. IRRI, 

In the first trial, yield reduction was high in 1986. 
plants of almost all varieties infected at 7 or 15 d Yield rpduction Mt 
after .,oaking (Table 25). Sitopas, IPtb IK,Tetep. Variety 
and Lemo had lower yield ;eductions than other 7 d 15 d 30 d 45 d 60 d 
varieties when infected at the seedling stage. In the Sitopas 41 55 28 36 3 

a
second trial, where flowering was delayed but yield Ptb 18 38 65 28 21 
reduction was thle, tilefirst trial yield Tetep 22 58 30 46 5less in 

Lemo 57 - 33 -28 -21reduction was higher in plants inoculated at 30 d Ptb 21 99 53 -13 -3 -22 
after soaking than in plants inoculated at 7 or 15 d Utri Ralapan 100 59 35 5 -39 
after soaking in many varieties. The varieties that Khao Mali 80 79 32 47 -16 

Khao-Tah-Haeng 100 100 15 28 52had less yield reduction in the first trial also showed Kirihara 77 96 34 52 20 
better yield in t4fie second trial. Ptb 21 had TN1 84 90 78 65 2 
significantly less yield reduction in the second trial. aperei,,age yield reduction was calculated hased on the 

In another trial, 7-d-old seedlings were indivi-- yild of plants inoculated at 60 d after or-king. 

dudlly inoculated with RSV and transplanted in 
pets. Uninoculated seedlings were similarly trans
planted. For each cultivar, two batches of five 405 nmi. Absorbance of uninfected plant sap was 
RSV-infected and three uninoculated plants were below 0.05 througnout the tests. 
randomly selected. At 30 and 45 DAI, plant height 'Tolerant varieties Sitopas and Ptb 18 had 
was measured, and the whole plant except the roots ELISA absorbance lower than the other varieties, 
wa'; separately homogenized with buffer solution- although the differences were not very significant
the sap at 1/5 dilution we,, directly tested by (Table 26). Intolerant varieties, which showed 
ELISA. A micro El ISA plate was coated wth higher plant height reduction, had higher absorb
irnmunoglobulin against RSV at 2 Mg/nl and ance except TNI at 45 DAI. No correlation was 
immunoglobulin-alkaline phosphatase conjugate found between plant height reduction percentage 
was diluted 300 tmes. The RSV concentration in and RSV concentration in plants at 30 DAI; at 
the sap was indicated by the absorbarce value at 45 DAI, however, there was a correlation. 
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Table 26, Pant height reduction and FISV cancentrationa 
30 and 45 DAI in plants of 10 rice varieties inoculatedatat 7 d after soaking. IRRI, 1986. 

at.7.d.a.te..s..k................ 


Height 
Absorbance at 405 nmVariety .. . . . reductioi,. .. . . ... (%) 
30 DAI 45 DAI . 

30 !5 
DAI DAI 

Sitopas 0.86 t 0.19 0.84 t 0.01 34 2 
Ptb 18 0.89 ± 0.09 0.87 0.00 33 15 
Tetep 1.13 t0.03 1,04 t 0.09 35 16
Lemo 1.00 t 0.02 0.95 _0.20 28 0 
Pth 21 0.94 ±0.00 1.10,t 0.13 24 11 
Utri Ralapan 0.93 0.08 1.01 i. 0.10 21 11 
Khao Mali 1.06 _0.01 :06 i0.01 21 8 
Khao-Tah-Haeng 1.07 0.17 1.20 0.19 28 46 
Kirihara 1 15 0.06 1.10 0.13 120 16 
TN 1 1.24 0.03 0.91 0.09 26 4 

l......isolates, 

Sitopas, Ptb 18, and letup developed milder 
synpt oms and had less dam;igc when infected with 
RSV ai the seedling stagc. Their tolerance for RSV 
was due to their high ability to recover after severe 
infection at an early stage. 

PA I It )(EN (ifNH Itl'S 

Plant Pathologrj l)epartnutn 

Work was initiated 1o study the genetics of the Bi 
fungtis P. orvzae and the 1313pathogen Xco. In 
collaboration with several laboratories in dev-
eloped countries, we began to develop genetic 
systems in both pathogens with the objectives of 
Understanding the basis of pathogenesis and 
pathogenic variation and of developing,genetic and 
nillecular tools for epideniological studics. 

Pyricularia or'zae. The perfect stage of' 
P. orr':ae' is .rIagtaliorthe grisca, ii itscoll\cCete 

that produces asci with eight ascospores. Sexual 
compatibilityv is controlled by the mating type locus 
MAT, with two alleles M AT I (A) and M AT 
2 (ai). 111general, isolates from rice are low in 
fertility and can function only as males, whereas 
isolates from many gramilacCoLs weeds are more 
fertile and some are hermaphroditic. Mating type 
tests of 10 isolates from different grassy weeds in 
the Philippines showed that 6 were MAT 2 and I 
was MAT I, but no viabie asci were formed. To 

study tile inheritance of pathogenicity, it is 
necessarylcesr to introgress fertilityoitors into rice isolates.etlt norc slts 
We crossed nonpathogenic fertile testers with rice 
isolates and tested the progenies for pathogenicity 
ol rice lines. Since the viability of ascospores was 
tow (5-30('), whole germinated asci containing 14 
ascospores were isolated. Among 563 asci derived 
from rice isolates No. 23 (CH40-1) and No. 25 
(CH 104-3), 20 (3.5(' ) produced susceptible lesions 
ol rice lines. Conidia recovered from these plants 

were hackcrossrd to pathogeni icc isolates to 
generate strains for genetic anal\sis ()f cultivar 
specificity. Furthermore, rice lines su,.(,jptible to 
the hybrid progeny were crossed to conduct a 
t h 
parallel genetic analysis in the host. 

In addition to improving the fertility of the rice 
various genetic Inarkers inciuding auxo

trophy, isovines, and morphological variants were 
incorporated into the rice isolates. Of particular 
interest is a morphological variant o tile conidium 
that arose in the hybridization of two normal wild 
types (Fig. 13). The two terminal cells ofa normally 
three-cell coniditra were underdeveloped, resulting 
in cither a single round cell or an irregularly shaped 
conidiunt. Genetic analysis suggested that two 
genes were involved in the abnormal development
of the conllium (Table 27). For crosses with isolate 

23, the significant deviation from the digenic 3:1 
ratio appeared to be cased by the large number of 
nonsporulating progenic;. The conid:al mutant 
phcnotyp, is being backcrossed lo rice isolates as a 
potentially useftit marker for epidemiological 
studies. 

Xanlhontonas campestrispv. oryzae. A variety 
of mutants was isolated from representative 

13. Scanning electron micrographs of a) normnl-cell, pyriformcomdia, and b) irregular-shaped conidi, of itconidial mutant. 
13(X)X. IRRI, 1986. 
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Table 27. Genetic segregation of a conidial morphological variant of Pyricularia oryzae. IRRI, 1986. 

Nonsporulating Conidial morphology of
 
Cross Ascospores ascospore segregant (no.) 
 X' 3:18 

(no.) cultures 
Normal Mutant (no.) 

28 X 91? 143 E 
28 X 936 110 15 
23 X 4186 58 21 
23 X 4190 16 10 
23 X 4170 21 G 
23 x 4191 49 21 

asigniflcant deviations from a 3:1 dl enic model at the 0.05 () 

isolates of different races of Xco in tile Philippines. 
Spontaneous mutants resistant to spectinomycin, 
streptomycin, and rifampicin were recovered from 
PXO61 (race I), IRN793 (race 2), PXO71 (race4), 
and PXO e,9(race 6). These mutants will be useful 
in population studies by aliowing the use of 
selective media. N-methyl-N'-nitro-N-nitrosogua-
nidine (NTG) was used to induce mutation in PXO 
61 and 1RN793. A number of white, antibiotic-
resistant, auxotrophic mutants were isolated from 
the surviving colonies of these two isolates. The 
fiequency of antibiotic-resistant mutants recovered 
from the NTG-treated cultures was about 105-1()6 
times higher than that from spontaneous mutation. 
Seventy-one survivors of PXO 61 ---23 white and 
48 yellow -- were tested on 5 Philippine differen-

Normal Deformed 

101 
73 
20 
18 
7 

17 

37 
22 
17 

8 
6 

11 

0.24 
0.17 
8.65 * 
0.45 
3.09 * 
3.04 * 

and 0.01 (1) level. 

tials: IR8, IR20, IR1545-339. Cas 209, and DV85. 
Ninety percent of these mutants had either 
completely lost or decreased virulence on the 
susceptible differentials IRS and Cas 209; however, 
a few were found to become more aggressive on 
IR8 and Cas 209. 

Another approach being used to generate 
mutations is transposon mutagenesis. Preliminary 
mating experiments between three Tn5-plasmids 
(kanamycin resistant) - pUW943, pJB4jJ, and 
oSUPIOI I - and PXO 61 did not yield any 
transconjugant. Through collaboration with the 
John Innes Institute and Kansas State University, 
more vector-Xco race combinations are being 
tested for effective transposon mutagenesis. 
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SOURCES OF RESISTANCE 

Entomolog' and Plant Breeding Departments 
and International Rice Testing Program 

IRTP insect resistance trials. (Entomology andInternationalRice Testing Program). Insect rcsistrenfatonRiewastaine roram 95Inscter-
taron informat;on was obtained from 1985 Inter-
national Rice Testing Program (IRTP) trials (data
:eceived and analyzed in 1986). Entries that per-
formed well across locations ae indicated, as well 
as others that performed well at specific sites. 
Detailed results appear in the IRTP section of this 
report and in IRTP nursery reports. 

Insect Efntries 

Sten borer 
Vegetative stage: CO 18; IR 13429-287-3, 

IR 19735-5-2-3-2-1, IR 19743-25-2-2, 1R 19743-
46-2-2-3-2, 1R19774-42-2-l-32, lR2l05-80-
3-3-1-2, iR56, IR5857-4-lE-3, IR8608-75-3-
1-3, 1R9129-169-3-2-3-3, Kalinga 2 (Ace. 
39473), KAUI1675, MTU15, RP825-71-4-0, 
Taichung sen 10, TKM6 (,\cc 237), 
TNAU(AD)I03, TNAU9426-7, W1263 (Ace. 
11057) 

Headingstage:IR15314-43-2.3-3, 1R15795-151-
2-3-2-2, 1R56, IK8608-75-3-1-3, IR9288-B-B-
52-1, IR9830-26-3-3, Taichung sen 10 

Brown piaiithoner: 136367-2, 136379-2. IR3540-

56-3-2-1, IR25587-133-3-2-2-2, 1R25603-20-
2 1-3-2, IR27325- 11-2-I, 1R29692-65-2-3-3, 
IR35323-93-1-3-I, Ptb 19 (Acc. 6107), Ptb 
33, Rathu Heenati (Ace. 11730), Sinna 
Sivappu (Ace. 15444) 

Whitebacked planthopper: ARC10239, IR13475-
7-3-2, IR15527-21-2-3, IR2035-117-3, 
1R25587-67-1-3-3-3, IR27316-6-2-2, Rathu 
Heenati (Ace. 11730), Sufaida 172 (Ace. 
28298), WC1240 (Ace. 13742) 

Resistance of CEIU elite lines (Entotnologi' and 
Plant Breeding). Seventy-nine lines and varieties 
were tested against 7 rice insect pests -- brown 
planthopper (BPH) biotypes I, 2, and 3; white-
backed planthopper (WBPH); green leafhopper 
(GLH); yellow stemborer (YSB);caseworm (CW); 

Fifty-nine percent exhibited multiple resistance to 
BPH, GLH, and YSB; 26% were moderately 
resistant io WBPH (Table 1).None was resistant to 
CW, Li, or RWM. 

Table 1. Reaction ot elitelines to insect pests. IHRI,1986. 

Reaction 

BPH biotype 
Variety or line L3
 

IR50 R R R R MR 
IR58 R R R R R 
R64IR 13146.45-2-3 R R R R tFA R R MR 
 R 

IR13149-71-3-2.3IR19083-22-2-2 R R R R MRR R R R MR1R19382-42.3-3.2 R MR R R MR 
IR28150-84-3-3-2 R MR R R MR 
IR28222-9-2-2-2.2 R MRIR28224-3-2-3-2 R R MRR MR MR R MR
IR28228-119-2.3.1-1 R R R R MR 
IR29692-65-2-3.3 R MR R R MR 
IR29692-99-3-2-1IR29723-88-2-3-3 R R R R RR R R R MRIR29723-143-3-2-1 R R R R MR 
IR29725-22-3-3-3 R R R R MR 
IR29725-109-1-2-1 RIR31802-48-2-2-2 R R R MRR MR R R MRIR31868-64-2-3-3-3 R MR R R MR 
IR32307-107-3-2-2 R MR R R MR
 
IR32429-47-3-2-2 R R R R
IR32429-68-3-3.3 MRR MR R R R 
BR32429-122-3.1-2 R R R1R32453-20-3-2-2 R MRR R R MR MR 
IR32720-138-2-1.1.2 R R R R MR 
IR32843-92-2-2-3 R R R R MR.
IR33043-46-1-3 R R R MR MRIR33059-26-2-2 R R R R MR 
IR35293-125-3.2-3 R MR R R MR 
IR35353-94-2-1-3 R R R MR MRIR35361-59-3-3-2 R R R R R
 
IR35366-28-3-1-2.2 
 R R R R R
IR35366-40-3-3-2-2 R R RIR35366-90-3-2-1.2 R R R R

R MR
R
 

IR37712-90-3-3.3.2 
 R R R R MR 
IR37721-9-2-1-3 R R R R MRIR37865-29-3-1-3 MR MR MR R MRIR37873-16-2-3-3-3 R R R R R
 

IR38699-49-3-1-2 
 R R R MR RIR39385.124-3-3-2.3 R MR MR R R 
IR39423-124-3.3-11R41389-20-1.5 R MR R R MRR R RIR41,08598-3-1-3-2 R R R 

R MR
R R 

IR4196-12-2-2-3 R R R MR R 
IR42068-22-3-3-1-3 R R R MR MR 
IR44595-70-2-2-3 R R R R MR 

leaffolder (LF); and rice whorl maggot (RWM). aR - resistant, MR - moderately resistant 



Screening methods for resistance to leaffolder 
(Entomology). Twelve varieties were evaluated for 
'resistance to LF Alarasnia patnalis larvae or 
adults by frec-choicc and no-choice tests. In free-
choice tests, ten 3-wk-old potted plants of each 
variety were caged together and infested at arate of 
two Ist-instar larvae, tiller or 10 pairs of 
a(',ilts/cage. In no-choice tests, 24 potted plants of 
tl'e Same vaiety were caged and also infested at a 
rate ,,I " larvac tiller or 2 pairs of adult cagce. 
Dani,: vas scored whenI 1136 plants were rated 9 
by the tandard ev'a.lation .i'sTtem ," r1e. 
Damage ratings were comparable in both mcthods 
(Table 2). ('hoorapfndy, (1171324. 1)arnkasail, 
Kamalblhog, W1263, and Mutlmanikan were 
1inderately resistant UInder frCe-choice ai1d]tult in-

lestaltion, indicating insect nonpreference for 
oviposition. Choorapundy, Kamalbhog, and 
Mutfillimanikan also showed moderate resistance 
under no-choice adult infestation, indicating 
possible presence of 'oviposition inhibitors in these 
varieties. 

Table 2. Reaction of selected varietr's to Marasinia patna-
/is in free-choice (FC) and no-choice (NC) tests. IRRI,
1986. 

Variety Acc. no... 

Damage rating 

Variety Ac. no. Adult Larval 
infest-
ation 

3 int -
ation' 

FC NC FC NC 

Vashaipoo samba 7 5 7 7 
Choorapundy 49529 5 3 7 7 
GEB24 5909 5 7 7 7 
Ptb 33 19325 7 7 7 5 
Darukasajl 
Kamalbhog 

45493 
46020 

5 
5 

7 
5 

7 
7 

7 
7 

Karput kanti 46078 7 7 7 7 
W1263 11057 5 7 5 7 
Muthumenikan 15379 5 5 7 7 
ASD7 6303 7 7 7 7 
TKM6 (resistant check) 237 3 5 7 7 
IR36 (susceptible check) 30416 9 9 9 9 

Mean 
Difference 

5.8 6.1 
.36 ns 

7 7 
.50 ns 

aAdult Infestation Is used for Initial screening to discard 
the bulk of suscoptlble screening materials, FC and NC were not statistically significant at the 5% level by DMRT. 
bLarval Infestation Is used for retestlng, to further con
firm the resistance of different varieties. FC and NC were 
not statistically significant at the 5% level by DMRT. 
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Resistance of indica and japonica cultivais to 
stem boicrs (Entomology). We compared stem 
borer (SB) infestation on selected indica and 
japonica culdvars planted in adjacent irrigated 
wetland and drvland fields. SB infestations were 
based on 150 tillers/ cultivar dissected 2 wk before 
harvest. In gencral. whitehead counts and borer 
larvae wcrc higher on japonica than on indica 
cutivars (Iio. 1). .apones, Manteigp, Maranhao 
Vcrmellio, P'4346, and Poupa Prequica had the 
highest borer infestations aniong the japonicas. 
-he relative abundance of borer speci s in the 

indicaN was Scirpopha,;a incerudas > ( lide auri
cilis -- ( . sippres.salis " Stsania inf[rens > 
Alaliarpha sp.- in the japonicas, it was ( sup
pressalis > ('. auricilius S. ifi,rens >,, Maliarpha 
sp. "--Scirpophagaicertidas. 

Species~ cornpasition %
 , - -,,,ooI",sh
 

. ... . .. ,,, .
 

50 

0 '~ lii~ fi 
U 

Stern arer larvae (r /50 fillers) 

Io0) 

50 

0
 
Whiteheads (%) 

12 

0 

o5
 

2 . 

, f, 

k"~t'c---] ---- oncv----

I. Relative abundance and inlesrlaion (4f 5 rice Sli species. 
IPRI. 1986 WS. 
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Resistance to Ch/ilO adriciius(:)nlolog,). We 
evaluated 26 cultivars for resistance to the gold-
fringed borer C.auri/its. lci neonate larvae were 
placed on 35-d-old potted lest plants, each having 
10 tillers. No adult was recovered ol Iinundok, 
3icrai ()cilipo. ('NA-I0()-g-42-24-211, or IRAT121

(Tahle 3). Nine other varictics exhihited 7-1.37 
adult recovrv, and N.22 had 77(7 rcc\cry with ii 
high growl h index of 2.22. 

Monitoring green leafhloplir hiolypes in fhe 
Philippiines (lt tmi s i.lri)ngro (IRTV) Mci-
dence can inccasc if the cctor (.\'p/rwetlix 
Viri''n(VISI ptlulaltiOIIl, hCeonisCe ad;iapted to rCsistat 
varieties. 1ii a surveV in tile I'hilippines in 1079, 
there was hardly any c Ik,:Cencc of widespread 
selection of (ll hiotypes in l'armers', fields, 
althoug~h I.36 was attac'ked hv.( ll-ll anrid Ihaunagcd 
by 10-V in a few iocalities. Buti So-V' condtuctd 

in several places in Luzon in 1984 showed that field 
colonies of GIH were far more virulent than the 
greenhouse colony. )uring 1985-86, IR64, a G LIH
resistant variety, was severely infected with RTV in 
South -otahato, indicating a shift in GI- bio
typcs.

\Ve therefore ompared the virulence of ive 

( 1,11 field popilalions wit ihIhe greenhou. GLH 
colony oil 110,4, 142, 1R36, IR 19670-2(.3-3-2-2-I, 
I1, 28224-3-2-3-.2, arid IW.22. Ihe population in

t Milidano colony 
high oin the resistant IR64 IMt, I 1R42, and 
I I970- and the susccptible I I22 

crease of he was consistently 

-263-3-2-2-1 on 
(Tahl,: 4). In contrast, the laguna, Hicol, Central 
It1/onl, ,111d the giCCnholsC colonies had nuch less 
po)rlahtlion increisc on resistant varieties. -ectn
(lily .shom ed a sinilar trend (Table 5). Monitorihng 
with an eDlectiMic device showed disti nct dif-

Table 3. Development of Chilo auricilius on selected rice cultivars.a 
IRRI grecnhouse, 1986. 

Cultivar Origin 

Binastian Philippines 
Binerhin Philippines
Dinolores Philippines 
Huluhan Philippines 
Dagi Philippines 
Milagrosa Ohilippines 

Sinundok 
 Philippines 
Kinandang Patong Philippines
IR1917 Philippines

Tokyo 
 Korea 

N22 
 India 

Mushkan 
 India 

Tondok 
 Indonesia 

Godalki 
 Bangladesh 

Jaguarizinho 
 Brazil 

Japores 
 Brazil 

Prata 
 Brazil 

Agulha 
 Brazil 
Agulha Branco Brazil 
Biera Ocampo Brazil 
Arroz de Leyte Brazil 
Poupa Prequica Brazil 
CNA-108-8-42-24.2B Brazil 

IRAT121 
 Ivory Coast 

IRAT141 
 Ivoty Coast 

IRAT112 
 Ivory Coast 

aAv of 4 replIcations. Tan neonate larvae wore placed on 

bpercent survival ___.amergod adults (no. - X 100 
larvae (no.) placed on plant~survival (".) 

Growth Ieex .. ...-.... .. ... . .. was...... 
mean developmental period (d) 

Survivalb (%) Growth indexc 

7 h 0.15 gh 
43 b-3 1.04 c-e 
13 gh 0.29 gh 
10 gh 0.23 gh 
13 gh 0.27 gh 
10 gh 0.23 gh 

0 h 0 h 
33 d-f 0.83 d-f 
50 b.d 1.23 b-d 
17 f-h 0.41 f-h 
77 a 2.22 a 
57 bc 1.42 bc 
43 b-e 1.06 c-e 
13 gh 0.34 gh 
13 gh 0.30 gh
10 gh 0.24 gh
60 b 1.54 b 
50 b-d 1.28 b-d 
43 b-e 1.06 c-e 

0 00 h 
40 c-e 0.99 c-e 
40 c-e 1.06 c-e 

0 h 0 h 
0 It 0 h 

10 gh 0.23 gh 
27 e-g 0.62 e-g 

35-d-old potted plants having 10 tillers each. 

recorded upon moth emergence. 

c 

http:CNA-108-8-42-24.2B
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Table 4. Population buildup of Nephotettix virescens colonies on rice cultivars.a IRR I, 1986. 

Variety ,), line 
Laguna Bicol 

'R64 23.6 ab 22.1 ab 
IR60 0 a 3.6a 
IR42 331.4 a 220.7 b 
IR36 251.4 a 169.9 b 
IR19670-263-3-2-21 9.2 ) 13.1 b 
IR28224-3-2-3-2 0 a 1 a 
IR22 310.3 0 358.8 ab 

GLH (no./cage) 

Mindanao 

61.1 a 
3.5 a 


j6.6 a 

72.6 b 

142.1 a 
1.3 a 


'94.4 a 


Greenhouse Central Luzon 

0 b 0.7 b
 
0 a 0 a
 

215 b 166.3c
 
138.5 b 177.9 b 

0.1 b 2.2 b 
0 a 0 a
 

308 b 218 c
 

Av of 10 replikatio11, ea~lh with 5 1) its of adilts raged on 3-vk-old plants for 30 d. Means in a row followed by the same 
letter are not significantly differo t at the 5"' levd by DM19T. 

Table 5. Fecundity of N. virescolns colonies on rice cultivars. i IRRI, 1986. 

V arie ty or line . . ...... 

Laguna 

IR64 11.9a 
IR60 11.2 a 
IR42 402,6 a 
IR36 275.3 a 
IR19670-263-3-2-2-1 75 

. . .. .... .... . .... . ... .. .. ...... 

Bicol 

395 a 
11.5 a 

209.3 h 
174.1 0 
41.6 

IR28224-3 2-3-2 20.0 a 8,9 , 

IR22 50:1.5 r) 325.8 c 


aAv of 

E.gs (no./female) 
..... 

Mindanao Greenhouse Central Luzon 

50.4 a 12.1 a 29,5 a 
18.3 a 11.2 a 1.4 a 

248.2 b 363.6 a 371.4 a 
265.8 a 303.3 a 171.4 b 
136.7 24.9 -
25.9 a 10.8 a 1.4 a 

445.2 h 524.4 b 683.9 a 

t0 replications, each with 5 pairs of adilws cage:f on 3-wk-old plants. Means in a row followed by the same letter are 
not significantly different at the 51 'jvel by DMfIT. 

ferences in the feeding behalior on IR64 of 1.H 
individuals fromiidifferent colonies. 11nlike nein-
bers of other colonies. GI- individtuals frOm tile 
Mindanao colony were able to feed from the 

I)hloe0m of IR64 plants. This indicates a shift in 
Gl I- biotype and may explain why IR64 became 
susceptible to RTV in Mindanao. 

Reactions of rice cultivars to green leaflopper 
and rice tungro virus (Lintonmuoti,. At present, I R 
varieties derive protection from RIV infection 
mainly through resistanct to the vector. Uider 
high disease pressure nost IR varieties become 
infected. To check this, we ev-aluated under ,latural 
conditions tile reactions of 36 rice varieties and 
breeding lines to RTV at the Ik RI farni and in 
South Cotabato, W\hert, [TV is rampant. Infected 
hills were counted at 30, 60, and 90 d after 
transplanting(DT). Entries werescored as resistant 
(0-30.% infection), moderately resistant (31-60c), 
ilfectio0), or Susceptible (61-100th infection). The 

saine entries were tested in a greenhouse at 7 and 14 
d afterSOX\\ng againllSt (iIH reared on TNI plants. 

The results of the field test are in Table 6, those 
of the greenhouse test ale in Table 7. 

NAfR OF RIUSISIANU'IF 

Nature of leaffolder resistance?. Various behavioral 
and physiological responses of I.F Al. patnalis 
were evaiuated on selected resistant varieties. 
Settling response, food intake, growth index, and 
fecundity w\ere sensitive parameters for assessing 
the antibiosis effect on I.: (Table 8). 

Plant age and ovipositioial preference of leaf
folders. Twenty newly emerged adults were caged 
and allowed 3d to oviposit on 10-, 15-, 20-, 25-, and 
30-d-old potted lIZ36 plants. A. paumafis laid 
significantly more eggs on 30-d-old plants than on 
younger plants (Table 9). 
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Table 6. Incidence of RTV in selected rlce entries evaluated in South Cotabato, Philippines, and on the IRRI farm, 1986 
DS.a 

Infected hills (%) 

Variety or line 30 DT 60 DT 90 IDT 

IRRI South Cotabato IRRl South Cotabato IRRI South Cotabato 

Group I: R at IRRI and in South Cotabato 
IR28222-9.2.2-2-2 4 12 16 18 18 21 
IR28224-3-2-3-2 5 2 9 13 10 15 
IR28228-12-3-1-1-2 2 10 5 12 6 25
IR28228-119-2-3-1-1 11 9 14 15 20 20
Ptb 8 9 12 20 16 24 18 
TAPL796 4 9 5 16 13 24 
ARC11554 1 8 5 13 7 16 
ARC10990 0 
 10 4 12 
 12 15

Pankhari 203 0 5 5 10 6 17 
Palasithari 601 0 5 4 5 8 11
Utri Rajapan 0 12 6 18 6 23 

Group I/: R at IRRI, R to MR in South Cotabato at 60 and 90 DT 
ARC10342 5 26 10 43 18 48 
IR29725-109-1-2-1 14 
 22 14 30 16 
 54
 
IR56 8 
 18 20 23 
 28 51

Tilakkachari 12 13 18 29 19 36
Utri Merah 2 18 2 24 2 3(6
IR62 28 26 28 57 28 69
IR33043-46.1-3 15 26 22 33 23 39 
Basmati 5 22 13 53 16 61 

Group III: R to MR at IRRI, S in South Cotabato 
IR64 16 92 16 100 23 61
ASD7 1 64 21 100 23 100 
TNAU658 9 73 21 84 25 84
MRC603-303 14 87 28 100 41 100 
Gam Pa 30-12-15 2 68 12 71 36 77 
IR32429-47.3-2-2 15 40 15 75 32 89 
IR28118-138.2 3 10 
 57 18 100 20 100
 
IR21015-1743-3-3-3 8 
 53 10 100 12 100
 
IR32307-107.3.2-2 8 60 10 81 15 97 
Ptb 18 2 54 14 80 16 87 
1R 19670-263-3-2.2.1 24 87 
 44 100 44 100
 
IR29 11 67 4 
 100 54 100
 

Group IV: MR at IRRI, R in South Cotabato
IR32453-20.3.2-2 35 12 38 12 38 14 

Group V: S at IRRI and in South Cotabato 
IR8 46 81 100 100 100 
 100
 
IR42 11 76 
 96 100 99 
 100
 
TN1 82 96 100 100 100 100 

Group VI: tested at IRRI 
IR36 29 
 72 
 89
 
IR30 26 
 55 
 68
 
IRS0 15 
 16 
 28
 
IR52 26 
 32 
 38
 
IR54 12 24 25 
Naria Bachi 10 18 30 

=R = resistant, MR moderately resistant, S susceptible (on a 0-9 scale of GLH damage). RTV score: resistant (0-30% 
infection), moderately resistant (31-60.' Infection), susceptible (61-100% Infection). 



Cross resistance of varieties to leaffolder species. 
Thirty-day-old plants of the test varieties were 
infested with Ist-instar larvae of Cnalihalocrocis 

Table 7. Plant damage rating and RTV infection of 
selected rice cultivars in the greenhouse. a IRRI, 1986. 

Plait RTV 
Variety or line damage infection 

rating (0j 

Group I: R to MR to GLH and RTV 
Pankhari 203 3 0 

IR33043-46-1-2 3 20 

tR 32453-20-3-2-2 
 3 20
 
IR29725-109-1-2-1 3 30 

IR32429-47-3-2-2 3 30 

IR32307-107-3-2-2 3 30 

Tilakkachari 3 40
 
TNAU658 3 50 

Garn Pal 30-12-15 3 60 

IR21015-176-3-3-3-3 3 60 

MnC603-3.3 
 5 60

IR29 5 40 


Group I: R to MR to GLH and S to RTV 
ASD7 1 90 

Pib 18 1 70 

IR28224-3-2-3-2 1 70 

IR28222-9-2.2-2-2 3 100 

IR28228.119.2-3-1-1 3 70 

IR28118-138-2-3 3 70 

IR19670-263-3-2.2-1 3 90
 
Palasithari 601 3 90 

IR56 3 100 

IR62 3 100 

IR64 3 80
 
IR50 3 70 

IR54 3 70 

Ptb 8 
 5 90
TAPL 796 5 80
 
IR8 5 90 

IR36 5 100 

IR30 5 90 

IR52 
 5 90
 

Group Il: S to GLH and R to MR to RTV
ARCl 1554 7 10 

Utri Merah 7 0 

Utri Rajapan 9 0 

Naria Bachi 9
ARC10342 7 5030
 

Basmati 7 60 

Group IV: S to GLH and RTV 

ARC10980 7 70 

TR42 
 7 10
TN1 9 100
 

R - resistant, MR - moderately resistant, S =:susceptible,
Seven-day-old seedlins were infested with v!ruliforous 
N. virescens nymphs and rated for RTV and GLH damage 
at 7 d after Infestation, 
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medinalis and AM. patnalis. Larval survival and 
pupal weights of these species did not differ 
significantly on any variety (Table 10). Percent 
larval survival was, however, a better parameter 
than pupal weight for comparing resistance levels. 

Plant age and susceptibility of variety Nira to
 
thrips. Potted 20-, 30-, 40-, and 50-d-old plants of
 

Nira were exposed to natural thrips infestation. 
Thrips infested all plants equaily. Older plants with 
greater leaf area were appropriate for maintaining 

a high thrips density for insect culture. 
Green leafhopper feeding behavior on resistant 

and susceptible varieties. Phloem feeding by GLH 

on rice plants i5 known to be conducive to 
increased R IV iicidence. We therefore compared
(LH feeding on 15- to 30-d-old plants of selected 

resistant (ASI7. 1160, and 1164) and susceptible
(IN I )varieties, using an electronic recorder. There 
wcre 10 replications, each consisting of a fresh 

plant and a new (i,1l female reared on TN I plants 
ill the greenhonse. 

1hnlike that on snsceptible TN I plants, phloem
fecdinge wa, negligible and xylem feeding was more 

. 
on resistant plants (Fig. 2). -he insects were restless 
on resistant varietivs and spunt less feeding time on 
I ,(4 than on ASD7 or 1R60. 

Virulence of field-collected brown planthopper.
BPH samples collected from the Bicol region
(Luzon), and Misamis Occidental (Mindanao), 

Philippines, were compared with i BPH biotype 2
 
culture in the greenhouse. -en-day-old seedlings
 
grown in seedboxes wcre infested with three 2d- to 
3d-instar nymphs per seedling. l)amage was scored 
when TNI seedlings were killed ai 26-29 d after 
inlestation (Fig. 3). The Bicol 131111 and BPH
biotype 2 killed only lIZ26 with tle Bph I gene for 

resistance. When scoling was delayed, tie Bicol 
BPI tended to kill IR42 with the Bph 2 gene for 
resistance. The Mindanao BPH killed IR26 and 
1R42. None of the colonies damaged I R62 with the 

Bph 3 genc for resistance. 
Hatchnhility of brown planthoppe, white

hacked pI1nthopper, and green leafhopper eggs on 
selected varieties. Gravid BPH, WBPH, and GLH 
females reared on TN I plants were caged overnight 
on 30-d-old test plants. Emergi;ag nymphs wereremoved and counted (faily. After 15 d, unhatched 

p 
eggs were counted by dissecting the plants under 
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Table 8. Response of M. patnalis on selected resistant rice varieties. IRRI, 1986. 

Responsea 

Variety Acc. no. Food Settling response Fecundity Egg Larval Growth Development
intake 48 h after hatchability survival index period 

release 

Vashaipoo samba 0.6 0.5 	 0.90.6 0.7 0.6 1.0

Choorapundy 49529 
 0,5 0.6 0.5 	 0.70.9 0.5 1.0
GEB24 	 5909 0.6 0.5 0.6 0.9 0.7 0.5 1.0
Ptb 33 	 19375 0.5 0.5 0.6 0.9 0.7 0.5 1.0

Darukasail 45493 0.9 0.6 0.6 1,0 
 0.7 0.6 1.0
Kamaiohog 46020 0.7 0.6 0.6 0.8 0.6 0.5 1.0
Karpur kanti 46078 0.6 06 0.5 0.9 0,50.6 1.0
W1263 11057 0.7 	 40.4 0.9 0.6 0.5 1.0

Muthumanikan 15327 0.7 0.6 0.9
0.7 0.7 0.6 1.0
 
ASD7 6303 0.9 
 0.7 0.6 0.8 0.7 0.6 1.0
TKM6 	 237 0.5 0.5 0.5 0.9 0.60.7 0.9
IR36 (susceptible check) 30416 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

aCalculated as the ratio between the LF responses to a test plant and to the susceptible check I R36. The lower the number,
the greater the resistance of the variety compared with I R36. 

Table 9. M. patnalis eggs on IR36 at different plant ages.a 	 a binocular microscope. Hatchability of theIRRI, 1986. insects' eggs on their respective tc,,t varieties was 

Age of plant (d) Eggs/plant (no.) 	 not significantly different from that on TNI 
(Tables 11-13). Hatchability was significantly

10 	 38 a iower on Ptb 21 and Rathu Heenati when BPH
15 52 a females were reared on 10-d-old test plants and 
20 

6G b 
25 138 c then allowed to oviposit on 30-d-old TNI plants
30 213 d (Table 14). Hatchability was not affected when a 

aAv of 5 replications, each consisting of 20 newly single BPH rialc was enclosed for 10 d on TNI
emerged moths. plants wvith 1,3,6, or 9 newly emerged females. 

aTable 10. LF survival and pupal weight IRRI, 1986. 

Survival (%) Weight (mg)

Variety Acc. no.
 

C. mnedinalis M. patnalis C. t'edinalis M. patnalis 

Gora 
 49086 33 30 
 16 14

Choorapundy 49529 
 20 37 
 15 18
 
Ptb 33 
 19325 40 
 57 16 
 18
 
Darukasail 
 45493 30 
 47 15 17

Kamalbhog 46020 43 
 47 18 16
 
W1263 
 11057 20 53 
 16 13
 
Muthumanikan 
 15327 27 50 
 15 13
 
ASD7 
 6303 37 
 40 18 
 16
 
GEB24 
 5909 33 
 60 18 
 16
 
TKM6 
 237 33 40 12 9
 
IR36 (susceptible check) 30416 83 83 21 
 18
 

aCnaphalocrocis medinalis and M. patnalis were not statisticallydifferent from each other; however, responses of varieties 
on larval survival are significantly different at the 5% level by DM fT. 
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Time spent for each activity (/i 
50 

Upi 

40 

10 

0-

TN1 ASD7 IR60 IR64
 

Variety 

jiiiz I and 
I R60, and I R64. 1RRI1, 1986, o l eding. pi -- phiocin ingestion, pit = phioern ingestion 
trials, r resting s-x 0ix i--x1 m no.stiomi. 

2. Fceding ithaiorii t \ehou w'ri'utns on siwcepuic IN ~ittnt vmmriies A51)7, 

CHEMICAL BASES OF1RSISTANCE 	 gelI colIumin fractions of 18(suIsceptible) and I1R26 

Entomology' Department 	 (resistant) showed that the most active fractions 

had relatively low relative mobility (R-) values on 
Brown pitinthopper biotype I biocidal factors, thin layer chromatography onl Silica gel Using 
Dosage-mortality curves from hioassav's of, silica 80:20:1 (by voIlume) hexane-diethyl ether-acetic 

acid \ was 0.15 for IR8 and 0.11 for I1R26. Similar 
results were obtained with 13P-I biotype 2, 

Darnoq, raig although thle dosages for 501/(' mortality were 
it, hihe thn for biotype 1. Chemnical chiaracteriza-

Ition TNoype 	 of these fractions by scientists at the USDA 

Mindanno BPH 

6 	 Table 11. Hatchability of OPH bioitype 2 eggs on selected 
varieties. IRyI, 1986. 

4 	 Variety Resistance genes Eggs (no.) Hatched (%) 

Ptb 33 Digenic 1570 ab 94 a 
2Ptb 21 Digenic 1444 ah 94 a 

Sinna Sivappu Digenic 966 b 96 a 
Babaree hbp 4 1467 ab 95 a 

___ haRatnd1 Hoenati Bph 3 1095 b 94 a 

IRC2 JR42 IR26 IR60 Sph 3 1495 ab 98 a 
Vrbity IR62 Bph 3 1436 ab 96a 
t Bph 1 96 aretf8064 1503 ab 

Triveni Minor genes 1775 a 97 a 
3. D~amiage caus~ed hy 1 h itrpe 2and lseld-collected BI TNs1 (check) None 1863 a 98 a 
colonies. IRRI 1986. 
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Tabio 12. Hatchability of WBPH eggs on selected varieties. 
IRR1, 1986. 

Variety Resistance Eggs Hatched 
genes (no.) (%) 

AD Wbh 3 12 ab 9 a 
ARC10239 Wbph 2 82 ab 93 aColombo Wboh 2 4 1 139 a 90 a 

recessive (?) 
I 2035-117-3 Whph 1 f Wph 2 103 at) 92 a 
N22 Wbph 1 139 a 93 e 
Cneriya chittari Whph 2 127 a 93 a 
Podiwi A8 wvbph 4 152 a 89 aWC12a0 Wbph 1 + 1 111 ah 94 a 

recessive (?)
TN 1 None 155 a 97 a 
Echinochloa sp. - 49 b 49 b 
Monochoria - 85 oh 82 it10vaginalis 

Table 13. Hatchability of GLH eggs on selected varieties, 
IRlP', 1986. 

Variety Resistance Eqgs Hatcher 
genes (no.) (% 

Pankhari 203 G/h 1 52 b-e 99 a
ASD7 Gth 2 60 a-d 
 73 a 
Godalki Glh 2 52 i-d 88 a 
Patasithari 601 Glh 2 120 ab 99 aIR8 G1m? 122 ab 99 a3 
Ptb 8 'IM4 85 a-c 99 a 

ASD8 GIh 5 
 130a 98aTAPL 796 Glh 6 35 cd 97 a
Moddai Karuppan G/h 7 123 ab 87 a 

TN1 No:e
Echinoch/oa op. 131 a 

d 
99 

-

a 
-0 

M. vagina/is - 10 .d 21 b 

Table 14. Hatchability of Mindanao BPH eggs on TN1. 
IRRI, 1986. 

Variety Resistance Eggs Hatched 
genes (no.) (%) 

Ptb 33 Digenic 948 cd 94 ab
Ptb 21 Digenic 647 dSinna Sivappu 83Digenic 682 d 97 a
9abawee bph 4 1290 c 97 a
Rathu Heenati Bph 3 967 ca 84 b 
IR60 BtIh 3 823 cd 86 abIR62 Bph 3 540 d 90 ab 
I R54 Bolt 1935 1 91 abpTriveni Minor genes1967 b 92 ab 
TN1 (check) None 27830a 96 ab 

Western Regional Research Center showed tha
the main component was palmitic acid. The active 
components are still being characterized. 

Compound A from TKM6. The identification o: 
"compound A" from SB-resistant iice variet3TKM6 is reported now because of earlier paten! 

restrictions. In a cooperative study with scientistE 
at the Tropical Development Research Institute. 
United Kingdom. ether extracts of steam distillates 
of TK M6 rice plants were analyzed by gas chroma
tography with a simultaneous recording ofelectro

antennogram response from a female striped SB. 
Only one major electroantennogram response peakwas obtained, corresponding to a mean concentra
ion of 00()g'200g rice leaves. The active fraction, 

purified by column chromatography on florisil 
and then silica gel with 20% AgNO3 was identified 
as pentadecanal or I-pentadecanal using chroma
tography-mass spectrometry and by comparison
with tile sYnthetic compound. 

INSR(At ()t X'PFS 

hfltomoh)Lv Department 

Characterizing brown planthopper populations.
To analyeshfts in BPft populations, we collected 

oaayesil
BPH from several sites in the Philippines. Using
honeydew excretion measurements, we found that 

field populations had a highly variable response or
different rice varieties. Also, within field popula
tions, some individuals could feed quite well 
on 
varieties that are still considered to be resistant to 
BPH (Fig. 4). 

Adult survival and fecundity in field populations 
were also highly ,,arable among individuals and on 
different varieties. The highest mortality occurred 
o1IR60 and the least on TNI. The BPH popula
ion survived well on I R26, which was once widely

planted in tle Philippines (Fig. 5), indicating that 
adaptation to genes for resistance used earlier isaintaind in populations. Thus, gen rotation 

mn may not be very effective for BPH management.
The sti vival and fecundity studies suggested

how a local population becomes adapted to a 

newly introduced variety. Figure 5 shows that 
a small proportion of the population survivedfor several days on IR60 and contributed about 
80% of the eggs to the next generation. With 
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Honeydew (mg/fernale per 24 h) 
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50 126 

406 

30_ 
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Individual insects 

20 25 30 

4. Hone)dew excreted on rice seedlings by hrachypteroi.s temalve 
1986. 

continued selection for long-surviving individuals, 

the population may evzntually become permeated 
with virulent individuals. At that point, IR60 may 
become susceptible to the BPH field population. 
Such a population adapted to 1R60 was selected in 
the grcenhouse. Field populations of BPH there-
fore need to be monitored regularly. 

&,rvivol on rice seedlings 

%
 

0.8••
 

%* 7TNI 

\ 
% 

%\ 
0".6 - -,-

IR26 

0.4.
 

0.2

o I I I I 1 I 

0 4 8 12 

of 'Nih rvata hi'n.scollected from the Bicol region, Philippines, 

Responses of rice- and grass-infesting brown 

planthopper biotypes. Recently, a population of 
Nilaparvata lugens was found thriving on Leersia 
hexan:dra Swartz, a weed grass common in rice
fields. We !iudied orientational and settling re
sponses, feeding behavior, metabolism of ingested 
food, growth, adult survival, egg production, ovi-

I IN - I 

16 20 24 28 

Days after infestc.,ion 

5. Survival of brachypterous elnmles ol N. /ugenscollected from Bicol, Philim;,i'-.es, 1986. IR60 is 
currently the dominant variety in the Bicol region. 

http:Philim;,i'-.es
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position, and hatchability of eggs of the two 
N. ltgens populations on TN I rice plants and on 
L. hexandragrass. TN I plants were most suited 
for the establishment of the rice-infesting popula-
tion, as demonstrated by their feeding re:;ponses 
(Fig. 6). Individuals " :rivcd from one host did not 
thrive oil hc other host because of a signific;nt 
reduction in feeding, assimilation of food, growth, 
longevity, and fecundity (Table 15). 

Protein patterns of brown plnthtopper biotypes. 
Soluble proteins of newly emerged ad uilts o rice-
infesting 1I11t biotypes 1, 2. and 3 and the grit.-

infesting biotype were studied by polyacrylamide 
gel electrophoresis. Proteins were detected by 
staining with a 1% commasic blue: 12.5% tri
,.hloroacetic acId mixture (1:25 vol/vol). A general 
/ynogram of each biotype was premwced by super
imposing the bands found in replicates. The 
intensity of bands wa:; need. 

Thirty hA;ds were detected for the four biotypes. 
Biotypes 1, 2,and 3 had 24, 22, and 21 bands, 
rcspectively: the grass-infesting biotype had 21 
hands (Fig. 7). 

Similarity index values (Tible 16) were corn-

PProbe 

Li Ingesronw 
(rght to lef' 

o. S 

[ . .. . . . 

PPPP 

P S 
I 

PP 

Pp 

6.Fl{Ictronicallk li' dtlialw , lecn h)a) dlce-lngstinrtCCOldCd %,;lk'
L. h e '%and ra p lan t,,,C ) Iitc-illlc [m gi I 11P t 
j r lv oil INhI, Ic llla lc ,, oil ...I i tt~l~ 1[j 1anl noa ss i n~ ,l plans ,h)grass-intcsting fenalcs o(1)g iil- ii ng tle ni c s i I" N Iric p lant .IR RI, 1986. 

Table 15. Growth, longevity, and fecundity of rice- and grass-infest;ng nAilaparvata /ogens adults on TN1 rice and Leersia
hexandra grass plants. IRRI, 1986. 

Becoming Longevity (it) FecundityPlant nymphs 
(no. of eggs laid 

{%) Male Female per female) 

Rice-mnfesfing N. lugensTN1 97 i 4.8 21.6, 1.6 i 24.9 _±1.5 a 514 ± 133aL. hpindra 0.0 2.9 0.5 b 2.6 t 0.2 b 0 b 

Grass-infesting N. lugensTN1 0.0 2.0 ± 0.4 c 2.1 : 0.3 c 0 bL. hexandra 95 ± 7.1 18.3 ± 1.7 a 22.5 t 1.9 a 356 ± 75 a 



puted by dividing the numoer of similar bands by 
the sum of similar and dissimilar bands. The 
highest similarity was seenin proteins between 
biotypes 2 and 3,and the lowest between biotype 3 
and the grass-infesting biotype. 

Epicuticulai wax of brown planthopper hio-
types The cpicuticular wax of 111I adults was 
examined to differentiate individuals of P11 
biotypes reared on their respective hosts for 7 d. 
Hexane extracts after overnight soaking of either 
200 males or I00 females of B13ll1 biotVpes 1.2,and 

f _showed 
00 

...... 6 


02 .... 0 
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3 and the bioiype infesting L. hexandra were 
concentrated and injected into a column of 4% 
OVl01 on Chromosorb W-HP 100-120 mesh. 
Biotypes could not be diflerentiated by variation in 
the elution time and height of chromatographic 
peaks. 

Genetic polymorphism in, green leaflopper. 
(enel ic polymorphism in A. Virescens was studied 
using horizontal starch gel electrophoresis. Out of 
iXenzyme loci ivestigated, 14 were polymorphic. 
Other enzyme loci are being examined to estimate 
the extent of genctic differcntiatio. within the 
species. 

Soluble proteins of three green leafhopper 
species. Polvacrylanide gJl disc electrophoresis 

45 protein bands anong N. virescens 
N. malaranus,and N. nigropictus species (Fig. 8). 
N. mu/iurantyS ,and N. virescens each possessed 

36 bands, and N. nitVrolpictus had 28. Six bands 

03 _ ~i4 

-. #19, 22, 31. 
A':iN. ma/anri.'. 

37, 38. 
one ito 

and 39) were specific to 
. ni ro)/ictus (#17), and 

04 --
... 

s four to N. sirescen.s (#12, 33, 34. and 35).
S1mi7artt inrdex v alues were computed 

- 9 0 (Table 17). The highest similarity was observed for 
062 221 proteins betwccn A'. ntul/ 'irarts and N. virescens, 

C ..... 25 and the lovest that between N. ma/aanus and 
._..2-- - ? .'V. nIi!, rO/)j(, 't . 

09 -3 
0

0 8-21 
('YTOi.O (iY ( 0R it INSI[( ' P SiS 

A [-3 C D Entonoh.( Department 

Brown planthopper brain cells and chromosomes. 
I Jsing the lacto-aceto-orcein staining technique, we 

7. igtiairumat ic repieelltaiond lubl poteins in lict dit- observed mnitotic brain cells of 4th-instar BPH 
fcrent hiotypcs ol IlIl V. /,u v'a . A\ - biotypc 1,It t 
biotype 2, 1' _-,- biotpibit. = ny i phs (Fig. 9). Prenetaphase chromosome 
relative mlobilitl\. counts established the normal diploid complement 

Table 16. Similarity index of (lit soluble proteins among 4 biotypcs of N. lugens. IF HI, 1986. 

Similarity index 

Biotype 1 Biotype 2 Biotype 3 Grass-infesting biotype 

Biotype 1 0.72 0,75 0.64 
Biotype 2 - 0.78 0.67 
Biotype 3 - 0.58 
Grass-infesting biotype 
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Table 17. Similarity index of the soluble proteins among 
Rf the 3 GLH Nephoettix spp. IRRI, 1986. 

...-

Similarity index 

Of 	 7 6 
.......-- l 	 N. malayanus N. nigropictus N. virescens
0 2 . ........ 
 ..
02 N. malayanus, r-	

0.5610 0.6591 
19 	 N. nigropicts 0.6579 

. 2 N. virescens 
4
0.4 ...... =--2_ _..... 


05.... 

0 	 ?7 

............. 

z
 0 at 2n- 30 (28 autosomes and an XX [female] or 

06 ..... 
---- 32 XY [male] sex chromosome system). The X

07 TIM --- 32 and Y chromosomes had different shapes, the08:' .
 

X-chromosome 	 always being bigger than the08 
 Y-chromosome. 
09 	 . 44 Early mtcakinctic ciromosomes (Fig. 9b, c,e, f,.. 50 	 g,anid j) were short and rod-shaped; each chromo-N mo1onws N ngrop'tus n 	 sone hadholokinctic two 	 chromatids. At metaphase,chromosomes 	 theoccupied the spindle

body. )uring anaphase and telophase, the chrom
8. Fiagrajnmnaic ivpic~entation of s p)luhictcinin 61.11 atids segregated to opposite poles (Fig. 9i). Total 
Nphoitenix sp. IRRI. 196. 	 chromatin was 11.9 j in females and 5.74 p in 

a. 0
 

9. Brain cellsand chim om iesoINN.i bitype 1.1 R I, 1980. Magnification I($) X (oil 
immersion) 
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males. Females possessed longer chromosomes kincsis showed that N. nigropictus has a genomic 
(Fig. 9c) than males (Fig. 9b and e). Later cyto- complement of seven bivalent autosomes and a 
kinesis foried two daughter nuclei. During the univalent X-chromosome (Fig. 11). The diploid 
regular mitotic cycle in BPI- biotype 1, prophase chromosome number istherefore 2n = 15 (711A X was the longest stage, followed by telophase and NO). Pachytene analysis showed that the whole 

metaphase, anaphase was the shortest. Some brain genome of males consists of eight linkage groups 
cells showed an increase (agmatoploidy) or (Fig. 12). At diakincsis, 24,' of the cells containeda 
decrease (hypoploidy). in chromosome number reduced number of bivalents, and 5(! possessed an 
(Fig. 9f). increased number of chromosomes (Fig. I Id.) 

('hromosomes of Nephoteftix malayanus. Chromosomres of Leptocorisa oratorius. 
Study of spermatogenesis showed that N. mala- Examination of primary spermatocytes at dia
vamis has the normal diploid complement 2n = 13 
(611A + NO) (Fig. I0). During diakinesis, sperma
tocytes possessed NiX sVna psed homologs plus a 
darkly stained univalent X-bok!%., which was A 

usually isIolated from the bivalent autosomes t 
(Fig. 1la). l)uring metaphase I (Fig. 10d), the qh 
X-body fused with the autosoies,at the equatorial 1 
plate. Spontaneous ch romosomnal aherratit is 
were observed hi about 15(, of the spcrmatocvtes 0 
during diakiticsis (Fig. IOc). 

(hromosomes of Nephotettix nigropictus.
 
Exanminit ion of primary sperinatocytes at dia-

4116 

I1. _hror-,.soniics of niale N. nigrop/i u. at.a) leptonema, 
N4 b) diakii~ showing 2n -15 (711A -1X), anid c) metaphase 1. 

Sponltaleou, aberration may result in d)n m'an!toploid cell 
with 2n 19(911A + X). IR RI, 1985-86. The arrow indicates the 
sex chromosome. Magnification 15wx (oil imomersion)0 0 

0 NOR 

0165 0155 01,19 0134i OlY', 0113 0093 0062rr, 

I0. (_Chromiosomies ol imial A. ial 'iiiwi.iill a) leptollella
pachynerna, h ainl c) diakinesis, d) letaphase I.and e) early
anaphase I. I R RI, 1985-86. A noinal cell Mc)has 2n-- 13 (611A 12. ( il i lcida lriiwing ol pachytetie chro nosomes of 
+ X). Spontaneous abelration 1i,1Y result in an agnilatoploid V. nii,,ropih tus.and their iliograin. IR.I, 1985-86. the arrow 
cell bj with 2n- 19 91.1 \ X). Ilit anow indicates the sex 111dicateS 111Cw.xchromosome. NOR - nucleolar organizing 
chromosome. Magnification I5(.s x (oil ilmmersion) region. Magnilicatiom 1250:. (oil inimmrsion) 
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kinesis showed that the rice bug possesses 7 
bivalent autosomes plus a univaient X-body, the
genomic complement being 2n = 15 (711A + XO).
In addition to the standard genomic chromosomes, 
a short, open, ring-like fragmclit was consistently 
observed near the nuclear periphery. Based on its 
heterochronaticity and si/e, it was considered as a 
supernumerary (S) chromosome. It is nonhomol-

ogous and does not pair with standard chromo
somes. 

Chromosomes of Sitophilus oryzae and 
S. zeamais. An examination of primary sperma
tocytes at diakinesis sho,,ed that the rice weevil 
S. ortzae possesses 19 chromosomes 2n = 19 
(911A X XO) while the maize weevil possesses 
21 chromosomes 2n 21 (1011 A -- XO). 
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VARIETAL SCREENING AND FIELD EVALUATION 

InternationalRice Testing Program,Agronomy 
Department,and Upland Rice Breeding 
Program 

Drought tolerance in 1985 IRTP nurseries (Inter-
national Rice Testing Program). Entries listed in 
Table I were identified as being drought tolerant in 
the 1985 International Rice Testing Program 
(IRTP) nurseries. Detailed results appear in the 
annual IRTP nursery reports. 

Field drought screening, 1986 dry season 
(Agronom."y). In the 1986 dry season (1)S), 6,224 
rices from the International Rice Germplasni 
Center, IRTE, and the Gerrnplasrn Evaluation and 
Utilization ((iFLJ) program were screened for 
drought tolerance and recovery ability in the field. 
Drought reaction was scored 5 times at 4- to 6-d 
intervals, once at 2 bars soil moisture tension 
(SMT) at 15-cni scl,il depth, and twice each at 5and 
10 bars SMIT. 

Twenty-one varieties and lines exhibited less 
than 50 leaf desiccation at 10 bars S.MT and at 
least 804 stand recovery upon availability of soil 
moisture (Fable 2). Ihey vcre better than the 
Philippine droughl-tolerant check variety Salum-
pikit, which had similar 801,'( stand recovery but 
60$4, leaf desiccation. At 2 bars S MT, 9 of the 21 

rives showed no symptoms of soil moisture deficit, 
and 12 others had slight leaf tip drying like 
Salumpikit. Nineteen rices, including those that 
did not exhibit effects of soil moisture deficit at 2 
bars, were better than Salumpikit at 5 bars SMT. 

Thai deepwater rices DWCT114-1-0-1-I-1-0-1 
and SPR7295-53-2-1-2, Moroberekan progeny 
IR47686C-6-2-B, and RD19 progeny IR42560
579-2-1 had 90% stand recovery upon reirrigation. 

Of the 21 outstanding rices, II were IRRI 
breeding lines, 5 of which were selections from 
cross IR47686, a descendant'of drought-tolerant 
Guinea variety Moroberekan. Moroberekan is 
also the progenitor of the outstanding entry 
IRATI40 from the Ivory Coast. Moroberekan. 2 
lines from descendant IR47691, and I line from 
IR47686 had less than 50% leaf desiccation at 10 
bars but 60%(, stand recovery. 

The rest of the outstanding selections were six 
germplasm bank (Gi3) accessions and f,,ur IRTP 
materials, three of which were deepwater rices. 

Forfive seasons including 1986 DS, IR5178-1-1
4 showed consistent tolerance for severe soil 
moisture deficit and very good stand recovery 
upon availability of soil moisture. 

Field screening for drought resistance (Upland 
Rice Breeding). We continued to screen the germ
plasm collection as well as breeding lines from 

Table 1. Drought-tolerant entries in 1985 International Rico Testing Program nurseries, 1986. 

Rainfed lowland,drought tolerant ............ 
 .. 
Drought tolerant 

BH2 B3622f -Tb- 14-, 
BKN6721-5.7-4 BR 160-2B-4-3.HR 16 
BR B11-448-1-4 Farox 298 
BRB32-75.4 Farox 302 
BRB34-74-3 INIAP415 
GEU77042-.-4K.28 IRAT111 
IR13259-153-5E-P2-3 IRAT140 
1R 13358-16.3-2 IRAT170 
IR21586-R-31.1 ITA186 
IR26716-12.2-1-3 M55 
IR26724-246.1-1 T0X475-NIB1-NK1-LS3-B1 
IR4422.480.2.3.3l1E.P1 TOX906-67-1-1 

Upland . . .. .. . ... ..-
Good recovery 

B2997c-Tb.60-3.3 
B3622f-Tb-14-4 
B3913B16-2OST-28 
B922c-Mr-1 18 
C4-1-5 
INIAP415 
IRAT138 
IR 12979-24-3-4 
IR3646-9-3.1 
IR43 
Kabra (62-68) 
rvlRC172-S 

MRC4837.3144 NDR97RTN90-4 P1288-14M-2-1B
TCA178 Rohini
TCA 180-4 SI-2 

UPLRi-5 

Deep water,epwtr 
drought tolerant 

BKN6986-1 
EKNFR76024-100-1-5-1 
BKNFR76026-3-2-2-3 
BKNFR76035-112-1 
BKNFR876045-85 
BKNFR76055-166-4-1 
DWCT1 14-1-0-1-1-1-0-1 
DWCT156-1-2.0-1 
HTA7403.110-1-1-3-0 
IR1 1185-R-0-7 
Jalarnagna 
RD19 

http:IR4422.480.2.3.3l1E.P1
http:GEU77042-.-4K.28
http:160-2B-4-3.HR
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Table 2. Drought tolerance and recovery scores of outstanding selections in field drought screening.a IRRI, 1986 DS. 

Variety or line 

IR5178-1-1.4 
IR21085-38-1-3.3.1 

IR33355-39-1.1-3 
IR42221-2-2-3-1 

IR42569.579-2-1 

IR43582-176.3-2-2 
IR47686C-5-12-B 
1R 17686C-6-2-B 
IR47686C-6-10-B 
IR47686C-9-8-B 
IR47686C-13-2-B 
IRAT 140 
DWCT 114-1-0-1-1-1.0-1 
Bavalabou (Acc 66225) 
Habiganj Aman II 
Muthumanikum (Acc 66253) 
Pawm (Acc 64580) 
SPR7295-53-2.1-2 
13A (Acc 14833) 
24A (Acc 14843) 
270 (Acc 14914) 
Salumpikit (tolerant check) 
IR442-2-58 (tolerant chc.ck) 
IRAT9 (susceptible check) 
IR20 (susceptible check) 

aSMT - il moisture tension. 

Drought-tolerant 
progenitor 

Leb Mue Nahng III 
Leb Mue Nahng III 

and Nam Sagui 19 
Nam Sagui 19 
Nam Sagui 19 
RD19 
Nam Sagui 19 
Moroberekan 
Moroberekan 
Moroberekan 
Moroberekan 
Moroberekan 
Moroborekan 

O to 9 scale, where 0 

Drought scoresb 

2 bars 5 bars SMT 
SMT 

Ist 2d 

1 2 3 
0 0 3 

1 2 3 

0 1 3 

1 2 4 

1 2 3 

0 2 2 

1 1 2 

1 1 3 

0 1 2 

0 1 2 

0 1 1 

0 1 3 

1 2 4 

1 1 2 

1 2 3 

1 2 3 

1 1 2 

1 2 3 

0 1 2 

0 1 1 

1 2 4 

2 4 6 

4 6 8 

3 4 7 


Recovery 
10 bars SMT scorec 

1st 2d 

4 4 3
 
4 4 3
 

4 4 3 
4 4 3 
4 4 1 
4 4 3 
4 4 3 
4 4 1 
4 4 3 
4 4 3 
4 4 3 
3 3 3 
4 4 1 
4 4 3 
3 4 3 
4 4 3 
4 4 3 
4 4 1 
4 4 3 
4 4 3 
4 4 3 
5 6 3 
7 7 3 
8 9 7 
8 8 5 

ly dead. 1 - at least 90% stand recovery, 5 = 40-69% stand recovery, 0 = 0-19% stand recovery. 
no symptoms, 5 half the leaves fully dried, 9 all plants apparent

various nurseries for field resistance to drought 
with the aim of identifying diverse resources that 
have higher levels of drought resistance, especially 
in the reproductive phase, and thus broadening the 
genetic base. 

A total of 6,260 entries consisting of ;iI 
accessions, 0. gioerrina strains, and breeding 
lines from both te upland andi rainfed lowland 
nurseries were screened (Table 3). The field 
drought reactions of 4,043 GII accessions varied 
greatly. However, only 5%'of the total population 
screened showed a high level of drought resistance 
in the vegetative phase, and vcrty few acccssions 
showed a high level of drought resistante in the 
r'productive phase. Eight generally early-maturing 
varieties frotn Taiwan, China, Ecu ad or, and 
Bangladesh showed drought scores of 3-4 
(Table 4). 

[our hundred fifty-nine 0. glaherrima strains 
were scored in the vegetative phase and 328 in the 
reproductivc phase. Only 3%showed ascore of 2-3 
in the vegetative phase, hut 4.6% were found to 
have a sinilar level of resistance in the reproductive 
phase. 

Among the upland breeding nurseries, about 
I8% Iof'he entries showed an intermediate reaction 
(score = 5) to drought, and 2( had scores of 3-4. 
l3reeding lines froni the upland yield trial were 
highly sensitive to severe water stress in the 
reproductive phase. Other lines from the upland 
observationai nurseries did not head by the cut-off 
date of 35 d after sowing (I)AS). 

From the rainfed lowland nurseries, 9%showed 
an intermediate reaction to drought in the vegeta
tive phase. None of the lines in these nurseries 
headed by 135 DAS. 
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Table 3. Field screening for drought resistance under upland conditions. IRRI,1986 DS. 

Getmplasm bank (GB)accus!.tons 
Advanced upland hrI.eclin lines 
Upland pedigrtee lines 
F, hieedlnq lines irevourrslv 

selected l d tip and thel. roots 
Upland orilposites 

Hainfted lowland brteedlirl orsre s , 
O(se vati onal yild trial 
Drotqht-prone area observational 

trtal 
[owuqlilt I'ore area yiel trial 

OfyA)I,,)hl~iefi a11ia 

GRl ,cc urrs 
Advanced ul~arrndI I,,tnv lines 
0. qlro,') sttims 

Entries
(no.) 1 2 

4043 3 0 
390 0 0 
274 0 0 
101 0 0 

.116 0 0 

408 0 0 
223 0 0 

56 0 0 
459 0 0 

2046 0 0 
41 0 0 

328 1 0 

a 
Plants (no.) showing -I given drought score
 
3 4 5 6 1 8 9
 

Vege'Itiv phase 
90 112 1O4j 1171 1395 0 189 

4 4 122 180 80 0 0 
3 3 87 142 39 0 0 
1 4 25 43 28 0 0 

0 1 11 148 148 0 8 

0 0 49 156 182 0 21 
0 1 15 91 106 0 10 

0 0 1 25 28 0 2 
2 13 194 207 42 0 1 

Reproductive phase 
7 1 51 9 476 2 1500 
0 0 0 0 6 0 35 

14 0 59 0 205 0 49 

M ciit restiltam e sc,nre 1 res;iI nt. suscreptiole. 

Table 4. Outstanding GB accessions l;'vitg field drought resistance in the reproductive phase and some of their basic 
agronomic traits. IRRI, 1986 US. 

Ace. n. Variety,, 

1270 Ai Kwoli 4 
1441 Tsi Ta lei!Tilh Yeal Shu-i 
3393 PI 190192 
3396 D harivj 
3397 Hash ikarn i 
4190 Ban-Oh 
5591 PaiaurU 
5592 NitsJirival 

'aGB3basic data. 

AlIIIhou lOf'%%h i i i 1(tilIt:d p rnlaI 
reproductive N tae ditli nt Ii7cstalx 

;itcc,sIitts It,thltpresent c.XlVinlcnt. 

Orgin 


ril(d) 


China 
China 
Ecuador 
Bangladesh 
Bangladesh 
China 
r;,iwan, China 
Taiwan, China 

sIt tceI IoI 
Irlm tile (Ili 

a seatch l,.t 
,
flt0re IeslSt'itl 'ill 12CC;Id rth11Cr IitCltlCiI)nttllltS 

1t1112 oJo ,001!V1 Ct.1c (il. 
,
I plant rice vield ,iA. l ( vet scinsol 

C..It~ri Nn! ),8, up(I. I h ,.et ",caotl Ulland 
r'c ihll Inria, \,,rc.iltldictled at I R R: it tlrsI1 
l'I,,(t-,
ir.( "UtICi Mid Sll tOt<I MS.liatangas, antd 
II lihiliIIIlit: ;ill[cttl oflPlant IndIustiy xCrpeimclt 

stations ill Ilapai Istalcla. ani Ia G(';ita,in i 

Maturity a Plant 

{ct) 


104 93 
15 94 
110 113 
1018 113 
106 81 
110 9F 
115 109 
101 105 

Patnicle Drought score 

( Vegetative Rep oliuctive 

pha;e phase 

22 3 4 
23 3 3 
32 3 3 
22 3 3 
21 5 3 
24 3 3 
29 3 3 
25 3 3 

NCjetos (Ccide..ntal. Trials COIsisltCd of a 36-entry 
-rotLp drou ht-tolcrant select iotsand promising 

It1Cs fr[om1 the IRI oplatld rice lreeding program 
ald twNV) I8-Clrv\ (Callv- and file(IIllit-llaturiflg) 

P[1o21 S flrotl I11 1). 
I1,weatherwts getirally faolet tseasroghout 

WS at tileIRI!I and llliasfts sites.. The SMT at 
10- anId 20-em soil depths was high only in early 
.Ititc and early July at all 3 sitcs (1 g. I),but it did 
11o1 visihlv affect the exlpeerifental crops. TIhe SMT 
nosc beyond 30 cb tll or 2 (1each inI lateIRRI 
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Weekly rainfall (mm) Soil moisture tension (-b) 
600 

600 IIRRI! fo-rtn 7 -- No ot roIny wyS 75 

400
- 50 

1 3 

200 - 1 
200- I" ,600 ... . ..5Saw" ro",", Hchl,,; - 750 5 

40- 50 

' 200 C 
2 

'
,6 

',A * 400- 2 " X! w,'I"00I", I 

0 . . . . .. . . 0 

600-: 4 C, 6 6 -~ -25- - i c IJov 75 

40 i i1i-50 

200 -,, ,, , . 

5 4 25 

0 0, 
ul-- -- t -S 0 c . t . .-Uu -- -+-...... AuTi .... l-- p - t ..... .. ---Nov 

1. W eekly linltall andll tailh oil Iilo ,Iulc wc llol ait 11hCIRRI and kallilp~i' P'hililppines. 

IlipJla d ri" e pC", l llit'll 1cN,lt. 1986lf W S 

August and late September and iikewis,- did not better grain yield performance than the sernidwarf 
affect the appearancc oi . IRRI CrOp. l)r\ spells check variety IR43 or were similar to it (Tables 5,6) 
lasting f"or II d in IHagan and 16 d in l.a (iranja were intermediate-stalured (Tables 7, 8), indicating 
occurrcd from late August to earlv September the existence of rices with high yield potential and 
Fig. 2). cat ,iny low aid highly variahle yields bett-r weed coipetition capability than IR43. 

(Table 5, 6), Short-statured IR0560-2-6-3-1 (Table 5). with a 
Grain weld of1 the test entries ranged from yield similar to that of IR43 at IRRI and in 

0.2 t! ha lo lr 1(198-60-2 in droughty lhigan to latangas, was significantly better in soil moisture
4.4 thi for 110852-53-2 at the relatively s, t deficient lagan and l.a (ranja. It produced the 
(enca site. I.caf land neck blast lowered the veld highest average grain yield ariong all test entries at 
of N) R84 to 0.3 t ha in relatively wet Santo ,IIl sites. Intermediate-statured IR13754-5-2 was 
Tomas soil. superior in yield to I R43 in the 23 May seeding in 

Except for tlhe short-statured I R9560-2-6-3-I, all Santo Tomas hut was inf'erior at IIt R 1,although it 
med iini-maturing entries th at had significantly hdit] tile second highest average yield of 2.9 t/ha. A 
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Weekly rainfall (mm)
 
400
 

WlgOn,13015,FI 

300- 5-No ofrainydays 

6 

200

100 I 
6 2 

0L.. 0 
400 

Le 6;to,1oAeq'tosOmcdentoi ,


300 

200 

4 

5 300 3
 

- un----i JuI -- Aug----4__-Sep- -_._ t_--Oct-_Nov

2. WcckI rainlafl in llagan andi La(imrja.Philippnc . upland rice expelimcntal sitc, 
1980 WS. 

Table 5. Grain yield of selected entries in upland rice yield trials at5 Philippine sites, 1V96 VVS. 

Grain yield (t!ha) 

Variety or line IRRI Santo Tom,.ib Cuenca I lagan La Granja 

Mean 
30 May 23 May 28 Jun 19 May 1 Jul 19 Jun 10 Jun 

IR9560-2-6.3-1 3.4 ab 2.9 ) 3.0 a 3.0 h: 2.8 h 2.0 a 3.1 a 3.0
1R13754.5-2 2.8 hc 4.0a 2.5 ah 4.3 a 2.6 b 1.9 bc 1.9 bcd 2.9
 
IR13754-5-10 
 3.2 Pbc 3.0 b 2.8ab 3.5 ab 2.6 b 1.9 bc 2.1 bc 2.7
UPLRi-5 3.3 lb 3.2 b 2.3 b 3.9 ab 2.5 b 1.8 bc 2.1 bc 2.7
IR12721-5-1-1-3 2.6 c 2.9 1) 2.1 ab 3.6 ab 2.7 b 1.9 b'c 2.6 ab 2.7
IR7790.18.1-2-5 2.6 c 3.0 h 2.6 ab 4.0 ab 3.4 a 2.2 ab 1.0 d 2.7 
IR43 (check) 3.5 a 3.2 b 2.5 ab 3.6 ab 2.4 b 1.7 c 1.4 cd 2.6
Kin ndanq Patong (local check) 1.4 d 2.0 c 1.8 c 2.1 c 1.7 c 0.9 d 1.2 d 1.6 

Group mean 2.5 2.9 2.3 2.33.2 1.2 1.5
 
CV (%) 13 13 15
12 12 23 36 

sister line,I RI 3754-5-10, and UPl Ri-5 had Yields (Table 6) were all semidwarfs (Table 8). The top
statistically similar to that of IR43 at al! test sites entry was IR2588-7-3-1, which had significantly
but had higher average grain yields of 2.7 t,ha. higher yield than Kinandang Patong at all sites 

[he early-rnat tiring entries that pcrl'orncd except during the 23 May sc ding in Sanlo Tonas, 
better than the early check Kinandang Patong where yields were similar. 
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Table 6. Grain yield of selected entries in the International Upland Rice Yield Nv'sery - Early (IURYN-E) and Interna
tional Upland Rice Yield Nursery - Medium (IURYN-M) at 4 Philippine sites, 1986 WS. 

Grain yielda 
(t/ha) 

Variety or line IRRI Santo Tornas Cuenca La Granja 
---------- M ean 

30 May 23 May 28 Jun 1 Jul 10 Jun 

IUR YN.E 
IR2588 7-3-1 2.8 a 2.3 a 2.1 a 2.8 a 2.8 a 2.6 
IRATI 10 2.4 ab 2.2 a 1.5 at 1.8 b 2.8 a 2.1 
1R 10198-66.2 1.7 cd 1.4 b 1.4 ab 2.9a 2.5 a 2.0 
CR222-MWIO 2.0 bc 2.3a 1.5 ab 2.0 b 1.9a 1.9 
Kinandang Patong (check) 1.3 d 2.2a 0.9 b 1.8 b 0.5 h 1.3 

Group mean 1.4 1.6 1.1 2.2 1.9 
CV (s) 23 20 33 13 31 

IUR YN-M 
1112919 24-1 (brown) 3,2 a 3.4 ah 2.9 a 2.8 a 1.4 a 2.7 
IR 13754-5-2 2.6 a 4.1 a 2.0 b 2.7 ab 1.2 a 2.5 
BR319-1 2.4a 3.1 bc 2.9a 2.8a 0.7a 2.4 
IR59, 1-113-1 2.6a 3.1 bc 2.3ab 2.5 abc 1.1 a 2.3 
C894-7 2.8 a 2.7 bc 2.8 a 2.0 c 1.2 a 2.3 
IR7835.28-2-4 2.5 a 2.3 c 2.7 ab 2.3 abc 1.5 a 2.3 
IR7805.22-3-1 2.5a 2.8 bc 2.5 ab 2.1 hc 1.3a 2.2 
B2992B-TB-73-4-2-3-3-3-2 2.8 a 2.6 c 2.6 at) 2.4 abc 0.8 a 2.2 
IR43 (check) 3.2 a 3.4 :iS 2.4 ah 2.2 abc 0.9 a 2.4 

Group mean 2.3 2.5 2.1 2.2 1.4 
CV (%) 20 17 17 14 40 

In a colIuirn within a groiip etntry meari hewinr a corinun !etter are not -;ignificantly different at the 5£, lovel by DMRT 

Table 7. Average graii' ,ied and other agronomic chviactors of sehcted entries in uiplantd rice yield trials at 5 Philippine 
siteq, 1986 VS. 

Average Pltint Drou'iht 'actionl 

grain leadinq height Panicles ImportantVariety or line 
yield )E (m) (no./ Ilaran La Granja diseasesC 
(t/ha) 

IR9560-2-6-3-1 3.0 95 78 269 2 4 LSc, LSm,
 
ShR
 

I R 13154-5-2 2.9 95 106 248 2 3 LSm, ShR 
IR13754.5.10 2.7 96 110 221 1 5 LSm, ShR 
UPLRi-5 2.7 92 104 188 1 4 8B, ShR 
IR 12721-5-1-1-3 2.7 96 106 253 2 5 ShR 
IR779C.18-1-2-5 2.7 92 113 215 3 4 BB, ShR 
IR43 (check) 2.6 94 78 235 1 4 BB, LSm, 

NBLS, ShR 
Kinandang Patong (local check) 1.6 87 126 160 3 2 BB, ShR 

0DE d after emergence. 60 to 9 scale, where 0 nlo syr1ptoms, 1 blightleaf tipdrying, 5 50% of leaves fully dried, 
= 
an d 9 all plants apparently dead. tlR3 bacterial blight, LSc emifscald, LSm -:leaf smut, NBLS - narrow brown leaf 

spot, SfhR sheatim lot. 

Sheath rot (ShR), which w;sIrevl.% 1Ilt IKRRI seded (28 .Jun)early group in Santo Tol.ts. 
and the latangalN sItes, hliltClect 1!1the selected Bacterial blight and bacterial leaf' streak were 
entries. only SIt I:1jlected the slCCCted lines cotnimon at IR RI, while leaf" sca.l and leaf siut 
I R 12721-5-1-1-3 and I P 7805-22-3-1 (!ablcs 7, ). aflectcd tianv etries at the Batangas sites. Narrow 
I.eaf and nIck blast seriolisly affected tile ltc- brown leaf spot was most prevalent in lagan. 

http:13754.5.10
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Table 8. Average grain yield and other agronomic characters of selected entries in IURYN-E and IURYN-M at 4 Philippine
sites, 1986 WNS. 

Av !raqce Headiniz, Plant PaniclesVariety or line rain yield height (no./rn 2 
) Important diseasesa 

t/hi) (cm) 

IUR YN-EIR25887-3-1 2.6 70 75 248 BB,NBI, NBL3, ShRIRAT1 10 2, 1 66 85 191 BB, LSm, ShRIR10198-66-2 2.0 71 75 255 NBI, NBLS, ShRCF3222-MW1O 1.9 74 71 246 BB,BLS, NBLS, ShRKinandang Paton (check) 1.3 85 130 166 BB, BLS, ShR 

IUR YN-MIR12979-24-1 (brown) 2.7 78 98 222 BB, BLS, ShH 
IR *13754-5-2 
 2.5 94 107 232 LSc, ShRB1319-1 2.4 83 97 226 BB, BLS, NBI, ShRIR5931-113-1 2.3 85 102 214 BB, ShR('894.7 2.3 91 104 250 BB, NBLS, ShR
IH 78-:5-28-2-4 
 2.3 92 112 208 BLS, ShR
IR7805-22-3-1 2.2 92 107 212 ShR

B29926TB-73-4-2:-3 3-2 2.2 
 79 104 200 BB,ShO

IR43 (check) 2.4 
 92 78 249 BC, BLS, NBLS, ShR 

[3 bacterial blight. [3LS hicterinl let streak LSc l:otiscald, LSm leaf NBIsmut, blast, n- neck NBLS narrow 
brown leaf spot, ShR sheath rot. 

t-eof water [otenr~ol ,M a) 

'R43 .. nndong ,orcony) 

* 6een j -'' 
-05 Serer~ 

08 \\p 

-14 - ) 

-2 ) ;' ! 2; 4 F 31 %)fi ,2 , C 1l, 12 1,1 16 
Apr I0: '2 4 H ; 2 ' , 11) H,ii 20 22 2,1 -6 28 

[P(of',t1 "'ItttOIIC e! )f ,trer,, period 

3, N I ,al ,:Ilruiciilial I CIC.Lk: tsiciIc1 1(43and K in; ITdnrr t1,l.
Its g ( IM Ile skrS:, 
p.riod. 111. I) . 

Drought resistance screening of upland rice nient, se'en planting dates at 7- to 14-d intervals 
at flowering (.tgroomy). In previous years, and itsingle drought period were used to improve
a staggered planting schedulle had limited succesS tihe chance of having stress during flowering of' 
insynchronizing lowering for reproductive phase each o126 varieties. The objectives welte to identify
drought resistance screening In this field experi- varieties and lines with superior drought resistance 



at tile reproductive phase and to determine the 
relationship between vegetative and reproductive 
phase drought resistance. The 7 planting dates 

\\crc main plots and the 26 varieties stilplots in a 

slli-plot design. 
Watrlinewaterapplied by wvht tie-plot overheadts a 

sprinkler system: the 7notint was graduallv 
increased from seeding to the kill canopy stage.
Thereafter. irrial wa43

hrftrwasirrpplied 3 times a wc'k t 
a rate eqtivalent to 1.2 X<pan evaporation. The last 
full iriigation before the stress period was applied 
on 12 Apr (dax 0). No !rriLatin was applied until 

n 


24 Apr. The middav leaf water potential of check 

varieties IR43 and Kinandang Patong decreased 


after stress imposition lind was lowest on tile IIth 

day of stress. KinaindLing Patong had a relatively 


higher midday leaf water potential thail IR43 oil 

the I I th1 
day of st ress (I-ig. 3)

The ,ullhipie seeding date stitegv greathl
- -

improved the chance of each ,ilcitv ing stressed 
during fow-cring. Aboit X5+' of the entries 
flo",ered durinu the 12-d Stress period. Only entries 

or1442-2-58 
hat llo\gered 3-7 or 8-12 d after tress oilset irc 

presented in "Itble 9. bccause those that flowcred 
during the first fc'. days after stress onset maym 

represent drought escipe rather than toleralnce 
(r.in yield wais not sigi;fi-:intly corrClated with 
tilled spikelets orl doutih score for vtreties 

flowering at ally tim dluring the stress peril d. ()n 

tile other hand. there was a sigTificant correlation 

between davs to flowering after stress onset Illd 
filled spikclets for all entries that Ilowered 3-12 d 
atier stress oinset (r.0.5(X*). ntidbetween ivts to 
flowering and grain yield only for entries that 
flowered 8-12 d afler stress onset ( . -0.635*). 

A graph of gritiin yield versus Illcring date for 
all varieties and planting &Itcs I lig..-4) shi ws great 
variation aillong valrietics when > rs<,e lt any 
growth Stage. In adlditioll, there w\;is ti significant 
declining yield trend with later planling (and 
flowering) date. 

)rouglht tolerlnce under limiled rooting depth 

(AIgrwu.I). A total of 105 GE I I elite and selected 

entries fron the 12th International Upland Rice 

Observational Nursery were screened ii, tIle green-

h1oise for drought tolerance att limited tooting 


depth (45 cr1) amd the ability to recover Ifroill 

drought stress, 
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Table 9. Grain yield, spikelet fertility, and drought scores 

of genotypes that flowered during the drought stress 

period. IRRI, 1986 DS. 

Days to Grain Filled 
Variety o, flowering yie l spikelets Drought

a 
after onset at maturity score 

,f stress 1%) 

Flowered 3-7 dafter onset of stress 
5 250 57 2.46


lAr104 4 249 74 1.93
 
AUS257 4 231 62 2.81
 
C22 6 230 53 2.57
 
UPLRi-5 5 222 60 2.61
 
IR13754-5-2 4 212 48 2.64
 

Azucena 3 192 74 2.68
 
IR45 5 174 69 2.32
 
Tres Meses 3 172 58 3.00
Saupikit 4 119 65 1.58
 
BR319-1 6 111 64 3.11
 
IAC25 3 75 b/ 2.00
 

Flowered 8-12 dafter onset of stress 
AUS257 8 261 65 2.81
 
UPLOi-7 8 209 
 48 2.61
 
AUS196 8 183 55 3.00
 
DOular 9 180 57 2.75
 
BG35-2 12 150 61 2.82
 

8 147 53 2.89
 
Salumpikit 8 141 54 1.58
 
811319.1 12 134 64 3.11
 
DZ151 12 51
118 2.80 
MI-48 11 29
106 2.43
 
1AC25 10 105 59 2.00
 
AC47 11 102 36 2.29
 
Taken on the Inst day of stress period (day 121. Scale 

based on SES for Rice (1980): 0 no symptoms, 9 - all 

plants apparently dead. 

Three rices, including the drought-tolerant 
cleck I.eb Mie Nallug, were seeded in dry soil in 
steel drums and watered regularly tip to 30 DAS. 
Then water was wit hheld and the soil allowed to 
dry by evapot ranspirat ioil. When I.eb Mile Nahng 
was apparently dead, plants were scored for 
drought tolerance. The soil w-ts then sampled for 
moisture coltent before rewatering. 

soil Illoisture contents Just before relief from 
stress yec 7.6% t 10 cm depth and 12.1% at 
20 Cll. These values were much above 15 bars 
S MT. 

Table 10 shows the comparative performance of 
some promising entries. IR36 and IR13761-113 
recovered well in )S, as did IR26769-76-2-1-2-3 
and 1R39385-124-3-3-2-3 in WS. The tolerant 
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Gk.,n yield (g/rm'i 

A 

360- (54 
( r5 ,ss6 - A IR442 -2-5 8 N Az ce no 
SrerOd a salrpik't 0 iAC47

C IR6023-10-H-19 P IRAT1O4320 R L D IR615-l-t-E R2665-7-1-3-6 0 UPLR,-5R tJPLR-7 
Z F R12979-24-3-A S lresMe. 

V u G FI3754-5-2 T AU2' 
280 4 H 05,4 Paton j, U C22,nondarng AU5196, 

I e43 WBG35-2 

T T T KIF145 BBR319U
2 4 0 C pJ A A L MZ-485 1 

240 M G A M IAC25 Z Oul, 
M z E 0U G xW4200 20Y Syo P JuV FxM F

0 PW FX 

GU 9-,
SN1 z t, V z W l -" ' C (Fx 

0 ri 
160 ' z j R 

V V J AO 
LU j L FF FF OWU120 

80 ML "R E D 

80N 0 

40-
H c F 

I NI KE L 
I l t p N-
 I I I 1_ .___

-40 -30 -20 -io 0 10 20 30 40 50 60 703 IL 23 2 2 22 2 12 22 I II 21Mar Apr %lay Jun 

Date or day of floweong relhuve to stress onset 

4. (rain yield of 26 uphlnd rice culti iu ;It dilclent Ilo,,dr lays relative 1o drought stress onset RIr.1 
1986. 

check Leb Mue Nahngdid not recover: neither did early-, early-, medium-, and late-maturing
the traditional upland variety Kinandang Patoig genotypes.
and the promising upland line UPLRi-5, both Guimba, Nueva Eicda. The crop grown in a
previously found to he good performers in field farmer's field in Nueva Ecija received evenlydrought screening. The limr!ted rooting depth in distributed rainfall (763 mm) from transplanting tothis experiment might have restricted their extrac- harvest (Fig. 5). Average yield was 3.2 t/ha.tion of soil moisture. Yields -f very early and early genotypes rangedResults indicate that several breeding lines and from 1.2 t/ ha for IR26894-37-2-1-3 to 4.2 t/ha forvarieties can be used ts' gene sources for drought 11,21567-9-2-%2-1. IR21567-9-2-2-2-1 outyieldudtolerance and recov rv ability in rainfed lowland the check varieties IR36 and IR54.culture or in upland culture with a shallov soil Yields of nedium- and late-maturing genotypessurface and an impervious layer, ranged from 2.4 t/ha for U2,27050-15-2-3-3-2Screening torainfed lowland rices in drought- 3.6 t/ha for 14259-39-2-3. prone areas (,'gronm.r). During 1985 WS, yield IRRI, Liaguna. In a well-drained field on thetrials were conducted at Guimba. Nuc va Fcija, IRRI farm. yields were lower than in a farmer'sIRRI, Laguna; andl .iloan, Cebu, o evaluate field in Guimba because of erratic rainfall distripromising breeding lines for their yield and bution (Fig. 6)and a short period of water deficitreaction to water deficit under rainfcd shallow during the reproductive phase. Rice tungro viruswetland conditions. Entries consisted of very also contributed to low yields. 
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Table 10. Drought tolerance rating of promising entries during the vegetative phase and recovery of entries after relief from 
stress. IRRI greenhouse, 1986. 

Tiller. that Tillers (%) that 

Variety or line 
Drought 

tolerance 
recovere ifter r:-

from strebs
t 
, 

e" 
Variety or line 

Drought 
tolerance 

recovered after relief 
from stressb 

ratin ga ........ . . .... . ratinga 
I vk 2wk 3wk 1wk 2wk 3wk 

Dry season Wet season 
IR36 6" 28 56 131 IR26760 76-2-1-2-3 3 18 18 73 
IR 13761-113 5 13 18 68 IR39385-124-3-3-2-3 8 13 24 53 
RP1140-28-3-3-6 7 11 15 50 RR20-5 6 3 6 44 
CRM14-fE/26 6 25 28 43 CR314-5-18 6 19 27 42 
CR222-MW10 7 13 23 '10 IR5931-113.1 7 8 17 33 
1R29723-143-3-2-i 9 3 7 31 IR28228-12-3-1-1-2 6 6 12 29 
Dular 7 6 10 19 IR43 7 6 19 26 
Palqhar 31-1-3 6 7 11 18 SI-2 7 6 11 17 
Kinandtng Patong 8 0 0 0 UPL Ri-5 8 0 0 0 

Leh Mue Nahniq 9 0 0 0 LeO Me Nhg 9 0 0 0 

O no visible effect, 9 - all plants apparently dead. 'tlncludes tillers arising from prirrary and secondary ilers. 

weeK w ilfall , i I tWijyerdeoi (cna ) 

80 -li Ranfll 

Free wer evl (ci) 

if0 cin 
-480-

Sell r1"O01tlrw2 feI, OFi (W u)] 

I0 c depth 
-004-- _0 (;_n____ph_--_--___ 

-008 
Auq Sep Oct Nov 

5. Water leel Ipic/onmetet at 2041). and incm), field %saterdepth, rainlall, and soil nmoisture 
tetsion in Guitmba, Nueva Fcija, Philippines, 1985 WS. 
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Weekly rofall e',nm) 	 Water depth (cm) Table II summarizes grain yields for the top 10
160- 16 entries of the integrated performance trials for 

125 drought-prone shallow wetland environments at 
!20 - 12 the 3 locations. 

So)l -ILANI WAT LR RIl.AI ION,-II'S 
80-

8 .grotimrlh l-)artment aidlUp/and Rice 

4 
Comparison of methods for screeningA\ rainfed 
lowland rice for drought resistance (Agronom'). 

S -...... In the past, screening of rainfed lowland rice for 
Free water !evel (,.in) T'otught IreSistance was conducted largely on an ad0[ ,,,;, f._i;.>--.... .. ..--.............. lithe
basis. Nurseries were planted in drought<-prone 

" -
-20 l- :-- --  ''* SMIareas'a, ugh.1t -istancc if waterand ilated fr dit, 
- 0 - -- de!'iitoipd-----occurred during the season. In this field trial,V WN not O)il]\.MtteJlpWd timnpose a Sstsematic 
-6 , water deficit, bit also ,nai:ahIne contiluously 
-80L ------------ flooded control. Four grloul)s ofdroulht resistance

Sod fotsJre te ,ion(MPO) screening indices were tested with 30 breeding lines 
,;F
--	 and varieties: grain yield, visual scoring according 

-s to 'he Stanu/ardl i-alaiioi slStfi fo rice, 
- uprooting force after severing the lateral roots to a 

S''"'' depth of' 15 cm. and infrared thcrmometry. We 
aSSUMcd that the best agronoiic ine(cx ot'drought 

-0(6----- ---------- r:sistance is grain yield of stressed plots, and so all
Sep Oct N.. ec. other indices were compared with grain yields to 

6. \Vattr Iccl (plc/oiclc it hicht.10, 40. and ;If)Ctn0, \,ici determine the usefullness o the screelillg methods. 
dCpih. 1dnlull. liii, il nlhI NIMC ltc'SIMtI IRRI. I'M5 \VS. Because one variety in the test isAM! 	 photoperiod 

sensitive and did not flower, only 29 genotypes 
Yields of very early- and early-maturing geno- were used for screening method comparisons..A

types ranged froui ra,," KKN720.,-39-3-' second of the sttidy was determine1.6 tha f(or 	 objective to 

SKN-I-I-I to 3.4 tha for IR21567-9-2-2-2-I and 
3.7 t ha for IR21567-9-2-2-3- 1-3. Because the la'ter 
two are early nl ugttlring,d), they Table 11. Grain yields for top 10 entries of the integrated(110 probably 

performance trials for rainfed shallow wetland environescaped from reproductive phase stress., ments. Philippines, 1985 WS.
 
Yields of mediun- and latc-maturing gcnotypes
 

ranged from I.1t/ha for IR27050-15-2-3-3-2 to Grain yield (t/ha)
 
3.3 t/ ha for IR 9,131-72-2. 	 Line . ..Nueva Ecija Cebuliloatn, (t,u. At 1iloan. water did nol appear to 
limit growth, and yields were relatively high.Cebu 	 IR21567-9-2-2-2-1 3.73 4.23 4.20 

e 3.44 3.98 4.36lR21567-9-2-3-1-3had well-distributed rainfall and high water level 	 IR19431-72-2 3.34 3.47 4.67 
except 	at the end of the season (Fig. 7). IR13240-108-2-2-3 2.79 3.79 4.08
 

Yields of very early- and earlv'-nmturing gCro- IR19083-22-2-2 2.36 3.46 4.35
IR33355-39-1-1-3 2.62 3.86 3.63types ranged from 1.3 t/ha for IR2112,,-45-2 to IR28941-164-1-5 2.45 3.30 3.96 
4.4 t/ha for IR46. Yields of medium- and late- IR9217-58-2-2 2.74 3.61 3.27
 
maturing genotypes ranged from 2.1 t'ha for IR26933-16-2-3 2.61 3.58 3.26
IR21363-13-2-2-1-1 2.47 .356 3.211R27050-15-2-3-3-2 to 4.7 t/ha for IR 1943 1-72-2. 
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Weekly rainfall (mm) Water depth (cm) 

120 - R1,n12 
-- Writr~dep 

80 

40 A 4 

0 "!0 0
Free wter leveli cm) 

Jul A uo '.Wp 00C Nov 

,el (pic/mintcltei 20,40.Mid HjlL u,7. \wV .lcilc\ I ;it s() Oll., liCld I 1dc)pIIh, rainfall in ('c 

Phili~ljlnC,, IQ)5 ws\ 

whetherdrought resistance ol rainled lowland rices Three drought indices Idso's, Jackson's, 
might be predicted from obscrvation in contin- and one developed at IIR RI based on infrared 
uouslv flooded (unslresse.t control) plots. thermometry and other micrometeorological 

All drought resistance indices studied were ,.d:ta showed no aliprent advantage over 
significantly correlaiud y tinder tcmpcraturcsih grain yiold canopy or canopy-air temperature 
sress (Table 12), in(]tie most and least drought diflerences. Although intfrarcd thermomctry-based 
resistant genoi pes accordinig to grain vield under indices showed no ad an age over visual scoring 
stress were also generally ranked aniong the roost tridCr stress, they do allow greater physiological 
and least resistant genotypes for the other indices intcrpretation, as canopy icmperalturc is gencrally 
(1able 13). Relative grain yield tile ratio olstress inversely proportional to stomatal conductance. 
and control yields offers no insight into these For example, two of the least drought-resistant 
results, although relative yields have proeIIusefuIl varictics (IR52 and KKN7205..39-3-SKN-I-1-) 
to other researchers The fact that all genotypes in had %cry low canopy tcnip-.atures. A very cool 
our study had high yields under the contiriuously canopy suggests high stomatal conductance and 
flooded treatment redticed the tisefulness of licreforc excessive transpiration, leading to severe 
relative yields here. internal plant water deficits. 

Table 12. Simple linear correlation coefficients between grain yield and drought resistance index for 29 rainied 
varieties and breeding lines. IRRI, 1986 DS. 

Yield Uprooting Visual score Canopy Canopy-air Drought water stress index 
Factor . ............................ 

Control Relative Control Stress temperature Idso Jackson Modified 

Stress yield .395" .818" .296"* -.251" -.664" -.626" -.633" -.631** -.634"" -.551"* 
Control yield -.181 -.091 -.075 -. 278" -.085 -.101 -.096 -.095 -.220* 
Relative yield .368" -.238 -.526" -.578"* -.572" -.572" * -.578" -.448* 
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For drought resistance screening trials in which 
water deficit occurs, the visual scoring system 

- -- appears to be the best estimate of yield, but it may 
= - C4 be improved by also measuring canopy tempera

• 	 E__.- o ture and uprooting force (Table 14). For trials in 
7 , 7 7 7 7 '7 which no water deficit O(curs, control yield seems 

to be the best estimate of yield under stress, and this 
M, - N estimate may be mtuch im)roved by also measuring 

(D CM0 oo IT 	 '.- - O-N r- Mn) , MY. .uprooting force ( able 14).
(/) -	 Alli screening tools have their limitation,. Most 

M 	 indices measure drought resistance at a single time,
C
 

_C , 	 -- whereas water deficit occurs and affects crop
o 	 .......... O CC OO - Mrowth across a span of timc. Uprooting force can
 

(NC'1I'jC'N N N 	 j
She 	 measur-Cd onV under well-watered conditions. 

E. 	 Infrared therniometry is limited to clear sky con
a T g ditions. Although grain y integrates stress 

0 (DCm -0. . 00 q . IN . effects across time, it is expensive to measure and 
* responds to stresses other than water deficit. Thus, 

•, although we may select a "best" index for drought 
o 2 iinn ininino n i , resistance, until we fulV understand the interOc-OOo0 M Cl) C0 CO 

- - ... actions among soil, crop, and atmospheric factors, 

- C-ir-i C-iI-i Ili c:,carch should continue4 ff f-i e 	 on all available indices. 

, G 	 Water deficit and N feililization effects on water 
o 	 7 ,- - relations of rainfed lowland rice (Agronomy). 

E 0o co ¢0 water and 
In - 6 IF;4 Co'(D,,,)cDi a U aiiect rice growth and development, a field 

0 experinment was conducted to determine I .vN 

E .7 oor- 0o- C'C' Because both N availability strongly 

o 0 	 c-M s, -a i o fertilization affects rice water relations in a 
--
", 	 , r-:  siItulatcd raintfed lowland field. The experiment, in 

(1 0 

i 0 - (N a r-.in m -. 0 Table 14. Selected multiple linear correlation coefficients 
... C11(N u for various drought resistance indices vs grain yield under 

LO G) LO Inin cD a stress for 29 rainfed lowland varieties and breeding lines.n (Dr-

,.I- . . *G. 1986 DS.I",RRI1 
C
 

°
,-0to c
 Drought resistanrce indices R 

C o0( 0 - Co - I,- I Itdrought can be imposed
US (Nr inL6 in 4 16 1 L U prooting force - visual score 	 .705 

C 	 . . .. - - w. Visual sccre 4 canopy tempura*ure .706 
E2 a- T 	 i(c- () T3n 0,M
-.	 'Uprooting foice f canopy t,!mperature .529or- - (4N r--r-- o C 0) Uprooting force -fcanopy temperature + .732 

V) in in in in in (N (N (N visual score 
.
 ," If no drought can be imposed 

c-scs., Control yield f uprooting force .516 
1s C? "7- "7-M', -? 6 ¢2 Control + visual score 	 .453o 	 0 I'L Control yieldyield -canopy temperature .409 

0D M 
S(N> 	

(Din 0'co 0 7 Uprooting force I- visual score .368 
' (N 	 i- - N o0 
--	 ca- c. Uprooting force 4 visual score I canopy .386 

CC N "N gtemperature 
> _ o Control yield -+uprooting force i visual score .560 

t-canopy temperature 
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a split-plot design with fouy replications, was small, primarily because of a shallow water table,
planted on 20 Jan 1986 in a farmer's field in Pila, even though yield effects were significant (see
Laguna, selected for low native N. Three irrigation Management of Soil and Fertilizer Nitrogen). 
treatments were imposed as main plot treatments: Still, it is clear that early N fertilization led to 
continuously flooded, unirrigated from 15 to 35 d higher stomatal conductance in March regardless
after transplanting (DT), and unirrigated from 41 of irrigation treatment, and late split N treatment 
to 63 DT. Three N fertilization treatments were led to higher stomatalconductance in April legard
imposed as subplots: no- N, early split N of less of irrigation treatment. Thus, N application
40 kg/ ha at both P -d 37 DT, and late split N of appeared to have a very strong impact on stomatal 
40 kg/ha at both II and 65 DT. conductance. Treatment effects on leaf water 

Graphs of stotnatal conluctance and leaf water potcntial at mioday were not as clear-cut. 
potential during water deficit periods are shown in Water deficit effects on pellination and spikelet
Figure 8. Seasonal or crop developmental effects fertility (Agronomy). Because rice yields are most 
appeared stronger than N fertilization and irriga- sensitive to water deficit when stress occurs during 
tion treatments on stomalal conductance and leaf flowering, a greenhouse experiment was conducted 
water potential. Irrigation treatment effects were to determine the effects of water deficit on pollen 

shedding and germination in the traditional upland 
MIG(k W, f Pt , K rice cultivars 63-83 and Kinandang Patong after a

Stonvro, coucte (urv,) (Ml),3-d nr^, avere 7-,. stress. Water deficit reduced pollen shed 
30- on stigma threefold in 63-83 and sevenfold in 

Kinandang Patong over well-watered plants
25 (Fig. 9). In vivo pollen germination was also 

20- -08 

15 10 0 oto
 
1 0 P0
 

30[ ii "... - I ...... .... . . Stressiiii 
20 iN 12b01 

15 o 

2 1LSD,,
 
Feb Mar
.
 r 12 t r60 

30 -_04 

25 
4 Sod3 06 40 

:::
:::::::::::::
 

Feb Ma nd mi.a r tent..l .. 

affected by water deficit and N fertilization. Pila. Laguna, 9. lotal number of pollen grainms on stigina as affected by stress 
Philippines, 1986m I= lreamrnematDS. days after transplanting. in 63-83 and Kinandang Patong. IRRI, 1986. 
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sCverCely retarded (1.ig. 10), and, based on polln 
gerniinahility, only abou -t of tile spikelets in45C 
63-83 and 23(1 in Kindantm ilatong could 
produce erltile spikelcts (rig. II). (Correlation 
coelficients lowed significantcassociations allrOng 
pollen shedding,. e frntinatit, and "pik,.lcl trili.t,t 
Pot particle c scrort mil a!,oNcont Ihtcltl it) spikclet 
stcrt li . 

In a Wcecod gicCltII s,.cMYtire it'I t. hII-IItv, 

claiactcri,t:cs 'Mic rIC;,sittrCd ilt 
 cal .wierpo0tci-
t i ats kw -2.8 N 1IPaltc l t 7-d ptc r7oim -0 .3 to a s s, p- dV 
during nthi: , is 1tJ/535riqlo ClilCI\ d rilr-tleratir 

I, A 113. .\ntlrcr ,ehiscercc. p(lcit shedding.
pnllc: gerititIationt, and pollen tibe tiwrmvl ',crc 
nie.,,urcId iln raridihnh selctcCld pikelets of tihe 
final da, i,1 stres .At Inraturir\, final particle 

( sellPrnpoll- I S il 

) j- -) 

._Oh :.... 


in vivo oclhSn germn o ,"r 

Ill) I 
HO 

:.t LrSD0,ftf 


o 

JO. [(too;,fit ill lce\iage ii Oi 3 nai id K ci i ::.n tal . 

IRIt I S 

exsertion and unfilled spikelets were determined 
(Table 15). Water deficit drastically affected all 
Ilowering characteristics and increased the nunber 
of unfilled spikelets. '[he lag leaf water potential 
(X I), final panicle exsertion ( 2 ), total pollen 
grains per stigma (X I, anid spikelets with more 
than 20 pollen grains per stigmIn (X. significantly 
contribtted !o tile variation in unfillea spikelets.
Aiong hifle !incar models fitted to predict inhllcd 
'pikelets, tIle best nrediclnr ,'o,,at:a:; wa' 

8 

-O25 \l ' .2l N: 11.71 .\'; it.5 t) \A.1 I" 

Cenotypic variability of the sterility response of 
rice induced )y water deficit at anthesis 
(Agronom.ri). Twelve rice eultivars varying in 

Spikelet sterility 

20 

'10) O I 

t:::iw:: :; ::
80 ':--"- { 

..
20 -- - ii: -i:! 

Firini exse ihon (0/ 

00 

i:
 

05 

[ i paii ic i ni( iin 0.i1-Sii i iinanidi (iva id. 

II,I . ,86. 

http:Agronom.ri
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Table 15. Effect of water deficit on flag leaf water potential arid flowering characters of IIRATI3 at anthesis and inaturity.a 
IRRI, 1986. 

Flag leaf Total Spikelets Pollen tube Spikelets Panicle Unfilled 
water pollen/ with >10 Anther with >20 Pan Uilled

germinated dehiscence growth exsertion spikeletspotential spikelet pollen scoreb (%) len%) 1%) 
(MPa) (no.) (no.1 

-0,:a 136 a 100 a 1.2 a 22 a 100n 99 a 4 a 
-0.8 b 123a 78 b 1.7 b 18 ) 90 1 85 b 9 b 
-1.1 c 92 b 77 b 1.8 b 18 b 70 cd 84 bc 43 c 
-1.4 d 77 c 64 c 1.7 b 17 1) 69 d 71 cde 38 c 
-1.7 e 50 d 49 d 3.4 c 10 c 72 c 82 bcd 73 d 
-2.0 1 50 d 45 e 4.0 d 8 d 60 e 80 bcde 71 d 
-2.3 q 36 e 21 f 5.7 e 6 e 21 ( 67 ef 69 d 
-2.5 h 29 f 19 1 8.2 f 3 1 30 1 70 det 82 a 
-2.8 i 12 q19 t 8.7 L I y 22 g 53 g 87 1 

F value 1221"1 283" " 1449" 2520"' 244" 1000" 233'" 491" 
Degrees of 24 24 24 24 24 24 24 24 

ficedoni 

It a column, mran followed by a cotnolOn hitter are not slgnificantiy dierent at the 1, levol t)y 1MT. - significant 
at 1% level. b 1 90-100% dehiscerice, - 0., dehiscunce. 

hydrological origin, moatitrity days, and drought cunflative stress index, based on midday lef 
tolerance levels (rahlC 10) \ c-C g.onVll tInder ,Cell- \ater potenti als atnd stress durition, Nas signi
watered csitr61. mild, noderate, and severe SNM's licaltly correlated with SNIT and flag leal water 
to e.;tatc their genotypic perforlmanlcc altcr a )o)tenltil at lowering. 
21-d slow sOil-drVinQ period. Growth parametcrs Moistulre stress intensity and genotype response 
stoch ais ialit lielght, Icatlarca, artd l,.ai showed cl'fccts on leaf rolling. How-Iollitng, and interac, 
flowering traits strcn as paticle exser.ior, spikelct ever, drought st;e:;, dfflected the ro',lirg response of 
desiccation, and lotal flowrli1tg werc rnoted ointhe all Ctnltivars. At severe stress !civel';, all cultivars 
last day of strcss. ( ;rain yield, sterility colitporernts showed g (Table 17). At moderateiight leaf rt-(fl 
based orn iodel charatctri/ation, and paniele stress levels. tlie lI 9669 select ion, N22, and 
exisertiorr wele rneasurcd on altlurc phlrts. The Azuccti exhibiled relatively less rolling (score 

Table 16. Origin, agronomic characterist cs, and drought scores of the test rice cultivais. IRRI, 1986. 

Drought
aMaturity score 
Cultivar Country of origin Variety group Hydrological origin Plant type Mdi 

(d)
 
A B 

IRAT140 Ivory Coast Indica Upland Tail 105 - -
IRAT1 10 Ivory Coast Intermediate Upland Semidwarf 105 -- -
N22 India Irdica Upland Tall 91 7 2 
IR9229 selection Philippines Intermediate Lowland Sernidwarf 122 - -
Azucena Philippi;es Intermediate Lowland/upland Tall 108 7 7 
IRAT13 Ivory Coast Indica Upland Tall 99 6 5 
Kinandang Patong Philippines Indica Upland Tall 125 5 3 
IR43 Philippines Intermediate Upland Semidwarf 120 - -
IR36 Philippines Intermediate Lowland Semidwarf 105 8 -
IF18 Philippines Intermediate Lowland Semidwarf 125 9 -
IR20 Philippines Intermediate Lowland Seinidwarf 121 8 9 
IR5 Philippines Intermediate Lowland Semidwarf 130 9 -

Drought score: A at the vagetat;ea stage (at-0.9 to --1.0 MI'a SM I),B - at the reproductive stage 11 tolerant, 9 

stc::Tptible to droug t".trs). 
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Table 17. Effect o moisture regime at flowering on leaf rolling score on lasi day of stress. IRRI, 1986. 

Cultivar--
Control 

IR9669 selection 1 
IRAT140 1 
IRAT1 10 1 
N22 1 
Azucena 1 
IRAT1 3 1 
Kinandang Patong 1 
IR43 1 
IR36 1 
IR8 1 
IR20 1 

Man 1 d 

aIn a row or column, means followed by 
3 replications Leaf rolling scoL : 1 no 

a
Leaf rolling score 

-____________
Mild stress Moderate stress Severe stress Mean 

1.3 4.0 5.0 2.8 c 
2.3 4.7 5.0 3.3 ab
2.7 4.7 5.0 3.3 eb
2.0 4.0 4.0 3.0 bc 
1.7 4.0 5.0 2.9 bc2.7 
 4.7 5.0 3.3 ab
2.0 4.7 5.0 3.2 abc 
2.2 4.7 
 5.0 3.2 ahc
2.3 4.7 5.0 3.3 ab 
2.3 
 4.3 4.7 3.1 abc 
3.0 5.S* 5.0 3.5 a 
2.2 c 4.5 b 5.0a 3.2 

i common letter are not signlflcantly different at the 556 level by DMRT.Mean of 
rolling, 5 tightrolling. 

of 4). Tlhe IR9669 selection, with very slight leaf' , tLt,a,Ire woter (,Pg)
folding, performed better than this genotype. U --. I,_.
 

Genotypcs most tolerant of stress were the ,

IR9669 selection, IRAT140, IRATI 10, IRATI3, ,

and N22, 11,5 and IR20 were strtongly sensitive. ,/4,-? N .
I RAT 40 and lR A l10 yielded better that the -+
 
other test eultivars. N22, thle 1109669 selection,I

11(43, and Kinandang Patong also recorded '
 
moderately high yields. Panicle exscrtion d. ter- -L . L - _
 A .. 
mined the extent of sterility, since spikelcts in the -- 0 1-4 
unexserted sections ofthe paticles were completely 
sterile. The lower the exsertion, the higher was the
sterility. !nder mild or tnoderatc stress conditions, I ,,

the lack of anthesis contributed more to sterility. ' ,,-A13 "
 
11(8, 11(20, and 11(5 parilels experienced more
 
severe stress levels than i: other cultivars (Fig. 12). 
 -,- - - - - -_ _L_ _,

Panicle water potentials of the IR9669 selection ,-

- -

IRAT13, and IRAT140 were higher at most stress , 
levels and dates. 1136, IR43,N22, and Kinandang 1 '1,8 

Patong experienced moderately severe stress 
conditions. N22 had high yield under stres; and less 2 

sterility due to nonexsertion of the panicle. In most 
flowering and yield traits, the IR9229 selection 
proved superior to others. Il general, the IRAT 3
lines, N22, and Kinandang Patong can be revoin- L- L- A..1 .1 

rG 18 10mended as genotypes tolerant of drought at -2 16 I- 20 216 18 20 22 16 1B 20 22Dys oftwnset of stress 
flowerin,. 

Pressure-volume water relations of rice panicles 12. Trends in midday ,rater potential of 12 rice cultivarsin response to water deficits (Agronoin'). Pressure- exposed to mild, moderate, or severe soil moisture stresses and
control conditions during Ihe last 7 d of stress (mean ± SD).volume (P-V) analysis of plant tissues allows the IRRI, 1986. 
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determination of physiological and physical para- (Fig. 13), and only panicles that were 50% exserted 
meters that characterize plant responses to water were studied. In 1986, the soil was allowed to dry to 
deficit. Although P-V techniques have been about 0.06 MPa and was then maintained at that
applied widely to the study of leaf-water relation- moisture level through daily watering (Fig. 13);
ships, the' have been little used for studying the panicles of various degrees of exsertion were used. 
water relationships of floral organs. The panicle walcr potentials at iero turgor

Because rice yields are highly susceptible to (Fig. 14) and slute potential at 100% relative 
reduction by water defiqit during flowering, two water content (Fig. 15) declined as stress became 
greenhouse studies were conducted to evaluate the more severe, suggesting osmotic adjustment in the
effects of flowering-stage water deficit on the IP-V rice panicles. In addition, the modulus of elasticity
water relationships of rice panicles. Kinandang in the 1986 study appeared to increase in response
Patong and IR36 were grown in 112-liter barrels to water deficit for IR36, but not for Kinandang
containing autoclaved Nlaahas clay. li 1985, the tPatong (Fig. 16). The increase inl modulus of 
soil was allowed to dry naturally until it reached elaticity indicates that cell walls became less
about 0.15 M Pa SMT; P-V measurements were stretchable but more resilient. An increase in 
iadc at 3 times during stress development modulus of elasticity may indicate that cells were 

';Oilrnolrc potentol -,Pa 

0 _.... .... .. 
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13. Soil metric potenitial (luring wauter diCliit period% lor presore-volutne analysis of ricc 
panicles. IRRI, 1986. S1 S,, and S, samplingb titocs. 
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Panicle water potential at zero lurgor (MPa) 

-10 

-15 I 

1985 nundlng 1-q986 

-20 1 __ _±LJJ . .
0 11 14 579 1 

Days after stress orc;et 
14. l'anicc Nvatci potential tit ,Clo l(ugu rl I p1'ml lC-\ dlllrtrilNir it' r po Io fo eh-!rinrip,tagc \ ,t 
deticil. I RII. 19'5-X( 

Panicle solute ;)clterm~tj i f ' M W,, /c(,.Fa 

'Lu....-.- 1 ~.~ i;?AWV ..., 

Kinando-na Pat-ri 

0i 7 9 11 

Pov-, after 5ifs5 oinset 

15.Panicle sollrie pitiii atI l l I)'; rl N;llC Nvi .l-r IrI lt ( R )I(rill i r 'rN+tl1hl ianhsis it) tespo se tol]owelirg-siage % lNardecliet. IR R 1, 1985-86, 

smaller or cell walls mo(rc rigid in response to tie rice and other crops have shown that the apoplastic
stress. water fraction is generally about 0.3-0.5. Our

Although lR36 gcncrally appe'ied more re- studies of rice panicles, however, showed an apo
sponsive to stress through Ieductiom of solute plastic water fraction of 0.56-0.79. A possible
potential than Kinandan, Patlong. tile results were explanation for"these high values is that for leaves,
not consistent. One problem with I1-V technities the sap expressed durilrt! the P-V analysis has as applied to rice panicles isthat there appears to be usolute potential neut zero, whereas the sapa very high apoplastic water fraction in rice expressed from rice panicles may have significant
panicles (Table I8). Previous st utd iCs with leaves of amounts of dissolved solutes. Future studies must 
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Modulus cf Nasficity (MPo) 	 then a very small reduction in symplastic water 
8[-- - --- -potential 	 could have a very great cffect on the 

K ____ 	 turgor. 

6 hlese P-V analvses shm that lice panicles 
T appear It) respond to water deficits hy reducing 

tohite polcntials andI through changes iIIphysical 
"t tIle'rc, and thit there arc differences botw .ell 

thetole(loigh-r~i~tntKiniding Pat oig and 
ti. less resistant W- \ct clear which ofR3,,. It is nv
these l'{ctors niast coitfer lcsist.;tln.c Ito wa';ter dehicits 

at flowcring. Iurthernorc, althotughi P-V analysis 
.lp h citlcdatc the tresponsc of ric. pailicles to 

watlr det icits, tile tcecinytie must hu further 
P ,) , , " ,I N" "., ; re fi n e d . 

ll.t. t offlh, . tt'ic' i 	 Root characters iki titI i, .c, 	 ierpo ctlture (Ul'and 

Rice l)tcccle I etttl-eight seheted biceding 
Iles iroin the upltltnl replicated Yicld Irial \vore 

Table 18. Apoplastic water fraction (Vil and relative ,cCCd fIor dci'Phd Iot Chaall'WtCt',s il acropoic 
witer con:ent at zero turctor tRVVC, P O for rice pani- culture. \ orobck:in a.i, the Isistant check and 
cks.d iRRI, 1986. IR2) the su'ccptihlc check. Flvci breeding lines 
yeat Variety va, R P 0 	 had root l*,1ngt1 ctual to or lhnger than that of' 

Morobelekan. lhic most outstanding liues wNCte 
9. . .. ... .... . . 79...... .. ... IR I1397-I-S-I, IR 13754-6-3, IR 27078 -11-6, 

!H36 ' 0.69 90 IR27078-20-6, and IRIZt716-tH-8--5-4 which lave 

Sicinificmnce 	 ns a traditional uplaid parent such as 0)4, I.AC23, 
1986 Kinaudang Patoni 0.59 93 F.425, Rikuto Norin 2!. Palawan, and tucecna.
 

10U6 0.56 82 '[lle 'ootsloall breeding lines werc thicker (0.51-

Siqlnit icanct, ns " 0.74 mim)than those ol II120(10.35 mill) but did not
 

* isltiCantIV different at P .01 by t...st. approach those of' Morobctekan (10.87 inin). The 
hrecding line, hover, has e higher root to Shoot 
ratios (t0.353-).518) than %iorobcrckati (0.349), 

" accout for the stlut potentialof expressed se to except for 2 lines whose ratios were sliglitl\ lower 
imipro\'e estimates of the apoplastic water fraction. (0.313 lnd 0.335). 

The high apparelit level of apopltstic \vatet" ilyt' ,\ deep -and-thick root \'sttll is drought 
have also led to the high relative wll cotent ;t aoidance nmiechanism. Niorcover, thick roots are 
/Cro iirgor. lecaves generally tolerate a rdietioti IpositlVe,,' corlaCCd with the nulmnber of xylCml 
of relattive ,,tater conlnt to about 0.7-0.8 before 	 vessels itd xvlei vesel area. These traits are vital 
losing tttlrll, witerCas rice paMnielCs lost IUlTor it to thC Coltdutlcane_ of watcr f'rolmll the soil to the 
around relative water Cotie[nit of 0.9 (TabMe IX). Ifa tipper parts of the plants to mct th,.C ceporttve 
large rl.action of the paticle water is in the apoplast. demand. 
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SCRIFNTN( FOR lOIFRAN' FOR CHEMICAL 
SOII. SIRE SIS 

.Solls Department 

In 1986. screeningI for tolerance for chemical 
stresses was cort iincd. Ofa total of 12,792 entries 
screened. 1.52N v crc found toleratnt (table I). 
PCrformince trials with proimisni- rices were in-
tensified, w\ith grcater emphasis oil ) Cficicncy in 
both h)todcd and acid uplald s oils, 

Si INl 

1 I hIih 
/l) 'f tinrl h'ii/.s (I t lii]Ul'1T)l1 Uowltl I' c 'A 10'ul~Iparuvirst huct-'.m T,.). 

Screening for tolerance (Noi). ( if 8,056 iices from 
the \. ions compolCtls t)I it." protll(I and 
fIonl the anther cuIlture, (f tile I issue ('uhlurc 
Facilit scc.'clcd in the LccnlhIsc. 619 wCr'Ci' 
toleranlt at a salinit\ll vs ()l t)tin m, 

[hC 35 entriCs of the Intcrnational1Rice Salinity 
aind Alkaliink, %olrance, ( )SersIationaI Nurser\' 
IRS.AI ( )N) \\:rcr tcstcd in a alini/cd field. 
)uririiig ihcdr. sc;asoii )s). mily Ihuriirata 4-10 

and I 11 7.13-4--3_ \'e. iitcd ftolerant. Whn 
coiditioll \'c retidICd tuildC, by iI.I rtI ill 
the vct 5(',Ilt (\V.'S, A\(-I. R269 1-13-1-1. 
IR_28228-I N-2-3-1. IR323)7-1(7-3-2. I4R0(),-9-2 
and the rsistant check tokkali ,kelc rated tolerait. 

In i salini/d Ihd. 23 ) cutries front lte (1: 
elite lines aind those ratcd tolerant and susceptiblc 
ill greCCnhoiseLI tests WCrC cv ahliatd, 0l 13 
wCc rated ltolratit di 1 \VS: t R3 19)6-ItA anMd 
67-1-1-2. IR419;5-16-2, 11319)-67-1-1-2-2 ),_ 

Table 1. Summary of screeninq for chemical stress toter
ance. IRRI, 1986. 

E r ies To i.rant 
Stress tested 

S(no.n 
(no.) 

Salinity 8794 645 
Alkalinity 1293 274 
Azid sulfate soil 89 7 
Peat soil 
P dficiency 
Zn deficiency 

144 
875 

1346 

13 
304 
234 

Al Mn toxicity
8 toxicity 

145 
106 

29 
22 

IR41985-16-2-2-1, IR28228-28-1-3-3-2, IR32429
47-3-2-2, IR33043-46-1-3. I1439357-133-3-2-2-2, 

1R35293-125-3-2-3, 1R 13 14645-2-3, 1R28228-119
2-3-1-1, IR21567-9-2-2-2-1, and 113361-8-3-1-1.

In a1 ls' fields in tulacan (salinity 4-9 dS ,i) 
and Panipana (9 (IS in), Philippines, where 
salinity i caused by inundation with biackish 
waler from a tidal creek. 464 entries wCre tested. 
The eight entries that showed tolerance for salinc 
soil conditions were W1]367-4. 1R 19743-40-3-3, 

1R32307-I07-3-2. IR8073-23"1-3. IR28909-2-0-1, 
Ilanih Rtuntai Putih (Ace. 17233), Bavar IPutih 
(Ace. 48500). and t.cmo Bcsar (Ace. 19999).factors affecting salt tolerance (Plmt 

n rI'h iol,. hlrat'riet/ 'to'ioll. Ia rgc vari:,hilitv in salt tolcraice I, oten h.obsCr\cd \vithin lice 

varctic. I explain this plcnonienonl, the seedling 
\Acigllt of 45 plants gro'v il for 301 d in nornal and 
saline (5 aud Ifl IdS il) nutrient solutionis wis 
determined individually (CxpCrimenit I). 

In catch riety, marked \ariationl ill seedling 
growth was obsersed tunder both tnormal and saline 
C'Olditioins (tit1. I, 2). (G'nciicalh' pturC Ctiltivars 
such as tokkali sl<Ored a ilormal frequency 
distlibitiotn of we(llin! VCi!!.ht ullder nonsaline 
cond itiolls. Ilox\e..ci. k)ltvarieties and liteswe 
lar frotm nuiital aind showed muntiliodal patterns 
lnder normal conditions w\ith corresponding 
pckstndersalinci(liiits(Fig. 2). Intravarietal 
\ialation (of secdling tolerance for salinity is thus 
governcd by to factors: dilerenccs in1ellbry''o 

__n!, _(no,) 

l14 - .,=-- Conrtol 

0"-'5 dSm 
- i--,- 10dS/rn 

M0 0 

/ 

/ \ 

" , 
0 
0 04 i "L 20 

"rtj 1elgh 

1. trtci cy distribution ol drv weight of Iokkalj undernomnail and saline conditins. IR RI, 1985. 
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Plants (no)
 

18 

16 -______
 

0--I-0 Control
 
0-0 5 dS/m


14 - I 10 dS/m
 

12 

10 

8 

6 

4 ~ \ *. 4 , • . 

I o 

0 .h 
0 0? 1, 14 16 18 20 22
 

[y ,,,~ h P1)
 

2. I:rcqucncy dhi bt I dtY tcight oi I R45)5-4- I-13 undetr normal and saline conditions. I R R 1,
1%5. 

weight. which arc inevitable intravarietal v;-ia-
tions even within l)urC Cultivars, and genetiC 
impurity, 

If intravariletal \ariatiol . is partly caused by 
genetic inpurity, the continuous selection (Of 
materials under salt stress cond itiuns should 
efficiently select tolerant variants from a given 
variety or line and identify resistant individuals 
fromi varieties that alIready possess ,many desirable 
agronomic traits. lowever. the percentage of 
lolkranlt plants uder a stress condition froml a 
given var ethy hat was once selected under salt 
stress conditions is apparently not always better 
than the original material (Table 2). These results 
do not exclude the possihility of selecting tolerant 
material front an impute ctltivar. However, the 
chances of select ing highly tolerant variants lr.m 
already released modern high-vielding cultivars 
through this metthod will be low. 

Growth rate. Rcselts ftom cx perimcnt I showed 
that, in the sante ctultivar, plants obtained from the 
heavier portion of the distribution curve have 

higher relative dry wecghts at 5 and 10 dS/m 
(Table 3) and lower Na content (Table 4) than 
smaller plants. In another experiment using 18 rice 
varieties grown at full and 201'% nutrient levels at 
pH 5 and pH 9, and salinized at 5 and 10 dS/m, 
\arictis diftered in 'he imtount of Na absorbed by 
the shoot, Na upta!'e was negatively correlated 
with relative growth (Fig. 3). A higher growth rate 
under saline conditions would therefore indicate 
lower Na uptake into the shoot, higher salt 
exclusion ability, and.con:~eqtnently, higher salinity 
tolerance. Na content was negatively related, 
although loosely, to dry weight in the control 
(Fig. 4). which also indicates tlat the lower specific 
N a content of tolerant cultivars isdue to their faster 
growth rate. 

Besides relative growth, another criterion that 
carl be used in evaluating salt tolerance issurvival 
percentage. Since in extreme cases salinity causes 
p111t death, survival percentage is a better charac-
LCristic for evaluating seedling salt tolerance from 
tile agronomic point of view. Survival can be 
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Table 2. Survival of rice cultivars after one generation of 
selection using salinized culture solution. IRRI, 1986. 

Days of Survival 
Variety or line salinizationa 1%) 

(no.) 
Parent R2 

ADT4 13 40 14M1-48 13 18 18 
IR36 16 13 18IR56 16 20 28
Taichung 65 17 28 36 
iR8IR52 1919 395 2522 
ADT28 20 20 27 
IR32 20 17 22IR4595-4-1-13 20 47 27 
IR9884-B4-3 20 20 23IR31375-3-3-1-1 20 20 42 
Jhona 349 20 25 38
KR1-24 2.1 37 59 
IR4563-52-1-3-6 22 11 3BR4-10 23 52 16 
Getu 23 27 25
IR4630-22-2-5.1-3 23 34 29 
M242 23 33 23Kharai Ganja 24 10 32 
Nona Bokra (International Rice 24 55 37

Germplasm Center) 
Pokkali 24 40 40Nona Bokra (Plant Breeding) 25 52 43 
aConcentration and duration of salinization: 15 dS/rn for 
the first 10 d. 20 dS/m from the 11th 15th day,to the 
then 25 dS/n from the 16th to tho 25th day. 

Table 3. Relative dry weight of plants located in each 
peak of the distribution curve. IRRI, 1985. 

Variety or line EC Relative dry weight 
(dS/m) Peak 1 Peak 2 Peak 3 Peak 4 

KR1-24 5 0.75 0.76 0.57 
10 0.80 0.63 0.47 

IR4595-4-1-13 5 0.69 0.54 0.49 0.41 
10 0.44 0.41 0.32 0.12 

IR8 5 0.93 0.92 0.66 

evaluated either by the day of 50% death (Ds) or 
by the EC level resulting in D510. To determine the 
varietal differences in the survival percentage of 15 
rice varieties, I-wk-old seedlings were grown at 
different EC levels (1, 6, 8, If, 12, and 14 dS/m). 
Twenty plants were scored daily for survival 
percentage and sampled 30 d after salinization. The 
electric conductivity giving D 0 was found to be 

closely related to initial dry weight (Fig. 5).
Cultivars with low growth rate in the control rarely 

showed high tolerance. Thus faster growth rate is 
one of the prerequisites for higher survival under 
salt stress, although cultivars having a fastergrowth rate are not always tolerant because of 
other limiting factors. 

Survival percentage is often considered to be 

proportional to relative growth under salinized
conditions. How,-ver, remarkable differences 
appeared when comparing the relationship 
between survival pe:centage and relative growth
under salinized conditions among rice cultivars.
Some cultivars siowed higher survival under 
similar growth reduction (Fig. 6). This may be 
explained by the dilution of Na because of higher
growth rate or by a difference in the ability to 

localize Na' from the actively growing part in 
tolerant cultivars, which is also related to growth
rate. 

Ethylene as an indicator of salt tolerance 
(International Rice Testing Program). Growing
salt accumulation in cultivated and cultivable 

riceland and other cropland poses a serious threat 
to irrigated agriculture. The development of
cultivars with high salinity tolerance and of amethodology to monitor and rapidly screen for salt 
tolerance may ameliorate the problem. Because of 
the involvement of ethylene in growth responses
under stress, its potential as al indicator of salt 
tolerance in rice was investigated. Little ethylene 
was detected in rice seed in the presence or absence, 
of 0.1 M NaCI with up to 6 d of soaking. When
 
l-aminocyclopropane-l-carboxylic 
 acid (ACC) 
was used, alone or in combination with salt,
ethylene production began on the 3d day of 
soaking, reached maximuma at 4-5 d, and then 
declined. A parallel increase in ethylene production 
and shoot growth occurred in the presence or 
absence of salt with an increase in ACC concentra
tion, reaching a maximum at 1-2 mM; at 5-50 mM 
both processes were inhibited. ACC-derived 
ethylene production and shoot growth are in
hibiled to varying extents in rice genotypes by the 
additien of0. I M NaCI. At the saturating dose of 
ACC (2 mM), ethylene production depended on 
the activity of the ethylene forming enzyme 
because of CO 2', not aminovinylglycine, inhibited 
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Table 4. Na and K contents of plants located in each peak a of the distribution curve. IRRI, 1985. 

Contents (%) 

Variety or line 
EC 

dS/m 
Plant 
part Peak 1 Peak 2 Peak 3 Peak 4 

Na K Na K Na K Na K 

KR1-24 5 Shoot 2.27 1.84 2.29 1.72 2.8 1.78, 
Root 2.34 0.70 2.50 0.70 2.66 0.70 

10 Shoot 3.63 2.76 2.96 2.61 4,22 2.95 4.33 2.05 
1R4595-4-i-13 5 Shoot 

Root 
1.27 
2.30 

1.93 
0.95 

1.52 
2.29 

1.97 
1.06 

1.69 
2.33 

1.84 
1.12 

2.02 
2.64 

1.75 
1.03 

10 Shoot 3.70 2.68 4.31 2.68 4.83 2.63 5.05 1.53 

Weight of plants in increasing order: feak 1 - peak 2 > peak 3 > peak 4. 

shoot growth and cthylene production. The 
capacity of rices to produce ACC-dependent 
ethylene is a varietal trait and correlated well 
t" - 0.91) with salt tolerance at the seedling stage. 
The data indicate that ethylene could serve as hio-
chemical marker for mass screening of large 
brTeding populations of rice for salinity tolerance 
at early seedling establishment. 

Effect of Na:Ca and Na:K in saline culture 
solution on growth and mineral nutrition (htitr
nati)inal Rice Testing Prograin and Sois). Two 
experiments were conducted in saline culture 
solution to find the causes of rolling and bleaching 

of young rice leaves, previously observed in 
experiments on coastal saline-sodic soils. 
Symptoms were observed on young leaves of 

Reltive growth 

4ETrH3 

0 0[ .R4-10/ //S 

08 * ,.Ticriung G5 

08 \ KR,-25
0M24 s . *I5R.6 

041--
IR8 

O0 112 3 4 
No cotent % 

KS282 in saline culture solution with Na:Ca of' 100 
or greater. These symptoms were due to Ca 
deficiency, not Cu deficiency, since Cu concentra
tion was higher in saline shoots of the test plants 
than in the control. The decreasing Na: K or Na:Ca 
in the saline solution dcreased Na and Cl con
centration in the shoot. In addition to salinity, the 
Na:('a and Na:K of the growth medium signi
ficantlv influenced rice shoot and root growth. 

N c 
5 % 

5' 
4 , 

- 7F, 

,,s \ \ 10 
\ KR+ ,o 

T-,h"_265 

2-,, 
'. 

6
5 \\ 28 .. 

R50 6.36 " m .-- LBP"*-" *eve 5es5,s, 
\R5 *~5 

0o- 150 200 250 300 350 400 450 500 
Dry vmght of cota (rg) 

3. Na content in the shoot and relative growth of varieties 4. Relation between dry v eight of control and Na content of grown at pH 5, 20% N, and NaCI at 5 dS/m. IRRI. 1985. shoot. IRRI, 1985. 
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D50 (dS/m) Survival ( ) 

100

20 200 0,+a 

80 

60 - V 
Kd1-24 

15594 %~-_____ 

0KRI-24 

V -- V Thi:nq 65 

/0 02 04 06 08 10 

Vt/T RFClaiive dry weiciftaverage 

6. Reltoi ship betwcen slirvis I percclt~igc iiiidj rcative 
average div weighi ahecr 31)d ol' silini/iatiuii Using f'ull 

ci sel--r COiitflfii *Yn 5 j P1)1 I 

5. Rclation bet we i!,Hiill drN weciht and sur%ival ratio. IkR 1, 
1985. all treatments except CS at 2 dS/ in delayed 

flowering. 
P~anicle emergence was not altered by any of the 

Effect of ionlic Comnpositioni CPa treatnments except for CT at 8 dS;irn in lPokkali. InP/WI!Ibtceclg futld 
Soils). We Stuld ed thle effect Of var-ious Ionic IR5929-12-3, this parameter was comparable to 
compositions chloride-sulf'ate (CS) With SlhIIte tile control only at 2dI'i. The differential effects 
domlinlance, S04_2,' CL :rc 7; sulfate1-chlIoride (SC) of, thet different ionic Compositi ons were also 
withIClo ride donilarice. (TV SC), --- and obscr'ed. Harmful2 2, efects followed tle order 

" 
chloride (lT). whieh were compara bl to those iil CI 'S.SC>k .S'.4 

natural sAliesoils oil rice: plant growth. Ineach "Ihie lowest FC of' CS and SC significantly
Composition.I levels o salinity xpressed as increased tle panicle length of' okkali. Only SC 
elct neal COnd Lcta rice (1:0 2. 4, 6, and 8 I'S in arid (T at 8 S, ill prodiLed significantly shorter 

were used. Salt-tolerant Iok kali and salt- pati ides. Ilie pattern in lI 5929- 12-3 was similar to 
sensiti\ e IR5929-1 2-3 were grovm it Ialta c1iISla\ tht in I'okkali except for the absence of' an 
sallitii/d I1wthe threec ionic Comtpositionis a11tfour enthancement of pariiclc length in CS arid SC at 
FC levels. 2 LIS tol arnd asigniificatly shorter particle inl CL at 

Plant hli"'lt at differe t growth stages aId cttlti 6 (IS tnt. 
heioLt after paicle initiation responded differeti- The nuiuber oft'productive f tillers 'Pokkiwaso 
tially. lT %uis thle most hiarmful aid( CS thle least riot affeeted by either lcvel or- type of ionic 
hiarrtrful Comipositioni. irrespective of' varietal comlpositilon. However, that oif' lI5929- 12-3 
tolerantce. Imer salliniis (2 arid 4 dS il) -creasedwith increasing salinity. C1. gave the 
ehanced g'. rOl 111d higher3 slinities (6 ard lowest noniber of' prod tiCy ti lhrs and CS tlie 
8 dS n) suppretssed it. highest at a given salinity level. SC was iter-

CS at 2 (IS, r advartced flowering [i Pokkali. mediate. 
SC ard (T at that level et comparable to thie Other yield cotopoietits stud ed \e re total 
control, the rest if the tieatlertts delayed flower- riutrubetof, slkelets on thle iii panticle, sterility 
ingd(except f(IrCS i to 6dS n). Inl I1929- 2-3 percentIge of' the main panicle. arid 1,0 -grain 



weight. lrespective of' \ariclal tolerance, lower 
salinilics did not adveisCly affct the total numbler 
of spikelets on the main panicle. t:.xccptions s'ere 
('S and S( at 2 dS mi in Pokkali, wherc the 
number significantls increased: anid (T at lower 
salinitics iiIR5929-12-3. where spikelet iriiiilhr 
was significantl re.dtcCd. Pl'rodicig file lossest 

(CI ilorc 
('S and SCoi hoblth arictics, cspecially oii 
spikelet unimbct. \%a,-, harlniil! than 

IR5929-12-3. 
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percentage. In iokkali, hull percentage gradually 
increased with in'rrit',s:nlinity, but in 11,5929
12-3. it did not respond to any trcatellnt. 

hcdico of salinity on r-n rice protein was 
not very pronounced. lit Pokkali, CS at 8 dS lnl 
and ''and (. :it8and 6dS illincreased protein.
In IR592)-,I2-3. i' siitificant dilference was 

,.)Scrl\dillill/s
tircatlmcll.
 
I.ovr SllinitiCs did not alCr th ' amylose 

content of l'okkali, hut iilier salinitics did. In 
pIeCICIitg ill I'okkaliIlie ,tcililt did niolt IR0929-12 -3. onl (.I. at 4 and 6 (IS in reduced 

chauigc s,ithlt Ilc\c. aljiit\, oitllf I uih this 

paranteter vunitieiitl\ hi ihier tItan thecolitiol 
in all ti,:attieits o.xccpt tot (S ;it 2 d- in. I le 
paitclrl illIIR5)29- 12-3 v is enlirtcl\ (ilt.111it oill 
thal ili'Pokk'ili. Iiicitasiil, salinit\ inclCased the 
stcrility prCCltiLc. I )ilfcrCtial clfcts of differen 
inic coinposiiioiiS ,kcrc ohscrcd t <mi 2 d it utl 
to d8 ii. l IRSt2)-12-3. stcrilit\ 
ollthCd the ordcrl(I ( S. 

IL icsptise t'hI .fftSpo-..roiin to1,0sciLht ,,lit) it\ 
,,',assilar linboth ,i.ritie,.Cs did iot alter the 
I,[lf(f-erail \wCigtit in eithersarit • l all Icsl.v(' 
\\ih . I .0)flff-graiut \,,tlht ill both varictics \%tas 
comliparablc to tihe coltol u1p to dS ill.(his, at 
8 (s In did SC Ie'tilC It:i.0(lI-ltaitn seittht ill 
ioth 5,arieties. ('I prdIuccd the lirhit0st cd il all 
levels. 

IA.5.er s:ilitiiC.S c iuild incre'as tile ',iel.C t (Ile 
ltiolaii varictv. dcTctiditi ttlicoil tihe' ctltpo.Si.-
tion. Ihosscvcr. all tlcatilkritrs reduced the .icld (It 

ile sersirise arnet . 

lxcelpt lor the hiehst sallinhit lesl of (I.. [Ite 
salt trattnili s did iot idi .crscl'h ;ic the l- ;iss, 
yield otfTIkkali In R5929- 12-3. the 
of salinity OilS,Irasld\ ,w as res,._,trictcd to the 
higher s.aliitiiCs (S( al S.; iand (I it 0' arid 
8 dS til. 

Ilie gtai-to-strass rioll \%I.ldccreacd ilClC;"-
iti saliti.s irpcrcii, tf\iIarICt\. I tlseri, loss 
silititics (2mid 4 dS ilfor Iokkali and 2 d.S In 
for IR592'9-12-3) did riot change the ratio e'xcept 
lt (T'al 2 IS iii iii I1,5921. which had ialoeLr 
ralio thali the coitirol. 

I'lial itilled rice I \i R) arid hCad rice (IIR) 
rCcovcry\, cre inot allfcctd ad\crscly b)yvtIe l,\._r 
Salinities, iriesllcti,,c of tIre c'IIttositinlltthie 

iotic Iledia aiid lht ttleraicc of the varieties, but 
were reduced by higher saiinliti.,,A sriking 
differ'nce btweten thetwo, varierie-s was hull 

ailt loe coittctit. I le gclaliniat ion temperature of 

nol chaie under 
l (ner. S(' t 8 ( S is I an.d (. at all lccls 

changed the,eclatini/atiotMtnpcraturc of IR5929
12-3 Iont iitcritdiatIte iols. 

lel \aicties dilered in the distihutitin of 

l'okkali did tc aliv Itratlnlit. 

IIo 
Na intheir grains. I lie Na content of lie hull was 
feClttii,c than that of the ktrnel 'i Pokkali: it was thelit( 
oppoSitc in IR 29-12-3. Incroasin salinity In
ciciid the Na content itboth tilling fraciiois of 
both ,ariltics, keeping the pattein oldistributioni 
titrlalCd:ltoshe'.er. aCCtlUlllCd Na due to 
iicrcascd <alitiitv contcctitrtld mainlylin the hulls. 

[fle't of, leictrois iltsoil salinity (ilat 
HrtIfif,'di au *oi.). Incrcised %.L'ctaliVCarid root 

,igor are uscul for adaptation to Soil arid cliatic 

Strc,scs. (icticrally. I: f'tbrilds Cxpress liShc"traits.
 
I hcretire. as a preliriilirrar iin.,lmtialiol,
We 
c",iltit.d a itllibet of II rice hyhrids atid their 
ralcili, fotr Sr,,is al uideli Saline ,oil conditions al 

itt )1.IR I In I 16 .\lt hough tileparents of these 
Its hrids arc not kitm i to be toleralit of salinity, 

olr ohiccti\e \ias to test tire usefhilte.ss of hybrid 
5 Mditrseceffcttt'r soil alinity.under stresscs, such as 

I-isc-v(,k-old se, ltims of !2 hy'brids and thcir
paretits llmilton i \ct scedhed ,Cslco traiSplanted 
ilil itield here salinit% of7 d tI \k~l, itiducC'd b\ 
,ddlidicolrtiriloli Sat. I li,Salinity Icvl was alitnhl

raindllird''itllt'lr the ,:\p itticrit. lach et.lifry was 
plintd twit 5o hills. ('heck ,arictics %5ercl1,28 
,,,l:-,,cnsti\ci and II ,ON84-54-3 I,,at-tolhrarut). 
Itt1 sirs isal r 15 wkssl iasrcoldCd lt6,. , Mid 
atlre iiiplaiiirnt. 

Salirit ltli'lirtt0egl tire rtil thIof al] valictiCs 
tCsicd. iarcriis arid hyrids 
tlider lnormal conditions ils 

aflter seeding. 
.,'. ,I tire 12 hybrids 

Ii incteased suisvalstrikingly 

thtil ate ery early 
eo\,crdabout 1001d 

c',aluat'd Showed 
colparcd to their 

http:usefhilte.ss
http:titrlalCd:ltoshe'.er
http:ctltpo.Si
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parents. In three cases, hybrids and parents were 

comparable; 'i 
 two, hybrids ,vercinferior to the 
better pareM. ()Ilch,,hrid ,kas sn perior to its 
parnt att li2eaI'V ,iageIS but suIbsCquentltC bane1tV 
-,mparable it)hem. Sonic I, hybrids cilld thus 
be superior to their parCns iII adatabilitv to 
\aliiiitv because of icicw-sd ioot and shoot vigor. 

Physiological aspects of salt tolerance (Plat 
i i!Soii).Pht ~,/,i d Oilur collabolativC rescaich 

proctam it ItheI ni crsity ,1 Susse.x (n ilhe 
mcihaitii ald phisioloerclil a)pecis)I 'Sall 
ItOlC'atIIC III IICe C tCrel its ihirfd l I IiIsth ltsit,! 
ho C. \O l ak that a si',III act : a it Itill ,\HIa 

Scch ircIt iaurlkci 
h k, 1LtllI It ',Iir I\i ll. 
Ilrid i n l \diiall iladih' I 

kita ltut \ it,!ean 
;11hIta lcIlitCduh i tKa 

Ilile seCuId lfla& 

fiItic s 111 IhL: i t 
P ti p itess \ s 

lilel isic ()Iifliii'\lif Ih lail ldclotiiicd 1i1ata, 

tijits th ll( L tMI t
tilI tllt'I1t) ill loleraticc. 


C.u., liasO p ll itre ihli\ id life It s -,leiti tsahlt C 


i[ailcieir111l kiae i , ailt( se .
;iai/illlim (d "\i tll Idca lea 
;laladatllc naIaIj il aaaclt,4cI 
 I he ilat tissue ist,.llli 
stit. I lIr II;aII COLlatai siall-d liI, pliisC s\ ' lh,0 
sarialtiota fitles c\s Ill .,C\Clila pra)C%'eSs Ilit1CiLild 

be coltlrponicills (di )sCaall ',a! tolci icc. ari l llat 
the best pitaspeer ft) IIsIaCtt I,I t lci I "cI t) ,elect 
for thcCtiapant0lClls, 1iada dnll\ anad tlaen comhine 
(lirll ili;I s il I t \ 

Table 5. Scotes for vigor, survival, Na 

tolerant varieties arid lines. 

Vari'etv or hir 

C tier lvlrUivDo 

Darnoadar 

I036 

M 4595-4-1-13 

IH4630 22-2-5 1-3 
IR10167-129 3-4 
Norla Hokra 

Pokkali 

1)l t;tit atc s " ildcd 
bIAat here u !f P, C I1 

Mit elCr;iia c \ ltlltn h eCs,and 
is the 

IM irlix\ 

scit 

IeL
l 

h-I ,ItLlc illorkei 
rail (d tle \;II+tlIcC 

iShit1-salrirt, 

l t)II IltlanI ,c, hill 


e- III ' c\tlllllll llill 

The third phase of our collaboration is the 
beginning of practical breeding. We Identified 
varieties and lines with different mechanisms for 
saltlolerance and iade crosses ilan attempt to 
pyramid together the genis for these mechanisms 
Into a single variety. [able 5 shows some of the 
palcilts we tised, alotig wilh their score for various 
tolerance trait. 

So .A ),pa rilit 

Screening for tolerance. M ass screening of 1,067
,Ailrics frothi lie Plant Breeding Department 
shov,cd th at 259 ;,ce tolcra n t of a lk a lin ity at p H 

an 
d \ ;Iih lptit li iamti of 40. 

Table 6. Rice sarriples acid upland soil.plant front an 
Caliraya, Laguna, Philippinas. 1986 WS. 

N o. 

1 

? 

3 
1
I 

6 

7 
13 

y 


10 


Variety 


LAC23 

Chianan 

AzLicertia (C) 
B32997C-1 B-4 2-1INIAP4 IS 

133622!-- 7P 14-2 

03623G-TB.46 
C 11.136 

(selectloll 

IFA47691-1 1-9 1 

M47701-11-5-1 

Plant type Growth 

reWsonse to P 

.Idaiica None 

Japoi ca None 

Jill..oCa None 
Idica Sait
Irlthca Slight 
I hca Slight 

Indice Intermediate
 
tiica Internediate
 

Jiaipica High 

Japonica/indica High 
progeny 
rogeny
 

tlinsport, tissue tolerance, and leaf-to-leaf 

IRRI, 1986. 

V iqor TissueSu vivai Na iaspnrid iancebrto 


1 1 2 7 
4 3 2 7 
7 5 4 5 
6 3 3 
 5 
7 2 2 1 
8 5 6 2 
2 1 1 7 
1 1 3 9 

cornpartinentatlon of some known salt

d1-9 Scale 1 low shoot sOiuM 9 h-high shoot Sodi rr. 
C 

bl,9 cale. 1 high tissue toleranlce, 9 
1 +9 ca0le 1 = high cOMrpartlientatlon, 9 - low conipartrentatlon, 

Leaf-to-leal
compartmentationc 

8 
8 

9 

7 

4 

3 

6 

8 

low tissue tolerance. 

http:03623G-TB.46


Oftle 29entriesofliRSATON tested in an alkali 
plot during )S and WS, 5 were found tolerant: 
IR4422-480-2-3, IR8073-231-3-3, 1IR8608-75-3-1, 
IR21820-154-30-6, and 11(22083-105-3. 

rhe elite breeding lines were tested in an 
alkalied field, 15 were scored tolerant, with IR20, 
1R26468-36-2, 2 1R28228 lines, 1R31868-64-2, 
1133059-26-2, 1IR33059-26-2-2, and 1137873-
16-2-3 being outstanding. 

IRON I(OIXI IY 

Soils lX'prtilent 

Screening for tolerance and yield irials. Field mass 
screening for tolerance for Fe toxicity on an acid 
sulfate soil was done in Albay, Philippines, during 
)S.Seven of 89 rices from International Rice 

Testing Program IRAP) nurseries were rated 
tolerant: 132791 B- M R- 196-2-3-1-8-K P-3. 132791 B-
MR-19o-2-3-3-5. 130(3(. -PN-151-2, 1R51-74-
6 .11, 1R 13146-5-2, I R 22082-41-2, and IR31238-
474-3-1p4. 


In l)S, a iean yield of 3 t ha was obtained from 
an evaluation of 16 rices. liehighest yielder was 
IR4683-54-2-2-3. w.iti 3.6 1 ha. The line IR97(4-
45-2-2, repeatedly confirmed as having multiple 
stress tolerance, It ida comparable yield of"3.5 t h 

Hlighlv significant differences in grain yield were 
observed alllOng tIhe1rices tested. [issue analysis at 
nmaximun tillering showed thle rices had aldecuate 
amounts of 1),K. Mg. Mn. (i.u.and Si; toxic 
contents of Ic and Al: and deficiencies of" N, Ca, 
and /n1. 

P'It)Ytl'tII)I'. S I)I-I('IIN(" 

S'oil. lh)par(nu'nt 

Screening for tolerance. Of 875 rices screened, 301"1 
wcre found efficient in utili,'ing, small amounts of 
P. Among the most efficient were IR5657-33-2, 
IR32453-20-3-2, IR32843-92-2, 1135361-59-.3, 
IR35366-40-3, 11,35366-90-3, IR39357-133-3, 
1139423-124-3-3, and hree tissU . c!,lturc-derivcd 
rices. 

Yield trials. Of 32 rices tested in a pedorniance 
trial in a P-deficient farmer's field, the 20 that 
produced yields greater than 4 t ha were medium-
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to late-maturing. Among them were I1(62, IR65, 
1I19672-155-2, 1R25588-7-3-2. 11<25604-99-13, 
IR28222-9-2, IR29723-17-3, IR32453-20-3, and 
IR25361-9-2. 

The addition of 25 kg P,ha conferred a mean 
yield advantage of' 1.7 t ha on 10 rices. 

Effect of P fertilization on mineral nutrition 
of upland rice. Ten-week-old plants exhibiting 
different growth responses to P fertilization 
(Table 6) were sampled for chemical analyses in 
tile1986 WS acid upland screening trial of the 
Plant Breeding Department at Caliraya, Laguna. 

The soil is a PalchunmuIt (clay - 66%, pH = 4.0, 
organic C = 2.5(, total N = --0.23C., Olsen P 
1.2 mg kg, CF = 23.6 niol kg). 

Besides N, ('a, K, and Mg, P is the major 
limiting nutrient. Fertilization with 4( kg P/ha 
increased the ) content in all plants but did not 
raise it above the critical level. 

P addition resulted in a corresponding increase 
in plhnt 1n\41. 

Plants with no or slight growth response 
revealed Fe and Al contents of more than 
300 Ing kg in control plots, while plants with inter
mediate or high response showed less than 
300 iag, kg. 

With Paddition, the P-to-Fe ratio increased and 
the Fe-to-Mn ratio decreased in plants with no or 
slight growth response; the opposite was observed 
in plants with intermediate and high response 
(Fig. 7, 8). 
:"(%b.erved varietaldifferences in gffwth response 
to P fertilization may thus be explained by different 
plant nutrient interactions. 

ZINC I)EFIICIEN Y 

Soils Departnittt 

Screening for tolerance. In a Zn-deficient field in 
Bay, L.aguna, Philippines, 234 of 1,346 rices 
screened were found tolerant. IR36, IR 1552, and 
four tissue culture-derived rices were outstanding. 

Performance trials. The performance of 40 rices 
was tested in a farmer's field. Fifteen with grain 
Nields of 4-5 t Iawere considered efficient users. 
Highest yielders with ) t/ ha each were the cultivar 
lIR38 and IR lines lI121567-9-2-2 and IR40757
11-3. 
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P Fe 

8 

6-

198(). %'alriCllSicscd illI ihic 6. 

The moderate] v suiscepti1ble I IZ40 and I R 19743-
25-2-2-3-1 responded syiia to ( /n1 dip
treat ment. Resist ant rices :R2(1, IR22. 1R 38, and 
IR2558X-7-3-1 IMCaVeona(rabIV yields With and 
Wt hoot Zln treatmnlent s, Collnfr g earl ier reports
that inl mlarginally i-deficient soils, the ujSe! of, a 
resistant variety Is aull nsv remedy. 

.\it I I il I St tI Sl: 

SoiAls Pdllanti Brve~lin,, DeparwwntvS (P 

hIerniatina/Rice I's/mi,' Prograln 


Peat soil problenms (.Soils). F eld mass screenIigw of' 
144 entries from11 t1hV 1986 D)5 and WS elite linies 
'Ind thle I980 WS~ralifed breeding linies Was 
continued at ('al~iii.,L aguna. Rated mo1derately
tolerant in thle prtsunee )IfN, 1). K, and] Zn were 
IR28228-28- 1-3-3-2, IR2992-65-2-3-3 IR29692-
99-3-2-I, IR29723- 143-3-2-I, IR32429-47-3-2-2. 
JR 13146-13-3-3, JR 13146-45-2-3. JR109318-1-2-1 
1-2, 1R21 188-87-31-3-2-2 18520-44- 1-1, 1R33238-
25-3-2, lI36974-1 1-3-3-3, and( I1R08699-19-3- 1-2. 

Ini concrete beds, thle tolerance of I1R04, IR46,
IR64, and I RZ28 150-84-3-3-2 was confirmed. 

Ini tests with ZriO, and usingp entries Previously
rated as moderately tolerant, I ROO gave the highest 

2[. 

0 -- -t .. 

7. [:t1iec 10 I I o p Iicrtit, i [-i i j c N i)Iice gr 11)4)1111acidt upland Soil, i. gulla, Philippines, 

yieldN Ii DS (3.6 t hia) and Ii WS (2.2 t/lha).
I R2 1848-65 gave a yieIld of' 3.6 t, ha in D)S but 
performed poorly in WVS. lR 13540-56 gave thle 
samle yield during hoth DS5 and WS. 

Saline and] acid sulfate soil conditions (.So'ih, 
aw Breedling, andl Inu'rmina l~aRice lusting

P'rogram). Twenlty-five traditional tidal wetland 
varieties, 75 modern semnidwarls with adverse soils 
tolerance, 418 advanced hreeding linies, and 90 
entries in the IRSATON were evaluated at three 
locations in Iloilo, P~hil1ipp ies, Thle traditional 
tidal wetland varieties, modern senidwarf: and F3populations werel' Used InD)5 and thle others inl WS. 

The fields were strongly sal ine hecause of' tidal 
influece1C, anld thle soil has acid sulfate conditions. 
Salinuity rattged f'rom 31to)27 dS, in. beitg generally
higher in D)S. The soils had low pl-I (3.7 Ii dry soil),
low available P)(3.8-5.0 ppml), high active Fe (1.2
I.81~) high actate-soluhlC sulfIates (0.26-0.35() 
and hItgh exchangeable At (1201I6(i ppmn). In WS 
tile fields were also affected by floods (2-3 times/
season), in which ease the plants remlainedl sub
merged I'r2-7 d. 

Pokkali perf'ormed best at all sites. Among thc 
traditional varieties, Diudmiona, Nizersail, Sulai,
and Wagwag were comparable to lPokkali. Aliwee, 

http:0.26-0.35


GIENETI( tV. \ (' IAIION ((ittUt PRO(iRA 131i'VAIOAIN .ANIIi 

FeMn 
08 

m Wth:w~~n: P 
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0 1 2 3 4 5 6 7 (3 9 10 

Va.et . 

it. lteci tof itrletifiai'llr Oil UC:Nl I ol jido tzp1jll(I tsil. kiagtinli.ill ui'susIniie gri Oil PhlilippinleS. 

1986. VaiieC Ls kccd ill I able (I 

AT69-5. 13W295-5, 1R4630l-22-2-5- 1-. IR31I36 1-8- 2-I1-1-3. I32970-i-b-60-1-1, Dhariwal, IR43. 

3-2-2. 1R31375-5-2-l-3, IR3345I-12-I-l-l-2. R3040-9-3-I1. 1 3646-13-3-2-2-14-2, 1R3646-I3-3-
IR13552- 12-1-2-1-2-3, 1k 39537-27-5-1-3, and 2-2-I15-2, IR3881)-2-3. IR0021-IO-I-l.1, 100O18-7-

ISrII' ;iklo lor adverSe Conl- 1I1147-113-5-I -I-5. IR20957-55-4,ShIxMCd I;tolranc 1-6-3. 

ditons hu th sh~h s i I~kkai IA I16. Kinaitdaiie I1atonig. Ku-6?. Masuri.
dcrevsl~s ot 

or other traditional ':aiclties. 1k I65-28-14 . VKQ 03-80-I-2,NI) PIi-S,(I 

)IlIthe adinccd I'lCcd iiiLeII fluad I RSA ION and Ul'231-28-I -2.
 

~.~'I ic.somic that showecd tolerance \%crc Sccni,i,' al Iihl iil (Soit.). 01 145 1RTP 

lIIA 74 1-ll *) Ik4422-480-2-3-3. Ik4427-2X-3-2. cnt tics tcsit urig 1)5 and \WS Ii an acid uplanld 

1R4432-52-0-4, 1 R 13149-45-2, 1R 134 19-113-3. soil Ii Ni hiio. Albav. IPhilippines, 29 were rated 
1k I 3426-19-2. IR3t)146-26-3-2-3, IR31432-5-4. tolcliant Of A\I toxicit. OIliand jug w~ere 

I103238-25-2-3-2, I10300-93-6-3-3-3, IR33352- IN IAP14 15, 1k1Z552. IR2'723-1I7-3-2-I. IR9 171-60
59-3-1-3. lI 3.1360-5- 1-3-2-2-3. IR33300-5- 1-3- 2-2. lIZRI3539-101-2-2-3. ITA23 I. IPAN50-13-25- I, 
2-I - 1, 1R37 119-4-3-2-3, and RP~975- 109-2. anfd I0X955- 1)4-I -1I 

Acid uiplanid soils ISoils, lPlan Bn'e'dihng, anil I 11ice ricc r*;cc \WYc tcsted durIIing 1)5Iinan acid
 

Iilermniiotial Ricte l('Ating JPro-ramijSrcntug uplaind arca Ii kI gnl. Ilie japonica cntrics were 
.Soils, I'aii Brec'ilng. (1hiInunal Rice IotinJ less sulscept ible to Al and NIlii Icites andI 
ICi'stng I'ri'ramu). Aboult 6501 rices Wecre s'creeneld hadd 1Ctc the ii I I i tas entries.\ icR-1thani dc and 

Bcsidcs lliain olerance !(oJ- Al and NI iundercIidL uplanid soil condition01s Inl aIfarmerIs fheld t1L toxicitics. 

inl llagaca\'. Iloilo, Inl VS. Soil inl the tcst field was uiplanld I-ie ICt ICs mutIst he 1)ct icicnlt. ()scrAVd 
aidic (p)11 4.2-4.9), low inl available P~ (5.7 ppmi). to have good gelccal \ igorIl inte aibsence of 1)were 

IM% Inl ( '1:' (14-0 uIeqI 100 g), and high Ii Al eightj japon11iashv aW ries, and.L W~O1idias. 

satnra1tionl I30-05(,('). '[lie test rices were obtained Nonle Showed Complete tolcriilict: for hrs pot 

from IR IT~ (301 entries) and thle Plant Brecding disealse. 

IDepartment. Varieties that showed tolerance for Inl a drineId aIcid sn(lilit oil (1pII 3,9. organic 

colibi ned Stresses were Berlin, IB301I6b-Tb-200-3- C I- geahle Al - 11. 1 inol kg) Inl1741 l exchai 
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Malinao, the effects of different rates of P fertiliza-
tion (25 and 40 kg P/ha as solophos) under low N 
fertilization (20 kg N/ha) were evaluated using the 
3 rice races. Highly significant differences in 
varietal rtaction to tile adverse soil factors were 
manifested by visual symptoms at 8 wk after 
sowing and by straw and grain yields at harvest, 
13 treatment did not affect the scores or the dry 
matter yield. AppFcation of 40 kg P/ha and low N 
rates (lid not alleviate Al toxicity, which was the 
main adverse factor in this soil. Of the six rices, 
IRATI09 (japonica) was the most PI-efficient and 
I)ular (aus) was the most P-responsive. 

The performance of 15 rices previously rated 
tolerant was compared in a fertilized acid soil ill 
Laguna. IR10781-75-3-2-2, JIl.Ri-7, IR9761-
19-1, and IRA 04 each gave a yield of 2.5 '/ha.
Although an ent rv cxlhited yiptoms of' Mi 
toxicity, the main growth-liiitl g factor was P 
deficiency. 

The performancc ol 12 drought-tolcrant rices 
was tested uinder 2 levels of acidity (p11 4.4 and 3.7). 
Plant growth and yield were better Under the more 
acid soil (1.7-3.8 t ha at p 113.7, 1.0-3.0 t' ha at 1)If 
4.4). IR9761-19-i, HR319-1, and Ri-7IPIJ 1madhigh tolerance for soil acidity. 

Inland iron-toxic and phosphorus-deficient soils 
(Soils, 'lant lfrevding, anl lIhernatiotial Rice 
Testing Progran). In an inland I'e-toxic soil with 
low p1- (3.8-4.2), available 1'(3.8 ppm), exchange-
able K (0.02 ineql I( g), and organic itatter 
(0.96%), and high active Fe (2.3%;;), 815 rice 
varieties were evaluated for their performance in a 
farmer's field in San Dionisio, Iloilo, in WS. The 

test rices were obtained from IRTP (669 entries)
and the Plant Breeding Department (146 entries). 
About 40 selected varieties that are known to be 
tolerant of either P deficiency or Fe toxicity were 
further evaluated. in DS. 

Some of the rices that showed tolerance for these 
soil conditions included Bg 367-4, Bg 379-2, BR51
282-8, CBCI6-128-4-1, Bw 85, Bw 295-4, Bw 295-5,
Bw 297-2, Cabayasi, CR 1002, 1H-1, IR2307-247-2
2-3, 1R5741-73-2-3, IR8192-166-2-2-3, IR8192
2(-3-3-1-1, lR9764-45-2-2, IR9884-54-3, IRI3423
17-1-2-1, 1R21015-196-3-1-3, 1IR21820-154-3-2-2-3, 
1R 24632-145-2-2-2-3, IR24637-38-2-2-I, IR25909
11-2-2-3-2, IR26821-2(X)-3-l-1-I, IR27325-27-3-3, 
IR28222-23-1-3-3-2, IR28222-9-2-2-2-2, IR28228
12-3-1-1-2, IR29341-85-3-..3, IR29706-94-1-3-2, 
IR29723-143-3-2-1, 1R32358-122-2-1-, Kuatik 
l'itil, Layang, Mat ('andu, MI 273, M281D-79-3, 
RI 14-2-1-1-1, ,SLrihu (antang,, Suakoko(sel.), and 

P R254-85-l-fc>A3. 

A CO(O)P'IRAIIVF [)R SI-ARCII
 

NADIVIRSt SOILS
 
Plant RreedIing l)eparton't 

A cooperative was established to share resources 
and responsibilities in adverse soils research. IRRI 
will work to strengthen one national program for 
each adverse soil type, so they ca, assume regional
responsibilities. National programs selected are 
India forsalinity, Indonesia for peat soils, Pakistan 
for alkalinity, Sri Lanka for Fe toxicity, and 
Thailand for acid sulfate soils. See Cooperative 
Country Projects. 
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SCREENING MOR .lONGATIONAILITY 
Plant Ph.'sioogy I)cpartm'wt 

A total of 48 entries from the International Rice 
l)eepwater Observational Nursery' (IR1)WON), 
the International Iloatn Rice Observational 
Nursery (IFRON), and the Intcrnational Tide-
Prone Rice Observational Nursery were screened 
for elongation ability. R516-341-1, from the cross 
BR51-49-6,ii abigani A 4. was tihe most outstand
ing entry from IFRON. 

S( ItIs ,,INC i I.()R SI;IIt IRCI NC'F I(C.FR/\N('E 

Mailt I..iologi,' l)(11111t(cn 

Sunmcrgencc tolerance tests ,ere conducted in 
concrete tanks in the green house on 20.634 entries. 
includiiug 1,675 from the gcrnplasin bank (Gi3) 
and 16.148 from the pediire niluserv l r rain fed 
lovland and deepwatcr ricc. The (GB cutnlies 
sho\vCd no outstanding cultival,. ()utstanding 
entries from the pedigree nursery wcre sclected and 
transplanted in the field for futhCr esalition. 
Descendants of FRI3A 1,.43FI, rid Kurk arlip-
pan were disploportiualy re presented among the 
best Cei rics for ;i burhII(rI,ICC holcrancc. ('hcriad 
64-117 produccd dtlsfprii I1, In stkl_ in the inter-
mediate class of sihmrnelrgcl c todcraricc ( I able I) 

W)IIS IANNN(i IIFt',\lk ,I(I s I RtIit 1t' 

Nt RS I kIts 

Iluertutional Ri' -i'stinig Progrant 

Entries that perlormed well in deepwater situations 
at several locations were 

Baisbish (IFRON) 
BK N FR76043-7-2- I- 1 (1FRON) 
BKNFR78023-38-1K-I-I (IRDWON) 
FITK7403-110-1-1-3 (IRDWON) 
IR21038-77-P2-5-2-3-1-1 (IRDWON) 
Jalamagna (IFRON) 
Leb Mue Nahng I II (IFRON) 
SPR.7410-0-256 (IFRON) 
SPR741 1-7-2-1 (IFRON) 

INHERITANCI. (0!- St!tM ER(IFNC'E 1LERANCE 

Plant Brcedq atid llant fhYsiololg , prtnm 
Departmetstan 

Submergence tolerance was investigated in an 
8 X 8diallel cross, where I.lD) (daration in days to 
5(.'i. mortality) of the comlpletely submerged F, 
and parental seedlings was used to char' .erize 
suibimerge nce toleraice. 

Additive and nonadditive gene effects were 
highly significant. Corrcspondence between 
parental means and the means of their progenies 
was close (Table 2), with r = 0.84"*, reflecting 
strung prepotency of the parents in transmitting 
suobmergence tolerance to their offspring. Three 
lines - BKNFR 76106-13-2, IR31406-333-1, and 
FIKNFR76106-164)-I were the best parcnts. The 
mean submergence duration of the Fis (7.3 d) was 
longer than that of the parents (6.9 d), indicating 
dominance of submergence ,oleratce. Highly 
tolerant parents also had high general combinirrg 
ability (GCA) effects (Table 2), and F's of crosses 
between two tolerant parents were found to be the 
most tolerant of the diallel populations. The high 
narrow-sense heritability value of 0.79 also showed 

Table 1. Distribution of crosses by parental source of submergence tolerance among 5 average levels of submergence
tolorance, based on lines retained by the deopwater and rainfod rice breeding programs. IRRI, 1986. 

tSES score Crosses .)--------... 
Very tolerant 

1 18 
3 27 
5 63 
7 100 
9 205 

aVery tolerant FR I3A, 
tolerant - IRE234-OT-9.2. 

66.7 
55.6 
28.6 
13.0 
9.3 

aPercentage with given parentage 

Medium tolerant Slightly tolerant Floating rice Tall traditional rice 

16.7 5.6 5.6 5.6 
18.6 7.4 7.4 11.1 
25.4 9.5 6.3 14.3 
20.0 8.0 36.0 23.0 
14.1 5.4 47.8 23 4 

FR430, and Kurkanippan; medium tolerant - Clonab 64-117, Goda Heanati, and FRG2; slightly 
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Table 2. Mean calculated LD 50 for parents aid offpring length and number. twenty-five varieties including
of an 8 X 8 diallel cross for submergence tolerance. IRRI, floating, deepwater, traditional tall, mode-lrn 
1986. - variety (MV) elongating, and M V nonelongating 

LD0a General Were selected. F-or each \'aritk, 30 primary tillers
Parent D50l eliriing 'eclted randoll\y front 6 uniform plants at panicle 

a.. ............
crget'nce weic studied. linternode Lnizih of tillers 
IR11288-8-B-69-1 4.9 -1.07 
IR42 5.1 -0.85 
IR29012-4-1-3 5.6 -0.58 
IR21567.16-2-2 6.5 -0.63 
BKNF:R76106-132 7.9 1.31 
IR8234-OT-9-2 8.0 +0.03 
BKNFR76i06-16-0-t 8.1 +0.84 
IR31406-333-1 9.4 -0.94 
-------.-the . .. 
Duration in (ays to 50% mortalit', 

Table 3. Crosses with the longest LDso in an 8 'X 8 diallel 
cross for submergence tolerance. IRRI, 1986. 

..... ... .. . .fro
.. . .... 


Specific
LD 5 0
Parents (d) cinlnbiningh 

ahility 

BKNFR76106-16-0-1/IR31406-333-1 9.7 0.6:3 
IR29012-4-1-3!BKNFR76106-13-2 8.7 0.72 
BKNFR76106.13-2/IR42 9.0 1.32 
IR21567-16-2-2/BKNFR76106-13-2 9.3 1.33 

. .
 

the ituportace of additi\C action sutb-ctcie itl 
inergence tolerance. 

Parents with high subncirgence tolerance values 
also had high G(CA effect,. Iherefore, crosses 
between tolerant pa,1ts !ic recotnmended fot 
faster improvemient of tolerant varieties. 

The high herilabilitV suCests the different 
karieties call he used for CXICISi\'C Cn)ssi n and 
selection in a cotm citiotial hrecdini, pim-rint to 

improve submlergcenc tolerance of 'arietics. 
The tolerant lines IR3141)-333-1 and 

BKN FR7610I016-0-1 showed high specific coin-
bining ability as \well as G('A effects (Table 3), 
suggesting the i as a cross to achieve higher 
subnergence tolerance. 

IN I IRNI)It: NI',llIR ANti HtN(llI IN 
ID)lIPWA It R RI(I 

Hamu~ Br"(iig Ihywrwu'i 

)eepwater anid ttotudeepwater rices grown tinder 
nornmnal irrigated conditions varied in internode 

\Us lleaslred froll the t(, aid thos le:,s thtan 
I cm were not counted, Floating rices had, on the 

i\'ttagc, 8 illtellodcs, with 6 elongated to more 
than 6 cm: deepwater rices had 6-7 internades, 5 
clongated: tall traditional varieties had 5-6 iliter

nodes, 4 elongated. [he MV elongating tvpe:,, like 
tall traditional rices, had four elongated viter

nodes hul inviriahlv had a higher total nutrber of 

intertodes.e
l MV nonelongating types htud onlytwo to three uhnga.ttd internodes (t-:ig,I). liy this 
. is 

Itc.astilc clli,
Clongating rices c:in distinrguislied 
tnoni tiles Ceci w hen thicy areelolgatitlg 


crowi lIallosA water.
 

INIIRI t.ANI IItLAN1 II(N(AI()N APILITY 

Pla i red'laid I'muat I'l'.rilgt' 
. .. I)partie'nts 

Segreation in plant elongation as a function of 
seedling age. lit an eflort to find an appropriate 
seedling age to distingish elongating from non
clonigatingi rices at twater depth of almost 70 cn, 
wc studied 15-, 2)-, 25-, and 30-d-old F, poptla
tions 0Tactoss between Baisbish (tloating) and 
IR42 (N V hotelongvating). Seudlings were planted 
inrows in a tank along with the parents, keeping 
5-d initcrvals between each set. 

\t 15-30 idafter seidinig, ceidlitng height was 
recOrded antd water depth was itncreased to 30 cm. 

he next day, the depth was increased to 65 cm. 
where itwas maintained for 7 d. The height of the 
plants wIS then tmeasured. Three hundred plants of 
each set were analvicd for height. 

lit 15-, 20-, and 25-d-ohl populations, clear 
hirnodal distrihutions were observed (Fig. 2). The 
segregation ratio was 9 loigating:7 nonclongat
ing. FlIongation theretoic behaved as a donminant 
trat controlled by two compleinentarv 'enes.ai b 
Segregation va!; unclear itt the populatioti of 30-d
old seedlings, presumably hecaise the low water 
depth was no longer ilitniting factor at this age. 
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Interrodes(no
 

!i.! m
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Co ITCoP P 
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\ 
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40- k1. 5c 

00 
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Height (cm) 

2. Distribution of I-:p s by elongation ability in 15-, 20-. 25-, and 30-d-old populations of IR42/Baisbish after 
submergence. IRRI, 196. 

Thus even 15-d-old populations are suitable for Segregition for plant elongation ability after 
segregation studies. However, since these plants abrupt flooding. We studied the F2 populations of 
are relatively delicate, 20-d-old plants are prefer- the following crosses in a controlled-water tank 
able. with 65 cm maximum water depth: 



GEN ETIC I-VAI.1jVIION AN TI)1.1IZATION ((i;L)I'ROG RAM 137 

Baisbish/lR42 (IR53567) nonelongating parents are semidwarfs, the abrupt
 
TCA4/IR42 (1R53624) flooding possibly did not differentiate the popula
RIai,bish/IR 11141-6-1-4 (1R53568) tion into two categories.
 
TCA4/IR 11141-6-1-4 (IR53625)
 
IR I1141-0-1-4/ IR42 (IR53592) YIELD POITNTIAI, OF PROMISING I)EEPWATER
 

Twenty-day-old plant populations were iub- RICES 
merged for 7 d. After drainage, individual meas
urements were made of height, elongated leaf, and /lgronomy.r Department 

sheath. Frequency distributions of height indicate 
clear bimodal patterns in all crosses except Seeds of 21 promising rices were multiplied in the 

IR53592, which had only one peak (Fig. 3). In all 1986 dry season. Some agronomic characteristics 
bimodal distributions, segregation for elongated of these rices are shown in Table 4. IR 13149-3-2-2
and nonelongated plants was near the ratio of 9:7, Pl. IR21037-2-1-2E-P3-6, 1R28932-9-3-3-2, and 
indicating that parents difler in 2pairs of genes. hi IR28932-9-3-3 were outstanding. 

IR53592, where both the elongating and the In the wet season (WS), seven rices were tested 
for N response in a medium deepwater rice pond at 
IRR I.The water depth was increased by 5 cm/d, 

Frequency of ats starling at 30 d after transplanting (DT), and was 
maintained at 50 cm. Because of the monsoonal 

40 -- rain and typhoons, the water depth rose to 65 cm, 

but it was gi odually reduced to 50 cm. Weekly20 
height measurement starting at 20 DT showed at 

0 ilAL - i the rices had varying abilities to elongate i:h 
---------- increasing water depth (Fig. 4). 1 (38784-137-2-6-6--


40 Nwas the tallest, and check variety IR42 was the
_10 shortest. IR13149-3-2-2-PI yielded highest at 
20 
 3.4 t/ha with N fertilizer application and 2.9 t/ha 

0 

0. 

60- 160
 

50[4
40K- [10TC474'44 

40 

201-- 0________--_40 

8002 

30 

J0 lih..... 
20 L_-- 1 

0 25 35 45 55 65 75 85 95 105 115
30 40 50 60 70 80 100110 120 Variety90 or line 

Height(Cn) 4. Weekly plant height easurcrniots fronl 20 days after 

3. Distribution of planis by elongation ability in F2 populations transplanting (I) to flowering (6) of some promising medium 
of 5crosses after submergence. IRRI, 1986. deepwater rices. IRRI, 1986 WS. 
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Table 4. Some agronomic characteristics of promising lines from the deepwater breeding program. IRRI, 1986 DS. 

Agronomic characteristics
 

Line 
 Plant Tillers Panicles Days to harvest 
height (no./m I (no./m 2

) (25-d-old seedlings) 
(cm)
 

IR13149-3-2-2-P1 
 118 469 425 119IR13260-100-1E-P3 130 356 288 105IR21037-2-1-2E-P3-6 112 369 250 119
IR21038-77-P2.5-2.3.1-1 137 238 238 101IR21071-53.2-2-1E-P1 130 243 243 91IR21071-53-2-2-2E-P2 93 381 313 95IR26662-196-2-1-1-3-3-2 127 375 288 105IR28333-10-1-1 150 238 231 125IR28932-9-3-3-2 115 231 218 119IR28932-9-3.3 
 115 
 238 225 
 119

IR38685-7-2-3-3 
 112 356 
 263 
 115
IR38784-137-5-3-4 
 105 
 362 
 331 
 101
IR38787-26-2-2-3 106 363 363 91IR21038-77-P2-5-2-3-1-1 147 225 181 101IR11141-6-4 130 238 193 125IR38784.137-2-6-6 
 100 
 338 
 306 
 125

IR38784-137-2-3-5 
 120 
 563 
 381 
 107
IR38784-137-2-3-1.2 118 738 463 107IR38784-1372-3-1-3 
 116 356 
 244 
 107
IR38784-137-23-1-1 121 556 431 107IR21071-53-2-3-1 E-P4-12 115 362 310 95 

Table 5. Grain yield of some promising medium deep. Table 6. Effects of sources, rates, and methods of N ferti.water rices (50 cm maximum water depth) as influenced lizer application on the yield of IR11288-B.B.69-1 at 100
by N fertilizer application. IRRI, 1986 WVS. cm water depth. IRRI, 1986 WS. 

Grain yield (t/ha) Treatment a 
Yield (t/ha)Entry ...........-..... ..... .................
 

No fertilizer N 58 kg N/ha No fertilizejr N 2.9 d
 

IR21071-53-2-2.2E-P2 0.7 d 0.5 e 
 29kg N/ha
IR38784-137-2-6-6 2.2 b 2.7 bc 2U B& 3.5 aIR38787.26-2-2.3 1.6 c 2.5 bcd 2/3 PU B&l fb 1/3 foliarspray 3.1 bdIR38784-137.5.314 1.9 bc 2.3 cd of urea solution at 5-7 OBPIIR13149-3-2.2-P1 2.9 a 3.4 a SCU &l 3.4 abIR38787-26-2.2.1 1.6 c 2.1 d USG deep placed at 10-12 cm 3.5 a
IR42 1.7 bc 2.9 ab 

58 kg N/ha 
PU B&l 3.3 abc 
2/3 	PU B&l fb 1/3 foliar spray 3.3 abc 

of urea solution at 5-7 DBPIwithout N. The poor chIgtion ability of I1121071 - CU 8&l 	 3.5 a53-2-2-2E-P2 drastically reduced its 	 yield with USG deep placed at 10-12 cm 3.3 abc 
increasing water depth (Table 5). 11 	 kg N/ha 

PU B&l 3.4 ab 
2/3 PU B&l fb 1/3 foliar sprayNI I RO(iN I-, 11R1I/ER 11'1('IINC' IN 	 3.3 abc

of urea solution at 5-7 DBPI)I'WAITF1R RI(E SCU B&l 3.0 cd 

Agro.otn.i De'parlincti USG deep placed at 10-12 cm 3,5 a 

In 	1986 WS, photoperiod-sensitive I1 11288-13-B- a = prilled
fb 	 -

urea, B&l broadcast and Incorporated,
69-I was tested in tie second dccpwater rice trial in 

followed by, D0PI - d before panicle initiation,scu= .ulfur-coated urea, USG - urea supergrenules 
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dcepwater ponds at IRRI. Prilled urea (PU), IR11288-B-B-69-1 yielded 2.9 t/ha without N 
sulfur-coated Lrea (SCUI), and urea supergranulcs fertili-er. Without flash flooding at 2 wk after 
(USG)at 3 N rates (29, 58, and 116 kg N, ha) were transplanting, PU B&I and USG deep-placed at 
applied using 3 melhod.: broadcast and incor- 29 kg N.'ha both vielded 3.5 t,ha, similar to the 
porated (13&I), B&I followed by foliar spray of yield of SCIU B&I at 58 kg N/ha and USG deep
urea solui ion at 5-7 d before panicle initiation placed at 116 kg N'ha (Table 6). F'oliar spraying of 
(I)BPI). and deep placement oflUS(. Water depth urea solution at 5-7 1)BPI following B&I at trans
was increased by 5 cmd, starting at 30 IT,and planting gave no yield advantage to the B&I and 
was mainlained at 100 cm until harvest. IiSG deep-placement methods. 



Genetic evaluation and utilization 
(GEtU) program 

Adverse temperature tolerance 
Plant Physiology and Plant Breeding Departmentsand hiternationalRice 
7sting Program 

1tRIP CO.DTOI.IRANCI; IRIAI.S 142 
KOR-A-IRRI ('OIAIIORA IIVF PROJE-I ON RICE COLDTOLERANCE 142 

Rice Cold Tolerance Screening Nursery 142 
Pedigree Nursery 142 
Screening for cold tolerance at anthcsis 142 
Observatiomal yield trial 142 

SCREENING RICE CUHTIVARS FROM MADA(ASCAR FOR LOW TEMPERATURE 
TOI.ERANCI Al THE SEEDLING AND ANTHESIS STAGES 142 
SCREENIN( CUIIIVARS FROM HUNGARY FOR COLD TOLERANCE AT THE 
SEEDLING SIAGI 144 
HIGH AI.TITIJI)E RICE S 144 



142 IRRI ANNTAI RI.lOKI IOR 19S6 

IRI PCIn i IIRANCI2 IRI i.S 
IllertaillnalRice 7{.iin- ,'rcu, IJ#'.% 

The entries that perlornied wkell locationsacross 
were 

Barkat K39-96-- - 1-2 
('Chcolwcon 29 I.ienl-( hhan-e-htt 

(licolwcon 31 Quella-Ilnia 

Clicolweuoi 32 Reinci 

China 1039 Stejire 45 
)iamantC- Inia I a- Ma('-1 ao 

K333 Wasetorantnchi 
K.335 
IBarkat, ('hinmi 1)39. K333., ,ld Stejaiee 45 ha\c 


Ctllsisleilt l give, (to
1totd 101t.,cOld tolerance, 
Soimie cntlies perrlttind %c[. \\ ell -Itspecilic 


sites: these ar eported iII lalil
in th1 IneIe-

national Rice lestim- t mli;olll ',cUtin. 


KIM A-I (()t I ABit IR \ I I\ t ( I ( RI( I 

('OLt) I(NI1 RN(i 


IMIum,! v ti/0t1 11t/ jiiiI'/iisioI)'[ Br 
I)c'partmet'#s
 

Rice (old 'olerance Screening Nursery. Iii the Cold 
water gladienl screeniil -seLrf. 1,100 eiltlics 
were tested. [lic entries with ilte Ofmit 8(0' 
fertilityvat 17 o( *are shttii lin Tab le I. Several 
varieties ftom (.'hin1a liid also I 011c1d tolctill" 
in tests at IRR1,I.v.. (hina 988. lir-/e-( I a-ttt, 

Sai-Iiir-(Gtto, Wott-Uto [sai, Sc R, (hull-l.ini 

Nei-Isan, aid Naga Ktick l.otk Saal Yal (Chot. 
'huse with high fertility had iwide ralige of cull 
length, days to heading, spi kclcts per hill, panicles 
per hill, aid leaf color. 

Pedigree Nursery. 12 populations t 33 cittsscs 
were grown inI the nurlIscr', which was irri'ated 
with water at 20 O(, fromln 2)) d atier ttansiplaniting 
until maturity. Plants \ith yellow leaves were 
discarded, aid those vith g;od feiility at niaturit' 
were selected. Ihirtv-niieC ciosses of i.3a1id Sib-
seqlcnt ginerations front IRRI and Ilmailand were 
also planted. [From the 15 crosses from lliiland 
(Table 2), 240 promising plants were selcctct. 
Selected planis wcrcchnaracterized by gtod fertility 
and long grains. \fler sCed increase alIRRI, tie 
promising plants will be evaluated in Thailand 

Screening for cold toler,--nce at antliesis. Entries 
from the 1986 International Rice Cold T]olerance 

Nursery and selected naterials, were grown in pots 
tinder field conditions. At panicle emergence, the 
platms were transferred to the greenhouse with an 
air temnperature of 19 ± I o( for 10 d. After 
relt nlel tile plants were reCturned to normial 

conditionm.. 0I the 120 entries, Swere not screened 
hecaise they flowerd late in the season. 
()ill\,
5citrics had asterility percentage less than 

50%+: China 1039, (Qing(iang Ili1ianlg, Chiki Chelig, 
Ching-Ilsi 15, and ]:ui 102. 

Observational yiel( trial. I hirty-five entries were 
grown at 100 and 200 kg N,ha. Average yields at 
both N levels were similar. The number of'lanicles 
pci hill ssas higher at 200 kg N; ia, hul fertility and 
tihe I,I)00-graii, weight were lower. At 100 kg N/ ha, 
1llt -30-3-1-4 gave the highest yield of 6.7 tiha 
(lahlc 3). 1his line is a cross bewcei, %-13 and 
IR2053-362-i-4 nld consiseitly vie: high in 

ics\ilus trials. Fxcelt ltr IR27N77-81452-3-1-3 
and Ii29.8b-Si-134-l. thcintristhat yielded high 
at 100 kg N ia were also tlie highest vielders al 
2)0 kg N hia. 

.)('Rt I \t.V; Rill ( IT Il\'ARS I ROM\IA '\ +.\ R 10. tP R IRM I I.SR I I(w)IV [IFM'AM 'It RAAt t IR:1 
I'IiRAN(. , III NIiI)l.NG AN) ANIIISIS 

SI.(ifS 

I' 1io'I-i /Pl ' (/o )t'ji'I' ill 

i0 ideuitif' donor aid outstanding cold-tolerant
 
varieties irtin Madagascar. 178 accessions 'rom
 
the Interiational Rice Grmplasni Cetcr (IR(iC)
 
and 3 from 1:11-A (Centre National de Ia 
Recherche AppliuCr& 1u1I)CveloppCnlCt Rural) 
were screlied at tilseedling and anthesis stages in 
the gree oiiose and phytotronl ,ing the standard 
prtteellrC used at I RI. 

Nilneteen accessions reinea d geeeii afer 10d Il 
the cold water tank at 12 o(' (score I-3): 39 other 
cultivars shiowed votod recovery (score 5-7). Only 

.aitsibavy scored I. This cultivar belongs to the 
series t ILatsika aricties Comnitulyllv cultivated in 

lie Amikaratra niountain region (1,700-2,000 In) 
within the Itigh Plateau. 

Fourteen cllti'ars shti\ed cold toleraince at 
anthesis (less than 301:tspikclct sterility). Lava 
14 I RAT 129, aid 61 7, had the highest fertility. 
M ainliniolotsy 1226, 617A, IRAlI 18, IRATi 19, 
and l.atsibavy showed tolcraricc at both stages. 

http:NIiI)l.NG
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Table 2. Materials selected from the Chuncheon Pedigree 
Nursery for seed increase at IRRI and subsequent evalua-
tion in Thailand, 1986. 

. . .... . . .- .... -.---

Plants 
Cross no. Cross selected 

(no.) 

... 
SPTLH80135 SRT (unknown)/R D2//IR4427 10 
SPTLR82114 RD1O/Jao Muey 10 
SPTLR82116 RD10/Khao Niaw Naew 10 
SPTLR82118 RDlO/Khao Pong Krai 15 
SPTLR82126 RD4427-70-6/Jao Moey 20 
SPTLR82130 RD4427-70-6/Khao Pong Kiai 20 
SPTLR82138 B733C-167-3-2/Khao Jao 4 15 
SPTLR82139 8733C-167-3-2/Ble Char 10 
SPT LH82172 SPTLR76083-2b-1-4/ 20 

Khao Pon( Krai 
SPI LFH82174 SPTLR76083-25 1-4/Jao Mey 10 
SPTLR82176 SPTLH76083-25.1-4/ 10 

Khao Jan 4 
SPTLH82183 BKNLH75005+_;.-3-1/ 15 

Khao "aw Narw 
SPTLHB2186 BKN LR75005-PSL-3-1/ 30 

Khao Jao 4 
SPTLH82196 H445-63-1-21 / 15 

Khao Niaw Naew 
SPTLR82198 11 445-63-1-2-1/ 30 

Kiiao Pong Krar 
............. 

SR('IF NIN(. (II I \ A,\1tn .R () IIINAGARY FOR 
('()1) 101.1 R,.N(I AI II\ II I I)! IN(; St AGEI 

P/a/11 P11v'.Vio"h/!g v A / )U III-/111OW 

l-Orty-ninc entries 1mm It un vmgarthe IR(;C 
were screened for cold tolcrance at the scedling 
stage using watcr atl 12 o(. M1ost Af then) were 
relatively tolcrant ol low \,atlcr Wtenperaturc at the 
seedling stage. hC m1ost tolerant were Agostan o, 
Kaka (.Von gyc, Nclceorv/a. Pegonil 15, and 
S.lti,,,h) 15. Agostano is relatively tall and 

Table 3. Entries with grain yield greater than 6 f/ha in the 
observational yield trial at Chuncheon, Korea, 1986. 

Line Grain yield (t/ha) 

100 kg N/ha 

IR8866-30-3-1-4 6.7 
IR2061-522-6-9 6.5 
YR2404-15-4-9-3-2 6.5 
HR3790-9-1-4-2 6.5 
HRf3990-1-1-5 6.2 
HR4627-60-7-2 6.2 
IR5716-18-1 6.2 
SRi 1010-B-403 6.1 
IR29819-R-B-34-1-3 6.1 

200 kg N/ha 
HR3790-9.1 -4.2 6.7 
IR29819-R-B-34-1-3 6.7 
YR2404-15-4-9-3-2 6.6 
IR2061-522-C 9 6.6 
IR8866-30-3-1-4 6.3 
IR5716-18-1 6.1 
IR27877-81452-3-1-3 6.1 
B2938b-Sr-13-4-1 6.1 
SR 11010-B-403 6.1 

belongs to the javanica group, while the rest are 
short japonicas. They have good spikelet fertility 
but are generally susceptible to blast. 

HIG HI A L I IIU )1! RIUFIS 

Phla Breeditig )elartmelt 

Collaboration with the Philippine Government in 
developing rices for high altitude areas is reported 
in tile section on Cooperative Country Projects. 
Field Cvalualtio in 13anaue included screening of 
breeding materials and field trials of advanced 
lines. 
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HYIIRII) RI(.I: sixth in the trial, and IR46X30A,1110761-19-1R 
p'/ant Britding,. PlJm /lh'/ioli/t-. ,.lgronomI, ranked eighth; howcvcr, both were statistically the 
Lolf'iof O.dI, i/Pla Ifit I' partl, lI. samet/t,dogt is he highest yielding b'eding line devel

oped through the conventional blleding program.
Identification oIf )romisingIV, rice hvbrids ( Mitt We will evaluate all conihinatiois listed in Table I 
/Jr'cdelmg ilni .!.'Mwmrur ). We v.aluiicd I-1 more criticall\ iII nultilocatioii trials during 1987. 
hvbridsdeii eCd1t10t1 tli\ c.tolastli,: nalC 'iCileC Some heterotic hybrid rice Combination.s were 
((IS) iidlc"to l[:1cidu\Clopcd atI R RI1. sonice also identified in Korea and alaytm;ia (,,c Section 
hvhrid conlhinlatiot, '.hr,\\cd sil ili anilv lilici un l'operative ('ounirv Piojects).

Yields (I-2.31 ha in the seaon II)S1 :tt 0.r-l.( 
 Physiological characteristics of F rice hybrids
I hl Ill iltl et sason I\ thciathe kV.(i,liibs cheek ( l'lani Ph oiru ll(/ Platl reeding'). Studies 
lithlc ) YiCld dinicWW v. r lxt ,'1tm ,r to idCmitv the ph\sir logical cliiracteristics rc

,.xcCptlolil\ i.kh lai nil Ie jLliien tMridtV ons,. spolnihle for 1 Ioi, hythrids wereii rice 
,11 1..J - 4-7-I. I R-!,30.0 JIR 13524- ctitin1uCd(IAiual rLport lori9t 5), i.rCC It.Swith 

21- ' i-R1. r .l ,\A( ItR 13524 21-I 3-3-2-n.. difiereCit griwthI durations, .iC1 parents, and 2 
tlt!I , ,-,i(.A I1R 2) '. 1-11 1-2-I .Iw\,cd lunrc- check \ arietiel (I R58 and IR 4) \merc tested in the

Ilal helkill]teictee(' s~',;iyhtlv f'ield lritpmtu).bi 1 1rroth;nd yield plirrnianee.llCtrnglS r'rwl
I teal tt 1)[11tIL k\t C I ssi~it~ftt",sl, i l1wih],st ",tlIc l lal di (t11uecu i '' ISI) It 2 N ratcs (40 and 150 kg la) and in standard 

% iiu [it V+; .til c l. I H cl\c I, c, i:lh ltlit M nutril t solutioi tor iiial gl ow it.
 
\\CIC c alilt'daIr re ', it 7 C7It hiCct 
 ,nce (,' ret /it ('J"lt rGoiwt. At hoth IN leve,. the 
III Ipli;itcl 'icld til \,,it itatoi liiiurin total hi\t"Ill) poiuction oflate-maturing cultivars 
1)S Hihi WS. JR1 ,3i). IP1-,61 - I" I Ii;jiike firt wa,, highcr tIla that of cal v-nIlaturine Ones. The 
ill I ) iil a "tatiticillh ;. ' +.iic Nt,IItI net. liti'-nnMtIIiirLn F) it rird I1hr:475.,\ IR29512 had 
highest yielditigi y.\itHhicht\ i 1.,"hrCCsid in line lie liiliest bitniuss: 19)I t Ita at 4(1k u N ha and 
CIelOpen d tlih tLhe tWIti\cntltt'rl bre'CCdiIe 22.7 t ha atl 150 kg N ha ([ablC 2). I-ily crop 
ri iiii ) I \ii. Wh.'.S.II ',1:2XA I R I 352-1- 1-2- growl I ate ( (i R)at 151 k. hNahardly differed

3-.-2-2 wa il highest viclifin, h\ h id and tiinkcd annoilg cliltiv;ir, CxccpI ill IRN aid the early-

Table 1. Promising F 1 rice hybiis idenl iitd it IRRIHidlring 1986. 

l y eld D iffetence fro rg -,, G row th 
t(lha)thu eI n / i' dfstt/ hcheckalc %heckheckf duration

Wtha) (d)
t 

Olc suasOul trials

RYT I, Ifit,1 30A/I97(Cl -19-1 
 7.7 0.441's 106 114RYT H I IfR54754A IlIlr 7.At 1.2- 119 126RYT HFiII I 1H5'754,A AtI '11,5311 7.9 2.3' 142 133

I 34 /52A1 I46 7.0 1.4' 126 126
l1i, 1 b.3A, I1I46 1 7.0 1.4' 126 126
111547 b 2 AAn C 1153iI 6.8 1.2* 122


F Y] Maiiiay;, i IIS,4752Aitf2,t723 1,13.32.1 
131
 

7.4 0.9( s 
114 130 

Vt se.sort trialsRYT IM1 I I1,t52A/IM(1t 3.9 1.0" 134 126 
I1 5 .I52A/IH46F3 0.5 n s  3.4R Y T I M 1 117 1351tI 19 728/ G1 12)I /.) 9 .",-1 3 .6 0 .6 1 12 0 12 2 

I HOI ill 1ti46i3(0A/IVOf 4.1 0.7' 120 110 
IIGH3)A, It 3524-21-2:1-32-2 4 0 s0 .6 118 120 
It{4t6 3[A,lIH:9I :"3-1,1t3 3-2 I 4.0 O.6n s  

118 115
Ifi468')HA,'IIi13b24.212 3-3-'-2 0.6 n s  4.0 118 125 

aRYT Irr , replict eid yield trial of tlir irrigated rice breading proglrarmr, RYT HR replicated yield trial of hybrid rice 
brooding programs I, II, and Ill (groups I, II, end 111o.b, - significantly higher then the chock by DMRT or LSD test, ns 
nonsignificant. 

http:tpmtu).bi
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Table 2. Grain yield and total plant dry weight at harvest of early- and late-naturing F1 hybrids, their parents, and check. 
at 2 N levels. IRRI. 1986 DS. 

Growth Plant dry weighi at rmaturity (t/ha) Grain yield (t/ha) 
C ultivard du rat io n - - --- .--. . . . .

d) 40 kg N/ha 150 k N/ha 40 kg N/ha 150 kg N/ha 

V20B 94 4.1 e 6.4 e 4.9 ,1.1 e
 
1R9761-19-1 111 12.3 cd 15.6 co 8.0 b 8.7 bcd 
V20A/IRg961 100 11.9 cd 14.2 d 7.2 cd 8.6 cd 

(Wei You (4) 

IF14683013 103 13.7 bc 16.0 cd 8.2 bc 8.6 cc] 
IR46830A/IR971 110 14.7 bc 16.8 bcd 9.0 at 11.3 a 

IR54752B 130 16.6 ab 17.8 Sc 7.5 cd 8.0 CIO 
IR29512 130 16.6 z,, 19.4 ) 8.1 Sc 8.9 bcd 
IR54752A/IR29512 127 19.1 a 22.7 a 10.0 a 10.0 1 

IR58 (check) 103 10.8 (1 15.7 cd 6.2 o 8.5 cd 
IR64 (check) 110 12.4 cd 17,9 bc 7.1 cd 9.5 bc 

dV2013 w1d !i '0. ii,6 w re badly affe tedK by tLingro and slieath light; Im4(i6 300 and IR54752A I R29512 suffered 

S O lou I t pirol;it hipih N 

matL1rinlt. 10 You 04 atnd A%hliicr tolIhrids WC IR46830A ahililt, pariitno photosytithltcs 
IR97016. (i( R a'ter heading varied, dcpendinu', otn to the sink was ohscr'ed in the IcdiiI-tnaturing 
the llttlhit' of the cutiv," and its varietal IR46F.30A IR9761 i and the leC-latll"Ing 
CharacItistics. Ile- "ttIliilg culivairs usutally II154752A'IR29512 (Fig. I). Fally-ll1atUrilg FI 
showed a remarkahlc decrease in ('(iR after hvbrids testCe( iIl this CxpCritnml and in 1985 did 
heading, whileIn Carly- a turing cultlivars (GR tot show, helter partitoning of photosynlthates to 
reutained relati,' high. lhe highest ((GR, 0.3 sitk. 
tha per day, was obscrvcd at about 45 d after Yie/d i)ebrflta't e. IR46,"30A/I1R9761 gave a 
transplanttitt in 1,(I jand ,(I I R170I.R4683(A significantly higher grain yied of about 11.21/ha at 

L200 b .',0 ,'-i/ 2,r~54ff,_ (/f -0/ v.o .2 

f800 I A /01/r, . cuIl-P;') u i0"Iir h' ' 

of o ----

0 '700 ;200 1600 200)0 2,1CXJ 

N uptoke (g/m2 ) 

I. Rel;tionship bcisst , N Ultilta" bhLit' hSct li antd ,Irk cajacit\ olf 1:l ricc S1h iMs, 1h'1. parent., and clhccks 
at 2 N lc\, s, IRRI, 1980 1S. 
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150 kg N/ ha (Table 2), which was comparable to 
those reported for IR8 in the 1960s. 

The addition of N did not significantly increase 
the yield of late-maturing culti'Vars; other culti Ias 
showed a ignificait yield increase, cXCept fho:, 
that lodged, 

lEmhrvo size and initial growth. The positive 
midparent hicterosis iII enibrvo weight ol the 3 t 
hybrids ranged fron 12 to 28(,:. but hctUrosis in tiet 
l2s was only 4-.'i ('[able 3). '[he x'ariat ion bet ecwn 
hetcosis in cumbryo and Ciidosperm weight in F:, 
hybrids ',\\a ht 21 d a)t'rsmall, Smccdliwe w ,ie at 
gerlninaitm \, ;i1,11itinlh i F,hybrid
than i lt 1l0\,ve, inbethte vc al:t>Vllk,.etclrosiS 

seedling weight in F2 hybrids was lower than in F, 
hybrids. In previous studies using different F, 
hybrid combinations, hlerosis in einbr~o weight 
was closely relatel to hcterosis in seedling growth; 
tile same was observed in this experiment. The 
close iclationship between embryo and seedling 
hetemosis mav indicate the possibility of using 
hictcrosis in embryo weight as the index othct'erosis 
iinovcrall growth ill l hybrids. 

Performantce of F, rice hybrids under stress 
conditions (Plant Breediing, lPlant 'athology, and 
Vntoologi). Results (Table 4) from an observa
lion trial under upland conditions indicated that, in 
scral instances. 1"Ihybrids performed better than 

Table 3. Hoterosisd in elib;,) vveiht., e:idosperm weight, and seedling giowth of F1 and F2 hybrids. IRRI, 1186. 

'ted 


V20B 
IR9761-19-1 

V20A/IH9761 (F,) 
V20A/IR9761 (F2-) 

IH4683013 
I1t9761-19-1 

IR46830A,'1H19 61 (F1) 
IR46830AIIR97t1 (F-2) 

I154752B 
IR29512-81-2-1 
IR54752A/IH29512 (F 1 ) 
IRS,1752A/IR29512 (F 2 ) 

a Values ide!parentieses. 1)seelings 

b

IilI w igh t

(uI
it

ItIatavrti,)10O 

1(1 h 
154 ) 
211 a 
200 a 

181 	 0 

177 ) 
214 a 
193 ah 

1St conihaills r on 

1:34) 


(121) 

2d coibtlr,,atio 

(1 19) 
(108) 

3d1conbination 
184 c 
173 (7 
2,18a (139) 

215 ) (120) 


were 	 grown in standard lill strength 
I)N a coinon letter are not significantly different at the 5% level by 

DM RT.
 

Table 4. Performance of Fl rice hybrids, their parents, and check varieties at 2 N levels under upland conditions. IRRI, 

In a columnr foi eao;i con ination, mearis followed 

a
1986 W/S.

'tyfs idl on linen 

, 	 2 1752,,IM,33-6-1-2 
1R20933.68-21-1-., 
IR54752B 
IR54752A/113 14763-120-3 
IR 14753-120-3 
IR54752A/hR5,1l 
IR54R 


IR54752A/IR 158'17-215-2-1 
IR15847-215-2-1 
UPLRi-5 (check) 

Yield (i/la) 

-
30 kg N/ha 90 kg N/ha 

4.9 	 5.8 
2.6 	 2.-
3.2 	 2.8 
3.5 	 3.4 
2.1 	 1.8 
5.3 	 3.6 
3.0 	 3.4 
2.6 	 1.6 
2.4 	 7.1 
2.9 	 4.7 

aData from Unfavorablo Upland Rice Breeding Program. 

Ein bi	yi Endosperm
) (mg) 

0.48 	 21.83 
0.33 16.78 
0.52 (128) 	 23.36 (121) 
0.44 	 (108) 20.05 (104) 

0.42 	 15.74 
0.33 16.78 
0.42 (112) 	 15.33 (94) 
0.40 (108) 	 18.02 (107) 

0.35 	 18.90 
0.34 	 19.20 
0.40 (116) 	 17.98 (94) 
0.38 (104) 	 19.90 (106) 

nutrient solutior for 21 ci from germilnation, 

Percentae of check 

30 kg Nha 90 khtN/ha 

170 123 
89 57 

ill 60 
120 71 
73 38 

182 79 
105 74 
92 34 
83 150 

100 100 
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their parents, the F, combination IR54752Ai Screening tests of Fi hybrids and their parents
IR20933-68-21-1-2 also appeared superior to the for green leafhopper, blast, and sheath blight
recommended variety (U I'IRi-5) in the trial. indicated that the disease or insect reaction of a 

In saline soil (7dSi) 6 of' lhybrids evahited hybrid depends on the reaction of the parents. If 
showed strikingly increased survival ci mparicIl holhi parents were susceptible, the hybrid was also 
with their parents ([able 5). I ithrce cases, hybrids susceptible, i'one or both of the parents were 
and parents were comparable, and in tv\ resistant, the h;'brido, hybrids was also 'esistant, provided 
were inferior to their better patent. Ilie hvbrid resistance was controlled by a najor dominant 
ZhenShan t7A %MilyanIMt54showedsUpCrioritvto eun ThiUs, to develop suitable hybrids for the 
the pIarelts ill Cl'V staeS, bit subseq nat lvC triopics whereil disease and insect incidences are 
beca me cornp~irable. I hvhrids wec;e thus sulperior ihigh, parents imust possess the required resistance.to their pitretts in adaIpt ili t saliity. Since the ('ytoplasmic ale sterility and fertility restora

parents of the hybrids tested arc niot knomn fto lion (Pla t Ilreeding). le'lopmnt'nt of/'vi (NMS
their tolerance for salinity, tII improved per- h!in.s.We developed nine additional CMS lines 
ftmlnan ol thi.hybrids MINy bC ;ttributcd to thCir ( [ablc 0) b1Ytralsf rrin, the nuclear genotype of 
increased root and sho"ot ietI'. 1"1hibrids also tine elite maiilailer lIies into the wild aborted 
showed bcttcl adaptatioi to high altitude irrigated (WA) cytoplasm derived from C MS liles Zhen 
conditions in Ilaalic. IIlilippiIIC, (see sCction on Shia 97A and V20A (IIo.1 China),and IR46828A,
Cooperative ('ountinrv Proicls). IR4(Pv2)A, at,(l at IRRIIIR4883A (developed

'lherefore, it appeCars, tht Iihylbrids ii.y adapt from /hen Slhio 97A and V20A). Six of these 
better to several ,,tr~ssitutlions irnd t,\ithelp to inainlainel lines originated at IRRI, two illIndia,
achieve hiehcr and sgt',bk' .need to and oneainIdV". ilKorea. The Korean 4ie is a japonica 
explore their potentials ntot Iimlv uidelr tropical and would therefore hc useful to developjaponica 
irrigatd conditiots. but also tiidt'r certain un- rice hybrids in countrlies where japonica rice is 
favorablc cliviromnclt,., c.'. tainlte'd lowland preferred. Secds of these t(M S lines are being
drought-proie. tavorabllc upland, salinitv-alleoted tuiltiplicd for distribution to national hybrid rice 
irrigated, and high ;iltitidc irriatcd. iuceding prograInls. 

Table 5. Survival percentaqe of some parents and respective hybrids IF 1 ) at 6, 12, and 15 wk after transplanting (WT)in a 
saline field (7 dS/m). IRRI, 1986. 

Survival (%) 

Hybrid, variety, oi line 6 WT 12 WT 15 WT 

Female Male F I Female Male F 1 Female Male F1 

Zhen Shan 97A/Milyartiq 54 
1R46830A/IRS0 
IR46830A/IR976t-9.1 

2;G2 

28 

213 
511 
26 

50 

60 
64 

16 

i; 

8 

12 

46 

1i 

16 

54 

31 

16 

8 

8 

10 

40 

8 

16 

46 

18 
V20A/IR9761-19.1 16 26 28 26 14 18 14 8 12 
IR21845/IR29512 28 74 38 18 136 22 14 62 16 
IR21845/IR19392 28 48 60 18 44 54 14 44 50 
1A21845/Ir120Tc13 283 22 44 18 83 40 14 8 34 
I121845/l14753 28 28 46 18 24 40 14 24 30 
IR21845/In 15847 211 22 24 18 16 18 14 12 12 
IR21845/14422 
IR21845/1R 13146 

28 
28 

36 
38 

32 
36 

18 
18 

281 
24 

24 
28 

14 
14 

20 
24 

12 
22 

IM21845/11354R 28 28 46 18 28 46 14 26 40 
Mean 

IR9884-54-3 (resi;ant check) 
27 36 

93 
42 17 27 

90 
32 13 24 

83 
27 

IR8 (susceplibi check) 42 40 33 
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Table 6. Nov. WA-typo cytoplasmic male sterile line daveloped at IRRI, 1986. 

itPar ita-" Origin of Days to 50% 

Line ------
iM;ie(no.) 

rnaintainers flowering 

I1 5801 ,\ iA' 12"ii 1919.12-3-2-1 I 19809-12-3-2-1 IRRI 73 
IF158020A ./A/I'Ii 752-270-1 1-2 I11/525-278-1-1 IRFt 101 
IR48021A 97A/l Ii 9105-12-1-3-1-2 I 19805-12-1-3-1-2 IRRI 76 
IR58022A IR-163820A/" I1 197-1 23.22-13 I 1)774-23-2 2-1-3 IRRI 66 
1 58023A 
IR05024A 

'2 0A'1.)O P y ) 
IH4o:i.?l-/j\',1uLV/Hf 101 

PY2 
Suvienn 161 

India 
Korea 

86 
76 

IRH58]2A I4 '123A," P, r 16/-120-3-2 Pusa 167-120 3-2 India 89 
I-,"18026 A IR463'12.,,, ," 1 3 I'--21-3-2:' IR31787-24 -3-2-2 I RRI 75 
1R5802A I7;'\08?SA, 0115/95-151 2-3-2-2 I 1,795-151-2-3.2-2 IRII 89 

I:valatfiol I/( ," lit zc.. Fitr ,soIc or ill I ,hev~cd ',cr- low outcrossing rates (less than 2%); 
the ,cl (',\,- line,, de ,itt (ll riing 198, lcrt thcir uitiltv in lyhrid development may thus be 
eviflratetd It IRRI l1 (n in 11doeica, Korcil, Idi;ri, linItCd. 
and Malaysia. I!5-475,A ;fd I,--175/\ pnssc,,,cd /u Oian 0!'/ra'i/r'1rt'rcr.-. Wc evaluated 
whhtesiiled it.i- 9lcrgrllil-lite lines in testcrossr', with CNMS linesvl 12 
all ulnstiie'd and wilhcred v hln tlcaetd PtI ; I t.lVi30A. IR54752A,. I5,1753A, and IR54754A 
1-1.i ,olution. ()ther (\lM"; w t d,.,lfllis, il;tkl 11,'c Ixjo\ i restoelS. [he lestcrosscs used three to 
arthlers v.'t1h poll 1:l ils ltli ta re ctllhl live silgle plnts ot tile Lie.liles. ie tesfcross Fl 
tiristiled lulcill ,m p;vliill\ sIrin:d l10311.,ll tilelljis were evaluated or spikelet fertility along
thC(N-IS lutewrecolpLctcInllh",teLhcas ,.iic the co)rrslMding ingle pllnlt progenies of 

\\;v, i l ,I hr !.,gCd 
(iMS lilnc. IS-.1752,\. 1145175., ilI kR54754A Il ,,,,i"h all 

there_ sas ,' lii1 lhcil pianicle,,. Ihemale parcnt rrsed (or th: Lest'ross. The testcross 
phrlts shovving spikeiet fertility corni

wCre adal)talh to) t1t(Picl r.oiril0. I1-(> fl\ parabl: to thait of tile ma1e1parent werC selected. 
arid II5147S7A tile ( A", i ll Cp b\ I hr (4 lines idntified ,l-, prspeeti'c restorers'-, were 
Comcritirle the Koic;r lce \ :ilclhs ,le L(hlilt- weCs.rc ,ssd,using 5-10 single plants, vith ('NIS 
alhe to Korcai conditions rid wl,(r aihcai !finrI lirres utsed in the orreiial testcross. The retestcross 
used to deselop h*\-brids fot I('olca. IRS1755A '. [r!" p I gcrlies wrc cvalrated for spilelet fertility
derived frot a it fient stolhrie ulirL,. urllrle v-,ioh their corresponding ialc parerlts. The 
(A('Il.Y2-1l. see Anal report- (or 1985) (mt rcl(tcioss Fls slowing rnormal spikelct fertility iii 
has tire satc ge.retrc backfirorrd as I1R46 ,2A. ail tihe plant.; vkrc marked, and their correspond
(\VA (iMS sotucc). 11,5475.'\ dce, not have rn ig iale parent piogenies were designated as R 
adequate level of disrae 1il4 insecl r'sistance (or linres. Other mtale-parent progenics giving partially 
use il dcvch)pirtg hybrids 1' the tIi)lCs. \Ve are frtile or partially sterile plants0 long with fertile 
Ihercfore tiarfverring tIP, -,-,tellr plants il the retescross ils werc(CN'S into) rejcoted. 
different nrailinturr lires,rht!urr betlte adaptcd to ()r tile basis of tile retestcrosses evaltated 
the tro)icS. I 5475;,, posssCs BFlsmati type of during 1980 1)" and VS. 7(1 elite lines were 

r air rrd should b irsfilllrr developing I'r hybrid', derignat'd irs purified rcstoirc rs. "These .s veil as 
lor jriortlwc.,t India and I'akisan. However. wc other purified restorers identified carlier are avail
hlavC it vetl rceCivcd lrvle'Cdback f1or1i India With abh to orr collhlrbrhuto's in rittiollil progrr'alns. 
regard to, the ,td;parbilirY of this ( NIS linC. [he observations recorded in tihe testcross and

Amllolg (ie three ('NS line', lourd suitable or retesterrss r-rsrics indicated that nmost of the 

file tropics, IR5,175?iA showed better Combrlllrg prospective rcstorcr lines are mixtures of restorer, 
ability and appearcd poss'ss good rlto fairly purrtial restolcl, ald fliollrcsorre genotypes. These 
oucro;ssilig rate ( 11-25(7). IR54753A aind lines rntrst be purified before their tlrcse as Iale 
IR54754A, althorugh gold for corlbirninig abilily, parlints ofevcprriintal [, rice hybrids. ()therwise, 



the experimental F, hybrids will shom varying 
degrees of incompletely fertile plants, which will 
reduce yield in FI hybrids; therefore their yield 
potential could not be evaluated precisely. 

incomih'te 
some estahlishe(l R lines of the WA cYtosterilitY 
system. Some well-established restorer lines 
IR26, IR36, 11R54, IR9761-19-1 (hereafter referred 
to as 119761), and IR2797-105-2-2-3 (hereafte," 
referred to as IR2797) possessing the WA CMS 
system for V20A and Zhen Shan 97A showed 
incomplete fertility restoration in crosses with 
another CMS line IR17492-18-10-2-2-2A (here-
after referred to as IRI 7492A) possessing the sanc 
CMS system. Two hypotheses werc advanced to 
explain such a difflerential hehavior. Ihe first 
hypothesis considered the role of fertility restora-
tion inhibition genes present in the CMS line. The 

Causes of terility restoratiotl of 

second hypothesis implied the role of intervarietal
hybrid sterility, known in rice, independent ofsir 
cytoplasmuic malu sterility. [lhe five r'esteir-rs were 
crossed to IR17492A to produce I-1s. The baLk-
cross (BC") arid I2 cenerlat otns were produced froni 

cybr~ sto tilitown v. The fi-ct rC~H ' Wetof' 

each cross. Thus, ccaeb ofthe five sets of naterials 
'included the parents, l l of male sterlie and restorer 
parents, I Inaliwiincr OW((), andI:.,. To test for 
the presence of fctility inhibitor gecies, 15 fertile 
segregants in the I2 poipulation of the cross 
IRI7492A."IR54 were Iaidornly sClected and 
advanced to the F3. Sinrultaneoirsly, 10 ranlortlly 
selected completely pollen-sterile segrcgants of the 
same F, were testcrosscd to IP54. Progenies of F 

families and the testcross F, were grown and 
observed for fertility' behavior. Nonsegregation of 
progenies in any ofthI FI families and appearmrice 
of fertile plants iin tl,e testcross F progenies were 
considered evidence of the presence of genes that 
inhibit fertility restoration. To test the operation 
of the intervarietal Fi sterility phernonlerion, 
IRI749213 was crossed to all the five restorers 
included in the study. Maintainer restorer F 
plants along with male sterile; restorer FIs were 
grown and scored for fertility. 

Two of the 15 -) progeliles bred true: others 
segregated for spikelet fertility, which indicated 
that genes for fertility inhibition segregated in the 
F2. The absence of fertility genes in some of the F, 
genotypes resulted in normal spikelet fertility ofthe 
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corresponding F3 progenies possessing WA cyto
plasm. We also observed a high proportion of fully 
fertile plants in all the testcross F! progenies 
(Table 7). This could again be due to the segrega
thion of fertility restoration inhibition genes present
in tile CMS line IRI 17492A. The male sterile F2 
,,;mltS giving nornial fertility in the testcross F, 
.,,I'iouslv did not posscss inhibitory genes for 
restoration ibility. 

The crosses 1 1749211;154 and IR1I7492B! 
11 26 showed more or less normal spikelet fertility 
in)the Pi, although Combinations involving IR36, 
IR9761. and IR2797 exhibited partial sterility to 
partial fertility. Thus, in crosses with 11Z54 and 
1126. intervarietal hybrid sterility probably did not 
playarole. Ilniibitorgenes presentiltheCMSline 
IR 17492A were perhaps responsible for the partial 
fertility in the FI, while in the combinations 

Table 7. Fertility reaction of testcross progenies of completely sterile F2 plants (derived from the cross IR17492/ 

IR54) and IR54. IRRI, 1986. 
Completely sterile F2 Plants (no.) with pollen and 

plants testcrossed spikelet fertility reaction, 
to IR54 --------......... ..... 

(plant no.) F Pg PS 

I P: 16 7 0 
S: 11 11 1 

2 P: 23 11 1 
S: 21 14 0 

3 P:
S: 
: 

7
8
8 

12
116 

1
10 

S: 15 6 2 
P: 14 8 2 
S: 11 13 0 

6 P: 6 0 0 
S: 6 1 0 

7 P: 4 6 0 
S: 2 8 0 

8 P: 37 7 0 
S: 38 6 0 

9 P: 3 2 0 

10 P:10 2 0 
S: 11 1 0 

ap pollen fertility, S= spikelet fertility. For P, F fertile) 

- 60-100% fertility, PF (partially fertile) = 30-60%, PS 
(partially sterile) 1-30%. For S, F = 80-100% fertility,PF = 30-80%, PS 1-30%. No pollen or spikelets were 
completely sterile. 
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involving IR36, IR9761, and IR2797 intervarietal 
FI hybrid sterility genes in addition to fertility 
restoration inhibitory genes contributed to the 
decreased spikelct fertility in the F,. The CMS line 
IR 17492A therefore appeared to possess genetic 
factors for fertility inhibition. Genes that coniti)n 
intervarietal F, hybrid sterility also contributed to 
the decreased spikele: fertility in the Fi. 

Otitcrossing of CMS lines an(d methods of 
hybrid seed production (Platnt Breeding). Out-
crossing raft ,f ('oAS lines used i/i h t',rid seed 
prodtution.We used 10 C NIS lines lor male sterile 
line multiplication and hybrid seed production 
plots. Hiybrid seed yields in the seed production 
plots continued to be low during 1986 (Table 8). In 
-)S. the major cause of low seed yield was 

hopperburn in seed production rlohts 'vilolvinig the 
CMS lines V20A, Zhen Shan 97A, and !R54750A, 
and tungro virus in plots involving IR46828A and 
IR46X30A. CMS line IR46830A showed an out-
crossing rate of 6-19". compared with V20A (21-
38 ). Zhen Shai 97A (24-30(), and IZ54756A 
(7-22"1). In WS. the major cause of lw vield was 
low outcrossing rate (0.05-1401) bc,:ausc of 
unusually heavy rains aid 1in1crolis typhoons, 
IR54753A and IR5,175-IA showcd very low out-

Table 8. Ouitcrossinq rate ond seed yield on CMS lines 
used in hybrid seed production. IRRI, 1986. 

Seed 
production ow, lossinru. Sefd yield 

Season Plats (no) rate 'K) (kq/rha) 

AIB AI A/B ,A/B AIB AIR 
. ... 

Dry 7 11 8-19 6-36 12-105 5-255 
Wet 10 10 0.3-10 0.05-14 9-83 9-276.......... ... 
 ... 
 ....... 


crossing rates (0.05-0.9%) compared with 
1R54752A (4-14%), but the reason is unclear. 

We conducted several experiments to determine 
the optimum female-to-male ratios, optimum stage 
of application and concentration ofgibberellic acid 
(GAA), optimum stage and extent of clipping of flag 
leaves, and optimum planting pattern of female 
and male rows during 1986 WS. Results have not 
yet been analyzed. 

Another collaborarti\'e experiment on the effect 
of felale-to-Inale row ratio on outcrossing rate 
and hybrid seed vielh, conducted in Korea, showed 
the highest otcrossing rate (38.6(,) with a 3:1 row 
ratio and the highest seed yield (90.8 g/m2) with a 
4:1 row ratio (see section on Coopcrative Country 
Projects). 

ffict of growth .Vtte and ext'tit of/lag leqf 
clip),riig on otacro.singrate and seed y'ield. The 
hybrid rice seed production technology developed 
in China involves lag !eaf clipping of female and 
male parents after hooting to improve outcrossing. 
We studied the effect of'growth .itage and extent of 
flag leal clipping oi '.iutcrossing rate and seed yield 
of CNIS line lR5475..A in an A/B multiplication 
plot at the IRRI farrn during 1986 WS. We clipped 
lie Hag leaves at 3 stages (booiing, initial heading, 

ard 201% heading) and at 3 lengths (10, 20. and 
30 c1) conlp;lred to the control (no clipping). The 
experimlent was condtlcted in a randomized 
complete block with four replications. Percent of 
otltcrossing rati: was estimated fron 5 hills, alrd 
seed yield ffon1I0-11 2 net plots, and converted into 
kg/1u 2. Results (Table 9) showed that for 
IR54752A flag leaf clipping to 10-20 cm length at 
20,. heading gave the best results. The outcrossing 

rate arid seed yield were low in thle experinient, 

Table 9 Effect of growth stage and extent of flag leaf clipping (10, 20, 30 cm) on outcrossin9 rate and seed yield of 
IR54752A line in CMS line multiplication plot. IRRI, 1986 WS. 

G row th stage 
Outcrossing rate (1) 

------... . . . . . . 
Yield (kg/ha) 

10 cm 20 com 30 cm Mean 10 cm 20 cm 30 com Mean 

Full booting 7.3 5.8 7.6 6.9 195 204 250 216 
Initial heading 7.4 7.8 7.1 7.4 231 304 258 264 
20% heading 8.8 6.9 7.5 7.7 262 313 287 287 

Mean 7,8 6.8 7.4 7.3 229 273 265 256 
Control 5.3 179 
LSD (0.05) 2.7 69 
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perhaps because of unusually high rainfall and tainer and restorer lines and observed a strong 
numerous typhoons. linkage between large stigma or large anther, or 

I.fjJct on outerossing rate ofgrowth regulators both, with poor plart type of wild rices in the F2. 
influencingplantand.floraltraits. Hybrid rice seed To break these undesirable genetic linkages, we 
production techniques developed in China involve intermated the selected F 2 plants and continued 
the use of (A, to improve cnllcrossing rate on intermaling for several generations. In each 
CMS lines used in seed production plots. We generation after intermating, we selected promising 
studied the effect of sonie growth regulators, viz., single plants to evaluate for floral and agronomic 
gibberellic acid (GA 4.7 10' M), and a mixture of traits in pedigree rows. We evaluated 50 pedigree 
GA4,, and ethephon (10 M), and with benzyla- lines compared with check varieties in a replicated 
denine (BA) (5 X 10 ' M),on some plant and floral trial and identified 4 promising lines (Table 10) that 
characteristics of the (MS line IR46830A. The showed longer stigma, anthers, and filament or 
growth regulators were sprayed itinitial heading at higher stigma exsertion rate than IR54 (check). 
40 ml solution per potted plant in a pot experiment These lines were considerably superior agrono
conducted during 1986 WS. GA4, alone and in nically to the genetic stock 6209-3. but still did not 
combination x ith ethephon or BA increased plant match the size of its stigma and anther. The yield of 
height (control 51 cm, treated 79-81 cm), improved the stock 6209-3 could not be estimated precisely 
panicle exsertion (control 58j. treated 76-88""i). because of its high grain shattering, but it was very 
and increased the dttration ofthe opening of 'lorcts low. 
(control 99 moin, treated 163-198 min), suggesting We are also employing the BC breeding method, 
that we should critically study the ceect of gro ,th using large-stigma or large-anther plants with poor 
regulators to improve the OuteroSsing rate on ('M - plant type from the previously rientioned segregat
lines used'in hybrid rice seed production. ing generations and some elite maintainers and 

I)e'eloliment o/hre''ding lines with !argesl Infa restorer lines as recurrent parents. 
and ttler.s. Since 1981, wc have been attempting 
to transfer large Cxserted stigma :d large anther WI tlYBRII.AIION 
size from a genetic stock (6209-3, developed from Plant Breeding I)epartmet 
the cross (uan Kang A; Orv:a rtilipogon,' / 0. 
longistamcata and introduced from the Sichua DI the years we reported[)nring past successful 
Academy of Agricultural Sciences, ('hengdu, production of I:1 hybrids between 3 elite breeding 
Siclhnn, China) intolines with improved plant lines of O.satiaand 18 accessions of 0.o.fficinalis. 
type. Wc cr,,sscd this sIock with some elite main- The F, hybrids were completely sterile and were 

Table 10. Floral and agronomic traits of prornisin.j breeding lines developed for large exserted stigma and large anthers. 
IRRI, 1986. 

Line Generation a Cycle SiIlma Stigma i ntner Filament Plant Days to Panicles/ Yieldof lim th exsertion length length height plant Yield 

iniermating (rnm) %) (amm) rmn () flowering (no.)S- (,o.) (n. 

1400-9 F6 2 1.8 20.4 3.5 4.8 95 92 19 .3.2
 
1451-5 
 F4 2 2.0 22.0 3.2 4.7 99 91 17 4.2
 
1797-3 
 F4 3 2.7 57.9 3.3 5.1 96 78 16 3.6
 
1852-3 
 F2 5 2.1 34.4 2.6 5.8 104 86 13 4.0 
IR54 (check) - - 2.2 7.8 2.2 4.7 91 93 16 4.2 
6209-3 (check) ..... 4.1 89.7 4.9 4.6 104 113 7 _b 

LSD (0.05) .4 15.9 0.5 1.2 9 5 4 1.3 
CV (';,;) 11.4 26.3 9.0 15.7 5.8 3.7 17.8 37.5 

Ra ers to the number of intermeatings done0 in the F2 and subsequent generations before evaluating in pedigree rows. 
bVery low, could not he measured due to high grain shattering. 
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backcrossed to 0 sativa parents. A total of 367 progeny rows were grown in 1986 DS, and 836 F4BC, plants were obtained, of which 10 were progeny rows in 1986 WS. These progenies were
hypertriploids and the rest triploids. The triploids concurrently evaluated for agronomic and grain
had two genomes of 0. saliva (AA) and one quality characteristics as well as for disease and 
genome of 0.officinalis (C). These AAC triploids insect resistance. Although all the lines resembled 
were backcrossed to their respective O. sativa the 0. sativa parent in gross morphological
parents, and 94 13C 2 plants were obtained. The characteristics, some variations were noted in plant
chromosome number of these plants varied from height, grain size and shape, lodging resistance,
2n to 2n +6. Twenty-five disomic plants were fully and growth duration. Several lines inherited
fertile and resembled the 0.sativa parent closely, resistance to brown planthopper (BPH) and
The plants with 25, 26, 27, 28, 29, and 30 whitebacked planthopper (WBPH) from 0. offi
chromosomes were partially or fully stcrile; these cinalis (Table II). The O.sativa parents used in the
plants had tle full chromosome complement of 0. crosses are susceptible to BPH and W13PH, but 0.
sativa plus alien chromosomes of 0. o/ficinalis. oficinalisaccessions are resistant. O.saliva lines,
Twelve monosomic alien addition lines were on the other hand, are resistant to bacterial blight
isolated from among the 2n + I progenies. (1B), but 0. ofiinalisaccessions are susceptible.

F2 populations were grown from 2n and 2n + I One C~f the breeding lines derived from these
plants. Plants with higher chromosome number crosses is susceptible to 1B3. Results clearly show 
were backcrossed to the 0.sativa parent to oblain that gene transfers from 0. officinalis to 0. sativa
BCI progenies. Single plant selections trom F, have occurred, although on the basis of cytological 
populations were made and grown in pedigree observations it was concluded that such gene 
rows during 1986 1) and \VS. A total of 1,457 -F3 transfers would be impossible. 

Table 11. Some promising insect-resistant lines derived from backcrosses of 0. sativalO. officinalis. IRRI, 1986. 

Growth Reaction a 
to

Line duration Grain size and appearance 
(d) BB BPH WBPH GLH 

IR54742-1-18.12 139 Medium long, slender R R R RIR54742-1.18-22 130 Medium long, slender R R R RIR54742-1.-20-10 125 Medium long, slender R R S R
IR54742-5-36-4 
 122 Long, slender R R R RIR54742-6.20-3 135 Long, bold RR R RIR54742.11-1.9 116 Long, slender R R S RIR54742-11-22.2 116 Long, slender R R R RIR54742-13-10.19 130 Long, slender R R R RIR54742.22-22-12 110 Long, slender R S S RIR54742-24-14-11 132 Long, slender R R R R
IR54742.26-11-17 111 Long, slender R S S RIR54742.31-16-25 128 Long, slender R R R RIR54742-33-18.20 128 Long, bold S R S RIR54742-38-26.10 132 Medium, bold R R S RIR54742-41-15.30 145 t.ong, slender R R R RIR54745.2-10-17 137 Medium long, slender R R S RIR54745.2.47-24 140 Mediu n long, slender R R S RIR547464-23-3 133 Long, Jender R R R RIR54751.2.44-15 113 Medium long, slender R S R R;R54751.3-25-8 140 Long, slender R S R
0. officinalis (ch-ck) 

R 
120 Short, bold S R RIR31917.45-3-2 (check) 135 

R 
Long, slender R S S R 

AR = resistant, S susceptible, BB bacterial blight, BPH = brown planthopper, WBPH = whitebacked planthoppor, GLH = 
green leafhopper. 

http:IR54742-41-15.30
http:IR54742-38-26.10
http:IR54742-33-18.20
http:IR54742-13-10.19
http:IR54742-1-18.12
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BIOCHEMICAL MARKERS 

Plant Breeding Departmentand International 

Rice Germplasm Center 

Identification of polymorphic genes coding for 
isozymes. Starch gel electrophoresis of young 
shoot extracts was used to survey isozyme poly- 
morphism. The variations obsevved and their 
genetic interpretation are summarizd inTaoe 12. 
New variants have been found for GOT (Got-I 3 

and Got-32 alleles), for ENP (allcle Enp-),and for 
ACP (allele Acp-5 2). Recent segregation data havc 
confirmed loci Amp-4 and Pox-5. Got-3, Pgd-2, 
Ep-I, and Acp-5 still must be tested. With these 
latter 4 loci, young shoots permit the survey ol 25 
polymorphic genes with at least 78 alleles, 

Mapping of genes coding for isozymes. The 

location of Got-I, lcd-I, A/mp-l, Amp-2, Amp-4, 

Et-5, Cat-I, and Pox-5 loci was investigated by 
trisomic analysis. Hoinozygous primary trisomics 
with 1136 background were crossed with four 
varieties(Barnoia 341, Ma Hae, Miriti, and Bikyat) 
that carry variant alleles. Fis of each trisomic were 
analyzed for gene dosage effects. Variations among 
their zymograms, explainable by gene dosage 
effects (Fig. 2), were found in triplo-I/Miriti for 
Got-i, triplo- I/ Bikyat for lcd-I, triplo- I/ Bamoia 
341 for Elt-5, triplo-2/ Ma Hae for Amp)-I, triplo
3/Ma Hae for Cat-l, triplo-3/ Barnoia 341 for Pox
5, and triplo-8/Ma Hae for Amp-2 and Amp-4 
(Table 13). Trisornic heterozygotes showing gene 
dosage effects for Got-l. Amp-I, Amp-2, Amp-4, 

Table 12. Enzyme variation observed in plumules and coleoptiles of 0. sativa rices. IRRI, 1986. 

Enzyme 


Phosphoglucose isonlerase (PGI) 


Glutamate oxaloacetate transaminase (GOT) 


Shikimate dehydrogenase (SDH) 


Alcohol dehydrogenase (ADH) 


Isocitrate dehydrogenase (lCD) 


Phosphopqlconate dehydrogenase (PGD) 


continued on next page
 

Locus Allele 

Pgi-i 	 1 
2 

3 
4 

Pgi-2 	 1 
2 

3 
4 

Got-I 	 1 
2 
3 

Got.3 	 1 
2 

Sdh-1 	 1 
2 

3 
4 

Adh.1 	 0 
1 
2 
3 

Icd-1 	 1 
2 
3 

Pgd-1 	 1 

2 
3 


Pgd.2 	 1 
2 

Frequencya Marker accessionb 

F 6274, 27748, 43400 
F 12880,43675,33888
 

VR CNPAF 800157 
VR 19906 

F 6274,27595 
F 29726,41048 
R 6245. 6538 
R 12880, 9158 

VF 6274, 6538, 27748 
VR 6245
 
VR 42469 

VF 8896, 9145, 27748 
VR 6304 

F 6245, 12880, 6538 
F 23754, 27748, 43675
 
VR 53950
 
VR 53642, 6274
 

VR NIG 624 
VF 6274, 27748, 32301 

R 23754, 43675 
R 6245 

VF 6274, 53642, 37901 
R 27642
 

VR 9158
 

F 6538, 12880 

R 7755
 

F 6274,6245
 

VF 6274, 6245, 6538 
VR 43675
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Table 12 continued. 

Enzyme 

Malic enzyme (MAL) 

Aminopeptidase (AMP)c
Leu-NA 
Arg-NA 
Ala-NA substrates 

Aminopeptidase (AMP) 

Ala-NA substrate 


Aminopeptidase (AMP) 

Lou-NA substrate 


Aminopeptidase (AMP) 

Arg-NA substrate 


Endopeptidase (ENP) 

Esterase (EST)e 

Acid phosphatase (ACP) 

Catalase (CAT) 

Peroxidase (POX) 

0% < VR < 1% < R < 10% 
Center, except one from the Centrj Naclonal do 

FOR 1986 

Locus Allele 

Mal-1 1 

2 


Amp- i 0 

1 

2 

3 


4 

5 

6 


Amp-2 1 

2 

3 

4 


Amp-3 0 

1 

2 

3 

4 

5 


6 

Amp-4 	 1 


2 


3 

Enp. ld 0 


1 

Est- 1 0 


1 

Est-2 	 0 

1 

2 


Est-5 	 0 

1 


2 

Est-9 	 1 


2 

Acp-I 	 1 


2 

3 


Acp4 	 1 

2 


Acp-5 1 

2 


Cat-1 1 


2 

3 

OfPox-2 

1 


Pox-5 1
2 


< F < 90% < VF < 100%. Those are accessions 

Frequencya Marker accessionb 

F 12880
 
F 27748, 6274
 

VR 29040
 
F 27595,62474,43675
 
F 12880,6245,6538
 
R 23754
 

R 33888
 
VR 27748
 
VR 9011
 

F 12880, 33888
 
F 6274, 6245
 

VR 6434
 
VR 32301
 

R 12880, 19906
 
F 6274, 43675
 
F 6245,27748, 6434
 
VR 43400,32575
 
R 33888, 9158
 
VR 33153
 
R 6538,27595
 

VF 6274, 12880, 6245
 
R 33191,23754
 

VR 33888
 
? 9145
 
VF 8896, 27748,27762
 
F 43675, 23754
 
F 6274,33888,27748
 

F 43675, 12880, 27748
 
F 37901,23754,6434
 
F 6274,33153, 53642
 

VR 37801
 
VF 6274, 32301,6434
 
R 6538,27595
 
F 12880,6245
 
F 6274,6538
 
F 6245, 6538
 
F 32880, 43675
 

VR 27595
 

F 23754, 6274
 
F 6245,6538
 

VF 8896, 27748, 27762
 
VR 8244
 

F 6274, 6245, 6538
 
F 23754,32201
 

VR 43675
 
F 91 ,5, 27748, 27762
 
F 8896,9245,8259
 

F 6274,6245, 27748
F 6538, 12280
 

from the Internattonn I Rico GermplasmPosquisa-Arroz, Feline (CINPAF), Goiania, Brazil,National Institute of Genetics 	 and one from the(NiG), Mlima, Japan. CLou.NA leucyl-f-nephthylamide, Arg-NAmide, Ala-NA =atany-9-nnphthyl am ide. .F 	 = arglnyl-fl-nephthyla.
ewor than 50 accessions have boon analyzed. OEst-4 wasEst-8 was reinmed Est-. 	 renamed Est-5, andThoro are d freot, interpretations; some other Pox bands might be allellc to Pox.21. 
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Cat-I, and Pox-5 were backcrossed to the paternal fitted the trisomic ratio (Table 14). In addition, the 
parents. The segregation ratios I'r all these loci trisomic heterozygotcs at Amp-I and Aml)-2 were 
significantly deviated from the 1-to-I ratio and pollinated by lnes carrying a third allele (JC I and 

(ot 389, respectively), and trialelic heterozygotes 
were recovered in the tcstcross progenies (see A,,mp

a b 2 in Fig. 2). 
+ + IhoS, trisoiii anal.,'sis indicates thle f'ollowing 

.ocations: (ht-/, h d- I, and L5vt-5 on chromosome 
1: Iml)-I ont ch rornosome 2; C(at-I and Pox-5 on 
chronosone 3: and ,I mp-2 and Amp-4 on 
cluromosome 8. linkage tests indicated that Cat-I 
and Pox-5 are linked on chromosome 3, and that 
..lMp-2 and ,Am1p-4are independent bt located on 

1 2 3 4 1 2 3 4 5 chionosoime 8. 

+ c + d 
Varietal classification based on isozyrnes.

Previous anal'ses of iso/vine variation at 15-21 loci 

amnong i iccs Iromn several continents have led to the 
identiilcatioilof 6varietal groups: indica (group I), 
japonica (group VI) with its temperate and tropical 

,* 
I'brom1, 
to the 

and1(t'our marginal group, 0ll-V) restricted 
north of tile Indian subcontinent. This 

11: 112 S -2Vctit ~ovides a rationale to hielp optimize
vhybridi/ation programs f'r genetic improvement. 

1 2 3 1 2 3 4 5 More thtan 610)varieties and lines were classified in 

2. /l,1), 
(NMiriti):, 

l l III 11n1-1,111CI I ,i 
. G,,t-! " Ilk ko,) ,, m l 

I /.I ii 
h1th'r 

', . ,, 
11,b,,,c(1,,1tP . -4. 

l facilitate use of the classification based on 

tri im 'illhclcl,/v tc (,., , ) h -I lilt Ii,,tI iSO/ ltes, vc have cslablished a sim plified pro
(1113): . 2. m-1, I'dc;,,, / l, 
hctcl-o/.'uIl ,// , . I .,I ,,, ,,i. I . 11 51 
dis mitiCICl'/\2'd l ,I. Q w tC i1\iLl(L 

A l' i .41 1(fii (I10111L lWICIi)/ J( 

inotlic 

I.Al 
1mid 

tI 
cedlorc by idcntilving five diagnostic genes that 
penui S to0 classify mniost varietics. Thcsc atre P,g-I 

I P w i 
I1,i-2, which encode pltic;ploglucose iso

2 i'nd ;.1 lilk-l iin hclcI,\Lv tI -." I rses: aIud .I mp-3, A.t p-2, and .Imp-I, which 

Table 13. Gene dosage offects at 8 loci n F 1 progenies of tlie primary trisom ics. I19 R , 1986. 

Plants' (no.) 

Triplo Gotv 1 led. I Amp. I Amp.2 Amp-4 Est-5 Cat- 1 Pox-5 

D T Ir 0 * 0 r D)0 T D T D T 

1 B 3 '30 5 5 5 5 22 4 5 - 10 -
2 24 16 39 15 26 26 35 - 25 - 25 -
3 24 30 23 25 . 23 32 35 11 20 9 
4 14 26 26 - 24 26 - 21 - 35 - 21 
5 10 18 19 10 - 10 - 28 22 - 21 -
6 8 26 -. 19 11 11 23 - 26 - 8 -
7 19 12 14 14 15 - 24 -- 14 - 11 -
8 9 19 51 - 34 12 3" 12 35 -- 57 - 15 -
9 14 - 37 23 -- 11 - 23 -- 24 48 13 -

10 10 23 - 34 • 11 24 24 -- 34 - 17 -
11 22 24 13 17 13 57 - 12 - 28 -
12 24 23 - 12 12 12 -- 46 - 33 - 19 -

aPlants displaying ustial diploid zyrnograms (D) or unbalanced zymograms resulting Nom trisomy (r). 
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Table 14. Segregation ratio (heterozygotes:homozygotes) for 6 isozyme loci in BC 1 generation of primary trisomics in rice. 
IRRI, 1986. 

Trisomic 

Got- i 

Triplo.1 53:140 
Triplo-2 19:15 
Triplo-3 
Triplo-8 

aSitnificantly different from 1:1 

Segleugation ratio 

Amp- i Amp-2 Arnp-4 Cat- I Pox-5 

57:13V 
57:611 
59:43 

30:23 
66:53 
85:16 a 

23:30 
38:51 
76:25a 

25:28 
98:21a 

38:31 

11:8 
5 3 :11a 

it tht 0.001 lvol wial fitting the trisomic ratio. 

cndcide arminolpptidascs Cflicienlt wit h IcuyleI-/-

taplhthvltmidc. alaul-/1-niiphhYlaImidc, antd 


both these substrates, repcct iv.ly,
lhe cntics 

aie extracted b1n1 u: idgrltdilg o1 a .single 

plurtiule ina lew drops of water and are separated 
b. 4 h of clectrophoresis at 1.5VCim in a 14(,( 
starch gel with i,Tris (0(.009 M)-hustidilc (0.005 M) 
gel butler at PI! 8.0 and a Tris (0.400 M)-citrate 
(0.1105 NI) electrode billcr at pill8.0. The enzymes 

arc then stained using standard procedures. The 

resiriting tyntogrtlls ar_ translated inlterms ofloci 

and ailleles. [he sinplified classification tictthod 

uses these data to assign a given variety to one of' 

the groups. It cinsists of an algoritfhut with fi\c 

steps, .orrcsponding to the live loci, where the 

criteria taken inato cousidcratiol are the alleles of 

the variety at these loi. [he globlal l)l-Otclie iS 

summarized 	 inl Figure 3. 

The original arid the simplified mcthodls were 


compared ill a sample of' tlre thani
3.000 tradi-

tional varieties. They coinicide in 991: of the cases. 

The other IK; corresponds to rices that fall in a 

given group in one case and are classified as 

intermediaries it,the other cas.e, 


The simplilicd imethod is thus highly reliable. It 

is fast and inexpensive, atid requires no sophisti-
cated equipment. 

tISStI[ CtIIttIR 

Tissue'Cutnre liuiliti 

Anther culture. The two major constraints in 
anther culture studies are low efficiencies of callus 
inductiont and green plant regeneration, cspeciall,' 
in indicas. In 1986, we continued to identify factors 
such as in vitro conditions, source ofexplants, and 
media and media components that could increase 
callus induction and plant regeneration efficiencies, 

hi/luence of antler psitionat )Iating on anther 
Cal/u.sing. Taipei 309 ant hers were plated on agar 
rued im in diflere'nt positions either filat or on 
edge to determine whether antler orientation 
sivificautly atfcets anther callusing in rice as has 
been observed in barley. It was clear that rice 
anthers are not as strictly rosition-specific as barley 
anthers, although plating on edge is superior for 
anther callusing to plating the antthers flat. 
Observations made ohiIR5, B3asmati 370, and 
lPankaj showed the same trend o"anther callusing 
response itt relation to atlthcr orientation. 

,.tsic
- acid sires.s tm-re,ses cal]lus il(ction 
efic"e c. Abscisic acid (A BA), tip to 30 rug/liter, 
added to the callus inductionimedium was used to 
stress the anthers for 1,2, 3, and 4 d in either liquid 
or scmiso;olid itediurn. lailpei 309 was the test 
varietv. TIe highest percentage of callus Induction 
in s--r'isolid medium was at 2.5 rug AIA/ liter for 
2 d. The same concentration was best, using liquid 
tred iun, but the duration was 3 d. In both 
semisolid and liquid rued ia, stressing the anthers 
from 4 d onward it the presence of' A13A was 
detrimental. 

/feiet oflcalu.im-ult.ti m m(iim .vterilization 
method aml )ll on i'al/using cn/l)at, regettera
tion iflicie 'c.,. The effect o autoclaving and filter
sterilization at dillcrenit callus induction medium 

p l-onl callus productiort and plant regeneration 
was tested using Taipei 309 anthers. Autoclaving
(he ruedium ldecreased the final pil, while filter
sterilization did riot affect it. Average callus 
prodtUction per anther was highest at pH 4.2 for the 
filtcr-stcril i,ed rued iurn. while p11 5.0-6.6 was 
optimum in the autoclaved urediurn (Table 15). Ott 
the avcragc, callus ind uction was better in filter
sterilized than ir autoclaved ruedium. Filter
sterilization may be better, because it will eliminate 

http:oflcalu.im-ult.ti


--

-- 

(NFTIC IVAI,UAI]ON AN!) UJIIl.IZATION ((;FEU) PROGRAM 159 

Varieties 
;; .Yejrjj,,ji . .. .. .. .. .. .. .. .. .. .. . ... .. . ... .. .. . .. .e
 

us- 242 Or 1N22, SurjarnukhiMcrichbal 0 I 
Dular, K taktar9., Chirsurah Boro 2 o Io I 
Briodoict 233, Aswirra.Baoii 971, 0 
.Nga. wf _ .... . I

0 I iR~yn~jq 


Material hoon uur;veja ---------------- -- --
Tainon 5, Bulu Pote Suweon 235 oDourado Precoce, !,ATI3, Lemont 0 I

A set of 3C varieties That Nep Doc o I
 
carry all known alleles at loci DelIl a I I
 

Agulhoo

Pgi-1, Pgi-2. Amp-., Amp.2. Gerdeh 0 

0 I I
 
ani Amp.3. Khog,,.3o, Dou
Laqeo
_Png oTtep ........ 0
 IIN.3 

Khao Dowk Mal 105 0 I 
Leucong Pratiw 0 IJR8, Suwqon 287 0 ICorreon 
 I 
Cut 389 0 I]I I 

Technique I
 

Enzymes of plumnules are extracted P'q-2 I
2 2I 

and subjected to starch gelelectro- 4 allele 
 I 1 3 
pho, esis, ,4-- -- I 

I-I - - .,__-r- - 
l~ 2 

I--------------l------_- 10 

4 alleles Ilt I322224:2222 -22221 

Posphioglucos SOfTieroaseZymograrns and -

genetic interpretation t1mp-I:31161 11 :4222 101 
....--I---- ---- _ Ia-ele-

The zyMogiars ae translated i terms of I -l 

genotypes at loci Pqi-l . Pgi-2, Amp-1, 4mp-2
Arml 2, an~d Ampl)3. • 4 alleles 13 2 2 2 2 2 1 4 1 1 - i I1 I P*I2 . 

k I I
II I I I 
.Amr.opepridcise,ala-NAsubstraleII I II I I t 

Clasification of the varieties mp- -- 1 -

Time alj(oi fhn given below I' Used to -- --- K -I '
 
assign the varieties to their respective 
 - ---- Igroups. 4mp--3 I 

I I I1
7 a 101es :1 3 2 5 2 1 21 I 1 2 I 

II O;16!4 016:222 t 

I Arnnopelptidose, lou-NA substrOIte I 

Ahlo ilhm" T -l-- I I t 

Pgr -I Pgt-2 Amp-3 Amp-2 4mp-I r I 

Group I XX XX X X I
 

-,( 1- 1,2-1,2, 3,5-23-1,4,5-- Indica I 
2 3,5 :2i
 

Group VI iX X X X X X X XI
 
2.3,4- I-- Japonica I i
 

GopIV - *,, I I 

4 -0,4 . , .. 1,2,4--GroupoGoup V--:at- I I.... . .---- _________I 

"2- I,2-----0,,2- GrouplI IXXX 
Oteiers ,ntermemldiaras IX: 

3. A sitmplc illriod hl cl;iysltir , Lh,irrcS I tIclrr g lIcrritr 1)c t thic gi-I. I,i-2, Arp-3, ,Ita ly-2, andf oil 5 loci 
Anrp-I. IRRI, 1986. 

the brcakdown of sugars and othcr substances, callus induction and green plant regeneration were 
which not only reduces the nutrients prcsent but obtained in filter-sterilized medium at pH 5.8. 
also impairs callus growth bccatuse of the presence Effect of osmoticu on callus intdction and 
of breakdown products. The highest cfficiencies of' plant regeneration. The effects of mannitol and 
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Table 15. Callus induction and plant regeneration in 
Taipei 309 using different methods of sterilization8 and 
callus-induction medium pH............. IRR I, 1986.
.................. .................. 


Av green 
Calli with plant pro-

Av callus p'o- green plants (Iueioionb 
duction (no.) %) (no.) 

pH ... . . .
 .
 . .
 
A F A F A F 

4.2 2.36 2.89 48.3 23.3 6.1 8.8 
5.0 2.40 2.28 51.7 40.0 3.4 6.G 
5.8 2.27 2.37 41.4 63.3 6.8 5,8 
6.6 2.42 2.36 56.7 53.3 4.6 5.2
7.4 2.29 1.88 53.3 33.3 6,2 4,6
8.2 2.25 2.25 58.6 33.3 7.9 .6 

Av 2.33 2.38 51.7 '12.7 5.8 6.0 

.
A ittoclavoli F filtur stirl iztd.no.rooducedngtisiin
b~anp ted a prodnt 

bCom a 10putedc.io lf9_.uolan tsdu antsrod_ g 

sorbitol isosnotica in callus induction media ort 
callusing and receneratiotn eflicuincies were tested 
using Taipci 309, IR30, and IR43. Corncentrations 

of 0, 4, 8,and 12,'(wt/ vol) wcrc used. In Taipei 

309, callus induction ;iswell as regeneration 

efficiency was increased by 4,'isorbitol, the 
addition of Inanniotol at the salc concentration 
was inhibitory. Concentrations higher than 41(' 
sorbitol or nariitol di( not produce calli. 

l+';t it/~l peeiV+./oo.raxittv on anther eilhur-

abilitV. lIe specific gravity of rice sceds has heeti 

shown to alffect grain yield. lo establish whether 
the specific gravity ofseccds front which p;nicles for 
anthcr culture have been collected affects anther 
culture cfficiencv, 4 Varieties were tested at specific 
gravities of 1.0-1.!, 1.1-1.2, and >"1.2. In Taipei 
309, anthers firornmid-deuisity grains (I. - 1.2) gave 
the highest callus induction efficiency; efficiency 
was lowest in anthers front seeds having specific 
gravity >1.2. The sairie trend wis observed ini three 
other varieties. Plant regeneration was likewise 
higher incalli induced )romianthers c)rmilg from 
low-density grains. 

Plant ro',icn'rwium ili /1?varieties. Miany I R 
varieties ale ritdtolralely or highly recalcitrant to 
anthc culture techniques. Aftei several allertipts, 
plant :egeneration wais achieved itt IR36. Pt ollen 
calli were induced ita low frequency (3.7:.'/,) in Il 
rediun. Of 52 calli plated for regeneration, one 

differentiated to green plantlcts. Plant tegeneration
of" low frequency was observed in IR5. IR 54 and 
IR62 gave onuly illbinu [)tttts. 

R/I ( aiotlh'r niode'l \'ariet i il atlher 
ilttldrl'. In basic studics, it is necessary to) identify 

liighltV rpO)nsic varieties that coul be used as 
te.s tatciials. lit |,:evious Years, alupci 309 was 
COiisidcied the iio)dcl planit for callus Mlduction 

at i regeneration. Iht Stidic.,, On anther cuiltur
ability, RAC3, a aponica variety lrTin China that 
Wits derived 'roin anther culture, showed high 

capacity for callus ihduet ion and regeneration. In 
I-10 mcdiiin, it produced an average of 2.35 
calli/ anther plated; in 2 replications, in iverage of 
90% of calli pla.!d inthe best iegeneration medium 
prod tred green plants. 

,.
 

a'l.creevitig of anther cttture-derit'ed lines.Anther culture-derived lines of tileF hybrids 
IR36/ Nona lokri, 115657-33-2 I1R4630-22-2-5
1-3, aid I R4630-22-2-5-1-3 Pokkali werc screened 
tor sai tolerancc at the seedling stage in the 
phytotror. Aroing 22 ainther Cutlture-derived lines 
frot I1R36, Nona liokra, 15 entries pcrfornied 
better than 11,06, but riue was bctterthan Nona 
Ilokra. In IR5657-33-2 I1R4630)-22-2-5- 1-3 7 
(20.6('i) tit of34 anther culture lines wcre as good 
+'r"cu1c than the clirck, Nona liokra, and 32 
(94.5('') werc belter than tilemore stisceptibte 
parent, I R5657--33-2. ()itire other hand, all eight 
anther culture lines frot 1I124630-22-2-5-1-3/
IPokkali had a higher survival rate than either 
parent. 

The results of' the screening experiments show 
tilepotential iot the anther culture technique in tile 
prod uction of lines toleraint of salt. 

tPrmuctiot o/ lilies
./)r upland conditions. 
Through 1986, 92 F, crosses with one or both 
parents ati pled to ulpland conditions, pI.Is 8 
parents, werc stibcted to aitnher culture. From 
57,590 anthers pilated, tolal calius prodttctiort was 
35,214. Friom the 100 cultivars tesled, 37 re
generated green plants. ()tit of 7,313 calli plated for 
regelleratioln, only 197 i)rLduced i total of 1,618 
green plants. So f'ar, 34 1lines have produced seeds; 
the other lines are still being grown in the 
scieerthouse. 

IProdutlion l'.salt-uhaiwt lines. Seventy-six F 
crosses f'or salt toleraicc havc been passed through 
anther culture. Calli have been produed froln 
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most of these crosses, and transfer of the calli for 
plant regeneration is in progress. 

Somatic cell culture. Somatic evnirrogensis. 
Somatic embryogenesis is a pathway in plant 
regeneration fron ini Vitro cultures to produce true-
to-type plants. This phenomenon isalso important 
in studies of protoplast ,culturC Mnd Ihtison and in 
DNA-transfer techniques. 

In 1985, we reported somatic cm bryogenesis in 
IR28, IR40, I1R43, Tctep, and Orizapert'nis.This 
year, the ontogeny ofem bryoids from the scutcllar 
tissues of mature rice seeds was studied n-ore 
carefully, using histological and scaning electron 
microscope techniqunes. Htistological tcchnrquies
established that scutcllar tissues, espcciall' tihe 

subepidermal portion, arc the site of active cell 
division, Which cvCnttMull gives rise to callus. 
Scanning Clcctrori microscope study showed tire 
devclopment oifglobular and o-gani/cfd structtrcs 
into cup-shaped and bottle-shlaped errbrlvoids with 
a scutellui, -oleorhi].a, and developing coleoptile 

st;lctutes similar to those ill Zygotic clbryos. 
Callus inila'tiol, in wild rices. Wild rices arc 

excellent sources of resistance to pests and diseases. 
The cstablishmen of protocol for the in vitro 
Ce lture of wild riccs is necessary for successful 
somatic hybrid i/at on. From four wild rice species 
represented by nine accessions, three entries 

Or'vza niarajAce. 101508 and Ace. 10095) and 
0. rrq/ipogon/0. sativa (Ace. 10191) - produced 
calli. 

Ill vitro geriniation of/ Sch'rolpflllhin coarc
tatuni M'(l'. ,S. coar'litutit is an important source 
of genes for salinity and subtdiergence tolerance. 
This wild species is vegetatively propagated using 
cuttings and runners. 11 is thus necessary to 
establish l plroc LNrc to propagate it through seeds 
or embrvos';. Miature seeds or those whose seed coat 
has turned brownish black failed to germinate in 
anv of the nedia tc:;ted. On the other hand, 
imiaturre (res those whose seed coat is green 
and whose endosperm is soft had an average of
90Y gerriraionI. Ihis is apparently the fIrst report 

of sced germinatioll il S. coala-Cr'crtM. 
Field experiments. /RR/. light ant her culture

derivcd lines that hrid been identified as promising 
in earlier observational yield trials were tested in 
replicated yield trials for three seasons (1985 WS
1)86 WS). AC800 and its sister line AC8(X)-I, 
which were regenerated frori the cross IZ48/ 
Siwcon 290, outyiclded hoth parents and check 
va rieties tor two seasons (['able 1). This increase 
in yieldstcnspart~yfro1highlillcr1u"bcr. 

[he harvest indices of three anther cultu re lines 
from l1?48/,Suwcon 290 were also determined 
during 1986 )S and 1986 WS ([able 17). AC800 

Table 16. Mean yield and tiller number of anther culture-derived lines and their parents in a roplicated yield trial. IRRI, 
1985 WS and 1986 DS. 

Grain yield (t/ha) Tillers (no.) 
V ariety o r line . . . ... 

1985 WS 

IR36 (chuck) 4.79 b-d 
IR42 (check) 4.15 d 

IR48 4.97 bc 
Suweon 290 2.92 e 
AC800 5.43 ab 
AC800-1 5.87 a 
AC 1182 4.60 cd 

IR48 4.97 bc 
BG90-2 2.86e 
AC655 4.43 cd 
AC721-1 4.35 cd 

IR58 4.69 cd 
IR 19792-15.2.3.3.3 4.82 b-d 
AC833 5.05 bc 
AC833-2 4.77 b-d 

IR30 4.10 d 
AC32B18 4.73 b-d 

... . .. . .. ... . ..... . . 
1986 DS 1985 WS 1986 DS 

5.76 ab 15 ab 19.4 a 
5.06 b.e 11 c-f 14.1 bc 

5.03 b-e 10 d-f 9.7 f 
5.60 a-d 9 f 10.1 ef 
5.64 a-c 16 a 17.8 a 
6.25 a 16 a 18.8 a 
5.41 b-e 11 c-f 13.1 b-d 

5.03 b-c 10 d-f 9.7 f 
4.87 d-g 12 b-e 11.0 d-f 
4.84 e-g 10 ef 10.5 of 
4.65 fg 10 ef 10.5 ef 

5.73 ab 13 bc 18.6 a 
4.22 g 15 ab 15.1 b 
4.71 e-g 16 a 19.0 a 
5.09 b.e 14 ab 18.1 a 

4.75 e-g 13 b-d 12.4 c-e 
4.93 c-f 15 ab 17.8 a 



- ------ 

162 IRRI ANNUAl. RIl'ORT FOR 1986
 

Table 17. Harvest index of anther culture-derived lines 
and their parents in a replicated yield trial. IRRI, 1986 
DS and WS. 

Harvest index 
Variety 

1986 DS 198S WS 
IR36 (check) 

- -.... 
0.49 

-. --.... . .. 
0.46 

IR42 (check) 0.39 0.25 
IR48
Suweon 
A8So0 

290 0.38 
0.44 
0.53 

0.32 
0.37 
0.P 

AC800-1 0.53 0.51 
ACl 182 0.44 0.45 

and AC(800-I gave harvest indices higher than 

those of both parents and the check varieties. 
A total of 325 anther culture-derived and 359 

sonatic culttire-dcrived liles regenerated from 
various crosses lor irrigated, upland, atnd cold-
tolerant vllarieties as well itoltl inas crosses 
volving tolerant parents werc screetnled f(o
agrononic charicteristies (or 3seasons(I9851986 \VS ) in thg obscrisaonal nursery (3-roy 

plots). lronising tCst IinIes \yere selected each 
season and planted In the oh-ervintioal yield trial 
YT) in i0-1ow lots. I hicy were screened for 

plant type, yield, 'illering ability, lodging
r,:sistance, thrshtihi lity, spikeletfert ility, 
exsertIon, and resistance to 1I I biol pcs I, 2,and 
3, rice tungro virus, 133, rice hlast, arnd silt 
tolerance. From aliong tle lines screened in tile 
observational nursery, 15 highly promising liines 
were selected and screened in 10-row plots inltie 
OY'" in 1986 I)S. and 20 in 1986 WS. 

Twelve antlter culturc-deriv,,d ines from crosses 
IR42/I R4630-22-2-5-1-3, IR4630-22-2-5-1-3. 
IR5657-33-2, IR5657-33-2/ IR4630-22-2-5-1-3, and
IR4630-22-2-5-1-3: Pokkali showed marked in-
creases i tiller riuntber compared with their 
parents. Antlier culture-derived lines from IR463022-2-5-1-3, R5657-33.2 werc shorter than the 
taller parent, I14630-22-2-- 1-3. 
A(700 and A('700-I reg cerated fron Suweon 

290/l3(i9(-2, A('599A regenerated frol I1(i90-

2/Taipei 309, anid live soriial iccult ore-derived lines 
froin lI 43 aill( 1R54 produced higher yields and 
had mlore tillers than their respective parents and 
the check varieties lI 736 and IR42. 

Collaborative research. Anther culture was em
ployed in the immediate production of homo

zygous lines for upland conditions and for salt
tolerance. Some lines showed better tolerance to
these environmental stresses than orone both 

p a ren t s . 
Collaborative anther culture research with the

Rural Development Ad it nistration (Korea) on 
the production of cold-tolerant lines and with the 
Peruvian National Rice IProgram and tle National 
U)niversity Pedro Ruil (alio (Peru) on lines suited 
to Latin American conditions was continued. 
Soic lines that were tested Under tile appropriate 
conditions showed increased tolerance.

See ('ooperative ('outlry Projects for dectails. 

I)IRFUI SIt. IK 1)N FOR %ltt.1)IN IARIY
 
G(NI1 [ I1t)NS
 
l'lamt Breedinig l)eTirtmtent 

We continued practicing tile breeding approach of 
direct selection for jIeld in early generations,
described in the Aii.nal report for 1985. Sixly-four 
F2 populations derived from single cross Fs 
appearing heterotic were evaluated in replicated 
yield trials,. Iighteen populations were grown in the 
I.. and 20 i the I14. The 3,173 liles front F4 plants
selected as supcrior to the check varieties were 
evaluated in the 1:5.()YT,1In we evaluated 126 lines 
under 2 fertility levels in comparison with check 
varieties of different growth durations. Twenty
seven promising lines were selected for evaluation 
in a replicated yield trial during 1987 DS to 
estimate the genetic improvement made for yield,
in comparison with the best yielding check varieties 
developed at IRRI through the pedigree method. 

RAI'II (iI-NI-RATI()N AI)VANCT 
Plant BIr'/in, Del)arltment 

In 1985, we grew 522,035 plants of 254 populations 
fonm 211 crosses. In 1986 we grew 528,106 plants 
fr'ol 275 crosses. "Fable 18 classifies the popula
lions into cultural types. 

'ho make more efficient use of rapid generation 
advance (RGA), a liniited Itgrec of bulk selection 
fvr resistance to lP3H-I biotype 2was carried out on 
15 crosses from Thailand dcstined (or Thailand's 
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Table '8. Populations grown in and sent out from rapid Table 19. Survival after brown planthopper infestation as 
generation advance. IRRI, 1985 and 1986. a function of parent. IRRI, 1986. 

Populations Populations Populations Plants (no.) Survival 
grown sent out Parent (no.) . . (%) 

C ultural type .. ...... .. .. . .. . . Before A fter 
10. Generation no. Generation 

ComparisonA 
Rainfedlowland 
 SPR7212-13-1-1 6 7776 2730 35 
1985 6 F4 23 F4-F6 SPR7212-13-2-1 6 9216 1441 16 
1986 24 F2 

Comparison B
Deepwater 

IR 13429-196-1 4 532B 2271 43

1985 145 F2 -F 5 31 F3 -F6 
IR9743-25-2-2 4 5616 989 18 

1986 130 F2-F3 


Low teonperiture Comparison C 

1985 95 101 Basrnati 370 6 9784 2475 25F2 -F 3 F4 -F 5 

1986 115 F2 -F 3 Hawm Naipol 6 8046 1722 21 

High tenperature Best cross 

1985 8 1 1296 806 62F3 -F4 


Tidal wetla6ds 
 aSPR7212-13.1.1/lfR 13429-196.1//U-asmati 370.1986 6 F--2-F3 

The crosses repleSClled vlriouls balanced coli-
Central Plains, where 1I1II resistance is essential, hinationsof six parents. Iable I9givestheaverage 

A modified seedbox screening test was used. Teo- selectoiol I)leSSUIs II to BIWH intestation on the 

day-old seedlings growl in R(A tratys were various populations as a function ol tile parent. 

infested with -d instar 1I1H nymplhs it a rate ol le best population, predictably, was SPR7212
about 3 nymphs seedling. Dlamage ratings werc 13-1 - II R13429-196-1 Basmati 370 the one 
taken at 3(1d alter infestation, when the susceptible combining the best three parents from the three 

check variety was completely destroyed. combinations. 
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SI-l) DO(RMANCY Higher initial levels of' dormancy provided 

Seed dormanc, studies onl 121 cultivars of ctil- greater tolerance for accelerated aging (Table 2). 
tivated rice Orr'-a .tiva L..indicated that the 
japonica and .av;'nica subspeces generally hiase Table 1. Germination percentage upon accelerated aging

shorter periods of dolillllnc\ thall the tropical averaged over cultivars that were grouped into 5 classes 
indica stubspcic. ('lltivals observed to have based on their germination percentage in the control. 
stron], seet] dornancv included both carly'- and IRRI, 1986. 

late- i attiring types and both photoperiod-sensiti\ e Control Mean germination
and in nsitive strains. suLgesting a lack ifassocia- ........ .. .--- -- W-after aginga 
tion betweenI theseL (aetor. af de ce o]do)anek. Germination per- Cultivarcentage class (no.) 2 dLtivironntttal effeets during Seed 6 dmlaturaltion
affected tile Cepression of dormancy. "Ih average 0-20 38 89.03 16.13
gernliniition over tcomtio:nset of 5 1culti\ arfs las 

21-40 27 89.26 15.3741-60 22 89.82 11.64 
8211for seeCds harvested illtile anddr' .WcotI (I)S) 61-80 19 89.53 7.63 
40' 1lot lhvrse Irott the cw oicaoti. 81-100 15 91.60 3.80

I lihat treatment at 50 ( . or 3-7 d SUCeeSS- 7r vilue wetcontrol and 6-d arlng -n-0g98"
 
full\ broke (dotimltIcy in ll()t Ctals. Soic .f
 
the strlolv' dorillalt cttltivas did not respond
 
salisfacltoily to drv heat trleattit but responded Table 
 2. The 6 varieties most tolerant of aging in DS and 
to mloist hecat treatilent (43 '(U, 100"iu relative WS (43 'C, 100% RH, 6 d). IRRI, 1986.
 
humidity IR I11) 01i' d (Fi i). 
 Germination (%)after aging 

Variety 

Dry season Wet seasonI(H I R AN( I ()R .\ (, (64 entries) (121 entries) 

Accelerated agillt iOfsCds at 43 '(* and 100% RH Dharialfor 6+d indicated \arital diferences in tolern,c ARC6000 
10 53 
3 55Habiganj Born IV


for aging stress (I[able I). Taal 2 
13 41
 
2 45 

ARC11554 6 25 
Suweon 287 6 22 

Grand mean for all . on.. 0.98 12.58(%. .
 . .
 . . ..
 entries studied 
jlw:n I PAP a/; treqtmet I1",!hen+1 


r 'rT ,r (50 'C, 0) ( .3 1C, 00% RH, 2 d I 
80 /, :,//: / ,. Z/,; / .
 Tab!e 3. Varieties with germination rate exceeding the 

//~/' /'W" "/mean by more tl,-!r one standard dpviation.a IRRI, 19C

~<~.47,, '7f' 7 ~Germination rate W~ 
<. ,, '. /~~ ,, // Variety or line:/ ; / "Field Phytotron 

/4 Laxmi 90.0 76.7j B3981C-PN-165-2.1 93.02 i, 83.3, .. . TNAtJ (AD) 103 89.7 91.7 
;' ,:' ''+" . ' " : ,;IR25924-92-1-3 90.0 80.0 

. R50 88.3 85.0 
PND160.2-1 98.3 93.3 
RNR1429 98.7 95.0'uor 
 IF31779-19-3-3-2-2 95.0 96.7 

Mean over 68 entries 62.5 49.9 

I. ol moist heal inl 
Range 3.5-98.7 1.7-96.7ltcct,, teatitient breaking dornancv in ;3 SD (n --68) 25.3 24.3strongly* orniant rice culivars. IRRI, 1986. RH rclalixc


humidity, aEntrles tested: 68. 



GERMINATION RATE 

Sixty-eight varieties were raised during DS in the 
field and in the phytotron, and the harvested seeds 
were evaluated for germination ratc. Varieties 
showing consistently superior performance are 
indicated in Table 3. The germination rate showed 
a highly significant positive association with the 
rate "f)eniergencc in the soil (r = 0.641**). 
Association with protein content of the seed was 
nonsignificant, but : ssociations with P and 
K contents of the seed and dehydrogenase and 
a-aniylase activity were positive and significam. 
Preliminary studies also indicated a possible 
positive association of germination rate W th P and 
K contents of the secd,dehydrogenase ici*,and.
a-amvlase activity. 

PROGRAM 167SENF.IC EVAI Al ION ANI) UITIIIZATION ((GEFL;) 
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We made 3,154 crosses in 1986, grew F2 popula-
tions from 1,616 crosses, evaluated 128,837 
pedigree nursery rows, tested 905 breeding lines in 
replicated yield trials, and sent 83,471 seed packets 
of' IRRI breeding lines abroad 40,798 seed 
packets filled 385 seed requcsts, and 42,673 packets 
went through International Rice Testing Program 
(IRTP) nurseries. 

IRRIGATF 1) RI (E 

Plant Breeding Deartmnt 

Of the 690 crosses made for irrigated rice in 1986, 
368 \crc single crosses and 322 were multiple 
crosses. F,' populations from 329 cross'combina-
tions were grown, alnd 67,614"pedigree nursery 
rows were evaluated in replicated yield trials 
(RYTs). 

Thirty-fivc elite breeding lines were evaluated in 
the lowland rice performance trials conducted at 12 
sites by the Rice Varietal Improvement Group Af 
the Philippine Seed Board. More than 200 elite 
breeding lines were evaluated internationally in 
I1RTI1 nurseries. NIany other promising lilnes 
requested by collaboraitors were also evaluated by 
national rice imnprvenient programs. 

IRAI line,: .ap.'ed varieties. In 1980, 8 IRIRI 
breeding lines from thc irigated breeding programu 
were named varieties in 5 countric: , l)ringing to 155 
the number of IRRI breeding lines name(] as 
varieties worldwide. 

• 	1I1841-67-1-2 was released its F.npasc 104 in 
Brazil. This line is drought tolerant and has 
long, slender, aromatic grains, 

" 	IR4422-198-3-6-1 was released as IR4422 in 
Sierra Lcone. I his sturdy-stemmed selection 
has high yield potential and has also been 
released as a variety in l.iberia. 

* 	IR2058-78-1-2-3, released is IR46 in Nigeria, 
is tile same selection that Ias been released as 
IR46 in the Philippines, Indonesia. Brai!, the 
Ivory Coast, and Cameroon. 

6) IR4744-295-2-3. a high yieldingselection, was 
released as Ta. i iii ili Indonesia. It has 
excellent grain quality and gall inidge 
resistance. 

* 	 IR4570-83-3-3, released as i148 in Indonesia, 
was also released as 11(48 in the Philippines 

and as NN5B in Vietnam. This is a late
maturing variety with intermediate amylose 
content (AC) and excellent cooking quality. It 
does well under medium deep conditions of up 
to 50 cm water depth. 

0 	IR3941- 4 5-Plp-28, a cold-tolerant breeding 
line, was release(i as Himalaya 741 for cultiva
tion in the hi!! zone of' Himachal Pradesh, 
India. 

" 	1IR19728-9-3-2 was released as Pant Dhan 6 
for the broadcast-sown areas of the lower hill 
zone of Uttar Pradesh, India. 

* 	lIR28224-66-2 was released as a general 
purpose variety called PRI09 in Punjab, 
India. It is resistant to local isolates of 
bacterial blight (1313) and has field tolerance 
for whitebacked planthopper, the two most 
serious problems in the Punjab. 

Elite breeding lines. IPediwuee nurseries are 
thoroughly evaluated for disease and insect 
resist;inee anJ for graiin quality. Only enln jes with 
multiple resistaince and good grain quality are 
selected. Evalhnation for yield is done in replicated 
trials at IRRI during drv (1)S) and wet (WS) 
seasons. Selected entries are evaluated for N 
response at IR RI and three other stations in the 
IPhilippines: the Maligaya Rice Research and 
lraining ('enter in Mufioi., Nueva Fcija: tie Bicol 
Rice and Corn .xperiment Station. Pili, Cama
riics Suir; and the Visayas Rice E-xperinent 
Station, Iloilo. Elite breeding lines that perform 
well in these trials are nominated to the Lowlahid 
Rice Ierformance Trials of the Philippine Seed 
Board. Promising breeding liines being tested in 
these trials are listed in Table I along with their 
characteristics. 

During recent years we have developed many 
lines with long, slender, translucent grains having 
intermediate AC and intermediate gelatinization 
temperature (GT). These lines have superior grain 
qunality. Some of the promising ones ire iR3 1802
48-2-2-2, IR31868-64-2-3-3-3, 11(32429-47-3-2-2, 
11,32429-122-3-1-2. 1135366-40-3-3-2-2, 11(24594
204-1-3-2-6-2, IR 25604-99-1-3-2-2, and 11(29723
17 1-1-2-2. We have also selected some aromatic 
lines, the two best being lIR44699-21-1-3-4 and 
11(44699-26-3- -1. 

Several very early-maturing lincs with multiple 
resistance to diseases and insects and high yield 
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Table 1. Elite breeding lines for irrigated conditions and their characteristics. IRRI, 1986. 

a
 
Reaction to
 

Growth Amylose Gelatinization
 
Line duration content temperature BPH biotypes
 

(d) %) GLH 
BI BB RTVb GSV 1 2 3 

IR31802-48-2-2-2 105 22 1 3 1 5 3 3 3 5 3 
IR31868-64-2.3-3-3 110 22 1 1 1 5 3 3 3 7 3
 
IR32307-107-3-2.2 11-2 26 1 
 6 1 5 3 3 3 3 3
 
IR32429-47-3-2-2 105 24 1 1 1 
 5 3 3 3 3 3
 
IR32429-122-3-1-2 110 
 24 1 4 1 5- 3 3 3 3 3
 
IR35366-28 3.1-2-2 115 26 
 1 5 1 3 3 3 3 3 3
 
IR35366-90-3-2-1-2 115 26 1 7 1 
 3 3 3 3 3 3 
IR39357-133-3.2.2.2 110 26 1 1 1 7 3 3 3 7 3
 
IR41985-77-3-3.3 110 26 
 1 1 1 3 3 3 3 3 5
 
IR41985-111-3-2-2 105 21 1 
 1 5 3 3 3 3 3 9
 
IR41996.50.2-1-3 100 24 1 4 1 3 3
1 3 3 7
 
IR41996-163.2-1-2 110 27 1 1 1 3 1 3 3 3 3
 
IR42000-211-1 2-2-3 105 22 1 1 1 3 3 3 3 7 5
 
IR42015-83-3.2-2 107 25 L 5 I 3 
 5 3 7 3 3 
IR420,3-22.3-3-1-3 112 27 I 1 1 3 5 3 3 3 3
 
IR2560,1-99-1.3-2-2 130 23 
 I 8 1 3 3 3 3 3 3
 
IR28222-9.2.-2.2 130 25 L 4 1 3 
 3 3 3 3 3
 
IP28224-3-2-3-2 130 26 L 4 i 3 3 3 3 5 
 3 
IR28228-12-3-1-I-2 120 24 I 4 7 3 3 3 3 3 5
 
IR32453-20-3-2-2 133 25 L 4 7 
 3 3 3 3 3 5
 
IR33043-46-1-3 130 25 L 4 5 3 3 3 3 3 
 3 
IR34C86-!79- 1-2 1 135 22 L 6 1 3 3 3 3 3 3
 
IR37721-9-2-1-3 140 25 L 4 1 3 
 3 3 3 3 3
 
!R40720.72-12 140 25 L 4 1 3 3
5 3 3 3 

BI - Mhst, BB z,bacterial blight, RTV -- tungro, GSV grassy stunt, [3PI-= brown planthopper, GLI- = green leafhopper.

bata on RTV represent field reaction under epidemic conditions in Minda'ilo.
 

potential have been ide tified. The most promising quality, appropriate growth duration, and mode
are IR3 1802-48-2-2 -3, IR31868-641-2-3-3-3, rately high yielding plant type in addition to stress 
IR35366-90-3-2-.1-2, 11'32307-107-3-2, 1139357- tolerance. 
133-3-2-2-2, 1R4 19-85-7"1-3-3-3. 1R4 1985-111-3-2-2, Breeding operations ('lant Breeding). The 
IR41996-50-2-1-3, and IR42(00-21 1-1-2-2-3. breeding nurscries at IRRI were divided into 

Somc of the prcmising lines with medilun drought-prone and medium deepwater nurseries 
growth duration an(d multiple resistance to diseases for convenience of handling. The drought-prone
and insects are IR24224-3-2-3-2, IR28222-9-2-2-2, nurseries consisted of 91 F2populations and 25,459 
I1R28228-12-3-1-1-2, IR28228-28-1-3-3-2, IR32453- pedigree rows. The medium deepwater nurseries 
20-3-2-2, and I,33043-46-1-3. coi::Isted of 109 populationS and 13,910F2 

pedigree rows. Unreplicalcd observation trials with 
2,157 entries and RYTs with 113 entries were 

RAINFIDI) ILOWLANIl RI(F grown at I R RI and in farmers' field,. 

Plant lr'eding, ,i.roiom*r,Mtii/ihu Cl(roppnhg, As part of our collabor:ative work, over 5,000 
and Ijlant lyhsioo yr)epartents seed samples were sent to scientists in Bangladesh,

Burma, India, Kampuchea, Malaysia, Nepal, Sri 
As in previous years, the rainfed lowland rice Lanka, Thailand, and the West Indies. 
breeding program conccntrated on developing l)rought and submergence tolerance (Plant
improved germ plasm florareas where drought, Breeduing, Agronwom., an(d Plant I'hvsiologj').

submergence, and stagnant flooding are con- Drought is the major environmental stress in 
straints to rice production. Rainfed rices require rainfed lowland areas. Breeding lines are screened 
disease and insect resistance, acceptable grain for drought tolerance in DS nurseries and are 



172 IRRI ANNUAL. RIAi'ORT FOR 1986 

evaluated under drought-prone conditions in 
rainfed areas of the Philippines. Under rainfed 
lowland conditions, good recovery irom drought i,: 
essential. Several breeding lines showed good 
drought recovery and pcrlorned \a., n adrought-
prone farmer's field (Table 2). 

Cnsiderablc progress has been made in trans-
ferring tolerance for short-term flooding from 
traditional cultivars into improved lines. Some 
undesirable char:-cteristics of the traditional 
)::rents (red pericarp, stunted growth, long awns, 
etc.) were present in many of the earlier improved 
lines. By using these prebred lines in further 

eros,'.s, or by strong selection in multiple crosses 
with traditional parents, breeding lines with good 
phenotypic acceptability and a high level of sub
mergence tolerance have been developed (Table 3). 
Most of these are derived ultimately from FR13A 
or FR438, both of which have shown the most 
tolerance in screening at IRRI. 1R43459-18-2-3-3 is 
also moderately photoperiod sensitive. 

Medium deep conditions (Plant Breeding and 
Multiple Cropping). Sixty-four entries were 
evaluated in the medium deepwater yield trial in 
1985. Water depth was maintained at 30-40 cm 
from 3 wk after transplanting until harvest. Yield 

Table 2. Rainfed lowland breeding lii,_ that performed well ii' the drought-prone observation trial and showed good reco
very in the drought screening nurssry. IRRI, 1986. 

Line Parentage 

IR33355-39-1-1.3 IR52/IR46//IR61 15-1-1-1 
IR38499-CO-350.1.2-2 Composite cross 103IR42243.1 13-1 -3-2 I Ri13259-1 53-5 E.P2.2/l fl8234-OT-9-2//I R64
IR42243-68-2-3-. IR 13259-153-5 E-P2.2/I R8234-OT-9-2//I R64 
IR42243-92.1-3-1 IR 3259-153-5E-P2-2/IR8234-OT-9.2//IR64 
IR42265.38-6-4.3 M1hs,ur iiIR46//1IR9729.67.3 
IR43040-25.1-2-3 Leaung Yai 148/IR9129-209-2-2-2-1 

IR43522-91-3-3-2 KDML 105/IR19728-9-32-3.3//IR19660-73-4-2-2 

aFrom 1986 Agronomy Deportment 

Growth Drought
duration rouerht

(r__ recoveryOC) 

120 3 
130 3125 3
 
125 1
 
125 3
 
115 3
 
135 3
 

130 b 
3 

screennq. DroLfqlht recovery scores range from 1 (90-100% plants recovered) to 9(0-19% recovery). Average scores for the checks wore 4 for tolerant IR442, 3 for tolerant Selumplklt, 7 for susceptibleIRAT9, and 5 for susceptible IR20. hweakly photoperlod sensitive. 

Table 3. Raint'd lowland breeding lines with submergence tolerance and good phenotypic acceptability. IRRI, 1986. 

Variety or line Parentage 

IR40931-33-1.3-2 BKNFR76106-16-0-1.0/ 

IR19661-131-1-2 
IR42205-33-1-3-3.2 IR4215-301-2-2-6/IR 19382-42-

3-3-2//B K N FR 76106-16-0-1-0
R43459-18-2.33 IR8234-OT-9-2/BKNF R76106. 

13-2//IR 13540-56-3-2-1
 
IR43494-15-1-2-3 NSPT/BKNFR76106.13.2// 


IR 13540-56-3-2-1 
IR435...-39-2-1-2 ;R 3423-10-2-3/FR43B// 

MTU7029/IR 19728-9-3-2-3-3 
IR43559-137-1-3-4 IR 13423-10-2-3/FR43B// 

MTU7029/I R 19728-9-3-2-3-3 
IR46292-24-2.2-1 Chenab 64-117/IR60// 

IR12540-56-3-2-1 
IR42 (che-k) 
IR46 (chec;,) 

Source of tolerance 
Tolerance score a 

Growth 
duration 

Plant 
height 

Mean Observations (d) (cm) 
(no.) 

FR13A 1.8 5 130 110 

FR13A 2.2 5 135 100 
FR3P, Nam Sagui 19 1.0 4 150 90 

FR13A 2.3 3 130 90 

FR43B 1.7 6 135 100 

FR43B 3.0 6 120 90 

Chenab 64-117 2.3 3 130 100 

8.5 336 135 105 
8.0 31 125 110 

aSubmergr.nce score from Plant Physiolo ,y Department Is based on survival where 1 = 
same % survival as the tolerant checkFR 13A, and 9 . all plants dead. Mean scores Include values from earlier generations In the pedigree nursery. 

http:R43459-18-2.33
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levels were much higher than in previous years Entries at both sites were subjected to several short
(Table 4). Many entries outyielded the check term flash floods and prolonged stagnant flooding
varieties. Several breeding lines have been among of 50-70 cm. Several impro,ed lines showed good
the highest vielders in 3 conseCLhiVe years (e.g., survival and phenotypic acceptability at both sites 
IR24705-11-3-2-3-3, lIZI3149-71-3-2-3, 11,26760- (Table 5). Not all of them were submergence
27-1-3-2-1). The two highest yielding lines were tolerant in screening at IIR I, but the lines with
derived from a cross rmadc in Indonesia (B4259) I'iilicr subinergence tolerance scores tended to
and selected at IR RI.- 1138699-49-3-1-2 is a have better snrvival in the field. IR43559-25-f-3-2 
photoperiod-.sensitive line that iowers in late was tolerant both i) Iile screening tanks and in the 
October. field. 

In 1986, 271 IhiCS werC evaluated nuader mCdiiiin 1'hotoperiod sensitivity (Plant Breeding). A
deepwater conditions in an observation trial at major objective of tile breeding program is to
IRRI and in a f'armor's field in Bay, lagtna. develop breeding lines with intermediate height, 

Table 4. Highest yielding entries and chocks in the medium deopwater viold trial. IRR1, 1985-86. 

Growth Plant 
Variety or line Parentage Yield dro ti heigt

Wh)duration height 

It/ha) (d) (cm) 
B4259-48-1-1-3 IR46/IR4422-98-3-6-1 4.9 142 136B4259.39.2-3 IR46/IR4422-98-3-6.1 4.6 134 133IR24705-11-3-2-3-3 CSR 1/IR52//IR565 7-33-2 4.5 138 123IR13149-71-3-2-3 BG90-2/IR46//IR4417-177.1.4 4.4 134IR41389-20-1-5 RP975-109-2/IR19058-107-1 

117 
4.3 139 149IR2576C.76-.2.1.2-3 Jaganath/IR2797-105-2-2-3//IR48 4.3 134 127IR26760-27-1-3.2-1 Jaganath/1R2797-105-22.3//IR48 4.2 143 126
IR 13149-3-2-2-P1 B3G90-2/lR4r//lR 4417-177-1-4 121
4.1 136

IR38699-49-3-1-2 GEB24/IR 13146-179 4.0 136 115IR48 (check) 3.5 133 128IR42 (check) 3.2 130 110Pankaj (check) 2.9 130 130
IR54 (check) 2.7 122 108Mahsuri (check) 1.3 138 1EI
 

Mean 3.1 131 124LSD (.05) 0.9 5 9
 

Table 5. Rainfed lowland breeding lines showing good survival and phenotypic acceptability under medium deep and 
shallow water conditions. IRRI, 1986. 

Line Growth Plant SubmergenceParentge duration height S olerancea 
(d (cml) 

IR21178-43-1-2.2-2 CR 146-7055-225/IR2061-465-1-5//IR52 140 130

IR25077-KKN-38-'MI-2.1 BT77G-KN-10-3-1/IR4570-74-2.2-3-3 125 105 

9
9
IR31238-474-3-Pl IH 54/KLG6986-161-7//lR48 
 135 130 7IR41111-13-1-1-2 IR54/IR 14632-22-3 140 120 9IR41111-24-2-1-3 IR54/IR 14632-22-. 140 115 9IR43559-25-5-3.2 IR 13423-10-2-3/F t:n43I/M-U/0,'9/ 135 105 2 

IR19728-9-3-2.3-3IR43559-39-2 6-3 IR 13423-10-2-3/FH43B//MTU7029/ 135 90 7 
IR 19728-9-3-2-3.3

1"43582-176-3-2.2 Patnai 2:1/IR9884-54-3//I52/ Sensitive 115 8 
IR6402-CT-/-O-0

IR46343-26.2.3 Nang Quot/1117525-114-2-11// 140 105 9 
IR21837-81-3-3-1 

aAverage scor' . I'o - Plant Physiology Doparntiennt, iRRI. 
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moderately high yield, and strong photoperiod able characteristics (Table 6). These lines flower in 
sensitivity. More emphasis has been placed on lines October, regardless of the seeding date, it seeded 
that flower in October, which should be suitable before mid-July. Progress on developing lines with 
for many rainfed areas. Several improved lines later flowering dates has been slow, since only one 
combine photoporiod sensitivity with other desir- generation in a year can bhgrown. 

Table 6. Photoperiod-sonsitive lines with improved plant typo and good phenotypic acceptability. IRR I, 1986. 

Reaction toa

Line Parntage Flowering period .......... ... . Commentsb
 

BB BPH GLH 

1 2 3 

IR38699-33-5-1.3.1 GEB24/IR13146-179 Late Oct R R S R S Medium deep

IR38699-49.3-1.2 GEB24/IR13146-179 Late Oct R R S R R 
 Medium deep

IR41183-57-5.2.1 KDML 65 G1U-45/IR17494-32-3-1-1-3 
 Late Oct R H R R S Bph 3 pene, 

aromaticIR43511-150-2-2.5 Patnai 23/IR19735-5-2-3-2// Early Oct R MR R R Medium deep, 
IR18272-27.3-1 intermediate AC

IR43522-37-3-3-3 KDML 105/IR19728-9-3-2-3-3// Mid-Oct R R R R R 
IR 19660-73-4-2-2
 

IR43559.121-3-3.1 IR13423-10-2-3/FR43B//MTU7029/ 
 Mid-Oct R R R R R Moderate submer
I1R19728-9-3-2-3-3 gence tolerance 

IR43568-14-1.1-2 KDML 105/1 /812-4-5-5// Mid.Oct R R R R R Aromatic 
KDML 105/IR19735-5-2-3-2-1 

abased on averagje scores for resistance from the Plant Pathology and Entorr ;ogy Departments, I RRI. R resistant, M 
moderately resistant, S sujscuptile. bAC : amyloste content. 

Table 7. Grain yield, days to flowering, and plant height of top yielding entries and local checks in the rainfed lowland rice 
yield nursery for drought-prone areas. Solana, Cagilyan, Philippines, 1985 IiS. 

StratuM 1 5, "um 2
 
.. ... .. ...... .. ..... ... ...... . .. ..... .. . .. M ean yie ld
 

Variety or line Days to Plant Yield 
 Days to Plant Yield (t/ha) 
flowering a 

height t/ha) floweringa height t/ha) across strata 
(DAS) c IDAS) (cm 

IR19319-1-2-1-1.2 144 82 2.8 132 68 1.7 2.3
IR28526-44-1-1 121 107 2.8 132 92 2,0 2.4 
IR33238-25-2.3.2 114 97 21L 125 1.777 2.3
1R 19431-72-2 107 87 2.8 128 74 1.4 2.1
 
IR 19319-3.3-2.1 117 
 91 2.8 132 75 1.4 2 1
 
!R21188-87-3-3-2-2 107 81 2.7 
 143 69 1.2 2.0
 
IR21567-9-2-3-1-3 107 76 2.3 125 
 72 1.3 2.0 
IR21567-9-2-2-2-1 104 74 2.6 114 73 1.6 2.1
 
IR33383-9-5-2-1 107 
 87 2.6 132 66 0.8 1.7 
IR29341-85-3-1-3 114 90 2.4 128 72 1.5 2.0
 
IR13146-13-3-3 107 84 2.4 125 
 11 1.2 1.8
 
1R 13146-45-2-3 117 94 2.3 128 79 1.5 
 1.9 
IR19672-140-2-3-2.2 114 86 2.3 139 1.069 1.7
 
IR21567-18-3 107 77 2.3 
 121 70 1.1 1.7 
IR37138-24-1-2-3 114 87 2.3 132 71 1.0 1.7 
IR46 (check) 104 73 2.1 107 67 1.4 1.8 
Wagwag Saigon (check) 143 132 1.7 144 101 1,9 1.8 
Wagwag Fino (check) 143 11f 1.4 157 97 1.2 1.3 

LSD (.05) 0.64 0.60 
(.01) 0.86 0.80
 

CV (yield) 16.57 
 27.88 

aNumber of days after sowing. 



- -

GENITc EVAI.t AflON ANI) tTIIIZAI ION (GEU) PROGRAM 175 

Thai-iRRl collaborative breeding projec:t (Plant TPdote FIowring Maturity
 

Breeding). Collaborative breeding nurseries were Test culti ar
 

grown for the fourth consecutive year at six ,mfoll (mm)
 
research stations in northeast Thailand. Plants toci
 
selected from all stations totaled 1,073 from F, 810 j Stmm
 
populations and 943 from the pedigree nuirseries. o30 I
 
/\n ob.s.;rvaition imti-scry o~f' 106 advanced lilh' ies 40grown at each station, and promising lines wCc ,r- L -1 

identified for fuirt her testing. 0 ILL J. 14 .
 

Adaptation to drought- and submergence-prone Wutetotie deptl(cm
 

rainfed lowland con(litions (Muldple (Cropingf). '-- -- - - ---
Cultivar evaluatioll rseirch ws CondtlctCd ill t cm.
 

difficult rainfed lowland arca in Cagayan Valley to 40Kcm
 
identify genelic inatciafs adaipted Ito
Clil lltnts 

with severe hydroflogical strcsses. testing sites were -1,o ....... t
 
located in1 three Strlita of aitoposCqucic o)f orily trilaI(cm) 

unfavorable rain lowl;vand rice: drought-prone H -f Sfztu/,n

(stratum I), drotght- and subrrcrgercC-prtoe GO 
(str.ttui 2), antdul subnrg.nce-prone (stratui 3). 40
 
Yield IurIser-ies of' pr1oinilsilines wereC
Ncompse -(Ill)Cj 

specifically for these stress evivronl..nts ard tested ()f,'j , 1,, 
during 1985 WS. Wolur ruble depth (cm) 

Ilydrological 1it1nitoring revealed that the Hf) 

Ifior physical SteY's vimrrcd illll g the sites 6o 

(Fig. I). stlatul I had tVo Shirl periods of' waler 

deficit. The free water level declined ito50 eir for 
several davs. In strita 2 and 3,tilelevel renained -?-0 
above the soil surfa.ice drririg tilr entire ,easoln.wit Ih -0 f 
consCLltIlnt water sltigratiol. 1n tihe second week o-, 

of l)ecern her tire level declired rapidly ill 800-- ..
 

Stli-attlnl I. IllriratllUrn 2,the decline was gradural Do17 rainfall (cm)
 
front the second wck of l)ecember to the first e100
 
week of .Jartary. lhi decline did not begin uLiil HO0 5Itlum 3
 

the second week ol Jla.llry instratllrn 3,Illhough 60o 

Yields of[tire best iriproVCd curltivairs coLrpiOsirIg 20 _ 

the d roLghlt-prorrC arCirs nulr'ery exce dttirise 01 0 
the well-adapted local checks by irs Itlch asI OX (th W/jte, (10)10 Table 

in stratuni I (Table 7)ard yielded like the local 0 
checks in stratun 2. The best enries in tire 6 
drought- and silbrnCrgCrCC-prIne yield trial oit- 10 
yielded the local cIeck by 30-10"1 in strata 2 and 3 2_
(Table 8). 0 

Yields werel~ positively crrelaited with days to -20 
flowering at 'dlsites (Fig. 2), suggesting that strong -40 
selection pressure f'or latc-iratiufring genotypes 
(greater than 130 (1) exists in drought- and -60 _1__1__ I-n r-Sep
sulbmecrgence, prorre aid sulbrrrergenee-prorret enl- t. Rainlnl and wai table hydrograltrs o 3 st-lat ina tainfed 

stbnrec-rn sbegtc-rn DC I Nov Doc Jon 

vironrenrs; and for ned in-rnaturing getlotypes Ilarid ricC-glwinrg tIuteq utnCC.Sorhrna, _igayln, Philip
(120-139) d) in drought-prone environments. pines, 1985 WS. I - transplanting. 
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Table 8. Grain yield, days to flowering, and plant height of top entries and local chocks in the rainfed lowland rice yieldnursery for submergence.prone areas. Solana, Cagayan, Philippines, 1985 WS. 

Straturn 2
Variety or line Stratum 3
 
Mean yieldDaysto Plant Yiel d ays to Plant Yield It/ha)

flowering height (It/ha) flow reig height (t/ha) across strata 
(DAS) (cm) 

IR28930-5T 150 88 1.6 

IR29012-4-1-3 150 
 76 1.6 

IR35649.7-3-2.3 150 68 
 1.2 

IR26721-135-2.6-1-3 127 
 75 1.1 

IR3234-OT-9-2 150 70 1.1 

IR28905-4-1-1 150 65 1.1 

IR37105-3-1-3 
 121 
 65 1.0 
CN50-5-3-2 131 58 
 1.0 
IR26707.256-2-2 135 62 1.0 

IR35875-8-3.3-4 150 80 
 0.9 

lR21313-36-2-2.3 142 71 0.9 

IR26708-2-2-3-1-04 150 
 69 0.9 
BKNFR76026-29-2.1-3 142 67 0.8 

IR37119-4-3.2-3 127 65 0.8 

IR33126-77.3-1 150 103 0.7 

Wagwag Fino (check) 156 87 
 0.8 
KDMLI05 (check) 
 121 69 0.3 


LSD (.05) 0.59 
(.01) 
 0.80 

CV (yield) 34.67 


U'PL.AND RI'I 

International Rice (iermplasnt Centerand PIlit 

Brccding, Plant iathohlv, Agronomy,an 

Afuli/he Croqping l)e7artments 

Breeding operations (Internatimal Rice Germ-
plasm ('enter). We continued our efforts to 
recombine the extensive root system and stable 
yield of tlie traditional upland varieties with the 
recovery ability and improved yield potential of 
irrigated ecotypes. The deep-and-t hick rool system 
has been recognized as the principal mechanism 
of drought avoidance. ()thcr major breeding 
objectives were adaptations to a wide nc ofo 
environlments, especially acid soil, low F 'upply, 
blast (IMl) incidence, and high weed infesta~ion. 

We also continued to generate crosses with 
collaborating national centers in drougpht-prone 

areas in I[nlia, Senegal, Zanzibar, Mexico, and 

IThailamd, and with the West Africa Rice I)cvcl-

opment Association (WARI)A). In 1986, 226 

single crosses, multiple crosses, and backcrosses 
were made. (I these, 1,48 werc imadel for the 
naionai (India, 51, Senegal, 26; Zanzibar, 24; 

(DAS) (cm) 

147 89 
 1.3 1.5
 
151 74 
 1.3 1.5
 
151 13 1.4 1.3
 
94 71 1.4 1.3
 
151 69 
 1.0 1.1 
143 73 0.8 1.0
 
126 60 
 0.7 0.9
 
136 63 1.2 1.1
 
130 
 55 0.4 0.7
 
151 81 0.8 0.9
 
136 68 0.9 0.9
 
147 73 0.9 
 0.9
 
143 68 1.0 0.9
 
136 59 0.7 0.8
 
151 101 0.5 0.6
 
157 93 1.2 1.0
 
122 67 0.2 0.3
 

0.57 
0.43 

27.56 

Mexico, 37; Thailand, 3) and regional (WARDA, 

7) ccrn. :s. 
1D, !- the year, 281) F bulk populations were 

grown to le carried up to the [4. In DS, 158 [4 and 
1F'. grown in a dry seedbedbulk populations were 
and selected for deep-and-thick roots prior to 
transplanting. At maturity, 1,424 plants were 
selected itshaving desirable traits intermediate 
height, long and wcll-cxserted panicles, heavy 
graiins, nonshattcring characteristic, moderate 
tillering, and frcedom Irlm diseases and grain 
discoloration and were grown in atfarmer's field 
durirng WS. Moderate infection of leaf IIl allowed 
us to select 2,707 plants that were resistant and also 
had outstanding agron)omic traits. 

Replicated yield trials (International Rice 
Gernl~dasm ('tter). )uring WS, 95 upland 
breeding lines, 3 imlprovcd varieties, and 2 tradi
tional ulpland varieties were grown at 3 sites: a 
farmer's field inSanto Tonmas, tBatangas; on the 
IRRI upland experimental farm; and in an acid 
ul)and soil in ('avinti, Laguna. Rains were 
fre;quent, and total precipitation was about 30% 
higher than in previous seasons at all sites. 
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Days to flowering 

2. I)ays to lhwerig intt grain i t ci tricsichlelationshil 
teol ol 1i a ill fillainted l)wl iiced toposCqluLeICe.O thcc siai 

Sotlna, Cguya, Ptitippins, 95 WS. 

However, a 3-wk dry spell just afte-r seeding at the 
Batangas site cause(] poor emergence and missing 
hills. 

Despite poor emergence in the farmer's field, the 
yields were average, 1.0-3.7 t/ ha. A'out 40% ofthe 
bicding lines outperformed the check varieies. 
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The top yielders were 1R26957-86-2, 1R 12721-5-1
1-3, and IR13754-6-3 (Table 9). These lines 
generally mature 3-5 d later than the popular 
farmer's variety Kinandang Patong (maturity 
130 d after seeding), and have intermediate plant 

higher panicle numbcr, and a weed
competitive plant type (horizontal or droopy lower 
leaves and erect upper leaves). The grains have 

AC. and low GT. The lines are 
generally resistant to 1IIand BB races I and 2. The 
11RI3754 lines are tolerant of Al toxicity.

[lie yields at IRRI ranged from 0.9 to 3.5 t iha. 

.The1IR13754 lines were again superior (3.1
3.5 t /ha) to other lines and were slightly better than 
or equal to the best check variety, UPIRi-7 

(3.2 t / ha) (Fable 10). [hIe seidwairf cheek, IR43, 
yielded only 2.9 t/ha. Kinandang lPatong yielded 
0.9 t,'ha beausc of severe 13Band lodging. All 
entries matured 10 (1earlier on the IRRI farm than 
in Blatangas. IRI13754-6-3 and 1R26957-80-2 were 
again among the top vieldcrs.

In the acid uplan soil in Cavinti, the yields of 
40 entries ranged from 0.6 to 1.9 tiha (Table II). 

of the best performers at this site were the 
I13754 and IR29429 lines and I126957-86-2. 

ost of the entries matured early (115-125 d). 
Check variety IR43 matured in 130 d. At this site, 
40 kg I' ha was added, which could account for the 
higher yields ( 1.2- 1.0 t,, ia)of the improved chck 

vwarietis ( R43, IJPI.Ri-5. and I PlRi-7) than the 
0.2-0.6 t/ha in tle 1985 crop scaso, when only 

20 kg! ha was used. Kinandang Patong, however, 
was seriously affected by both leaf BI and brown 
spot. The additional IPdid not boost its average(0.0 t /1ha) under acid upland conditions. On 

the other hand, the inproved lines were generally 
more resistant tohII and brown spot. 

The three I129429 lines from the cross Khao 
Nlho/I R11248-13-2-3 also have the plant ideotype
(horizontal lower leaves and erect tipper leaves)
that competes more effectively with weeds. They 

have intermediate AC and low GT. One line, 
IR29429-13-3-13-1-4, is tolerant of Al toxicity. 

Coiizidering the performance across the 3 sites, 
I I lines showed high, stable yield. Among them, 
IZ13754-6-3, IR26957-86-2, and IR26958-34-2 

were the most stable. These lines performed well in 
.the 1985 WS observational yield trial (OYT) when 
prolonged drought occurred in rnidseason. 
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IR 13754-6-3, coming from IR3880-10/1 R2823-
179-5-4, also performed well (2.8-4.2 t/ha) in the 
Agronomy Department OYTs in Batangas.

We are thus making good progress in fulfilling
the recently added breeding ohicctives of adapta-
tion to acid and P-deficient soils, and weed 
competitiveness..'\ithough we had enmphasized

drought resistance under favorable soil fertility, the 

progenies have performed well uinder un'ftvorable
en\ ironurents because plos to Hltci have parents

from ,African varl ries such as ()S4, I AC23, and 

1425 and from Asian traditional upland parents,
which are adapted to acid Soils. Resistance to III is 
IIidobtcdlV carTied oer fro1ii1 the traditi natI 
varieties. 

Evaluat:-t,! of uplhnd germ plasm (tV/ht
Breedi,). ( ~eiiplasir creenig and evaluation 
during I1986 WVS were at two sites: at IP.RPI under 
favorable eonditiOn (10d ,sil arid low HI 
pressure), where inltorirration \.as obtained on 
vicld potential: and at MafiipOn, ('avinti, I aguna.under very advelse conditions with vcry porl, 
acidic soil (p l  4) and se\cre Iol pressure. I he best
material, are listed in f abh 12. 

Under Very poor0 acidic 0ilk with hi 111 
pressure: 

* 	No group I (indicar elltly ,howcd goad 
phenotypic accept lahlity. I i lrticrin ie, all
entries Iran) this group \CrC \'Ciy susceptibl, 
to I except (arfeori. V,htich showed solic 
degree ot tolerancC, 

" Foul ltC ol p 1 (MIS) \V e\ ' promising, but ICCd lurther e aluation to
check titir HI resistancu. 

* Somegroup VI (japoirica cuLeti A/Ieia,

( logo (hndil. I.A(j23. IRAl 104, IR.A ['2M, 

and several very turly ('NA 
 lines trom 11r1,iil 

were fai superior to the other ct riCs. 
Under good soils without 131: 
* The group I (indica) citries were OltStiruting 

for their daily productivity. 
o 	 'he gifoup 11 (airs) entries wefe acceptable, 


particularl\y Aus 19, which 
 cxliihued seryVCrosses
high daily productivity, 

* 	 [Ihe group VI (japonica) entries merit strong 

attention, ifinpfroved, for their excellent plant 

type. 


Compared with the check, these top entries have 
a much higher yield potential, and most are shorter 
in duration. 

lhe Korean and .1apanese entries (all group VI)
showed some I31,but their prod uctivity Under very 
sere environmental constraints was very high. As 

they are short-strawed and show very good 
response to low N inputs, they arc o, potential use 
for adverse upland conditions. 

Upland japonicas, either traditional or ira
proved, are clearly the best materials for adverse 
upland conditions, based on the evaluation of 
more than 5,000 accessions during ihe past 3 yr.
Most have been discarded because of lack of 
promising traits e.g., poor yield potential --
Under severe constraints Illost v acid soil, high
IH pressure, and diseases. thesheath Of [14
germplasn entries that were kept, more than 80% 
are.japonicas (group VI). All these entries have a 
growth duration shorter than that of check variety 
I 	PLRi-5. The field gerniplasm will be maintainedtinder adverse conditions to determine tolerance 
for dis. ,'-s and pests. 

The upland japonicas, both tropical and tenip
crate, have plant structures suited to high yield
potetial (temperate) and adaptation to adverse 
environments (tropical). Their physiological 
meCI, an is Is.fre.LuCnt ly combined with excellent
adaptive characters, are very efficient in terms of 
nutrient uptake. Their tillering ability is moderate, 
never high, this is an excellent trait because, mosl 
freq uently, they do not develop nonproductive

tillers. In-depth studies Of the nmechaisms of

inheritance of all these useful traits are needed.
 

Evalu'ation of progenies
hybrid (t'lamt
Breeding). Seven hundred sixty-nine progenies 
were stutldied over3 yr, 267(35%) F5 to F8 of which 
were uinder sttIdy at the end of 1986. The frequency
of progenies having at least one parent belonging 
to a given group is as follows: group I (indica), 129 
(48,%) group II (aus), 48 (18%) anId group VI 
(japonica), 227 (84%). 

with a group II cutry were less promising
thin crosses with grotip I aird group VI entries,
since most of the F2 progenies of a group II entry 
were too lodging-stisceptible and possessed poor 
plant or paricle type. 
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Table 12. Top germplasm entries foi adverse uplind conditions. IRRI, 1986. 

Seed-to-seed 	 Mahipona IRRIb
 
duration Variety or li-ie 
 Variety or line 

(d) 	 EVV LBI NBI PAcp SD L, STO YPD 

Less than 95 	 CNA4 102 1 1 1 CNA4102 3 5 3 38 
CNA4127 1 1 3 1 CNA4124 3 7 1 32 
CNP-4;28 1 5 1 1 CNA4127 3 7 3 51 
CNA4136 3 1 1 1 CNA4136 1 5 2 37 
IAC165 3 3 1 3 CNA4196 1 7 3 32 

95-105 63-83 (A) 3 1 1 1 63-83 (A) -3 3 3 33 
ARC7046c 1 1 1 5 Aus ,96c 1 7 2 58 
Aus 196 c 

1 I 3 1 Aus 454( 1 7 1 31 
Aus 454 c 

1 1 1 1 CNA4143 3 1 4 37 
CNA4146 3 3 1 1 CNA,:146 3 1 4 31 
CNA474 1 3 1 1 CNA5166 3 1 2 31 
IRAT115 3 1 1 1 IRAT144 3 i 4 31 
IRAT288 1 1 1 1 Surjamukhic 1 1 1 31 
IRAT291 1 1 1 1 
Jaeraeryukdo 3 3 5 1 
Sup iarnukh:' 1 1 1 1 
Yongdalichalbyeo I 1 3 1 

106 119 	 Azucena (E) 3 1 1 1 Azuc-ena (B) 3 1 1 38 
Azucena (C) 3 1 1 1 Aiucena (C) 3 1 1 36 
CNA 108-8-42-24-2B 3 1 1 1 B3622.TB-14-2d 3 1 7 52 
E425 (B) 3 '1 G 3 B3622-TB-14-4d 3 1 4 38 
GS529 i - - 3 B3623G-TB-45d 3 1 4 39 
IRAT104 (A) 3 1 1 1 B3623G-TB.46d 3 1 3 41 
IRAT104 (C) 3 1 1 1 bolibod naltural S 1 7 44 
IRAT104 (E) 3 1 1 1 B'q3 19- 1 d 7 3 5 41 
IRAT110 3 1 5 1 Dinorado (A, 1 3 7 39 
ITA 130 1 1 1 1 GH305d 5 3 3 59 
ITA173 1 1 3 1 1R 12979-24-1d 3 3 3 61 
Lung Sheng No. 1 1 1 5 1 ITA235 3 3 3 39 
Milyang 26 1 1 1 1 
Rikuto Norin 24 1 5 8 1
 
Saitad 4 1 1 1
 

.20-130 Gogo Gudil 3 1 1 1 C171-136d 4 1 5 44 
LAC23 (D) 1 1 1 1 Palaian (A) 1 I 1 36 
Moroherekan A] 3 1 3 Palawan (C) 3 1 1 35 
Paiawan (A) 1 1 1 3 P2030-F4-2 5- 3 5 1 41
 
Palawan (C) 3 3 3 1 1B-1B1d 

UPL.Ri-5 (A)d 3 i 1 42 
UPLRi-5 (B 1d 3 1 1 40 
UPLHi-7 (B)d 3 1 1 43 

Kinandang Patong 3 3 5 7 3 6 	 ' 20 
(l'heck)
 

IaEVV early 	vgetatwe igor, LB eaf blast, NBI neck blart, lAcrp = plienotypic accepti)ility (overall agronornic 

characters). hSD r shcath Aisease susceptiihlt LR = lodging resistance, Si 3 stern b3rer re.istance, YPD= yield per dy
In kg. CGrot.; II dL,S) entry dGroup I (indica) entry. 

Most of the crosses With grl-, ;I I entries recombiting the needed traits f'or the uplands from 
exhibited F,-F: stility. Howev,.r. suhmittjing tle ,wo groups willimeril special etten,.ion. From 
them to anl approach iiffterrIt Itomll inira-groto 011'r 11OS1 rcccnt Cvaluation,, few group II entries 
crossing f::.vorcd the selection of severa, very have been selected as .'cry pomising for fuLture 
promising F4-F7 proL'nles. crosses. 

MaJor emphasis will be ci', en to intra-group Vi Th" fertility of intra- and irtcr-gro, ip crosses was 
crosses, while groutp Vligroup I crosss for about the same. indicating that group VI/grotIp I 
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(japonicai indica) crosses, when car-fully selected, 
recover th-ir fertility, even at the F 4 stage. There is 
therefore no reason to reiect such crosses, which 
can show very proirising recombinations from 
bo!h parents for the major clhJr rctcrs required for 
upland cultivation. 

Evaluation of advanced-generation progenies 
(Plant Breeding). The total percentage of progenis 
with a group VI entry as one parent was 88(". 
showing wide use of this .in-tu for breeding for 
adverse environnie',,i. Pro1genies wit group I and 
group II as female paront; are becoming les.,numerous with the of ;cy tudie 

The 350 F"-Fs single plantselectionsand bulked 
progenies were evalualted at 1 RI and Miahipon 
during 1986 WS. 

IRRI. Screcnir;g at 30 and 90 kg N ha ;o I R RI 
produced the restlts shown in Table 13. ighr 
crosses with 26 progenies were re:;porrsiVc to hig 
N, and 10 with 76 progenies were responsive to lo\ 
N. Of the total 102 progenies, 4 were longer ' 
duration tha o the check 2 were riom lhe iiigh 
N-responsixe and 2 from the low N-responsiwe 

Tabt3 13. P rmising progenies3 at the IRRI site, 1986 WS, 

Cross Parentsb 

progenies. Nine entries yielded about twice as 
much as the check under both 30 or 90 kg N/ha, 
and 2 yielded higher than IJPlRi-5, mostly under 
low N. NIost were morr drought- and BlI-tolerant 
than tie check. 

All these entries were very promising trier 
irntCrneldiate uplMd onviroirnents. 

,lahipon. /hlijppiic.. Of' 310 F7 progenies, 50 
were fouad very promisirUC for their adaptability 
under very acidic soils and lca.:y 131at Mahipon. 
Mot were from group VI/'group VI crosses, 
especially IRAI 104 Palawan, but several groupVI graiz I progenies, such s 1TA235/U PLP,i-7, 

we c aso profnising elesame entry was 
not always promisinr at both IRII and Mahipon, 
hilt a few, Most frequent ly tron tire IRAT104/ 
lt lawain cross, wer. . 

Mutation breeding (Pluin Breeling). N~nety
to\ ,. NI progenies were studied. lhev were from 
INe traditional cultivars: Salurupikit (group 1), 52 
N1 lines; Dinorado (group VI), 28; Azucena 
(group VI), 8; Speaker (group VI), 2: and Kinan
darig Patong (group VI), 2. 

Yield (mean %) ovtr Mean seed-to 
Progenies the check seed duration 

(no.) (d) 
30 N 90 N 

Ptoge.ies responsive to high N ratos 
IR47682 IRAT13/UPLRi-/ 1 170 260 100 
R47686 IRA T 104/PKalawat, 16 158 260 107 
IR47691 IRA T140/P;.",,at? 4 128 223 110 
IR47701 ITA235/UPLni-7 1 110 pz0 10510R47699 ITA 235/Palawan 1 110 "20 113 
l.'147719 IRAT117/RAT177 1 120 150 114 
IR47722 IRA r177/Apula 1 120 150 114
 
1 47687 IRA T 1041/'Saltu ik it 1 150 219 111 
.J nandang Patong (chock) 10) 100 113 

Progortiesresponsive to low N rates
 
047682 IRA T 13/U P LR 1-7 
 1 220 246 99 
IR47686 iRA T 104 /Patowi1 37 192 194 108 
IR47690 IRA T 140/Kirandaing Patong 2 155 150 
IR47691 IRA T140/P:ilawan 13 137 166 108 
IR47697 ITA235!IH9669 selection 1 120 210 113 
IR47698 ITA225i/Kiliadaqn Paton 3 123 160 105 
1R47699 ITA235/Plawa,,1 9 126 152 108 
IR477?8 IRA T 12/Papayo 1 150 140 114 
IA47701 /TA235/UPLRi 7 8 139 120 103 
IR47687 IRA T04/Salumpikit 1 180 200 125 
Kinandanq Patong (check) toU 100 113 

....... p.b
 
Group Vi (japonica) entrie, arn iialicizod. UPLRi.5: Days to maturity: 124, Mean plot yield: 90 kg N/ha 
 1.7 t/ha, 30 

kg N/ha - 1.8 t/ha. 

110 
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All the mutants were shorter than their parents. 
Some showed higher tillering ability and shorter 
panicles, but similar seed-to-seed duration. 

Screening for adverse conditions ( Plant 
Pathology, Phat Breeding, Atgronottiv,. andM. 'same 

Multi!'h, CrorI'ninv). Blast (Plant Pathologv antd 
Plant Breeding). One hundred sixteen entries were 
screened at Mahipon under severe III infestation iR5 
1986 WS. The results are given in Table 14. 

One entry, Carreon, from the 12group I indica) 
entries, showed no symptoms; 95% of the group VI 

(japonica) entries also showed no symptoms. Even 
if several of the group VI entries possessed vertical 
resistance, it is i0ghly probable that most possess 


very good durable horizontal resistance (for 
example, IRATI04, IRATI3, and OS6). 

Entries from group II (jas) showed no neck II. 
These were the only 4 out of about 150 group H1 
entries that had been kept after 2 yr of evaluatiorn 
and screening for 1I tolerance. Thev may show the 
same vertica! or horizontal mechanisms as the 
other group VI entries. 

Drought resistance (Agrononir and Plant 
Breeding).Two hundred seventy F4 progenies xere 
screened at IRRI for drought tolerance duriiig 
1986 DS. The top F., progenies are given inl 
Table 15. Forty-eight (I8( ) showed a drought 
recovery score of 3 or less and at least I drouight 
resistance scoring equal to or better than the check 
Salunipikit, a group I (indica) traditional entry 
from the Philippines. 

Except for two entries, allwere from intra-group 
VI crosses, including an improved and a traditional 
variety. IRAT104, Palawan. and Kinandang 
Patong are well known for showing very good 
drought tolerance, 

Table 15. Top F4 progenies in drought resistance screen
ing. IRRI, 1986 DS. 

Scored
 

Lines entries 

Line Crossa (no.) under the 

designation 

(%
 

IR47682 IRAT13/UPLRi-7, 1 50 

IR47683 IRATi04/Dinorado 1 100 

IR47684 IRA T1O4/Kintndang 2 100 

Parong
 
!R47686 IRA T104/Pawian 25 24 
IR47690 IRA T140/Kr'andang 1 17 

Pacong 
R47691 IRA T140/Paawati 16 19 
R47697 ITA235/1R9669 2 33 

selection 

Total 48 18 

aG vi liaponica) entries are Italicized. 

tPoor ensironment (Multiple Cropping and 
Plant Breeding).The best entries in the germplasm 
and progeny screening in Claveria and Mahipon 
are given in Table 16. All were from group VI 
(japonica) except IR46782, which was a group 
Vlgroup I entry. Brazilian CNA entries had 
excellent yields in adverse environments. Most of 
tire pronlising entries had IRAT104 (A) as one of 
their parents. 
The itunition was lessclearin Claveria, Misamis 

()ricntal. Philippines, where th: environment is not 
as i'a.vorale for the japonicas. However, !RATI04 
(A"again ranked very well. The top progenies were 
diverse in origin. However, even in a moderately 
adverse environment,japonica entries showed very 
good yield potential. 

Table 14. Screening the F6 for BI. Mahipon, Laguna, Philippines, 1986 WS. 

Neck BI
 

Group Susceptible No symptoms 
Approximate 

mean yield loss 

no. % no. % 

I=indica 
IIaus 
VI japonica 
Upland traditional 
Upland improved 
Temperate 

11 
0 

1 
3 
4 

92 
0 

4 
5 

67 

1 
4 

27 
63 

2 

8 
100 

96 
95 

33 

49.1 
0 

0.1 
0.9 

15.1 
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Table 16. Top 15 entries in obsorstatioral trialsin Claveria and Mahipon, Philippines.a 1986 WS. 

Maderately adverse environment 
lCl,"eria) 

R Variety or line 

1 IR476866-1-1 
3 IR47690-18-B-1;7 
4 IR47690-18-B-8,' 
9 1R47 686-1-4-1 

12 1R47686-30-4-2 
13 1R47682-9.1-B 
14 IRAT104 A 
19 lR476F36-30C.4.1 
21 F',47686-9-, B 
24 iR47686-10-1 B 
24 IR47631-19 3-B 
26 IR47691-45 5-1 
27 IR47691-1,-2-
28 IR47686-S-2-0 
32 IR47686-; -B 

R rankio.) in 

Yield Sed-tot-seed Daily 
It/hal dur3teonb eI 

(d) (ku) 

5.5 12, 45 
4.8 12' 38 
,1." 124 38 
4.6 121 38 
4.5 128 35 
,.A 121 36 

4.4 126 36 
4.2 122 33 
4.7 121 34 
4.1 1:31 3;1 
4.1 12.1 :14 
4.1 12 1 7,1 
11 124 33 
4.0 124 3:1 
4.0 12G 32 

the gi-,i,tr,.j. I147382 I RAI 13 UPI Ri 7. IR47686 - IRAT1O4/Pialawan,
dang Patong, I R47691 IF'AT140 4?al hiai.M tuitty TJelayed by -wk drooght. 

Acid upland vicid trial Olultiph- . was tileruppin£, only one that also raiked among the top 15Agrolonty, P/ant Bh'ccding, rinl Ini,irn )tioa/11entries in ('avinti (Table 18). Considering stabilityRice Germtnlasn (enter). 'Ih a1_Viruplnc vieif 
trial evaluated clte materials o! :icid itfertilc 
upland conditions. Trials were conducted itihree 
sites: Cavinti, Iaguna (54 cntic ,y (h'l.r i. 
Misamis Oriental (49 cutrre,): aid Sai, 'Io llas, 
Batangas (41 entries). Fx..eCsivC rain1'ei Crreid 
throughout the !,rox th peto.l . C',,inl, ah inp
with strong wind velocihiCs tirOu OtlUr .p1l1tiS 
during October. when most ol the entries Vere 
flowering. Lines IR.30716from (RIX25-7I-7 
I.AC23, I.A'23) dominated tilt high ranks 
among the entrie,;, with vields morir than double 
those of the rnodern lIP1 .-5)and tradilloal 
(Kinandang Patlong) checks (Table 17). lhrcc of 
tile I Z'30716 entries (IR3107 16-11--3 -B-13-., 
IR31)716-11-8-1,-5-6 and 130716--I--1-.1-2) had 
been top ranking euurie. in the acid nrpland
observational trial at (avinli aind l'hria iln tile 
previous year. 

In Claveria the tril bad much lo\ cr iclds than 
those in 1985. A short drouight duritiu the sCCdling 
stage and a severe drought ltintig patnich, dcel-
opment resulted in pooor growtll and high inclidene 
of ne-ck 1I. T-ie top entry (II31)716--13-I2-11-1-4) 

Adverse environment 
(Mahipon) 

R Variety or line 

1 CNA4130 

2 Ci'A4097 

3 IR47686-13-1-1 

4 CNA4196 

5 1R476866.2.2.-1 

6 IR47613-28.8-1 

1 (NA4128 


10A1T13 

h 1H AT2HI 


i I 147686-26-.12 
12 IR47686-25-3 1 
13 IR17;86 10-1-1-1 
14 11r3Ar 104 (A) 
1,1 IR47686 6-4-1-1 
1G CNA108-8-42.24.26 

Yield Seed-to-seed Daily 
(d duration yieldt/ha) 

(d) (kg) 

5.4 98 54 
4.6 98 46 
3.9 119 32 
3.8 98 39 
3.8 139 34 
3.7 113 33 
3.7 98 38 
3.4 109 31 
3.4 98 35 
3.3 113 29 
3.3 113 29 
3.3 109 30 
3.2 109 29 
3.2 119 27 
3.2 92 35 

IR47690 - IRAT140/Kinan

of performance across years at Claveria, only 2 
entries (IRA F104 and UPI.Ri-7) were among tile 
top 15 hor 1985 and 1986. 
In Santo "1lomas,moisture conditions were 

favorable during the giorowing season. The local 
check Kinandang Patong, ranked ;ast among tile 
etltries. .ixof' the top-raniking entries were also' 
aniong the 15 best yielding in(ilaveria, but only 3 
n1 the top entries in Smito Tomas (Aus 196, 
I1(0716-8-1-11-7-5, and IR30716-B-I2-1-!-4) 
were anmog the best in Cavinti (Table 19). ()ne 
en trv 0t330716-13-12-13-1-4) ranked aniong the top 
15 inall 3 trials. 

Acid upland observational trial (iAhtililek 
('r-olwng. In' ireeding,and ht'rnationalRice 
(icrillam (C','cr). The acid upland observa
tiot1al trial evaluates breeding material in acid 
infertile environments as early as possible in tile 
selection process. Ihe trial had 702 entries grown at 
2 siles: ('as inlti, .aguniila, on soils of pH 4.0; and 
(ilaveria, Misamis Oricntal, with pH 4.5. 
In ('avinlti, rainfall was evenly distributed 

tloughotl the growing season and there was no 
sigiificant drought stress (Fig. 3). Yields of test 

http:CNA108-8-42.24.26
http:147686-26-.12
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Table 17. Best 15 entries and check v~rieties and their associated characteristics. Acid upland yield trial, Mahipon, Laguna, 
Philippines, 1986 WS. 

Plant Neck BI Phenotypic 

Rank Variety or line 
Yield Early vigor
(t/ha (25 DS(th) (5DAS) 

height
(c)(c score athet 

Rice hug
soescore 

Days to
fwrigflowering 

aientabi
a.-ceptabilityat harvest 

st harvest 

1 AUS257 2.0 3 100 3.0 5.0 76 3.0 
2 IRAT104 1.9 5 85 1.0 1.0 74 1.0 
3 IR30716-8-3-6.13-4 1.4 2 90 2.3 4.3 91 3.0 
4 IR30716-B-1-B-7-5 1.4 4 75 3.0 2.3 84 3.0 
5 IR30716-B.-B-5-6 1.3 4 95 2.3 3.7 87 3.6 
6 IR30716-B-1-B-1-2 1.2 4 75 3.0 3.0 85 3.6 
7 BPI 9-33 1.2 4 108 5.0 5.7 8e 5.0 
8 IR3071f.B-2-B-8.2 1.2 5 80 1.7 3.0 88 3.6 
9 IR30716-8-12-B-1-4 1.2 3 82 3.0 5.0 92 3.6 

10 IR30716-B-2-B-9-1 1.1 3 75 2.3 5.0 89 3.0 
11 IRAT140 (check) 1.1 3 80 5.0 2.3 85 5.6 
12 Khao-linon 1.0 3 103 3.7 5.0 93 5.0 
13 tR10068-18-2.6 1.0 5 78 1.3 3.7 91 3.6 
14 IR 7790.18-1-2-5 1.0 5 85 2.3 3.0 87 3.6 
15 AUS196 1.0 4 92 3.7 5.0 78 5.0 
34

, 
Azucena 0.6 4 141 5.7 3.0 97 5.0 

48 B2997C.TB.60-3-3 0.4 4 80 3.7 5.7 94' 7.0 
26 Kinandang Patong (check) 0.7 4 105 3.7 3.7 93 4.3 
32 UPLRi-5 (check) 0.6 4 75 3.7 3.7 99 5.6 

LSD (0.05) 0,4 1 10 1.2 1.4 2 1.4 
CV(%) 22 20 7 23 22 2 21 
SE 0.2 1 5 0.6 0.7 1 0.7 

Table 18. Best 15 entries and check varieties "and their associated characteristics. Acid upland yield trial, Kalingagan, 
Claveria, Misimis Oriental, Philippines, 1986 WS. 

Hank Variety ot line Yield Early vigor Plant Neck 81 Drought Daysto Phenotypic 

score at acceptability(t/ha) (25 DAS) height (cm) 
at harvest hpevest score flowering at harvest 

1 IR30716.B-12-.1-14 2.8 3.6 78 0.7 2.3 102 5 
2 IR13754-5-10 2.8 5.6 76 1.3 2.0 108 5
 
3 82997c-TB-60-3-3 2.7 3.0 93 0.3 0.7 
 98 2
 
4 IR3880-2.3 2.7 5.0 85 0.7 2.3 101 2
 
5 UPLRi-5 (check) 2.6 2.3 85 1.7 1.3 106 1
 
6 8R319.1 2.6 4.3 75 1.7 2.3 99 6
 
7 IR10042-20.4-5 
 2.6 4.6 81 0.7 1.7 97 5 
8 IR30716-8-2-B-12-5 2.6 3.7 77 1.0 1.3 107 5 
9 IRAT104 2.5 3.0 96 0.7 2.3 110 4 

10 UPLRi-7 2.5 2.6 72 1.0 1.6 100 2 
11 ITA162 2.5 3.0 56 3.3 2.0 93 7 
12 1R26957-86.2 2.5 5.6 85 1.7 2.3 105 5 
13 33016B-TB-260-3-2.1-1-3 2.4 3.7 84 1.0 1.0 99 3 
14 IR29429.B.3.13.2-7 2.4 4.3 87 1.3 2.3 106 3 
15 BPI 9-33 2.4 4.3 93 1.7 1.6 95 5 
36 IRAT140 (check) 1.9 5.6 84 2.3 1.0 96 5 
44 Kinandang Patong (check) 1.8 3.7 109 2.0 0.7 99 4 

LSD (0.05) 0.6 3.4 8 1.9 1.8 4 2 
CV (%) 17 53 6 67 69 2 21 
SE 0.3 1.7 4 1.0 0.8 2 1 
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Table 19. Best 15 entries and check varieties and their associated characteristics. Acid upland yield trial in Santo Tomes, 
Batangas, Philippines, 1986 INS. 

Grain Yield Days to Plant PancesRank Variety or line 	 ,d. per day fl orn heghn/rnespe dayein 	 height 

(t/ha) (kg/ha) 	 (cm ) (n°/m } 

1 8R319-1 3.0 27.2 80 101 200 
2 UPLRi-7 2.9 25.4 83 99 189
3 IR;560-2-6-3-1 2.9 22.4 95 80 232 
4 IP3880-2-3 2.7 22.9 88 110 217
5 1.; 13754.5.10 2.7 21.7 94 111 230
6 1R 13-54-5-2 2.6 20.8 94 109 235
7 B30168-TB-260-3.2-1-1-3 2.5 22.8 79 113 200
8 IR5420-1-1-2-3 2.5 20.9 88 98 241
9 AUS196 2.5 25.4 67 117 198

10 IR30716-B- 1-0-7 5 2.5 23.9 72 105 175
11 IR10120-7-2-1-4 2.5 21.0 86 97 229
12 Dharial 2.4 25.7 64 	 114 191
13 IR9995-96-2 2.4 19.5 91 91 259
14 1R3071 S-B- 12.-1-4 2.4 20.8 83 93 228
15 B2997C-TB-60.3.3 2.4 20.7 83 	 110 210
23 IRAT140 (check) 2.2 19.7 80 	 108 142
27 UPLRi-5 (check) 2.0 16.8 91 99 187
41 Kinandang Patong (check) 1.5 13.4 79 138 155 

LSD (0.05) 0.5 4.8 4 8 48 
SE 0.2 2.2 2 4 24 
CV (%) 	 13 14 3 4 15 

Wndspeed in/s) 	 entries ranged up to 535 gi-m2 (Table 20). The top 
6 	 ranking entries at this site were predominantly

from japonica crosses. Major stresses were leaf and 
4 neck BI, IM, and brown planthopper (IHPH). Wind 

stress resulted from several typhoons, and lodging 
was sc\CIC. Most of the top 2) entries were very 
early- and carly-rMaturing cultivars. 

0.. A severe drought occurred during the repro
ductivC phase in (laveria. Eitries that escaped

Ronfall ,lr,m) tended to flower early (Table 21). Among the top 
300 -.... T,-- o 20entries for the 2sites, only IRATI04(A) showed 

Io ! g rank stability across locations. Other top entries in 
2o50 Claveria. such as IR40472-H-1-1- I, IR47686-30-4
200 	 I 2, IR39262-13-13-13, and IR47686-30-4-1, were 

also in the top 8X( of all entries in Cavirnti.150 (ollaborative studies ( /ant Breetint). West 

7II 	 I3'nK('a,al. India. Thirty-fivc 1F4 progenies screened inI. jMalda dtrirIIIg 1986 WS strFfered from very seriouis

jj0 rotght at hca2ding. '[le ou~tstanding entries areI 	 listed in [able 22, along with three local checks. 
--di u ..- ......-(-.-c--	 - -.-- a Ttirhe egiries halld shorte r grow th du t ion hlthal, at IRR I. The 3-wk difference was caused by.3. D~ailydistuiution o~l ainiall and \\ind,piced dining the 

growing weso. Acid u1pland .et Ili;,I (Calini,I.,pgunm, the inflen lce of1 ,.ttld tildetnn c e ll e p r 
Phililpin.lC 1-()Cl 1980. attire regim e. All were froin group Vii'o ulpVI 

http:Phililpin.lC
http:13754.5.10
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Table 20. Top 20 entriesa and check varieties based on overall ranking in acid upland observational trial in Mahipon, 

Lagune, Philippines, 1986 WS. 

Grain Early Plant Nock BI Rice bug Days to 

Variety or line yieldb vigor height score score harvestRank 
(q/nt ) score (cm) (DAS) 

1 CNA4130 535 1 107 1 1 99 

2 CNA4097 452 1 110 1 0 99 
0 1203 1R47686-13-1-1 386 1 107 1 

4 CNA4196 383 1 110 1 0 99 

5 IR47686-6-2-2-1 376 3 119 3 1 110 
1 114
6 IR4'7686-28-8-1 370 3 110 1 


7 CNA4128 368 3 87 1 0 99 

8 1R41718-B-B-LE-8 361 3 86 0 3 115 

9 IRAT13 343 3 90 1 3 110 

10 IRAT284 343 1 107 3 3 99 

11 IR47686-26-1-2 330 3 109 1 1 114
 

12 IR47686-25-3-1 329 3 113 3 1 114 

13 1R47686-10-1-1-1 328 1 111 3 1 110 

14 IRAT104 A 323 1 103 3 1 110 
1 120
15 IR47686-64-1-1 323 3 100 3 


16 CNA108-8-42-24-2B 320 1 96 3 0 94 

17 Darn Boung 319 1 108 1 0 114 

18 Chinei 316 1 88 1 0 94 

19 IRAT115 311 1 73 3 3 99 

20 IR36243-B-B-B-6 304 3 99 3 5 126 

422 Burao 90 4 112 3 5 113 

579 Kinawayan 58 3 112 0 3 127 

154 B2997c-Tb-4-2-1 183 5 110 3 1 113 

536 B3619c-Tb-b--4 66 6 87 0 3 113 

446 IR6023-10-1-1 86 3 79 0 3 127 

aTotal no. of entries 702. tIEstin-ated from nonreplicated 2 row plots. 

Table 21. Top 20 entries and check varieties, based on overall ranking in acid upland observational trial in Clavcria, Misamis 

Oriental, Philippines, 1986 WS. 

a Plant
Yieldl MaturityPln

Rank Variety or line (M/mar (d) height 

(gfm 2 I(dl(cm) 

1 IR47686-6-1-1 554 94 89
 

2 tR41716-B-B-B-15 491 94 94 

3 IR38552-B-B-B-1 483 98 95 

4 IR47690-18-B-1/7 481 94 95 

5 IR47690-18-B-8/13 466 91 95 

6 IR29416-B-3-B3-8-1-13 466 96 95 

7 IR38547-B-B-B-12 465 98 90 

8 IR29416-B-3-B-6-5-18 463 96 101 

9 IR47686-1 4-1 463 91 100 

10 IR40472-B-B-B-1 457 103 93 

11 IR52812-CP128-C3-104-2 453 101 89 

12 IR47686-30-4-2 447 98 104 

13 IR47682-9-1-B 440 91 85 

14 IRAT104 (A) 439 96 98 

15 IR41712B-B-B-11 431 94 81 

16 IR39262-B-B-B-4 425 98 84 

17 IR29416-B-3-B-6-5-17 424 96 93 

18 IR30689-B-6-B-5-1-1 422 91 76 

19 IR47686-30-4-1 421 98 116 

20 IR30689-B-1-B-8-2-2 420 96 91 

aBased on single plots of 3 m'. 
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Table 22. Top F4 progenies in Malda, West Bengal, India, screenings, 1986 WS. 

Variety or linp Parentager 

IR46787-10 IRAT104/Saltumpikit 
IR47699-22 ITA235/Palawan 
IR47699-28 ITA235/Palawan 

IR47705-6 
 Moroberekan/Palawan 
IR47724-14 Moroberekan/IRAT177 

Dular (check) 


Panke (check)
Soni (check) 

crosses except the cross with Saltmpikit. an indica 
(group I) drought-tolerant variety. The group
Vli;group I cross had excellent drought tolerance 
at heading, with mean spikelet fertility of 62t: .; the 
best local check had 431, er'lit. The entries,'yield 
pottntial under wasdro;lglit conllirable to or
better than that of tl, \Mo lop local check.;, )lar 
and Panke. 

(.IA7T ('olol!hia. Ihirty-Ci ght F, pro'gCnies 
from group Vl group VI crosses sCreeM~d in
Villavicencio during 986 \VS suficretd noml 
serious fI infestation. The outstanding entries ilc 
listed in Table 23. Iheir evel off I tolerance w.as as 
promising as that (ofthe hst ('I:Al lines, Inaking 
these japonica japmica crosses suitable for Ill 
tolerance, provided the parents are also promising 
in tha t rait. This is the Case for Iilhwan (tradi-
tional cultivar from the Philippines) and IRATI()4. 
Other .aponicas such its ITA235 and Kinandane 
latong can sho, good levels of HI tolerance when 

crossed, 

)'EI'WATFR RICE 

Plant Breeding Department 

Facilities. We continued expanding our facilities 
for field testing ofdeepwater rices with tive addition 
of about I ha of deepwater tanks and a waier 
reservoir for existing tanks. All deepwater crosses 
in the F2 are planted in screening tanks. For 
elongation we planled 3.5 million seedlings of 534 
crosses and retained some 151 of these for trans-
planting or direct harvest from the tanks. For 
submergence tolerance, we planted 1.8 million 

Maturit, Yield/plot Spikelet
(d) (G) fertility 

93 135 72 
87 140 67 
89 115 55 
89 100 71 
90 140 47 
85 81 32 
100 	 123 
 9
82 	 65 43 

Table 23. Top F4 progenies in Villavicencio, Colombia, 
screenings, 1986 WS. 

ProgeniesProgenies 

Line Parentage selected 

(no.) 
IP47686 IRArI0 4 /Palawan 9 
IR47691 IRAT14O/Palawan 2 
IR47698 ITA235/Kinandang Patong 2 

seedlings of 287 crosses: about 5C) survived the 
(lash flood and could be transplanted into regular 
ields. 

llyl)ridization. We grew 205 single and 534 
multiple crosses aimed at deepwater conditions, 
including flash lood situations and stagnant 
dee.')water. The most frequently utilized parents
and 1heir attrihttles are in the list: 

a ('20-1 (61 crosses) pureli ie selection from 
Barogar, a tall photoperiod-sensitive Bihar 
deepwater rice for water depths of 1-3 m. 

* ('henab 64-I 17 (53 crosses) photoperiod
sensitive, submergence- and drought-tolerant 
deepwater rice released as Janki in Hihar, for 

water depths of 1-2 in. 
* 	FR RS43-3 (145 crosses) photoperiod

sensitive floating rice with \ery good elonga
tion ability and drought tolerance. 

a IR Ill41-6-14 (71 crosses) deepwater rice 
combining modern variely (MV) type with 
excellent elongation ability, resistance to HPH 
biotypcs I and 3, and drought tolerance. 

a IR II 288-1-B)-69-1 (185 crosses) photo
period-seltsitive deepwater rice with MV type,
good elongation, and resistance to green 
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leafhopper (GLH),BB race I, and BPH 
biotypes I, 2,and 3. 

SlIR21071-53-2-3-2E-P2 (60 crosses) MV 
type, early-maturing deepwater rice with high 
yield and elongation ability, for I-in-deep 
water, with resistance to BPl . 

Exchange of F bulk deepwater rice trosses. We 
have been successful in using IRTP entries as a 
starting point in the exchange of early-generation 
materials. We sent Intetn.tional Rice Deep Water 
Olservational Nurt v(IR DW()partili;..nts i 
listing of IRI)WON entries used illcrosses at 

IRRI. Participants returined the list with their 
favorite entries mai ked. IR RI then tlurned a 
detailed list of the availahlc cresses (and their 
parentage) in which the favurcd I1RI )W)N cutries 
had been used. Finally. each IR!)WON participant 
indicated which ot IIcscr ,,sses he or she wantcd to 
reccis C. 

Inl196 wc seint some 300 F, hyhrid populatoits 
t,rice breeditng prigritias that requested them. 

Release of deei'water rices in South Kalimanlan, 
Indoncsia. For addition, I ice-growing opportuni-
ties, several del. I,i ;c, iad been introduced 
by the Blanjart osin Resca cli Institute for Food 
Crops in the past lew ycas thrugh IRIl .hev 
were grown i field in river back-fllfarirs' tests 
swamps norlh of Ban iarmasi inthe October-April 
season, wheni water gradually risCs and then 
stagnates. Three lines were obtiied trom IRI 
nurseries, all originating from collahoration 
between the Rice Research Irstiitte (IRRI). 
Thailand, and IRRI's Plant Breeding l)cpartinent. 
They were released in 1986 by Indonesia's )epart
nicnt of Agriculturc as lapos, Nagara, and Alabio 
for use in the deepwater rice areas of South 
Kalimantan. I)scriptions of two (if the varieties 
follow: 


* 	Tapus R 1288-11-B-118-1I, (I R36,'l.eb 
Mite Naltng III), developed via ail initial 
rapid generation advance procedtlre. A tall 
leak' floating rice, with good ability to 
elongate in 2 iii water. Phot operiod sensitive. 
October f]owering at IRRI, 154 cm tall in 
shallow water. Resistant to 13B race I, 
moderately resistant to Ill, resistant to BPH 
biotypes 1,2,and 3. Moderately stsceptible to 
GiI. Long, slender, slightly chalky grains. 

Amylose content 26.3%, hard (33.5) gel con
sistenc . * 

* 	Nagara -IR 1141-6-14 (1R2061-465-1-5
5/ Leb Mue Nahng I 1), a MV elongating 
type developed in Thailand. Excellent elong
ating ability considering, its short stature 
(117 cm tall in shallow water). Flowering in 
102 d, with little photoperiod sensitivity. 
Drought resistant. Moderately resistant to BB 
race I,resistant to 1PlIbiotypes I and 3, 
moderately resistant to (lI-. Slender but
chalky grains. 25% amylose content. b,-d 

(32.5) gel consistency. 
Pedigree nurseries at IRRI. We selected severa,
 

houndred decpwater rices with various combina
tions of elongation ability, submergence tolerance,
 
disease and insect resistance, and grair quality.
 
Some of the outstanding lines are listed in
 
fahiles 24 (submergence tolerance) and 25 (elonga
tion ability).
 

Testing under natural conditions. Through 
IRR I'sfarners' field testing in Iloilo, Philippines, 
and through the exchange of seeds with colleagues 
in Asia, we have received feedback on the field 
perfornance of lines previously selected at IRRI. 
In.ies witI outstanding survival at more than one 
site ([ -:: 'lanisac, Iloilo, Philippines, 1986; C = 
Chinsurah, West Bengal, India, 1986; P = Pusa, 
Sarnastipu., Blihar, India. 1986) or with outstand
lign yield in an OYT in 1985 in l.eganes, Iloilo, 
Philippines (L), are listed below. Yield data in the 
parentheses are based on 1.25-ni 2 plots. 

(4-6.31 (ion G(fl 
IR6370-K23-1 	 L, T 

A1R( '6650/IR42//11443?2-52-6-4 
IR20992-7-2-2-2-2-3 	 L (4.2 t) 

3h1.sutri Sail ma 'r/CN540//IR54 
1 33225-45-3- 1 -1 	 C, P 

'r/IBhusuri .SaiPa&t ( N540// IR9764-45-2-2 
1133226-15-1-3-3-2 C, L, P 
11,33226-1-I-1-3-3-3-3 C, P 

/I(i2/ IGR4,8! //I9764-45-2-2 
1133279-1-501-1-1-1-1-2 1, T 

F(Ri2/1RI3426-19-2//IR9764-45-2-2 
IR33284-4-502-I-2-1-2-1 L, T
 
1R33284-4-503-1-1-2-3-2 T, C
 

http:R36,'l.eb


------
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IRI 1288-B-B-294-1 / IRI 7494-32-3-1-1-3//1IR42 selection in abrupt natural flooding there. The best
IR35710-5-t-l-3-1-3 	 L (5.1 t) surviving F3 populations are in the following list: 

KDM1, 105/(lenal,64-1!7/ /NSPT/ ross Parentage 
BKNFR7802.' 

IR38446-4-1-3-1 1.(4.2 t) 	 1R40905 Badal 613 /1 1288-13-B-! 18-1
IR38446-4-1-3-2 L (5.4 t) IR40936 13R222-B-249/1 RI 1288-H- 13-1 18-1
1R38446-4-3-1-2 L,T 1R40942 13R223-13-55-112-13/ I1I1288-13-B
IR38446-4-8-3-2 L (4.0 0 118-1 
IR38446-5-1-3-1 L (4.5 t) 1R40957 BR308-13-2-9/IR 11288-13B-I118-1 
1138446-5-5-3-1 1.(6.0 t) 	 II40960 BR314-1-4-6/ 1R I 1288-B-13- 118-1

Chenab 64-117/1IR19661-131-!-3-!-3 1R40964 IfR5 1648-31Z 1)19
lR38692-33-3-3-6 C, 1 	 1R40973 BR525-2-1, R)19

R1I)l9/IR7732-RG-,,t96-1 IR40980 131011-13-5-4,I1I 1288-B-B-118.1 
1R.38787-50-3-3-I .. (5.0 t) 	 11.41136 IR 13423-10-2-3/IR I 1288-B-13-118-1 

RD19/1R1961-131-1-2 lIZ41372 Rl)19/Sail Kotha 
1R38793-248-6-6-2 1, (4.0 t) 

BKN6986-10, -2/.hi',i,, ithi/ ( R1009/11?-54 
IR39509-46-3-2-2 I., I 	 Most of' these crosses are part of the effort to 

recombine outstanding elongation characteristicsBulk selection under natural flooding. IR crosses utn ique to floating rices from 3angladesh and Indiasent earlier 	 to the lPrachinhur Rice Rescach wit grain appearanc acceptahle in Sotheast 
Center in Thailand underwkent their second cycle of Asia. 

Table 24. Promising deepwater rices with submergence tolerance, selected from pedigree nurseries. IRRI, 1986. 

SES score 

season. bSubmergence tolerance (green-

Line 
Plant 
height 
(cml 

Flowerinq 
durationO 
. . . .. 

B3I BB BPH biotype 
. . . . 

GLH Subb Grlc Grsd Clk8 

Mill Max 1 2 

IR37105-R-15-33 
IR37105-50-21-3-2 
IR37105-50.21-6.2 

85 
115 
125 

99 
100 
98 

IR4568-86-1-3-2/FR43B 
118 8 1 3 
118 4 1 5 
117 4 1 5 

5 
7 
7 

8 
5 
5 

1 
3 
3 

5 
4 
4 

5 
5 
5 

1 
9 
9 

IR41009-R-R-R.11-2-2 125 104 
Chenatb 64-1171IR 17525. 114-2- 1-1I 

120 8 5 6 3 3 1 9 

iR41425.56.24.2-1 
IR41425-58-22.2-3 
IR41425-58-25-3-3 
IR41425-58-263-1 

IR41425-65-23.1.2 
IR42425-65-23-3.2 
IR41425-66-22-3.1 
IR41425-67-21.3.3 
IR41425-67.23-1.2 
IR41425-67-23.2-2 

94 
94 
97 
100 

95 
95 

102 
97 
95 

103 

99 
100 
101 
100 
101 
99 

102 
102 
103 
103 

1R8234-O T-9-2/Nam Sagui 19
115 3 21 3 
116 3 1 2 5 
115 1 1 4 7 
114 1 1 2 3 
115 1 2 3 
115 1 31 3 
116 1 1 3 3 
116 3 1 3 3 
116 1 1 3 7 
116 1 1 3 5 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

5 
5 
5 
5 
4 
4 
4 
4 
4 
5 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 
1 
2 
4 
3 
2 
2 
2 
1 
1 

1 
2 
1 
1 
2 
2 
1 
1 
0 
0 

IR41427-58-5-1-3-3.1 123 103 
IR8234-OT-9-2/IR4630.22.2-17
139 4 3 3 5 3 5 3 1 1 

IR41464-9-1-2.2-2.3 
IR41464-9-3-1-22.3 

120 
125 

105 
113 

IR 13149-19- /BKNFR76106.16..
131 8 3 3 5 
147 9 5 

3 
3 

5 
1 

4 
3 

3 
1 

5 
1 

IMin flowering duration In the off season, max flowering duration In the wet 
house). CGraln length. 7Groln shape. OGraln chalkiness. 
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Table 25. Promising deepwater rices with elongation ability, selected from pedigree nurseries. I RRI, 1986. 

Trait 

.................... . .
 ........ -....-.-.................
Plant Flowering f
Grse 

Line height duration, BI BB BPH biotype GLH Subb Eic Grid C:k 

(cml) Min Max 1 2 

RD 19/1IR46 

IR37025-R-34-2-1 115 91 146 6 1 4 6 7 9 6 3 1 1 
BKN6721-5-7-4/1IR9264-32 1-3//IR 11185-R-R-R-88-2 

IR3949b-18-1-3-2-2-1 125 83 106 4 3 4 2 5 6 3 1 0 
IR8234-0 T-9-2/B 1050C-MR- 1-2/IBaishish,/BKNFR77004-5-3-4//iMadhkar/B 105CC-MR 18-2/
 

Chtnab 64-117/Baisbish
 
IR39596-502-1-3 125 95 104 6 9 9 3 9 1 5 5 1 

BKN7022-6-4/IR25861-31- 1-3 

IH40554-5-1-1-2-1-3 113 96 126 5 5 4 4 3 3 8 3 3 7 
Bada 613/IR 11288-B-WI 18-1 

IR40905-11-3-1-5 3-3 158 101 146 6 3 I 3 3 9 6 3 1 3 
Chatnara/l[I 1288-8-1-G9- 1 

tR40992-1-3-2-t-1-2 138 89 120 6 2 4 4 3 9 4 3 1 1 
IR40992-1-3-2-1-3-3 130 89 120 6 2 2 2 3 9 4 3 1 1 

1-J Ar3an 1/71 11288-B-B- 1 318-1 

I8410J6-24-3-1-1-3-2 140 97 139 2 2 S 5 4 5 5 3 1 1 
IR4 1288-B-B--1 18- 1/-1CB-B- 1 I 143 

1R41125-7-3-2-2-3-3 131 95 120 5 5 4 5 7 9 4 3 1 2 
IRR 1288--8-1 18- 1SPR 7292- 151-2-I
 

1f41132-R-27-1-1 130 101 1 2314 7 3 3 7 9 1 3 1 1
 
SPR1292-151-2-1[B4"232-2B-374A 

1S41410-6-3-3-3-1 157 94 120 3 1 5 9 6 9 6 3 2 4 
SPR7292-151-2-1 11B308-B 2-9A 

105 6 4 4135 101 SR41414-10-3-3-2-31 7 6 9 4 4 6 
BIET927/,'WCT7156- 1/1P975-109-2/1R52 

IR42497-85-1-1-2-2 130 88 136 1 6 4 4 4 9 6 3 1 1 
IR42497-85-2-1-3-3 140 97 136 8 7 7 4 3 9 5 3 1 1 
IR42497-88-1-1-3-3 135 103 146 8 7 b 5 3 9 5 3 1 0 

BR 118-3B- 17/BKN7022-6-1//IR 13259-153-5E-P2-2/1R8234-OT-9-2 

IR42511-87 3-1-2-2 120 99 147 3 2 5 4 2 9 6 3 1 1 
RD 19-1R42i/RD 19/1? 17494-32 

IR42569-329-5-2-1 93 106 119 8 7 5 5 5 6 5 5 4 
RD 19/IR 19661-131-I-2//fD 19/Khao Lo 

IF42580-23-2-1 1-3 140 96 136 7 3 8 8 4 5 6 1 1 1 
RD 19/Murungakayan 101I//RD 19/IR 19661-131- 1-2 

IR42583-13-1-2-1-2 158 99 121 6 1 5 5 3 5 6 3 1 2
 
IR42583-13-4-2-1-3 168 99 136 6 6 4 7 3 4 6 3 1 0
 

Sarsari//IR13423- I0-2-3/D1WCT156-1 

IR435641-1-2-3-2-1 113 98 143 9 4 4 7 3 4 5 5 6 
H TA 7406-1) I-0-0-2/SPR 7292-151-2-1//KDML 105/IR 1288-.BB-69-1 

IR43947-50-3-2-1 168 103 136 6 1 3 3 3 9 4 3 1 2 

aMill flow ring cJtatiOnr in the off seasor, max tlW(3rinq (dujrationill thu wet sorison. bsubmergenco tolerance (green

hOtLSO). CElo iltatiorl ability (field). dGrain lrgth, v;Graiin shma fGrain chalkiness. 

IlI)AI. WI I LAND RICI Agriculture and [ood personnel. Tidal wetlands 

ale usutlly left fallow during 1) hecause of high
Plaint Iho'cding I)clartu't 

Sidinit\, or lack of irrigation water. To advance 
Shuttle Iediirig is used in jrprove tidal wetland generations, therefore, we plant segregating popu
rices. Ilyhridi/ation is done at 1 RI. and early- latiomi at the I,RI farm during [)S with selection 
generation, segregating populations arc evaluated restricted to a f'.v' traits such as plant type and 

at six Philippine sites that represent different tidal resistance to major pests and diseases. In shuttle 
wetland conditins. The evaluations are carried breeding, mass selection isdone for 4-6 generations 
out in WS in collaboration with Ministry of to ensure that every population is exposed to the 
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natural conditions of the target environment for at 
least 2-3 cropping seasons. 

In 1986, we made 108 single crosses and 42 
multiple crosses. Among the traditional cultivar , 
Pokkali, Nonfi Bokra. ('icriviruppu, Patnai 23, 
and, KI)M I05 were the most frequnently used 
parents. They were crossed with semidwarfs. such 
as IR4630-22-2-5-1-3, 1R9764-45-2-2, IR9884-54-
3, and IZ8192-200-3-3-1-I. which possess some 
tolerance for soil stresses. For lultiple crosses wC 
uIsCd varieties that have so binercence tolerance and 
pest and disease resist ance, arcsince these traits 
also important under tidal wctllnd conditions. 

,\nther culture was possible frabout 1(0of the 
FI CrOSSeS. Plant regencration \ iaS low, but there 
was significant improvement i, regeneration effi-
ciency compared with 1985. 

In )S, \\C eviluated 81 F,, 105 (f-, and 30 F.1 
hulk populations at the (IR1I farm. Fveil \%,;ilt 
relaxed selection, 5(0; o! the F,,populations had to
be discairdCd because of high, susceptibility to IIB 
ailnd Iulnero. HeV [, afld F4 populations discarded 
were considerably fewr (31 aud 27( ). nd catin. 

progressi\ selcction efficiency,


In WS, we cstahl shed 196 hulk porilations (84

F2 , 42 [,. 48 1-,., aind 22 
 I:,) at .4 tidal wetland 
locations in the Philippines. \1l locations expert-
enccd high in itv as w\ell as submergencc during 
the vegCtie piMse. Abotut 601i of the F2 and 1F 
portiltions were discaidCd bccausC Of very poor
survival. In other iadllalcd poptiulations that had 
been evaluated earlicl under similar conditions, 
survival was as high as 50-60"'. 

, generational sonaclonal variants of Pokkali 
and lIR36 selected in 1985 were tested in a saline 
fieId with electrical cotd octivity oflarlund 8 dSi in. 

All IR36 selections were killed by salt injury. All 
Pokkali selections survived but showed extreme 
susceptibility to BB. They were also dwarf and 
photoperiod insensitive. Twenty-three lines that 
showed relatively less susceptibil!ity to BB were 
selected for further testing. 

A nursery consisting of 210 elite 1R lines from 
the l)eepwater Rice Breeding Program with 
tolerance for adverse soil conditions was tested at 2 
salt-affected tidal wetland sites in the Philippines.
One site had acid sulfate soil. The check varieties 
were Pokkali and Nona Bokra(tolerant) and II(28
(sensitive). Three lines IR3 1375-5-2-1-1, 
IR35665-60-2-1-3-3, and IR39537-27-5-1-3 were 
comparable to the tolerant checks, whicrl per
formed well. 

Some traditional varieties commonly cultivated 
in the tidal wetlands of Indonesia and West Africa 
were collected and their seed increased for investi
gation of their adaptability traits. 

Outr collaborative breeding program with R Ri, 
Ihailand, for improving tidal wetland rices with 
acid sulfate soils continued, with nmreem phasis on 
evaluating segregating populations in farmers'
fields. We established 12 F, populations, 82 F3 
progenies (previous years' selections), and 55 
varieties and I, RRI elite lines in a strongly acid field 
in ()ngkarak. Flash floods and deep water were 
additional stresses that occurred dtiring evaluation. 
Single plant selections ,ve;e made from popula
tions that showed good survival. Fifty percent off. 
progenies performed better than the tolerant check 
KI)I. 105 and were selected for further evalua
tion. Among varieties and elite lines tested, only 
two varieties, Garcha and Ohies. performed better 
thanl K1)N I. 105 in terms of adaptability. 
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I3l)I.OGIC.AI CONTROL 

P/a#ii Patfhofi.t' I)wrfia[el 

Antagonistic bacteria. Farlier studies showed the 
presence in ricefeids or a ntnumber of bacteria that
 
suppress sheath blight (ShBH) and other rice fungal 

diseases (Annual reports for 1984 and 1985). 

Through a collaborative research project betwven 

IR RI and the State uIniversity of (ent, Belgium, 

the IaxnI ,tItliC MILISsl 23 selected isolates was 

deterutined. Based (o the gram tcaction, 5 were
 
positive and I, negative. Ationg the gram
nlegativC, 12 belonged to the cenuis Pmc'tloumolla.
 
anlld (6 ' crc -lnterobaKctrccac. 'lie graint-pOsitive 


strains wCre Ba(/o i./. B alndi.Btilld
fllts jil. , it. h. 

l/h'ro,) 'ill .


All s'+trains, oft /)l~/in lhi l.t. p'rodudtl't (hto es;-
cnlc l King's Mediuni B. Si en iclcidttified 

to be sitlli.il to '. acI'I m''o, thrce to P. 
.Iiuor. o'en, and t too P.L'lzhrjsti / )l'l~hji l.l. Of Ilie 

;lntcrobactl itc., one wa ,..tparable to
Fr'vllia tl ljf'lwrol/a'rl', fotw %crc identical It 

Srralia, aind o[i tO S. II'Olt I. 

Earlicr Studies liso showed t.1t alttagonistic 
bacteria applied 'ts a sed treatlilClt redLCCd 
bak.riae (IBal) irc,duncc (hRRI highlights (or 
19.). I)urinm the 1980 dry season (DS). an 
cxpcrilnit \,as condluctCd itt a I ariti"s ield .ItheC 
Bak had been endetmic since 1978'. Baitcri/ation of 
IR42 seed fiats ;ied oi thi- lar-tier's field 
suppressed Bak incidenc, as s,clil a a bttIomyl 
application did IIl,blc I). 

Alplicatiotl fltlue'outiC bacteria \vas studied 
at I RRI using -cci bc tcri.t nlitl, rioit-dippingIn ;I 
bactorial suspensiniI prior Iransplantil'" andto tI-riularia 
direct slra.vMttg o1 lieiacterii ott rice 	 plait-. at 
ttlaxinI.mtitillcrin lol SIiB control. .\ll isolates 

,UppicSd SIt otl 1 1,5(lable 2). ft. stc 

experittent repeated it the \,:t saSOtI- ( SV),
howver, showed ri() SICnil icaitt uppl-Cssiotn of 
Sithe, perhaps bccause of htv die,asc prCs"1urC. 

()Ie hutdred sixti-seseti bacterial cuiltutres \r',r 
isolated frotti ricefiMd water, rice soil, atd both 
infected aid healltv plaits collected fiotie diverse 
geographical lcAtiot s in Korea thtitugli colla-
borativC research. (le tiuntuber 0f nti)l]uorcsccnt 
bacteria associated with the rice systemt was higher 
than that of the ftliorc.cent type. The IIaiJority (if' 

Table 1. Effect of seed bacterization on bakanae inci
dence (based on natural infection) in IR42 planted in a 
farmer's field.1986 DS. 

Treatment Bakanae %) 

Benomyl 17.0 aIn-b-24 1P.o a
 
In-b-17 
 19.0 a 
In-b-590Inrib-1 50 	 20.0 a
 

21.0a

Untreated 49.5 b 
Farmer's field 71.0 c 

Table 2. Reduction of sheath blight (ShB) irs IR58 by

antagonistic bacteria that were 
applied as a seed treatment,a suspension for root dipping prior to transplanting, and 
direct spray on plants at maximum tillering.a IRRI, 1986. 

--.. . ... .... . .. .. .. ... ... .... . 
Sheath blight severity (U. relative lesion heiqht) 

Isolate Seed treatinent Htoot dip Spray 
.......... 
 WS 	 ...DS DS WVS .DS.. .. WVS 

Itn-h-i7 27 a 25 a 26 a 31 a 24 a 32 a
 
In-h-7 15 29 ab 
 33 a 26ia 3/ a 29 ab 37 aI n-b-24 31 hc 34 a 28 ah 23 a 28 ab 35 a
In-h-108 31 bc 24 a 26 a 34 a 28 ab 27 a 
i n-h-157 32 bc 32 a 26 a 28 a 25 a 31 a 
Check 37 c 31 a 37 c 37 a 37 c 37 a 
DS ry season, WS wet season,. 

the nonllorescCnt bacteria vcrc isolated from soil; 
58.3of( them inhibited i\'clial growth in fungal 
patlhocns. Most of the isolates that produced a 
blue fluoiesccnt pit.iunttot Ki iu's Medium Bagar 
itihibited three patlIM ctlS Rh/ioctonia .iol mi, 

orrza., and I-t.arimIn o ltiliirMu 
it o. rwelve isolates trou both gtiups inhibited 

tie itvcclial grot\tl of' the three pathogens td 
suppressed Shid dc\cloptnitnt oit detached leaves 
Hihilo. 3), 

"ric(oderv,, spp. I-,ho,(I-rvna are contuton 
soil fiuni known to be antagonistic t iiaty 
.still-itti, littntal paiItotIetiPs,. RCleti studies at 
IIRI (:\tii'al rep(rts for 1983. 1984, and 1985) 
itldicatCd that they ate potential agents in sup
pressitit .t11 utd other discascs olcrops growut iil 
rafited and upland croppitng syIcms. AIlicy are 
higly ctini)ctitix e for plant rcsidue and thus 
exhaust the nutrietit supply for pathiogeti,s. \Ve 

http:sitlli.il
http:I3l)I.OGIC.AI
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Table 3. Inhiblt;on of mycelial growth of Rhizoctonia solani, Pyricular.a oryzae, and Fusarium moniliforme by antago

nistic ha,7t.ria isolated in ;ifferent localities in Kotea and suppression of ShB lesion development by the detached leaf 

method. IRRI, 1986. 

Inhibition zone (um) Suppression 
Isolate no. LeC ality . . .. . . . . ... . . . . . . . .. . .. . . . of ShB 

R. solani 0 oryzae F. moniliforme lesion 

22 Bu-An 2 9 4 +
 

41 Hae-nam 11 .4 3 +
 

55 Kwang-san 8 11 5 +
 

72 Go-chang 8 2 3 +
 

91 Jin-yanq 5 8 3 +
 

125 Kirn-hae 8 12 4 +
 

127 K im-hae 6 3 3 +
 

145 Sang-ju 3 2 2 +
 

162 Jin-yang 9 12 6 +
 

165 Jin-yang 10 11 6 +
 

166 Young-cheon 2 3 2 +
 

167 Jin-yang 5 1.0 7 +
 

Check (sterile 0 0 0 
distilled water) 

Continuc to inestigIate tiheir biology, ccology, and become dry (Annual report for 1983). heyv are 
potcntiul or d iscasc ta.na'cnmcnl. Ih irtcen speci,:s present in submerged rice soils, but in low 
o1 'l)iC1hod','uM hI,.L hccn isohtlcd frn ricticfidds numbers. Soil pH i may range front 4.3 to 8.0, and 
in the ?hlilippincs (Iahle 4). Tic organisin is rnorc soil isttic IrI n 10 Io100 (dry weight) with a 

Cohllllon in upland than [optillion of 0.5-8.0 X' 10 1 ov,h!ind soll,. In rainic,, tcolony-forinIng units 
lmland soils, the numher incrcascs hen ficlds (IT) L of soil (dry wcight). T Iongitrachiatum 

Table 4. Distribution of Trichoderma species in ricefields of the Philippines, 1985-86. a 

Distribution in the provinces 

Trichoderma sp. Q 

S oo W c ,a-g,-oc 0 

0I rn
o- J o I- 2 0 .J m ~ 
T. aureovwride + i*+ -- + +± + + ±- + + 4-. - t + + ++ 
7".glaucun -W 2 - 2 _ I 

T. haatoferun, -- 4-----------+ + + 

-
T. haatu.. -

T. harnlaimn + + + + -. + + + + - + + + + + -

T. koningii -- + -- + + + + 

T. lonigibrachiatum + + + + + +- + 

T.piluliferum + + + + + - + + + - + 

T. polysporum - + + 

T. pseoudoko'niigii + + 4 + + + - + + - + 

T. roesvi - + + + 4
-.. + -T. venox + + 
4tT. w'ride 

T____i_------ ------------

aI pesent, -- ahsent. bSoils collected in 1986. CSoils collected in Oct-Dec 1985, dsoils collected from Oct 1985 to Dec 
1986.
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and 7.pildfi'rim: arc common in bohillowhnd lolid iII rice soill( Iig. II. Ahe ccIlulolysis adequacy 
and uplind cultul', itVpcs, s\sIc 1 p.,WtI/,,AOm,.j ingdex ((Al), an indication of the capacity to 
is tlostl\ restricled to tile lov htids. lo0 li\ dtecoiiposc plml debris. \iied among species and 
species. 7.velox and I. liillto/nt'rlimn. ssc i rarels' ,iooli1 isolates of tihe siame pecies. i:re',.i 206 

isoduced the h~iL'h,7s 1 ( iable 5). 

Table 5. Cellulolysis adequacy index ((-Al o Tof L , .
 
ma species. IR 11[, 1986. 1I \1 1
I P,\I ', 

(/c lolt0 Pbmh.C /'' Al)(1/ th/1[
W tvei(Ihtlo ss rm ,; o ll 

Trichodernma sp. Isolate (1) of filIe CAI heath blight. ( ron !maltioc'',o i /.l,A'amhh/)vathlno filter r 3t)t(n) al 
(rnilaper O"T0o.\. Yield Ioss to Shll varicd according 

1...,Is\th duratiolO all Whel\ disctaseWaritn 
T. aureovrido 274 9.92 8.1 1.22 pres .se 10 b,,1h carl-\ a ii. and lt.-Illatilling 
T. aoreoviridto 103 10.70 . 1.94 ,1.94 ide aeyed w~ceh edtion in bothT. g1aucuro I 18.49 4.( 4.02 
T. hanatum 23b . 91 4.2 0.60 upiplid atd irrlittei riCU,. 
T. hamatunm 230 5.0( 3.3 1.03 hatt h1ihL dC\lo1IctIt \wsIt witI closehi, iir 
T. haato/erunm 88 2.08 1.3 .Gi0 %itiA sp icile. II hoth 11dtll; s idc upland 
T. harzianum 253 4.20 7.M3 0.,1 
T. harzianumnP, 2 8.90 7.2 1.2,1 lo\\lauId.ICll\ii ollllit thle incitcilce illcctscd 
T. harziaunum 118 8.27 7.r) 1.04 mi l hi, N applicaioll. Whcn diseaSC pMessurc 
T. koning;i 265 9.66 8.H 1.17 hlii, thc e N%%;1, i tmd correlion I 
T. konigi, 187 9.50 5. I 1.T ' te d 
T. Iongihrachiato1 60 G.38 6.0 1.0(3 p1c,' u.em the lea1 blades and in tihe sllcath at 
T. Iongibrachiim 25,1 13.60 G.2 2,21) uililti|l\. h'. as iliol sesere with earl,,y-
T. Iongibrachtum 83 1.1.09 9 _2 iihiti t, i 5patgritics itlc t \Nhel more N," 

T. polsporunm 16G 0.21 3. 0.1 t 

/. iT. pituliferun 268; 5.99 0.84 app1)-lid (Table 6). In the lowlaild cnm iroinlllcIt 
T. piloliteronr 233 ?.8 3 1.95 1.-2i"11319 there ts intcratlion.5 \:uiri.\'-lpcine-N 
T. pseudokomnpij 28(0 0.35 3.G 0.1/ iIhloIlh l2J0,1 yitld \ hi N and closei 12as hh 
T. pseudonkooinqi, .1134 1 ,11 5.0 0. :3 .. a 

sfiitifg ;,T. raesei 206 23.10 4.3 5.31 tihe loss duc to SIM a,, also high.,
T. reesei 201 8.87 '1.8 1.85 ll((1( I'a,'i. 'Utlll(' I) t!t(0Olh/u i pr) lct'/01)t.
T. venox 229 4,73 7.1 0.67 \ariet al effects M tile hiIdtLip of sclerotial bodies 
T. sp. 105 1.28 1.0 1.28 oh . milu iiand Iii/ oh'm l p. the antagoIsts 

a
Table 6. Yield luss due to ShB in 3 rice varieties at 2 spacings and 2 N rates in a lowland field. IRRI, late 1985 DS.

Mean yield loss') () at Mean ShB severit, at 

Variety 6;) kq N/h1 120 krl N/hoa 60 kq N/ha 120 kg N/ha 

DL-3 - DL.1 DL-2 - DL-1 DL-3- DL-1 DL-2 - DL-1 L 1 DL- 1-D-3 D-1 DL-2 DL-3 

25 25 cm 
IR54 9.3 a 19.5 a 16.7 a 27.4 34.2 a 5.7 a 1.01 44.7 1 5,3 a 0.7 a 
1R58 3. a 21.1 a 14.4 a 28.9 h 31.9 a 11.1 a 9.8 a '14. 1 10.6 a 0.6 a 
IR62 15.5 h 14.4 a 15.9 a 17.9 a 11.3 a 8.4 a 0.0 a 42.9 a 10.8 a o.9 a 

Mean 10.5 18.3 15 7 24.7 37.5 8.4 0.6 411.2 8.9 0.7 

20 " 1! c11 
IR54 9.6 a 20.2 a 13.6 a 15.8 a 21.9 a 7.8 1.3 a 1.6 a 
IR58 5.9a 23.0 a 17.5 at 32.3 ) 45.G1h 15.81 1.9 a 52.8 1 117.5 a 1.7 a 
IR62 16.9 h 25.1 a 24.4 h 29.5 h 40,6 13.7 a 0.4i 46.1 ah 12.9 a 1.4 a 

Mean 10.8 22.8 18.5 25.9 3 .3 12.5 1.2 46,0 13.5 1.6 

DL-I inoculated, DL-2 -- ir'oculateoand soraye( with triplhny!tin a,:etatt, DL -A notrol. hMoans of 3 replications.
Within each spacing, means in a coIln followed 1[,a conrmon letter are not sirli ficamly differemt at tihe 5, level. CSever. 
Ity - relative lesion height/plot X proportion of tillors infectod/plot. 
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in the soil, were studied in three successive systems site, Nueva Ecija, Philippines, was estab
croppings. A heavily damaged crop produced lished in the second weeks of June, July, August, 
more sclerotial bodies than less damaged crops and September, and tile second crop in October,
(Table 7). Thus, ShB-susceptible cultivar IR36 November, December. and January. For each
produced a higher number of'sclerotial bodies than planting (late, 21 -d-old seedlings of IR36, IR42,
moderately resistant IR62 or IR64. The Tricho- IR50, IR58. IR64, and susceptiblecceck TNI were
c/erma population was also highe, in the 1P.36 plot, planted in 2- X, 2-rn plots at 20- X 20-cm distance 
perhaps because of the addition of the rice-hull between hills, and at 2-3 seedlings hill. The
medium in the inoculum. experiment was established in a randomized 

The positive' relationship between incuLuni complete block design with 3 replications. At 30 d 
production and Slb development was clear in the after transplanting (DT), the vector lcafhopperfirst and second cropping seasMS, bit not in the population at tile site was estimated by average
third.' hen overall disease ievel was extremely low leathopper number per 10 sweeps in the plots, and
because of low humidity during the ierop season the incidence of RTV-associated viruses was 
(Table 8). Hence. the iacrease in sc!,:rotial hodies in determined serolo!cally.
the third planting was probably caused by a Two leafhopper species., .Velhioteuivirescens 
saprophytic increase on crop debris in tile soil. and N. nlg;rothcils.,were present in the area, tie

Tungro. Timiing of planting and di.v'ase in- former being predominant. Less than I insect/
'h'nc.' lo determine tile best time of planting and sweep was obtained in plots planted in June. and 

the best ilrietv to control tungro virls (RTV I) tile leafhopper catches were cont inutisly low in 
diseas: in the first and second transplahted rice the .uhly and AuguLst plantings. The leafhopper 
crops, tile first crop at tile Gui mba cropping population increased in the September planting, 

Table 7. ShB severity, increase of sclerotia of R. solani, and change of Trichotverma population in 3 successive croppings.a
IRRI, 1985-86. 

Trichoderina colony

Disease severity Increase of sclerotiab (102/5 m) count b 

(109/5 2 )

V ar ie t y cm
 

. . ... . .. .... . . . .. . . . . . . . . . . 
1 2 3 Average 1 2 3 Average 2 3 Average 

IR64 0.4 22.5 1.6 6.1 137.5 12.5 43.8 64.6 7.53.5 5.5IR62 62.6 22.4 0 21.3 125.0 12.5 0 45.8 1.5 6.0 3.8
IR68 88.2 12.8
13.5 38.2 187.5 6.3 100 97.9 1.1 19.0 10.1
IR36 86.2 44.3 1.6 44.0 212.5 62.5 18.8 97.9 4.0 8.0 6
 
Average 59.4 25.7 4 27.4 165.6 23.5 40.7 76.6 2.5 10.1 6.4 

aThe first crop was Inoculated artificially with R. solani LR-1 In rice-hull medium. bMonitored at harvest. No data were 
taken for the first cropping. 

Table 8. Varietal effect on the production of sclerotial bodies of R. solani and Trichoderma population. I R RI, 19 8 5,a 

IR64 IR62 IR36 Mean 
Treatment 

DS S T DS S T DS S T DS S T 

Inoculation 68.9 81.3 4.8 76.8 62.5 4.7 90.8 93.8 8.5 78.8 79.2 6.0

Inoculation + spray 45.6 '37.5 3.5 
 62.6 25.0 1.5 68.2 87.5 8.0 58.8 50.0 4.3No inoculation 22.5 12.5 1.6 22.4 12.5 2.5 44.3 62.5 4.0 29.7 29.2 2.7No inoculation i spray 0 18.8 0.7 0.9 6.3 1.3 1.4 12,5 2.1 0.8 12.5 1.4 

Mean 34.3 37.5 2.7 40.i 26.6 2.5 51.2 64.1 5.7 

aData from the second crop (Jul.Nov, 1985). 
2 

05 - diseaise severity relative leston height), S - sclerotIa %no.)monitored 
at harvest (102/5 in ), T =- Trichrdernacolony count (10'/5 in 

2 
). 
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reached 12 insects!sweep in the October planting. EIIDIMIOIL()GY 

and declined during the relatively cool months of 
December and January (Fig. 2a). 

The incidence (11" 	 virusrice tungro bacilliforin 
(RTIV) and rice tuilgro spherical virus (RTSV) 
increased with increase in the leafhopper popula-
tion. Regardless of month of pla',ting, RISV 
incidence was prevalent (Fig. 2bM. Inflection with 
RTSV alone (lid not cause RIV symptom l)ual 
inf'ection with RT V and RTSV was observed in 
the June and October plantings; during these 
rnouths TN I was most infected, !ollowed b' IR36
and IR42. I ,5f) aid I R,58 wre seldom infected 

(Fig. 2c,d). 
F:ron th,sc results, the best time [or t rans-

planting the first crop to avoid RTV infection at 
the GCI imba croppiing systems site is late JunC or 
July, when the !ea!hopper PrPLilatiori is ver,' ox\ 
and virus incidence is relativel low: rhe best time 
for the second crop is in l)ecernber or January, 
when both the leatfopper population and v\irus 
incidence arc also very IM. 

Insect,, /;0 sweeps) ect,,,,, 

' 	 Plat Pathoog',Agronomy, atid Entomology 
I)linrlments 

lao (Plamt Pathohogy an(i Agronomv). In a 
conlinuing study of the epidemiology of blast (BI) 
it, upland rice, the reliability of different spore 
trapping methods for motioring the development 
of lht I pathogen population was examined. Theh 
sp trc traps were a Burkard spore trap, horizontally 
exposed object slides, vertically exposed glass rods, 
and trap plants. All were exposed sinmltaneously
iii the ficld, leaf prints of trap plants weretakento 

estimate the total number of landed spores. After 
exposure in the field, trap plants were either 
incubatcd in the dew chamber to provide optimum 
iInfection conditions for all compatible spores, or 
placed directly in a glassliouLse to measure spores 
thia could cimiplete the infection process under the 
conditions of a particular night. 

Although tlie spore trap systems revealed similar 
catch patterns, differences existed among methods 
at certain observation times (Fig. 3), probably 
depending on meteorological features that affect 
the catch. For example, rain might wash spores 

0)orV-......A-- " ..... 	 froii leaf surfaces of trap plants and from object 
-30 	 slides, but no afTect the results of the Burkard trap.1 


Wind would also diminish tie efficiency of trap 
20 plants and object slides while enhancing the 

in . . efficiency of the Burkard trap. On the other hand, 
,l F ll A 

r 
-1 IL- little wind, long periods of high relative humidity, 

Infcticn ' in' optimuni temperature, and leaf wetness rnight 
b I.... result in comparatively high lesion numbers on 

S ' Itrap plants, indicating high efficiency of the 
-- vr I o. 	 inocuhuii during the. conditions of' a particular 

.night.
40 -. hree field experiients werc cornlucted, during 

.	 which leaf 1 was IncasIred.Ii t le first experi
30 	 -10 merit, 1R02, ('22, and I)erorad o were pilarnted

1:' 
2[) ff~tereiices were evident In ile amiou nt of, 

ilicuihlurii caught hy trap plants InI the stands of the 
t0 three varieties, during the season (Fig. 4). The 
o 	 (l ....... r
. .... 	 ioculumi level in l)enoiado remained low duriru,

,in Aur) Oct Dec R~IV IRY)0 P64d 
jul "op NAO[, Je,, P-. R1 N1 [lie whole growing season, but in 1152 and C22 it 

Month trmspan,, 	 no,,I, began increasing at tiIle rig, reached a peak at 
2. ,cragch cctlc opp s dt 	 out l ll nl id de ined slowlycnsvlt 	 tillring, 
RtIV ,rnd RI,"V 1h) i 0 varicticstransphtnicd nlIIIht lron thereafter. ii 1R52, the highest almount oi 
. In 185 to tan 195(, a 30 d iftci tani incidenceiranlsp tg.n 
In cach \,iicl\ cstahhlhcd ill .l (c) alld O1ct Id). (;iiiba. iIoclluIn Wias Caulght dlrlg aill phases of lhe 
Numca t-ciia, I'Ilippines,. 1985-1980. epidemic. Even during arid after heading, when the 
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Lpt'3. Mean weeklyI rricut' or -t P'( ct.lth hi.differetnt spore trapping ntetlhods in an upland field of variety C22. 

IRRI, 19(6. 

ilocitlitni level was zero in Denorado and quite low plant spore catches (Fig. 5). The epidemic started atin C22, it was comparatively high in IR52. about early tillering in 1984 and 1985, but the peak,
11 each of the three field experiments, BI at around late tillering, and the general level ofdevelopment in ('22 differed as rellected by trap spore catch were inuch higher in 1984 than in 1985. 

In 1986 the pattern of epidemic development was 
different, starting at about maximum tillering and

Legions (no 'cm2) ____reaching a peak long after tillering. The inoculum20 -- level remained relatively high thereafter and 
declined more slowly than in the 2 other vears.16 -

Heading progress atad panicle Bi deveiopment
16  were observed in the three experiments and in one 

14 -I II 

12 - )A Le ,ons mnoton2

1010 -- I, t , 

8 I 
/ , ,, n 

6- I I'. o"','.5 

4 , 

2 
2 

0 L 
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4. Meats weekly lestot ltllrber oi trap plattt- ex.\Osd ,'vetstands )f varieties C22, 1t52, and I)ennrado gross.n under 5. Mean weekly lesin number on trap plants exposed ovetupland condi(lloS. IR RI. 1986. stands of varietv C22 in 3 upland experiments. RRI, 1986. 



additional planing. In 1984, the speed of panicle Il 
progress, expressed as the apparent infection rate 
(r), was similar in I1R52 and (22 (Fig. 6). ihrough 
extralolation. the inal panicle I incidence 
probably reached alut 9095 in 11452 and about 
80-85% in ('22, burt was ncarly iero in I )enorado. 
The time from 507 heading until 50)(Q of the final 
panicle 13incidence lc el wais I I d in IR52 and 15 d 
in (722. Thus, although IR52 showed somewhat 
delaved heading compared with ("22, panicle I in 
IR52 started earlier and reached a higher final level 
than in C22, probably rclctling thi higher II 
susceptibility of t852. 

For C22. typical sigmoid disease p-ogress cures 
were ohserved in all four scasons (ig. 7). 1ising ite 
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time 	when 50.' of all panicles have emerged as a 
reference point, characteristics of panicle BI 
development in different seasons can he compared 

the time when panicle I started, the speed of
 
progress of panicle Il, and the final incidence level.
 
Iolrexample. panicle BI in 1986 started earlier than
 
in 1984. hut differences in the rate of progress
 
caused the disease progress curve of 1984 to
 
overtake that of 1986. [he same is observed
 
between 1985 and 1985-86. Using the apparent
 
infection rate, the seasons can he ranked according
 
to the speed of panicle II development isfollows:
 
1984;" 1985-86 -,1986 ,-,
1985.
 
For each field expe iment, detailed measure

nicnts were taken of disease, crop development, 
and micromeleorological Parameters. Further 
analysis of the dia should give insights into the 

influence of 	 host development and weather on 
disease increase and yield loss caused b13 M. 

lE t c	t ( 4/ /Olal.am drot i s .re.sson riel i n 
rice. \Vc examtined 'he effects of vegetative 

diroulhl onl thc yield of upland rice variety 
('22 in plots inoculated with IVorlcae and in plots 

with fungicides. Plots were inoculated at 
27(d after seducU)A, a ter was withheld 
1Ifrom the -,tnes,, treatmllnit, for 1(d from 42 to 
58 1)AS. 

,\llhhough the leal PI epidemic was not severe, 
flu unprottCd eSsd showed tileet treatments 
hiehe, diseasc incidence 0 ii'. 8). I)isease progress 
peakcd at about 86 I)AS, and the secondary tillers 

\,eie morc Aflectced than the primary tillers (Fig. 8). 
Collar 1I incidence and ite incidence of severe 
1neck nolde infection \werc increased by stress and 

decreased hv fungicide treatment (Table 9). The 
yield Comtponents liost affected by HIl and stress 
ere I ()( -crain ian d filled grain percenta ge1,0i0t 

I1). illiClI( abl 1) nulHlbCr \%as tnaffected, pre

sulllxl beca , tile l Il l epidemic was tlot 
severc Ciotghtito causC significant reduction in the 
ttttmber of fertile tillers (Iable I0). Although total 
dry matter was lciatiscl\ high. erain yield was low 
because of hieh ,tcrlitv, cVen inIlhe fully irrigated 
and protccted pIlts. Ihe hih stcrility was probably
Cased by imnlsilicictll ilrubiation at llwvcring, since 

clop flow ced during :lperiod of hot. windy 
wcIher alltld was irrigatCd ottly twice a week. Ihus, 
even tholuhh the Waler applicd was high, tlhe 
frequency of irrigationllpiobbly wu not sufficient 
to prevent sterility (Ile t0 strcss. 

http:MANAGiIMI.Nr
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Leif'wetitess and disasc on irat/ph.ans, Before 
differential irrigation, the period of leaf wetness 
ranged from 5 to 15 h and was the same in all plots. 

i)uring difle-rential irriga ion, tileperiod of leaf 
wetnests inthe stressed plots was shorter than in tile 
irrigated plot (Fig. 9). Wile!. rainfall occurred at 
46 DAS, the treatments had similar leaf welnes'; 
periods. Wheit loll ifrigation was restored, the Ical 
wetness periods were agai the Sale between plots. 

The leaf wCtUiss peTriodS influencCd the amount 
of disease on trap plaills exposed in the plots, 
I)uring the I6-d stress period, trap plants exposed 
in nnprotectCd irrigaeLcd plotS produned Iore' 
lesions than those exposed ill stressed plots ('g.
I0). Whle a full irrigatiO was res1u illed, andi tihe 
cpidtililic progressed. tile relationship was rCvCrsed, 
with luore lesiOns proedt Iontrap plants CxposCd 
inthIsties,,ed plots thlt onl hose inirrigated plots. 
Alter ibout 100 t)AS. the rnnlber of lesions oI 

i ,,,}f s;rs , 

S i,,,i,,l l,; ,, , , ,, 


S , ,, , 


2 

' 

2 _ 

0 .. .Str 
n ' " I'" 

"
t
't"... 

I ",!
8.1 (';ll diWcC l,oi,#p 1,11;,11(1s n(JlIN ilvllfof1 3
(22 i nlJ'oletcd atndttltlSl 't l'titllittl 01t, .tl l'tt ii(11i, 
citer Wailt slic.. ti ircnolltn)l liot 12 t,"s t5 ti t ',t: cdilt1

IRR I, It05( 

trap plants decli,,ed and was again the same 
between plots. 

Similarly, during differential irrigation, in
,ictilated trap plants that were exposed in protected 
irrigated plots developed more lesions than those 
exposed in stressed plots (Table II). 
The data indicate that the inicrocliniate during 

differential irrigation favored spore production 
And intfeClf in the irriaTed plots. ('ConsequCntly, 
the higher disease level observed later in the 
slrCsCd plots xwis caused, not by microclinatic 
di feren:ce, betweeii plots, but probably by ill-
CreiIsdc susceptibiliy of plants that had been 
strcssed. 

Viral diseases (Planit Jaill/ti, und lPu)tomol
o,,i). ()nier aniddeve lste it 01/1'tt1,ro in tIhe/jeld 
(P/amt Pat/tuhi.,). A field trial in 1986 DS 
leterrmined when RItilefection occurred in the 
field. S."edlitls froma elM-coverCd and tteovered 

Table 9. Collar and neck 131incidence on C22 at harvest in 
protected and unprotected plots subjected to iith r irri
gation or stress from 42 to 58 DAS. a IRRI 1986. 

Treatmentt) Collar biast (%) Neck blast %) 

Protected 1.3 8.0 
Unprotmcted 32,9 37.8
 
Stressed 
 22.8 28.6 
Irriqated 11.5 17.2 

LSL) (0.05) 13.0 6.6 

-Collar Hi onsfliagleaves and neck BI on paniclo axis of alltillersIn 12 hillsat harvest. Analysis of variance showedno BI X water levol interaction; thur only main effect
 
nsears are presotv, 1 Fungleides wore applied to pro
tooted trentolents, water was withheld from the stressed 
treatnt from 42 to 58 DAS. 

Table 10. Effect of tl1and water level on yield compo
nents, 
 grain yield, and total dry matter in C22 grown 
under unland condizions.a IRRI, 1986. 

1,000- Filhd Grain Total 

rreatrgentb wealt Panticles dry
 
weight ran ri .s ) yield matter
(I ftha) Wtha)
 

Protected 19.9 43.2 373 2.0 9.7 
11o rnoctiated 113.5 30.6 338 1.3 7.8 

ssed 18.8 34.7 347 1.4

Irrigated 20.0 39.2 1.9 

7.9
 
365 9.6
 

LSD (0.05) 1.1 8.1 -.- 0.3 0.9 

Analysis of variance showed no [31 X water level Inturncties ; th us o n ly mai n ffetwt rnearss re prtsense . b lu n fl. 
cides were applled to nrotectel treatmeats; water was 
withheld from the stresstid treetmoent from 42 to 58 DAS. 
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Roinfall (mm) L.siors (no) 

4 - Irrigated I
 
3 - Stresged 1.0 -

-~ 

Leaf welles (h) i~BOL...J60 

"fl 

", o-lo',
/, 


1L2>ttO ,'L, ,'0 80 90 100 110 120 

O I!.Ili~' oJ.,m tap phlant,, e,;pot.d in irrigated plotI oftupland 

rice nid in plot' .ticscd toni 42 t1 58 d after s-eding. IRRI, 
. il( i ion -I- H'ick to fullir r~L~honir r gnt,on 198, 

Days oiler .erdil 
1. R;ti:. i andil h \.w itess pei ids i il ril'iuttd plot ulu nd 

rice and il i, Irom 42 to 1 d after ,o.lin, IRRI, ILaguta, to hnitor planthopperphit ,c,,d brown (13PHI 
I" cart-N grascarraini (GSV) and ragged stunty 

W S\') VI'lsS. The light trap was sot 5 m above the 
giroild ii an isolated ricefield to catch high-flying 

seedbeds V,cre iivided into 2 lots and transplanted BIt11. 'Ihe itc was cropped twice annually. 

I 11 alter swi ing in a screenhoulse and in the field. Trapped 3 P I- wcre Individually tested by enzyme' 

RIV incidence was scored visually at 22, 37, anl linked in'uinosorbent assay ( ElISA) after 
65 I)T. holnogeniatloll with 0.5 in! of 0.02 IM phosphate 

RITV incidence in civered scudhed plots was buffer contailig 0. 15 M1NaCI, 0.05(%i Tween 20, 
zero at 22 !TY in both the screenho te afld the field; and 2' polv\ ny!p, 1rolidolne (molecular weight 
in tntcovered seedbed plots, it was 0.2; in the I(,)001 at pl 6.5. RSV and (iSV incidence were 
screenhouse and 0. P , in the field. RTV incidence also monitored in farmers' fields around Laguna. 
in tile field \,as 13,' in covered plots and 12' ill As in 1985, trap catches were higher in Marcli
uncovered plots at 37 1)I. At 65 )T, the incidencc April and in Spltenibcr-October; however, total 
incrcascd draniatically to 77 in covered plots aid catches were lower for 1986 (Fig. I I ). A low 1I11 
79% in uncpor plots itttion coincided with the start oh the cropping 

Nfonitorin,,gra.'s .sl it i's ,mol ro,t'egci l/lult -ci;ts ll",, Lnerallv in I)ecenber-,hanuary and in 

,irl.v in lIagma (l t alo/hiti i,.v mi1 tl .lIInC-,ukl RS'-;V carriers were 2.4% and GSV 
tolologi.). light trapping \ as cwi tiinucd in Iiliw. cartricis \ere I.(('> ti a total of 206 1311PH1tested. 

Table 11. Lesion number on trap plants of culjivars C22 and CO 39 inoculated with dry spores of Pyricularia oryzae and 
placed overnight in either irrigated or stressed plots of upland rice.a IRRI, 196. 

Lesions (no.) 
D ay o f .. . . . . . .. . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . 

exposure C22 CO 39 

Irrigated Stressed Difference Irrigated Stressed Dif ft ence 

ns  s
56 293 110 183 297 152 145'

57 74 0 74" 216 2 213**
 

n
58 5 0 s 14 0 14"5 

aLasiun nurniIor,'40 leaves examined 6 d after field treatinent; mean of II roolicetions. Plots were protected from P. oryzae 

Infection with fungicide; tuninoc1ilatfid checks were disease free. 
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(SV and RS V incidence was /ero to trace, 
Grt',, hoa/luhpper "Nti aipi' and tInigro tans-

'Ii.j.itfn it' l00it'aI P/aut IPatholoi'. As part f 
the Indonesian Agencyfor Agricultural Rcsesrch 
and )crvelopincnt-IRRI (ollahoratiev Project on 
RI V at the Maros Research Institute for Food
(rops (M RII SoMth Sulawcsi, Indoelsia. 
(1i.1I colonies selectdlc roni (1.l1-resistant IR 
varieties at M()RIF wL -c tused to transmit RTV. 
lest plants wei Cindexed h,, latex scrolop, for the 
presence of RTV to studv the diflertntial trans-
mission o! RIBV andi RISV otn tie wsislallt 
varieties. For dctails ,cc (oop'vratl\. ( ouintr, 

rts" 

Grevtit /[(,ioip, r / Wl tt/ 'lier, ill ,hi
I /'/ lt'. t /Alo/oi'utfhontil ( P/hIa . lI)uuing ()ctohCr
I9895. Ccollected abotl 50 ad lilt "rCel lCafholpCr 
((il.l) trtom a ield ol 1IR64 it) Korotadai louth 
(otabato Ilw ,erch (HI ther eoutjnuiuisl 
icaic) On IW164 ,,cedluInu,, Altti ;uboit 7-10 over-
iappinu . elltlatlin.. trmtnmsiin of R IV-
is,ociatecl vi uses, hs this 64 ,11w colhmnv -,vs 
etlllpal'ed wt.11h tI uIeeuh()Iim L colol thai( had 
been ilaintrii .'iloIt I1 so l tioin, r\eal 
Ve Ii .
 

1onlg altit, t't, lIet \\ o C1t 
 1 ii ", t hat h;o( I'cell 
expow.ed tto l( -ilttth plunt, VX 111(1id 

tested Itr thir feetlin, ',ies.;anld viru trlniinl;ii.,oln 

in164 and I NI plit.s. I lieI1R04 cohtnv excreted 


\te iuris 


,,+ ,, i,'w" <'" 

80, 18oo 
:+o + i 

80 -

'1/o. 

, 3. 'C)' 10 

1% Md H 

I ) Apr ....r Alwq 1 :+h . 

Ialm llli lpilnc', 1986. 

more basic honeydew on IR64 than the TNI 
colony (Fig. 12a). T)uring the feeding test, the IR64 
colony efficiently transmitted RTBV + RTSV to 
both IR64 and TN I seedlings, while he TN 
colony transmitited them inefficiently to IR 4 

(FigdlinestFig. 12h). 
bIr/l.Smis-moll o (wl'rol , b, Nephotettix 11100

piCtus tI/a,'I ladIoi1t0,.) Adult !VMj)ph 'ttix 
I'ir'Xts'ce'. and V. )iulropictfu. were allowed a 4-d 
acquisition acccss to In(.: same plants infected with 
both RIIaV and R ISV. nd weie then confincd in 
ICst tubes ith 5-d-old seedlingts of 14 varieties at I 
insect seedling for I d. ()ne month after inocula
tion, i ted secdlint, wre indexed by the latex 
test. 

V. iivr,,/ictu irmimlit(ed either R IIV and 
I,1IS\' tOPCLhC. R I IIV' Oi RI V ItIth butll its 
trausuissiun oficicuc'I I as losscr than that of N. 
\irt'.tsw'nl (Iatblc 12). V. liKrtti,.tu.s prcferentially 
!iaiiilitted R I t ry alonc to ahlot all %alieties 

It'ttd. llk26. 11,,. IR(6, and IR64 i not 
nlltcd mill rithi ite .,l ' IC V.m ith(ItII. ''ass 

t1,ecd to itlloc-1:utt- them, htil tlui \'Cie itnostI' 
ileted \%',ih k atlone V.V/l'stI'll's WAasl( llV \lIeul 

ietld. 
!)f,'r it t/ , /v I ,' ,''lt.sIutul,-i?// ft'I/l/afllt
 

(\P/ant I 1/uHu
l, ). [ise-da\-tId IN I SeCMtin|s 
wetc uinl. u,'at:d ssIth II\". and plants thal became 
ifecttd wit h bot ItR IBV and R ISV were selected
 
-I\\ k alter iinocultiiuim. The plants \vcre at the 4- or
 
5-leaf~ stnec.\ll 
 leaf blades and sheaths werec)llettd Iroiu cach plant. I.ca\e.s or sheaths tf the 

Pt 0r/+, o d,
 
., ,, of h( moytd(J,,o)0!, jrrun2, !eI' { ,
 

cn , TNI colony 

d , - "" 

1'It fr I f4I ):if- r C. 

[til I,\, em l aI N I ( n I V 

vrmnmn~i,i l,dilring thle Icliiig tcs+t (h). IRRI, 1986 

http:expow.ed
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Table 12. RTV infection of IR varieties by 2 leafhopper species 4 d after acquisition feeding. IRI1, 1986. 

N. vire Scens 

Variety Plants 
inoculated 

Plants (no.) efuCtieddwith 
-...... . . . . . . .... . ... 

Plants 
inoculated 

(no.) HTBV-tR TSV RTBV RTSV (no.) 

IR8 30 1 14 1 
11F20 29 0 19 1 
IR26 30 0 12 ' 
IR30 29 0 12 0 
IR36 25 2 9 1 
1R42 30 6 11 2 
IR50 26 i 3 0 
IR54 27 0 5 0 
IR56 28 1 9 1 
IR58 29 0 5 0 
IR60 30 0 11 0 
IR62 29 1 7 1 
I1064 29 0 7 1 
TNI 26 6 9 1 

total 297 18 133 9 

lnf ,-d Ly tho Iatex suroloilicll test at 1 mro after inoculation. 

SZilltC p01M)in kt. odcl: 5lh. \ottlIlgC[) 1im11 5 

jfiilll \\.cuCc,lihicd and )liloentci/ed wilh 

l shal~l c'-hui (lc'l~ d I;i1n ' ,oltitiln (pill7.4), illd 

exll;ict:..l I I tljltitiotlli \\r tl Ic Cil tcstcd h\ 

c 

bines 

!I.S,,\r. rtH C\;II iiniitIII l t ICtIttl 

illhiCItlC'I ll i',oil tcc\ i .).0 111. 

RIIcili\ I';it<ttull , ()! kt I R\ ll1 R S\ 
highte i II lilc ,rcoll (if W I1i ,lIl'It1tiid l t 

\\ l, 

\%,ClC 

,. iflud 

lc)iCu ill OW',cu or _ontecl l (l",ibl1t(3). 

indicdtin, Ih,1 h11c h"4 t-'il poltlw, I)i 

.ot~l IlUcsl. 

gr'ec' ,u/Who/ppr ( /'/ij /'Pu/tho'tYi). I!lV 

Il tll1f11 lled ItII\ .'kIt'll(III f iIcqt liC 

I)Ie iothl\ or* at the sato1C 111te, hIocet 

cll ho: 

R IS V 

rCccI-C 
b1 ClhlS~l. t ll to l i lt I ic' t h t(Vl' iil lctl~ill R\dricllcs lot lcestlilcc to RI a(.itcchtt11i(iic luti1st 

.lIollc ,, lit . (i ,11 Li\Cllih ClticticlCtc\.,\ltul 

"CL'tCIetI 

Ml hltlli 

1 (;IlII 
planlts Iot 
IlCCCLc 

;JccCs lCC&Ii It 25 ollm\ , '- ;dalowed 

t Ile'l'int -1-oltIN I s'edlig 

sec~clI~il: I)I tt. lo)o I -i 

dJiltcrcutt Jo l)lelnlotii ;!Il fil to 
,


2, ) C,, 10)R IS\V-1 _cled 


sitll 

lCo--lcd( 

1 IV"-
lants 

for 3 t1.hi htcaillhs' I N I -.eetliiltvs (itr dillerci 

dtnrali :Ind.,1( ltcn Ito R I B\'-illeclcd pllltt lor 

21 b: Ill 3)a;icccs, cit(l to hlotIR"IV dlld R l S\'and 

or to RISV alotic. aid lnilItt ; tl-RI\ seium 

28 
28 
30 


30 

30 


29 


29 

23 


28 

28 


30 

30 


30 


26 


399 

tlhlitlth :imctithi.-alor 16hI. InoctIkIted. sCCdlings 

\kcl indexed b\' tI'C ilcx ICSI Ib ifltr 
illoCtulIalblol. 

.h\l tlioncl Is h.tthllCCIi\'iL\' Itulraliitl Iri~l ctIitla 

/atit ll (till' !&ti tltlti~lel) oi\c 111C highcst per

.lI;tC01' "inllcli\eC (II witlh i2h lurOlortilol of' 
I lBV Itall Fl \ts llitlCrs (Table 14, I15). v\cr, this 

r;ihllIilt
fable 13. Rilative amountis of RTBV and RTSV in leaf 
bhdos and sfeaths at different positions in TN1 plants 4 
wk after intacticn with both RTBV arid RTSV. IRRI, 

1V86. 

Liti 

1st 
2d 
3d 


4th 


51h 

1st 
2d 

3d 

4th 

alIn test 2, i,,ami 

replications. 

Absorbance at 405 nm by ELISA 

i..eafblades Leaf sheaThs 

01T3V 

0.26 
0.32
0.43 

0.44 

0.40 

.. R 1iSV R1 IBria....... . . . OTSV... ... .. 

0.4 5 
0.41
0.50 

0.44 

0.42 

Ti!'t2', 

0.36 
0.32
0.40 

0.34 

-

0.39 
0.37 
0.41 

0.35 

-

0.6 .
0.9 

0.7 

0.6 

N. nigropicrus 

Plants (no.) infecteda with 
.. -...... .......-.... .. .. ..
 
fjl3,V i RTSV RTBV RTSV 

0 2 0 
0 8 0 
0 0 U 
0 5 0 
0 3 1 
1 2 0 
0 4 0 
0 3 0 

0 0 0 
0 3 0 
0 1 5 
0 0 0 
0 0 0 
2 7 0 

3 39 6 

0.1 0.8 *0.4 0.7' 0.3 0.6 0.3
0.1 0.8 0.4 0.7 0.1 0.7 0.4 

0.1 0.8 1 0.4 0.5 0.2 04 0.1 

0.2 0.7 0.? 0.5 , 0.5 0,1 0.1 

ibsorrtcae soari-arJ -Ia, tation in4 
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iiethiod requici ted a considerahle amount of the larmers' lields and from experiments where severe 
uliscrum and was too complicated ior screening 13B occt Ired. 

for RTIBV resistace. 'Morcocr,with this method, A standaid proceduore \was f'olloxkcd to detect 
o0ly thtee sa ic ties car he sCreIIcd It ;11iri0eSil free phages and the phages that arecreleased fromu 


preset io1liiS. O)lier trials ,gase (I.I poul;- nffuctcd host ceils, designated as adsorhed phiages.tions thi liralnittel only Ri !SV, but 11le per- Adsorhd phages are assutmedIto he associated 
ccnogc ot itleLtctive (6 II il th- population was vith seed. Frce phagcs wre isoliatcd hton the 38
owIr lable I0, 17). -,rkcanie- tor RIIIV samples collected froim IRRI. Nue\a lcija.

rcsislinee call bC done till:Ie1r rattes d!GIl1 tl;it .ilgatna, and lPalavWun. Adsorbed plhaties were dso
havc bll I i\r' sequlltial of)dii'on IISV- and dCtected from crushed sUecd. husks, and stilice 
tLdenR. Ilv-iicetcd platslt., 	 washings, hutl 59(P lcwer thia frc phiges (Fible 

18). suggesting th:t bacterial cells sCser i.,sociatcd 
Nl It ItLt i i( ,Y with the specimnc. lC dCtectionl \os positi e until 

/au P/i,,., I)cparm m 2 wk alter secd storagc at hoth 6 and 28 '(,rcg;irdlc.S oI sltiplc si,,+ 1.00tJ0J seeds).(tlnaxinun 

l)etectioun of'A+unfh(onvcaumpevris pv. (rr' No tee phiges were dcteeted froni seed that was 
in) rice seed. I hi bterial blight (1313) pathoen h;ir\cstd Iront plams with tdiscasc setre of 3 or 
.VoHu/iiuJIIIt,,ii i'uiqT p. oreo cI\eo)o \as lcss ([alehl I) 
be.licscd to l seedlboric, altdtlgh C\ideuce ias%% 
not Cielusive. I.ist 'al r, o iaiv 	 \N ttA1<AMM)lItelt-.d that 1I M A 
ba;cteriat isl'tetCd Irono rice sCed protriced on /q0,, /oill/),)/ r / )],ir/ltvi 
peptone -tiCloc AiNitr '.llmos colmoicns Iescihi 
those ')I Nco. N uC of them. hllwvr\Cl \wIC Antiserulm of Xco. Nco in1pure culture (117
philieeriic (Armral report for 19 5). Wc con- isolates) and1i) extracts of naturUll\ infected rice 
titCd to ille li''d, to Letect No in or lha\cs, (27 sarmplc,) of 6 ice \tiletics \%,s easily
tiSsoCiatLeI M11ih ice sC'20. Wc :,datCd hactciii- detected and idnitfiCd h\ a direct fluorescent
phiags of \\(!Xc) It', IsX.'o Irotil flattilv (fliiorCscit i,otitoc\ aitite)- tiitibods (ihintittino
disCesCd plants. SeeIs \'k ll 1r, k osti:'rItchdl (Md glohuli n Iront ntiscrum to ghutaraldehyde-tixed 

Table 14. RTBV transmission by GLH given sequential access teeclings on RIBV+RTSV or RTSV for 3 or 4 d, on anti-
RTSV serum for 16 h,and on RTBV for 0, 8, or 24 h. IRRI, 1986. 

Duration of 
access to 
RTBV (h) 

GLH 
iesied 
(no.) 

GLHa (o.) transmittintj 
-------- - - - -... 

R FoV+RTSV RTBV 

Infective 
insects 

%) 

GLH 
transmitting 
RTBV (%) 

0 
8 

24 

245 
193 

50 

7 
6 
3 

53 
117 

96 

24.4 
63.7 
66.0 

88.3 
95.1 
96.9 

aNone trinmsi'tted H rV. 

Table 15. RTBV transmission by GLH given sequential access feedings on RTSV for 3 d, on anti-RTSV serum for 16 ti, and 
on RTBV for 8 or 24 h.IRRI, 1986. 

Do ration of GLH GLi-i (no.) transmitting Infective G L.H access to iested--------------- ....................... insects transmittingRTBV (h) (no.) RTBVfRTSV RTBV i%) 
 RTBV (%) 

8 28 
24 35 6 	

22 89.3 88.0 
22 80.0 78.5 

None transmitted RTSV. 
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Table 16. RTBV transmission by GLH given sequential access feedr is on RTSV and RTBV at different time ctmbinations. 
IRRI, 1986. 

Feeding duration (h) GLI-I GLH a' (no.) transmitting Infective GLH 
.. .. . . .........- .. tested ..... ......... ... ... insccts transm itting 
On RTSV On RTBV (no.) RTBVI.RTSV RTBV (%) RTBV (%) 

8 16 20 0 4 25.0 100.0 
8 24 18 0 3 16.6 100.0 
8 '18 18 0 2 11.1 100,0 

16 24 20 2 6 40.0 75.0 
16 48 17 0 3 17.6 100,0 
24 24 40 26 10 90.0 27.7 

arNone tranmarnitt.i :ITSlV. 

Table 17. RTBV transmission by GLH given sequuntial access feedings on RTSV source plants for 3 d, on healthy TN1 
seedlhigs for 0-7 (1, and on RTOV-infected plants for 24 Ih.IRRI, 1986. 

Davs of) ,GL I GLH (no.) transmitting Infective GLH 
healthy I' 1 ;,sted . . .......... .... insects transmitting 

sijmlimij; flin.) H1IBV IITSV Fl-FBV RITSV %) RTBV (%) 

0 36 5 15 1 58.3 71.4 
1 36 1 11 0 33.3 91.6 
2 40 0 9 0 22.5 100.0 
3 	 36 0 5 0 13,8 100.0 

36 0 1 0 2.7 100.0 

Table 18. Isolation of free phages .and adsorbed phages - incubated at 28 'C for 10 h after removing the free phages 
from seed samples collected from 4 locations in the Philippines where the mother plants were infected with bacterial 
blight.,7 1986. 

Samples ir1 ) lhov'i m rm lm sti 'f, oimi phaiges 

TotalGrainsCollection site samples Crushed whole seeds ;ti lae wasI mmi IikSl;s Glains 

Supernatant PelMet Surifnnitant l'eliet Supirriatwt Pellet Supernatant Vellet 

H1-IM ,15.50 26 1/ 8-1 41. 34 16f 91 71 2+ 
2- 3' 2, 4± 1s 4± 

Nueva ECij: 1 45-50 10 9f 2' 2f 2+ 8+ 2+ 4+ 2t 
1 1 i 2± 1- 1±
 

Maimtac 100 1 f. -- -- 4 - + -


Palawamn 100 1 .- + - + - + -


I pmOSitiv- incrtm ,e ml in tlmi;, little incr'taso l Iplaques. - no plaques. 

Table 19. Isolation of bacteriophages of Xa'thomnonas cclls) stalitu! (I AS) procedure. Xco cells mixed 
campestris lpv. fry/a.' seed samples with XV ini,'stri, j1\ (I "trom harvested from ' . omrizic' i X1' ICIFU) or 
plants wiih different lovelsof bacterial blight. IRRI, 1916. i, latcs of e01 1lll5 n ha icat;1.11 Ilora [o111 lICce seeds 

Positive . 01 added 1o ricecield waler or il rice secd wabhillsDisease index Seed lot---------------	 - 101 riIilyilClilt acdsWl.dlee010.) . . .. .. . rom artificidlyN Inoculhated latiu'lcs \vt.rt.d'tc.:+cd 
Free phaqes Adsorbed piuifaes 

0 t oICot ltlalion of 40-50 C !S I 1ll. 

7 9 9 / Slri!C ce'lls o I .. 'illt './ri% f-v. /tf5ll'U( 

3 4 0 0 m' ITlllf'.A1iA, i( Ch'I'/iS', rilli, iflCII)III'.s, /In I' ls, I11 /
1 13 11 1 \f '( 11'tin h' Pi1-'F, , l'.sici/1l . A/ iM'i/, plth'i, ;Irnd 

Phages d etected aifter rmovinq the frire Ishages and inci- 10S/i WC [l. 11 111CSCLAHl \ I . U/i/lu '1l ti 
bating for 10 h. /lli ('iI!lI/i, alltd /f)' hld tJill 'lf 11tio'fooes ee . No 
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prcCipit:iting imuiogcn was detected tin tie 
antigens of aliticic pathovars, using the tlto-
resccin isotlrocyanat-.i iioteMlU hlin cmiugate 
inarliscrnr,., il in (Lichrhoo; drih,,-difIIu; 
tc.sts. 

lhe data iric'ieac that 
ititnuri aglr0 ti 1)r ina 
dclh'dc..fixcd .\ea oclls 
a~rrvz,,or' atid ea iit_tt t 
identification., tItewv\ I, 

eco rces. 

ihe lti..' diiie ilsil g 

n Irt lI toiiiill l 
sti, righlspcitif or is. 
ar itlrapd (t t ti aiaid 
it Cardt rit1 i1tn,01.rh 

Rice tntingro hiicilliforin viri,. i rx Turwlh i's (t 

1 1 BkV-intl etd TN I ploct> w autriied
uer h.% 
Cxpasilr iltoae ta Gith'ltir haitisrtid'ccii ,ivn 
sequirirrai ;rccc..,, a INNIplirr i:tcd \ ith h 
R IlV and !1I Si\ t-rlit Ind lil Itoalti-R ISV 

,citllil 1k hi th!ouh i I).I l taeiic(l oitrlii 

. I'V jurteers iC th,nSt
5 i rt itiaili.d iltw ie It' dnMi 

(lii a ir ri li 'd the (1.11 ir a inirted iltt1 
R]ItlV ohiim. All ictiLtd rceil~r,, 'ee tmchys"we 
h', t IS.A ti eotiiiI tilt' pre . it I 11V ando 
bsel illa R ISV. 

]fitcCICd plaits f(t)(L)s, r lir'.i"ust'ed ( \ ithtout 
r'oots) atllf f()(I ildtcrin'uctnlairri lnd lrilo-
gcHI 'd ili I liter 0tl.0)1NtII l)TA.k (it ,-;.tI.he 
Icafctlacet as ciai tic,.j; hairga a i It)l( r I h 
alter tierta r rit \\itl 

resulting supernatant contained RITV particles, 
30-35 nmi i width, with varying length (Fig. 13). 
[h purified RTBV traction had maximum ultra

\iruct light ahsorption at 258-259 in and 
millinun absorption at 243-244 ntn. lhc IV 
ahsrption ratio a& 260 nim and 280( nii (iAO :,0) 
re- icIaritta 1,1i to 1.20. 

I xsa rabbitL, werC intirnII ed avainst R'IIIV b), 
live i eai s (tonirrti intrairustUlar ,Md oIIC intra
',iious) ,veir at wcckl\ ittervaL. Puriticd ,irus 
spc;isi. (.,kc<o0 7) cinulsified with an - was 
eal;I V1oluin11 (;e: adjuvallt fot' retMd'S completC 

ai amuscular inicctions. Rabbit, were bled I wk 
lticl. [tie had a titer of 

.2,5rA) i tile ir'eCpitir ring itiCtfacC test. 
Litues parrie (lttc I)a[to loatce,0.82p)were 

erirt r:d .ithipaitiall\, puriied aI!ii-R1'T V 
iMtir)O trlill diltilttC IO0Y< tar st O .)liCAl 

ItLictiIal oitR I l\ ill illietcdJ plall 'ap. RTBV 
s"detected h, thi- a.tC\ tce>i it);ifrteCed Sap diluted 

80'.. Sap i(i ticaltlvh plants ea C a negative 
rctctlion. 
F .IS \ t t,,vvcr also conducted to detect 

R I1IV witigen in Lit extracts. Iimmunuuglouhilin 
suns p rit;cd and li eled -vith alkaline phosphatase 
hiss log Stanldaid ptrocduLCS. PLurified iminutio

. g I)rricla.sc ltar i It a ii,r,)II[tIhbulii(ci ating iniiunal oh ulintat I , lgInl and 
tieacieratuir . AltAhr 1,
, ti . it 13. 001) ' , I, ) !I/\Inc-lahCled itrtl tnLIglrhtuih diluted IOO'.
 
miii, poilseth\err; s' .,Wl MUM)tt(!"5t sML N,(' I detected lIV il iriC('tCd ',,ap 3201.diluted 
(0.02 NIL aritjitur \--t ttV-0Pf ',at %r) Vsrc 

added to Ire ,tirr
rnail;rIart aid stirred tar 1 1r it 
tlroit itpItr tir nri.tti. cerIlritimeed artC ,'s:, 

30.Ou I!tr 30 Ml, arid tr1 eCICI\ostsipwidcd ini 
2(0 rat ,()I M III )TA(ll N.( )I li,,ispirii was 
sulicicd to (11.0)1)) iltli)\, Z. ilirr- and hiltt
 
(100,000)) . l) d ce itrir.ation. I li:
n mint- ,pe 
resultr petrh.,ingsr re-aspeiroted ii 2 iltl1)Ol Mf 
1lht1SpthI:,tC buter (I'lB) it pll 7.4 al( again 
CelliIitrirteo itl O( I lire sui-i1It otl 10 m)iir. atairt 
was li ,wed oii a n(-i(l, liieln sucl is ctliisil' 
,landitilt (Iptc'jt 0.0)1 M, 1 .il1 7.4) indiIll 

Ceitril g ,.'(tit 9t( )1 lotr 2. Itat 4 inflocktiniri 5\27 tm. Ihe tribe ci r i titl wL:I., 

scaniicd at 204 run in ani IS(M it (,,It)rd 40) 
rlact ioiil tr, lIhe iiiti-cottailli il,I tactiont wis 

r .ost:reCd, dilirtel wi1t i 0).I NI PI; (pll 7.), aid 
centrifuged it1,1.0l) t I. [he c'nicCintrittg(Jt I., 


viru', was sutlSp)tct~ in I tilt010,)01 NMP11 (p1 7.41 
and centrifuged at 11,0001 g tor I) iin. -1he 

lealth\ saF (21)> dilhtian) arid pLriificd RTSV 
( .'t,t1ot 0..") tike reactions.git\C itr'e 


Rice ragged stunt virus. RSV was putriied trom 
SV-int:ctcd TN I pt;ilits following tIe procCdIrC 

rtI )1n1rna ct ;ilwith .HIC Inodiicatiot.. W hole 
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plants including roots were homogenized with 0.1 
M PB (pH 7.0) ih 0.01 M MgClI. The sap was 
clarified by freezing overnight and defrosting at 
roon temperature, and trevte<i with l,,%iTriton 
X-100 for 30 mill. I lhe virus p+Ceipitated in 61" 
polyethyleneglycol 6000 alnd] 0.3 ?v1NaCI was 
sutspended in 0.1 M histidine butlfer in 0.01 M 
MgCl2 (p -I7.') I1he suspel sion was treated with 
20(',' CO., and s bj ccd to differential cettlitia
tiou. Then the virus fraction was laycrcd oIl a 
20-501 li~llr suCrOSe denlsity grad iClt and Cen
trifuLged at 25,000 tcv min toi-90rtin lit a Beckman 

SW27 rotor. 

The lone containing VitlS particles was ie-
covered 's,,ah an IS('() Model 640 Ul. \5 "cannl' 
and cutril'e Cd at 40.00(01 rcs min for (0 ntin. 'I he 
p11rified virus Ii action 11,1d NIxitnt;Mi t\ adsorp
tioli at 260 n, atnd the A,,m) .a, 1.9-2.1. 
Purified parlicles ,.re ahont 6,at nn in diameter 

live 1-nil atihlnqot ol purilied virus fractions of 
which A nm as adjusted to 1.0 injected111, were 

into 2 rabbits at 2-wk inlcrvals. The first tour 
injections wkere made itta;nnscnl~rlv and the last 
:nltlaVCIOL.SlV. ()Inc 's Ck after- the last Injection, 
antisera weC collected. I lie antisCra had a tler otO 
1:1,280 in boill the iujg-inlerla.c: precipitill arnd 
doublC igar gel difIfusion Icsts. In the g:l diffision 
test, a single d wa0s btw'n puriliedhanl1 fotned 
RSV and the mitiserat, mid betwcen RSV and 
antiscruil to RSV t1n01in hIhlllld. " he reactiOn 
bands fused with eacht other (111g. 15), indicating 

that RSV in the Philippines and in Thailand are 
serologicail'y indistingtishable. 

- ,1L [lie inclusions \vere composed of fine f laments 
" and arranged in a paracrystalline array (]Fig. 16). 

Inclusions werc abundant in the nucleus and 
vacuole, less in tine cytoplasml, and often in close 

' 
.. ''~ " association with chloroplasts. The results suggest 

, .- that the filamcntous inclusions are specific to GSV 
14. IPurified RSV ('. X)). I R RI, 1986. infection ill rice. 

:.s,. isections of leaf tissue from GSV-infected TNI 

Splants wcr Cexamined Unrder the transmission 
electron nicroscopC. IneluLIsions were observed in 
the mesophyll and vatscular bundle cells but not in 
similar ceils fron health and R IV-infected plants. 
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15.\ al tie diffusion lest shox%ing serological relation tnetween 

ItS\' h om thw I'lilippinc, and froti "hailtand. The center well 

c,,talos pritlifd RSV itor tie Philippinc, atnd tlhe outer wells 
crtain antiimY,to RSVc 'ion the Philippines (P) and Ilhailand 
(1.antIlp hatthutfr.
 

. --

" 
,,. .. ' 'A 

. /, 
-

/ * \ " 

. 
I6. Part of al rice cell itilectd with (SA, sho'wing inclusions 
Composed Atlthe line filauments in the cytoplasm. X40,0X0. 
IRRI 1980. 

HtO)SI-'AIVI((i[N [NI -RACI IONS 

1lut(t PathologV l)'parmewh 

Inclusions in grassy stunt-infected plants. Ultrathin 
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I'COI('iY AND Il)I.( )(y 
Imoumuhn'v lf)parwm 

Rice whorl maggol food web. The food web of the 
rice whorl ilaggot (RWM ) llrdrcI/iaphi/ilUrma
[erino in the Philippines conl.rises 114 species: 13 
parasies, 7! predators. and (2 seeondary parasites 
and predators t32 spiders doulc as hoth prcda tor 
and secondary predatorsw (fig. I). 'redat.or, 
outnumber the parasitcs b1 ;ilnlotl 0:1 and the 
secondalv pcdatr,, by 2:1. fIre dominant pit-
dators are the 32 spidiers, e,,nisir iriter , II7),
orbli',v'e, 12. aild space-." h (3) spciCs: Modoiatari, 
(10): and true iij.,. flies. ard \ci CratCs( NCa'ch).
Ants and mits also prey on R W,,N. 
(hd'mr .Awl", ntll h.rid IsqW1)1'. i or 

aildt-,ii, ;ird the tdlichOpodids ( ul'/S'i , 'oI arid 
,Vfe/Cr.T. atack vcc,.

Nine %\aspsalv ;ii,,al.piipal paraitcs. I lics, arc 
the riacotid (114i. ',p, (e, [lost ahundiial I: 
cllorphids lJ'ilraI(husi pp. and t ki ,itdece-mnincd 
specie.,: ptcrolinalid, opM-A/,r,/4 /l sp. aind / 

h /,,.' ! flm ( l I' 'd: anrid the dia riiidls 
I rupr/, . A culophid s'olitary \ isp, t itvtm',
ide'lli ,cIs ()o('Is tranlI.], palrisit i/cs eggs. 

Iioi g) of the gold-friniged ii-uc. ! le gold-
I /ill-Cdh0lt! ("h1 '111ll i /[,'/o )OdgSI 
(O)ialrac'ia' "+ ("i acui lia esto (bill[* )] .( ('\''t A~i t I l1\" I ltd't p es t 0 1 (.11 ]a tit11 CC d 

arid \, cIland rice in tie PtIhilippines. liic lara is 

morphologially sinilai 
 to the dark-heaided s!o 
hoire; CI/h ,n / /lr'ort ( M rick ). ( '. clrlcu'i, .,
occuls in India, Nepal, lhiland, NMlaysia, the 

I'hiilippitIes, and 
 taiwan. (fhilia. Overlapping with 
(C /w/i/rinu., in Iria and I;Dainild. It is 
stspcctud t1at ( ',/ol''lnts,,s I1)nutoccur iIn til 
t'iilippines. as io spccirnen wkas fuind uti o1 13 1 


ltl, 
 wIose2 gcritalia werel dissete''td. 

(. alrh//it. Which also fccds Oil Irrrai/te atnd 
s 1"i 1 ,ttirriw ls rIlrcd ill thtilrt' I Oi l al lrr1 
artilicial diet and on 20 rice \rictics, i11ostiv 
uiplanid. * he ri r !isrestraw colored \\ni~ s r 
liles lnea l i Itrl ne il tJ area o t Ile I' e k,iri. g.s 

ire lid in mrasses oi5-233 overlppig e hes:lonrchv
hatch ii 8 d. AeIiale moth iIeVCiiges eight c_, 
masses in i lileime. Ie dirty-,hite larvae with 5 
InrigitUd irrill pinkiisl sr Oipslirte hiody dor-surII 
pass through 5 instars in 22-24 d. The larvae 

prepupate fo ahot a day and soon pupate within 
9 d (Fig. 2). The moths live for 6-9 d. 

Ihe grass Ixpnchloa r h/lUtsLI(I.) Nees is the 
only pot.ntial host th.t Supported complete 
dcvchopmcnt 'tlIc gold-fhinged forer from egg to 
adult in 42 d. Ilhc lavau, loever, developed to the 
-Itti iistar ill /'hmof/ha .hh,'/,n'Mn',s,lunro cx 
IHook I.. L rrukv-,i/Ii I..) .au,\. ssp. ispidua 
(Ret,.) Ifiida. and ;i/'rH6/- Wimii'o I..)
Vahl. Ihc fcnalc noths sho\cd oviposition 
preferenccfot le sinlail hut slooth leal-sit0aces of 

A/)u.vwha e'om/rigivum HeT (Table I). 
Four natural . 

rccordc., The - iil 
fed on eggs, and t\,Ih/ 
larvae. /'ij(Ult'1d 

sitlicd tie lair\.ae 

1icnles o ( . ln'ic'iu. "eve 
.id1eioc v'':Ituic//i. (Stiil) 

/iarigs pryt_+don 
,1. : hlacorllid wa.sp, para

life history ( f' the lhiIirn..d grasshoppi er. 
t Ielon.g-hotrnl - rishiprr ( > c'p/i/. 
/omi,'iglli.\ i, abundant in uipland arind lhooded rice 
ill ii)st piiis of the I'ltilippilies. Although this 
sleCs is rcportcd to IfC onl1 rice, it is gencrally 

Table 1. Host piants o Ci/W aurici/us Dudgeona IRRI 
greenhotse 1986. 

Hoirst Species 
Eggs 

laid-no.) 
Survival 

(%in 
Growth 
indexe 

Cyrn.'rus rorundus L. 192 -
Cyperus iria L. 90 
D L)cty/oc iu . ,egvptium(L.) Beau,'. 11-_ 

D/qitaria ciliari fRetz.) Koel. 32 -

Echinochloa co/on (L.) Link 86 -
E. crus-galli (L.) ieauv. ssp.

h1ispi,-j (ftlotz.) ttontdab 
91 -

E. gl/abresc.ns Munro ex 


I-ook f.h
 

FimbristllissnEleuShindica (L.) Gawrtn.miliacea (L.)
Val/ 

Lvesia he'xandra Svvjr i. 

Leptoch/na chinis'IL) 

Paspalum corlugatum Berg 
O yza sanrivo L. 
Sor/uhum bicolor (L.) 

Troticum aestivurn L. 

ZW, mps L. 

60 -

80 -. 

62 

24 

101 26 c 0.62 c 
204 -. 

158 70 a 2.03 a 
116 48 b 1.15 b 

110 27 c 0.67 c 
146 60 a 1.42 b 

Av of 4 replicaions. 'Suplporte 2d-4th instar develop
mont only. 

http:gl/abresc.ns
http:lair\.ae
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recognized as a predator. (. /logi/u'l/i/s was 

cultured in the laboratory in mylar cages, using an 
artificial diet originalv developed fi the 1nai-e 

'lpdStotaye 
borer. 

Eggs. deposited in clusters of 2-14 in the rice leaf 

sheath, hatch in 18-34 d ( n - 22). l)evelopment 
progre ses ihrtiugh 5 nvit+phal stages. with first 

stage developncnt reqfuiring 8 i, second stage 9 d,
third aoe I i . fourth st7 

t, tlrt H . and fifth stagege 
d#
.. 

:Centales have a log oiposittir, adlinlis 11are 

smaller than fetmtles. \dult Ioneeviv is )d lor 
fls llnaesand 43 d for 

Behavior and bionomics of a leaffolder irasite. 
The hiolltitlic, and hlhasior ot the hethvlid 

parasite (G'olio_-usfrianguh/ib'rKieffCr ert ',tudied 

ill the lamirltor it l le;dtoldcrs (I I) ( hatlo/t

crmi.s m'd/ihja I (it tent~t) atld at(nMid /w01l/ Ili. 

Mradliy) as hosts :cI7ilC paasitolds 1iscd tmice 
ats long,aso (22+ 1) it, tiiilec, ( I 1 (1) Idal and laidli ab~oututh 80)cl'tg ,li(2ialta'i h e s.. 

utiring their liCtimne. .-ingle male broods occurrcd 
in 06' of tile samples. 

Fenlalcs ellibitd Cotmpl.x ehasiori npol 
encountering a host. A host latBi \\asS lahxlicated 
by the fcnalc paraisite aftcr site plr',ily/d it bv/ 
!!!lglnu. c, hi:iid in a'Ctir gt.ti 4 5 eig., iltn 

unparasiti/Cd hosts anild 2.A egtill pcsitotslv 
parasiti/ed ones. \Vhlcn ;I paisite ilcad ild 

i I.J 
experielence vitl parasiti/itIL aiho . the tiiet 
required to do so was sigtilicatltl\ shotei. 

(j. liatilgl]Ii/t'r 'Witsthle to dicriittlnIitt' between 
par'siti/ed and llllpar'aitl/t'd iosts. 

Insect nigration. (tul tidius of insect 1Illigla

tiOl, nased ot I0 vovale, conducted in tl e 

Philippine archipieago,,.'Ci t hit h il-distartce 

brown plathoppCr I IlllilratiOll iccrs In thc 

t')pic during tile wet scsoll (\Vs). hich has 
bearing on the spread of pest liotypes and pcst-

tratlsllitted \irtis disCaes 

Ethvlene a% a marker for estimating level of 
insect infestation. [he aimolilt til cthylene 

piodtced by tIcc sedtines itas beet liscl its ill 
indicatir of sed \igoir. \Vc found a correlatioll 
betweeln die degree ui rice mueditl.station bl tite 

primary storage pest I'l/iz/ pt'/rdledomli'a F. and 

ethylene production front seedlings growt from 

infested seeds. Fthvlellu produtction, shoot length, 

and seedlinqlil weight alldccreased progresis cly.
willi at increase" ill insect infestatiot (lable 2, 
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Table 2. Effect of Rhiopeith, dminica infestation level 

on seed vigorPa IRRI, 1986. 
sto-a- ---

Ethylene ('nil Shoot Dry 
period 10 seedli ngs length weight 

kvk) Per it) (ii) (ag) 

Wit/, ini'strton 

o 15.44 5 15.75 1 107.52 a 
6 8.72 dt 9.382 I 67.19 c 

5.05 5.93 e 66.20 c 
8 2.46 I 3.15 f 61.56 

W it h oul+ t t olt t t 

0 17.66 a , 18.10a 104.59 a 

6 15.45 5 15.53 h) 90.75 ab 
7 11.83 12.62 c 64.68 r 
8 12.22 t; 12.35 c 80.33 bc 

athylet, prohiction mdl seeditq legthlt wee,+t deter

,i nte, iutite 4 d rid try w igtht after I d. Mewn v..lies in 
a cthimt follo~ t a c Omt letter are tot significant

ly differtt at th 1'I hvel [y DMRT. 

+"+; "'"+"' /I I-+'"+. . .. ............ ... ...... . .. .......
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,, 
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fig. 3). hy,/len coUld thus serve its a larker for 
esttmatilig the degteV of insect Infestation and 
seedling vigor. It could ilso serve as a tool Ill 
scteellIng lou \arietal resistalce to ,toragc insects. 

("olden apple snail: a new pest of rice. lhe 
coldcn applc snail I'i/e /co lrl'i//c'lj.i 

I)'()!'bignc is ;tt aquatic gastropod. lc snail \sas 
illirodLced 10 thle Philippites firomn South Atmerica 

t) be farmed il ce.tlnnt tanks, ponds, Ild otlci' 
Controlled ctvir',llts. lhe smlail and its cc, 
Imasses (Fig. 4a) were sect ill athlltd;llt ill the 

a/ollil propa.atitill ponds of th1e I nisctrstv Of tite 

lhilippitnes it l)s Baftlos I 'IM) ! Iig. 4h) alld in 

adjoitnitg irriglated icefield, on the IRRI lartn. 

lht snail fceis wtlraciouslL\' oil it/olla. Adults 
Illcasu 1111122-2 111 cl eoitntc up to 15 g of 
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azolla fronds ii 12-24 I.I1ai/olla not present, the 
snaiI d ,tson oth., ,,tICC, .ntaILILratic, Nc1_,,tation, 
stlCh as Inc'vlpLrNtel Ice. A Itill-yr,>ow snailv tars 

can cotnsllme a lade of 
 rice in .3-5 mnl. The snail is 
roo)tS aieC mldll)IV USk throu1h dawnV. 11aniMge is 
S.venrc in ImN-lhvIn 1 tio +,,of ne'wly transplanted 

eldhs. I )an aIII d plot. arc chIaract r/ed h,, rniI -Ihssilg 
scedln -s I I 111)!tiIn. e'l l cr.t-rse.s(lie. 4o'. 

Ilire "iLil , Ill h, C , Ilofled N,,t It mI I titotIIl 

idantadpoles. ( 11,uI1pickitre tip III snril egg 

t(It I t . t 1 , h t I I / h 

lrntv~rat~d Irust nagmnI ~II rials in farmers'n I 
liii k ll I l' " AA Is\\,i \l \t lii AtA'I s e l 
.:Id l. , 'n I flcr1 itl.ItI , 11ntr I 

II It I II i .h r I 

I~ci In %wilA Iij Itet of Il e 4t~iIf A :'d~t klill 
tIn Illi ellIllirt il I ,.ll III i mIriili ll ll toeriv. ''i i pwcl ii' .I \k crc \ kcc' Ill

" l Ifi I t ll fIt II OlII n1,r I M P f l l''r i CsLl!til~ l .It II i; i i l .u p i reslll l 'eijnc Iti'n 

tc ll l i l i . tIIhI t ti II I1 ' h tl lCl,% tii'll 

dIn 1 ' iIv j)d ' I I nI~ ,1i, c (m all\S
 
f (()II' f uI I-I i irl/mlif, I I ilIci'Iti lI AlAl 1ti+%;1 I trNs'uuCdIxleaNr
H'C r 5 let n1 

ttI"IFI LL I '; I . ,I III;I11;,1u11 
c IIItt I i i I t s t l I s 

Al oI r~Ie I ' I~ oI r Idd11111,1O AgIIISC trrne 
<.ltcl iw l it Ow \ ;I;tf1 \k I i o.(11 1.11.1n dt' .!Irll"o i i a I.Ii tS) it

Jlh 11111l I tl Ill I 1n11usd1 i tisee ticel i ij v 
I M ktl of, olllUv I P \'.l p k " ;I ClllI wdt(ll 11'll [I'' m, cf)", l , I 

C1i'','ii ;.ld i ll N ;l li t trroft. ' (' I t 
lv tit I12yI Ilv Ctl~r li li a, ilsr es.e"t ll ,! ,1c,1"II1, ilc, X i'nd ll iicd Ii lci cridcs, 

u l n !, .I/'' l ' , ';'Ht.I) '+) a t i \ 
IIIM L th'il I ICC I I 1) 111 11 111 C o f 1 

f+ I. I;,.'+l c , (rw't ,I td tt, h1' ,!l111 I 'iplcll Il otset 
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under I PM, the bencfit-to-cost ratio (B:C) for the 6 
farns averaged 5.6 for the farmers' practice and 8.0 
for the IPM fields. 

DuriIng 1986 WS, another six farms wee 
selected for a similar experiment. Insects were 
sampled using sequeti!!al samtplirg, and diseases 
were monitored weekly. All farmers used IR64. 
[he 1:C for the six farrus can he seen in Figure 5. 
The farmers made I0 insecticide applications 
(range of 0-2 each), but only 2 plots \were treated 
with insecticide on the IPM portions. lhe average 
13:(' was 13.5 when the fhrner tollowed his usual 

practice, artd 20.4 when IPM was employed. Thc ma11or diffi.'renc Ill inputs callic fromn hilgher rateso.. 
of fe rtili e,,rhicrbic idhe. id insect icides sed h 

o , 

farrmers. 

Defoliation 1 o detcrrmnine the 
effects of, defoliatin on vield and t refile action 

thresholds for defoliating insects, IR64 was trarns-

planted at distances of 25 - 25 cm at 201 after 
seeding (I)AS), arnd niecharnically dco+liated (irsiig 
scissors) to levels oft), 10. 25, and 5t". l)efoliation 
Was carried out at maxinmm tilleriie, plricle 
initiation, and ripctlilr,. 

Yield was Illost scriouslV alfctedlih all (elttia-
tiori levels when tile plknits were at particle initiation 
(Fig. 6). lowever, rcmov:l oif 50( ol the foliage at 

'all 3 stages cauISted significanlt yield redUction. 
The irnplicati orl frol these studies is that insect 

pests that attack tlie crop early in tlie se~Isoti (bef e 
maxiritntm tIl1rinig) may not he inportarnt unless 

oC 
30 ............. .. .. 

-2-

20 

15

to--

5 -

I .r.i 

5. ItnitI -t-ot~ l t i Ii.( "1, fieldhs lrantagctt bv tfarrers intl 
h1tnr i) itttcgirated pest ritgcment (1pM). (tinn a, 

Nueva Fcia , IPhilippines. 1t98. 
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Control Mor murn Ponicle Rpenog

a nt[,Ierng Inltaton 

roth ,qe 

ti. tlelct 0l necimicat dhirttltio n RNl4icls at differert 
gitmlrlh st;ige., IRRI. It9"t,. 

the Infestation level is high. Refraining from 
applying insecticide could allow coniununities of 
ilatural erwmies to build tip, thereby reducing the 
likelihood of reourgencc of insect pests later in the 
seasorn. 

('ontrol by cultivation (L'ntonuloty). Black 
b,:; .')ci, lolharacoarclala remain in rice stubble 
after the crop is harvested. If fields containing 
stubble are not plowed, the crop ratoo is and the 
hugs continue to feed and reproduce. 

About I,8 ha of a ricefield was plowed once 
using a carabao intiiediately after harvest. Four
teen I-rn cages were placed at random in this 
port icri of the field. A-nother 14 cages were placed 
in an tInplowed section of the same field. Numbers 
of live black bug a.hults in the cages were recorded 
at 4, 10, 17, 24, and 3 1 d after plowing. 

There were significantly () <- 0.0)5) fewer black 
bugs inside thee cages ill the plowed field (Fig. 7). 
Cultivation of ricefields immediately after harvest 
counld cauIse significant reduictions in black bug 
populations, especially if this practice is adopted 

Influence of insects in( weeds on rice yields 
(/7ntoulog.tr al .'lgrononri).Thie impact of stem 
borer (S 13)Triporirzaiuierlulasand weeds on rice 
yield was assessed in 1986 DS in Nuleva Ecija, 
Philippines. Plots were 100 in2, ard the 4 treat

http:7ntoulog.tr
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Block bugs (no) 

0---1 Adults n unplowed field 
300 -


V---- Adults inplowed field 

200 -

00 

1-


431
If. 


Doys offer plowingj 

11C, p7. Reduction in num bftier(it HIck hu autlt l r inowis 
I0,.,
Palawan, lhlifrlinc,,, 

nients werC weCCd colntrol, with ,Ild w\'ithoutt insect 
controlk and no wteed conttrol wth and without 
itsect control. \Veeds w\\elLccoitr lletI using 0.75 kg 
butachhir / ha at I0 1)A, fohlowed 1y (lb) 0.5 kg 
("PA hat 'Il0I)/S. [iset control was carried 

out by applying tlnorotophos at 0.75 kg ha at 
10. 16, 14,3 1, and 4 11 lbfh chlorp.yrifos at 51,01, 
atlI 7i DAS. 

/\Ithbough tie percentage of whilcheads was 
significanly higher in treatlmen: 4 (tin weel or 
insect control) than in treatment I (weed and iLnsect 
control) or treatment 3 (no weed cottrol with 
insect control), -13 infestations at this level ("2 ) 
did not affect yields (Fig. 8). Hl-1Owever, plots with 
the lowest weed weight (altlhotgh not siTllifIcaItlV 
lower) produced significantly higher grair yields. 
Thus, it is likely that the presence of weeds was the 
major factor ilt reducine yields. 

Sampling methods for i)red(trs( I/'ntoItlg.). 
Populations of three species of predatory orthop-
terans were monitored in fields near Nteva Iei it 
to compare sweep net and vacuum sampling (I)-
Vac) techniques. The sample unit was live sweeps 
for tihe sweep net, and the bill for vacuum 

Whiteheod (O/ 

I 

at) 

Weed weight (g/v,2 )
 

4
 

a -k im 
III 

a 

.. 
 b 
...
I 


I.

1 2 3 4 

8.[le'ctcl v,hitetciad anti wced, on the yield f I 1(64in relation 

toisect and V.ced conto l.I weed and insect control; 2 = 
weedl not - no Need conlroi, with insectctitrto, insect control. 3contro 
lfiand4 no- weed anff insecl contirol. Santa Rita, .laetn, 
Nuia lcii;, Philippine,. IQSi IS. 

sampling. )uring each sam lfling, 50 .ampnles were 
taken with the vacitum samplcr and 20 with tlh 
swcep tet+ 

Results from sampling the predators(Inaxipha 
sp., ('oniuphahrs hm'IOil'nnis, and AMtioche 
ittaiCO/is)arc shi wn In['igtrC 9 Both satpling 

techiiqocs dtecC!ed the major population peak of 
If. vittauicollis at 77(d aft1ertransplanting(lT), but 
sweep net sampling prod cleod overall greater mean 
numbers wit I it lower coefficient 'f variability. 
,.lnaxiplla sp. was efiectivel sampled by the, 

vacuum ,amnpler, but .;weep net samnpling was not 
able to detect it until very late in the season. Sweco 
tiet sampling was appropriate for (.hngipenn:s 
poplktiOins, while tile 'acutit sampler could 
hardly detect the species. 
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D-voc count (v no/hill) untreated control. Each treatment was replicated 

10 four times using a randomized complete block4n-r,o--	 ,.. desig n. 
e)iI, incidence,---v c ,,At 	 05 RTV was significantly 

Af' ... higher in the untreated control than in tiletrap or 
0f', insecticide-treated fields (Fable 3). Relatively more 

, were in tileGII nntpIs Iand adults recorded
untreated control. Yield was significantly higher in 

... trap and in inscecticide-trcated fields than in the
 
Sweep countCo'. untreated control (Table 4). Although the yield was
no/5's;weeps) 

30 	
A highest in insecticide-treated fields, tilecost of 
A1111 cypermeh, inapplied lowered the net gain from the 

- , I, 'yield. 
We can thus divert ( i-I1 to i trap crop, where it 

S, ican be destroved with an insecticide. Besides the 
i'0/ significant gain in yield and saving 	of insecticide, 

tie restricted use of insecticide conser\,es the pest's 
s. natural ereies. 

Yield loss to rice bug (ELmomolov). We 
0 -- ,', evaluated rice bug (RII) I.eptocorisa sp. daniage

"'", in 1136 in 1.5- >,X1.5-n plots covered with net cages 

during infestation Iron Howell to harvest. At 
I.(.)0 was reduced by 12 by initialRF.,-, yield 

o0 --, 	 infestation of either eggs, nymphs, or adults: 2 5 -W 1 F ,7 N) ', 9) ([:ig. 10). Yield loss ranged from 49 to 70W(' with 
[IY~y,nfter lr(Inflpl(ilftd nist ation of' 225 nymphs/!n 2 or adults,' n-,and9. ('omparinta of vacum ampling It)-V\ac with ,sAccpit 	 wa 29'(( with egg 'i fst ation. The F, of nymphs
 

sampling for3 speciesof pired(l y oilhoptcrns. Zaragoza. was v I I '
 
Philippincs. 199,6.
Nunc'a I'cia. 	 and adults caused aidditional damage to the crop. 

Yield reduction was caused nainly by unfilled 
grains.

It is impoita nt to understand tile behavior and 
biology of tiletarget species before appropriate 
sampling' techiues canl be devloped. These Table 3. RTV incidence at 65 DT in ricefields with and 
results illustratC tilenecessity of using more than without a trap crop.a IRRI, May-Sep 1986. 
one type of sampling device for 	 estimating tile -.
 
populations of several species. Propor- Proportionate Combined
 

TramnaDate tionate RTV RTV
Trap crop for green leafhopper and rice tungro Treatlenip edarecidnceb incidencearea tha)
virus management (Elntomoloey). 	We tested tile %) Mt 
concept of using a trap crop as an alternative to TC 2 9 May 0.074 0.3 
intensive chemical control of green lealhopper 1\1C 23 Mvy 0.926 8.2 b 8.5 b 
(GIll). Tungro (RTV)-susceptible 11(42 was used TC 3 9 Miay 0.109 0.5-sboth the trap crop and the main crop. Trap fields MC 23 May 0.891 7.0 b 7.5 b a TC 4 9 May 0.144 0.5 
had 2, 3. or 4 trap crop border rows, planted 15(1 vic 23 May 0.856 4.7 b 5.2 b 
carlier than tilemain crop, and were sprayed Treated 9 May 1.000 6.4 b 6.4 b 

controlwveek lyup to 60 1" with eypermethrin at 0.05 kg 	 Untreated 23 May 1.000 36.8 a 36.8 a 
ai/ ha. The main crop in fields with attrap crop was control 
not treated with insecticide. Fields without attrap 'TC trap crop, MC main crop. Numter followir TC 
crop hut Sprayed with cVpernlethrin were the Is the number of rows of the trap crop In trap fields. Not 
treated control; ins prayed fields were the 	 analyzed in TC. 
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Table 4. Comparative value of yield after deducting cost of cypermethrin applied in ricafields with and without trap crop. 
IRRI, May-Sep 1986. 

Proportionate Combined Value of Cypernethrin Cost of Value of yield less 
Treatment area. (ha) yield yield a 

appliedb treatmentC cost of treatment 

TC MC t/ha) (S/ha) (liters/ha) (S/ha) (S/ha) 

2 rC.MC 0.074 0.926 4.5 a 787.50 0.502 14.21 773.29 a
 
3 TC.MC 0.109 0.891 4.2 ;a 735.00 0.872 20.93 714.07 a
 
4 TC.MC 0.144 0.856 11.41 770.00 1.152 27.65 742.35 a
 
Treated control 0 1.000 4.9 a 857.50 8 00 192.00 665,50 ah
 
Untreated control 0 1.000 3.3 h 577.50 
 0 0 577.50 b 

US$ = P20, cost of palay - $0.175/kg. bCypermethrln was applied 8 tines to trap crop rows only andf to t',3 treated 
control fields at 0.05 kg al/ha during cropping. CCost of treatment Includes only cost of cypermethrin applied i:.oughout 

xhe cropping; cost of csperrnethrln :as of Jul 1986) - $24/llter. 

Yield losses in the Philippines (lit)itom logy). modern a'rietics. The lte'sl and hiehest y'ild
Yield losses lror inarme rs' field trials were losses were recorded in drylatld lice 2C( 
measured as the difterence between insecticide- (0.05 t ha) for traditional and 23'' (1.00t tha) for 
prolcted ;ntl unprotcCed treatmetlts il 60 crops modern varieties (N\Vs) (Table 5). In the raiilf'd 
[epreseltilng drylanl, rainted wetklald, and wetland etivirttmunrt, yield losses also were higher 
irrigated euvionmunietts with traditional and with NIV tian with traditional plant types. 

Irrigated rice) lelds planted to \I Vs experienced an 
IW7 yield loss. 

Lifilio (l (r' :ins I ,mSscs froitN\,/V plailt lvpcs Ivcragcd over all 
0 .sites were greatlr tlltn those from traditional ';'p. 

[There was no ',inihicait difftrCnee hetween lt;ses 
(G0o ill \VS ind I)S at the irrigated sites. 

I 	 ising the relative percentage of total rice 

4o0! 	 productionL rlom1tittIhe L'hilippines 1976 through 
1985 ill which rriiuatld wetlards planted to I Vs 
avera-ed 54'; of lotal production an diiralilled 
wetlands with VNIV,another 29(7, we calculated a 
weighted overall yield loss ron insects to be 18. 7% 

o . .. . i . ... L -L (0.57 t/ ha) for 1976-86. 

Yield los 'Z,, 	 A consistent trend in Ittagnlitude of loss by
no- . .-----------... .. ....... 	 growth stage, averaged over sites, emerged between
 

rice etiviron111ints (ta'ble 0). The greatest relative 
o vield loss occurred in the vegetative phase (50%), 

followed by that in the -cproductive 1301%i) and 
'10 ripening 20! ) phases. This is sigtli fleant hecause, 

40--I 	 in the vegetative piase, drvland and wetland lice 
are attacked by quite different pest giilds. Dryland 

20 	 vegetative pests remove seed, fue on roots and 
root sap, and kill voting tillers. Wetland pests 

. .0 ---- remove foliage, iniurc developing growittg points,0 25 50 7h 1002 b S 155 200 225 and kill tillers. ( eat or cotupensation f'rom insect 
Rice hugs o'nil 	 iltlr : the vegetative pliase itaV no1 occur. 

14).llcmcent;g of umnillcd grains and 'iIld Iss on IR136 (otri'elatitons of insect itbilldallce ard yield ,.ss
dammaged l, rice bug l.Tp. r 1I,I 980. tt11ong the sites SIthowed.o.Am ,ru Ri. very siglifica.nt re l tioil

http:siglifica.nt
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Table 5. Yield losses determined from the insecticide check method in farmers' fields iii 3 rice environments and 2 plant 
types. Philippines, 1976-86. 

Ernvi ro ii tat Platties Sites 
E vrnttype,e 	 (no.) 

Dryland 	 "Ftaditional 1 
Modern 2 

Rainfed wetlandJ Traditional 2 
Moderm 3 

1trilaiied Modern 5 

Table b. Yield loss from !sect posts necr'rrd V '~fl 

growth stage in 3 ri:mr 'rrironnrents and 2 plant types. 
Philippines, 1976-86. 

Flop n't ()
)?! of y'ro(I lo'ss 

Erironment Plant type V(*exative Repro- Ripening 

DI yrJarrld I raditionral 61 20 19 
Moderrn 41; 3 5 18 

Rainid fla',tionaEl56 38 16 
wer hand Modern 44 33 23 

Irrigated Modern 43 33 24 
X 50 30 20 

ships. 1c:lit utNvIt) look ti lthr cx.tplatlltst y 

l'a.tc tts. his 1 it' ,itcl lt Ihldil|t"1 iL'' co t %wit ..tI 

other cL.re tIs or ide.', vl'.' 


Thliere ,as al higl\ iIilticant b1ut vcrv weak 

(r :--0.4(0") ,itppositl\c icatiL) ltvhet,:n tin 
tnagiitudt 0 \ Litd t ild yicld ttte,I'rcd o,,r 
the 60ctops,(IIt'. I ).I Ihicreld loes werc otnlv 
partijally expltilned b\ I i-Iowever. tahIther .'Iield. 
trend emeicrged In tile 3cit rotlttuen withI a highly 
signiicant positie corrclaaoin in the drylatts 
(r - 0.8l1*), siiliicalat correlation iIIthe rainli.'d 
wctlatnds t-- ().56"), but insitmfiic tnt corrlatitint 
in the irrigated ecvirtlolnnt (r 0.33 ns). 
inth(cdrvlalld-, high yield losses,werc associated 

with high iclds, but (or the irrigated area tie 
results involved iniv two sitcs. \Vih five sites, yield 
loss was Ito(tcollcatCd with viei. I tc degree of 
Correlation ttay hecoelL \vcakcr mithlilure sites. 

Yield losses were tcgiltively correlated 
(R2 = -0.44*) with the averige maturity o1 the 
cultivars ,row.\vtat each site (Fig. 12). Only t ratts-
planted crops were ctntpared, and naturity was 
measured in DT.Dflfere ttce itt maturity among 

Crop Yield (t/ha) 
(no.) Protected Check 

Crops ............ . ... .... Yield loss
 

t/ha 

5 2.90 2.85 0.05 2 
5 4.20 3.21 1.00 23 

5 2.21 1.83 0.38 18 
12 3.74 3.03 0.71 21 
33 3.86 3.29 0.57 18 

c,
 

,
 

49 

a 

* 

* S 

0 

0 2 3 
old o,,,) 

I.Rclatlnhip 6i1cr ,os\icld alnd viel in 110 Crops 
icpin.Ttcntmr I0si,.and 3 IILT1,,I|inutinICInl'Nwith IraditinIal,

,,iinin ,.t'l ti',iaiN. 107p-5t.c 170-i8p6i,, 

culli.'ars was almost 50 d. The traditional 
pholopeuiod-sensitive cultivars matured latest, 
being adapted to rainted wetland environments. 
lhc very earl' modern cultivars 1136 and IR58 
ittCtled soonest and were chosen F r this trait by 

farmers ising cxpctsiv\e electric punps. Lower 
,'ield loss iI longcr-matuit ring crops is explained by 
compensation. Early-maturing rices have less tieliC 
to conpensat e !or pest danage, while longer
t.,,,U'ing cultivars Call photosynthesize and tap 
energy reserves 1O overcut nc tie detrimental effects 
o) (lest injuries. 

I-igi explanatory corrclatiotls bct ,ectt insect 
alutIditmCO i' 'dviCld loss have been consistenltly 
found otly whCn single insect species xk erc studi ed 
on t crop that v,,as ,therwisc stress-ftec. But tile 
satie level of insect abundance Can prtodcee a loss 
in one year atd note in the folloving year. 
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Yield loss (/ha)
 
12
 

IQ-

Y- 1,75-0 013x 
0. r=060 

P 3 

0,6 

042
 

02 

O0 .-- I I 

0 70 90 90 100 ilO 120 130 

Crop motunty (d) 

12. Relationship between ios tpss and ciop maturity at I0 sites and in 2 rice en, ironments with traditional and modern 
cutli'ars. Philippines. 1,76-86. 

[Picvioistrials heit,hown as.vitergistieellecti oi tolerate dryland stresses more than do indicas. 
a particular ,tage if se,,ral insect pcts, ('ultivars-rowthadapted to the environmct in question 
each below a damaging lc\'cl, inlest rice. Fach and managed so as io prevent such stresses as 
, ddit ionad insect species datua~gg the crop lowers (Irotght can better compensate for insect damage. 
the plaiits'ability to compensatC, pitrticularly if the Insecticide ,itagccould perhaps be replaced by an 
added pest affects a diffelrcnt physiological growth application of /n or an additional hand weeding. 
process. Tolerant cultivar, pathogen, and neern oil 

This hypothesis can be extrapolated beyond against black bug (iitiomolog). We evaluated 
insect pests to embrace otlcr co p stresses: the efficacy of int'grttin, the tolerant cultivar 
diseases, weeds, soil disordcrs, infertility, drought, I R 13149-7 !-3-2, the pathugen Metrrhizium 
and flooding. anfisol/iae, and the Elcctrodyi formulation of 

Most stresses damage vigorously growingcrop nen oil against the black bug in farmers' fields 
more than a weak one. With few exceptions, at three sites iin Palawan. Simultaneously, we 
insects, diseases, weeds, soil toxicities, and in- evaluated Al. ani.soldiae and neem oil for pro
fertility cause greatcc yield loss to :avigorous crop. teting stuscentible IR614 against the pest.
On the other iand, drought, thrips, termites, Black bug indfestation was signiticantly lower in 
macalybugs, and Mrrow brown leaf spot cause plots spraye( every 2 \vk with necm oil than in 
relatively greater yield loss i a poorly growing control plot, at tihe 3 sites (Table 7). Yields were 
crop. significo;itly hiher in plots sprayed with neen oit 

The cultivar i:; another important variable, than ar control plots, irrespective of whether the 
Traditional indicas tolerate wetland stresses better cultIvar was tolerant or susceptible. A single spray 
than do modern high yielding indicas. Japonicas of Al. anisol)piac was not enough to protect the 



CONTROL AND MANAG'MENT OF RICE P SI'S 223 

Table 7. Efficacy of integrating a susceptible (IR64) or tolerant (lRI2149-71-3.2) cultivar, an insect pathogen, and anElectrodyn formulation of neem oil against black bug. a Malinao, Palawan, Philippines, Apr-Sep 1986. 

Bugsb (no./10 hill) Egg Unfilled YieldTreatment ............................. 
 .............. parasitizarion grains ihal
30 DI 45 DT 60 DT 75 PI 90 DT (%) %) 

M. anisopliae(MA) 1 a 82 h 60 ab 41 
H64 

b 47 ab 6.8 a 65 b 1.03 bNeern oil 0 a 48 a 45 a 24 a 24 a 4.4 a 53 a 1.49 aMA and neem oil O a 103 bc 84 b 33 b 50 b 5.6a 63 bc 1.07 bUntreated control 1 a 145 c 84 b 73 c 55 b 7.0 a 66 b 0.92 b 

IR 13149.71-3-2MA 0a 89 h 79ab 49a 57ab 8.2a 46 c 1.66 bNeem oil 0a 51 a 48a 35a 40a 25.1 a 30a .34aMAandneemoil 0a 83 b 9Gab 58a 58ab 8.3a 40 b 1.89 bUntreated control 0a 136 c 125 b 84 b 73 b 10.2 a 49 c 1.98 b 

Av of 3 replications I'DT  days after transplant inq. 

crop from black bug dtiaage. Egg parasitization Predo'ion (%) 
was low and %,ias not adversely affected by the 
treatllelnts. 

OD-ii) Rie.01 .9. 
0-*Green hairy Caterpillagr! 

Btlu0(iO('AI, ('ON I ROL. 40 

Impact of predators on eggs of insect pests. The 
impact of indigcr ous predators was assessed at two 
field sites. H1ills of rice (n -= fi, wk) were collected ;0 
each week from fields and brought to the green
house. RW M and green hairy caterpillar (GHC) 
adults were allowed to oviposit on the plants.
 
Plants with eggs of the pests were returned to the 0 I
 
field and then examined for missing eggs 3 d later. - 1 2 3 4 5 6 

In general, predation of RWM increased as the Weeks after fransplanfing 
season progressed, and wais ahout 20', in the last 13. P'redation by indigenotis predators on RWM and GHC 
2 wk of sampling (Fig. 13). For (HC, predation eggs in the field. laguna, Philippines, 1986. 
increased each week and leveled off at about 45% 
after 6 wk. Parasitization of the eggs of both species 
was almost nondetectable. Clearly, Indigenous BI] eggs were available. No increase in predation
predators are the Inajor mortality factors on the was noted at BP11 densities higher than 115/cage. 
eggs of' these species. interactions of two or more predator species are

Predation by (yrtorhinus li'vidipwtnis and common in the field. Some predator species utilize
Microvelia douglasi atrolinalta on brown plant- the less important ones as food, thereby ensuring
hopper. Predation by C. lividip'is increased that nlajor predators are abundant when fields are 
with increasing PIPH egg density, which ranged colonized bv insect pests.
from 17 to 166/cage. One ('rrtorhinus adult Spiders arc generalist predators that attack both
attacked 4.4 eggs each day when egg density was pests and heneficial insects, depending on their
17/cage. This attack rate increased to 7.6 when 115 relative availability. The wolf spider Lycosa 
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pseutoannulata cons umed about three ('vrtol-
hinus predators a day when no other prey was 
vailable in mylar cages (ver rice plants in the 

insectary. 
Other laboratory tests with 1./)scletoumnlata 

revealed that U- (naihal/ocro'ismeditialis larvae 
can escape predation by hiding inside folded leaves 
a few hours after hatching. (O)nlyabout 25"i of the 
I.F larvae were attacked and killed by spiders when 
the larvac were allowed 4 h to fold leaves around 
themselves. Hlowever, when prey and predators 
were released simtltaneouslv. spiders attacked 
over 8('i of the lIF larvae, 

Studies -of' BIH predation by A. ,tlta.si 
altolinvala were conducted in the laboiratory for 
70 d, allowing ubscrvatiots on the influence of the 
predator on 13111 popt'ation buildup. Predlator 
densities were (,10. 20, and 40 per cage. Initial 

Hf-H >u,la,,n (ro) 

1'o0 

BPH density was 20/cage. Microvelia suppressed 
the population growth of BPH,especially at higher 
predator densities (Fig. 14). 'iowever, at the 
predator densities used in this study, Microvelia 
would not be able to control BPH. 

Cricket )redalion on stein borer eggs. Gravid 
striped stern borers (SSg3s)were caged with 45-d
old lR 1917 rice plants lot- 24 h to allow for 
oviposit ion. IPlants with known densities of SSB 
egi, masses (2, 4, and 6 per cage) were placed in a 
Held witl plants of the same age in 1-in2 fiberglass 
screened cages. Egg masses were exposed to adult 
female crickets Aetioche 'vittaticollisat 1, 5,or 1O 
per cage. Plants inside the cages were checked 
daily, and r'ccords were muade of missing egg ilasses 
and SS13 damageito the plants. 

I)cadhcart percentage decreased as the density 
of crickets and their consumption of egg masses 
increased (Fiy. 15). Thus. AL. vittaticollis is an 
Important predator of SSB,which may help to 
explain why SSB is not itdominant species on the 
1R RIfarm. 

1500 IIOatOCI 

- -'\i.ru',:I1 (%) 

1900 -

90 

700 

0 ~-- -

Egg mass consumption (no) 

500 -

30 -

20 

300-
10 

0 7 14 21 28 35 42 4) 

Doys oftercaging 

56 63 70 77 0 
Cickets 

5 

(no 

10 

14. Influence ol densities of the vcljid predator Microcelia 15. Percentage of deadihearts Iron the striped stem borer in
driiglai atrolit'ata on population buildup of the brown relation todensity olthe predatory cricket Aiih'ioche vittaticollis. 
planthopper (11PH . I I RI greenhouse, 1986. IR R t,1986. 



Predation by Conocephalus longipennis on 
brown planthopper and green leafhopper. BPH 
and GIA adults were exposed in 10- X 47-cm 
mylar cages to the predatory grasshopper C. 
huo.ipwimis in the labor.,torv. Densities of 13PH 
andG1I. pcr cage were 5, 10, 15,20,25, 30,35, and 
40. 	Hoppcrs constimed were counted after 24 h. 

The number of 1Pll adults attacked and eaten 
by the grasshoppers increased as the prey density 
increased (Fig. 16). The same general trend was 
observed on i. 11Fig. 17). Ove 10 131P 1 and 
C1LH were consumed per day at the highest 
densities. Ibis common grasshopper is clearly an 
inpoltalnt predator, but its Importance has beev n 
I~:"cly overlooked. 

Predation by orthopterans on leaffolder egg,.. 
Adult t felmales of each of threc species of orthop
teran predators A1. Iilltihollii.. 1a.vipha sp., 
and (. Nvnrip-,'i.iwcr,' caged in the insectary 
with 45-d-old iN I potted rice plants, each con-
taining 30 newly 	 laiJ I.1 egCgs. I he num1viber of eggs 
consumed bv Cach predator was rec irded every 
24 i for 3 d. 

Hie predatory orthoptermns reduced tLic nmber 
of I.lF eggs trom 3) to about 25 in 3d. I he crickets 
AL. ifaticol, aid Al- n a.vil)a sp. consumed 

slightly more eggs than the grasshopper C. longi-
tenn is, especially on the sccond day of caging
(Fig. IX). 

ox<,m, vd 

1

01 _ii r 1 , [ J _ 

2o b '530530 3q 4 

2-

0 
o 

15 	 0 25 30 35 40 
Pfy (no) 

16. Predtion gr~rsshopl or (ConseumaptIon gilron .on 
adult I lI t it d it eni densities ncages in the insectary. [RRI,1.R-. 
1986, 
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Predator-predator interaction. Most arthropod 
predators are generalists, feeding on a range of prey 
including other predators. This not only helps to 
regulate the nuI)crs ofcertain predators -- which 
bccome prey at certain times but ensures that 
some species of 	predators are present in a field 
when pests begin to colonize it. 

-on-umert -nI 

10 

6 
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2 

[ , 
a 10 0 30 40 

Prey (no) 

iF.Inimotn h tile glrsllopper (. / ,wiul',rv on ad tlt green 

lcalhoppei (il-lIt) ii terenitcnsiiCsincClgesinieinsciary. 

Rlltl,I986. 

Crnulaive no of Lt- egqs consurned 

Ii V---V p 

IoPI'Sk j1uh20 

10

0L 1 	 20 1 2 3 
Days 

18..iC, n_on i on of Ieaioldei ([,F) eggs by the predatory 
orlhopierrns ( . Iuniinni.. it a sp.. ind viRtatli 
IRR I insectary. 1986. 
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\Vcconiducted a test I n thle Insecary to detcrmIie 
hieextent of' predation by thleinirid predator 
Ci-fohlu /iidIfic/iivonl eggs of' thle ortirop-
terair predaltols C. /OliI~~lli. arid li. illancollis. 

'fll pairs1 (if (C .'qro lil~lw1 Idlits' \Nce( carted 
with 45Wd-old 'I N I plaits Corrtririri C'ns ot ( 
Iohi tvi'~'si anid 1f. eillu ie.i Ir c IIedaitir 

I'.irlililtmi attalcked IXIo thle clr' of V!. 
iilitioI/i.N. huit oIIR' ,,iI C. I'iit'joucie "'ackutllm I e 

TrichI,rramnu, spp. (FLig. 201). Peak parasitization 
bv / -i(/ioiKammfa xkas about XO0. Ii di rect ;eeded 
rice anllRT A\lthougeh parlasit I/atlonl bv ('opido

SOMi~(p/Mo w\as ia\'y less tiran I0(, it1 hot h di reel 
Seeded rnce anid Ii'R. aid Mv, he rc lrc .sliglht 
diflerenee II iiite action of pledatovs and parasites 
Ili tile t\mo crop cs)t;i Ilrrlei it Inet rods. ,[tel 

dihICLei)Crices a Ilot Iikciv to he irirpiirtattt. 
Bl bug egg, pa rrsiIoids. I'orosi' lvilh alid 

folder ( fliIaphcrocis meidinalk eggs inltrans-
phlnted amid direct setrid rice. Ar 55!1 )AS, 5 poitreil 
piliri. 2itci hcarinl . > I F us %er xc(-posedk W: 

Parasitizatiozi amid lprrdatio ol dic rice heal'- it ll he'nrrt Jo c'ttiiiiir ,' . InI all cal]ir 

ticId." ot rrspo 
I'ort\ -Citelt Ihoiur 
collcted itl birr 
1HIit esIt(ut ec 

I P' ild direct seeded~ rice. 
diiri e\po'rrre., ire plilts \%ere 

il to ire Ilbhoiatii\. :1rid tire 
rkd iih \1er'lak ndiit 

tIcol dil I Ire. rw'riirrr1ir1' 
ridNi,':id i 

I lie seri mid i e eie 
pic~lelhi no re sir 'vli it)hi iI 
WCir siririlirIni hilth I PPs uldi 

I lie tidiestI Ie'cls ot ptt 
Nrrseirhe' irriNhirre-

ilcitii~lii.Iii-wpL'fIinIIwI i 

'i tcd III,i 

i ' rardm:ti 

1) lirewr tertlisl'ln;sesC 11rr1in Il:11 d(!i hv 
liic Icdcsette '.A 

nn rcrrri Ill 
hiiI! , Imur-rsi/'utiirt 

It ill.I iii 
tIitilr St usw 1.o tlri pi:el athtloll.slrr;hrti 


rriiist iiridirtlIle oCIIcIriHIr c112 paaites) if 

mcil'jprtis cer L. '(pith . oill(tttiIt lit. arid 

e(ii 

-10*...
 

NIN ), ? , I(I) l ; mq " I c 

cc.~ tlp ~ ~ Illw pit'lR1itt. ill IS(itct 

lierirnrr 
hlack kilL' 'Iirarltire, 

espC A'rnnual report lor 1%85) with a lenriaic 
(111! eC is. adult 'h~clumnils 

Iriptro parOr'2 serre to Ie L1IirICf~te bNythe 
plucsctre of1Ire teriiwe host, Ilow\,%l thalt StUdY 
\'as corlirf Ired riirctc it bcs. dierebY limiu11n1g 
rl 'Jmes ,pree t \!dlei I: )otl]holIt arid JItlasitc.
 

We e'.)Itictcd Ill ii pis at
trho' siretudvlx' 
e litc [till tIrsIti irIvian 
bcitirr hLick hire ee 
Ilmles iir'( dre mi. 

eacs it)cntlose plantis 
ies\lih and ,ithout 

hri I~li Cope." with 
:ra I iiM .Lf t iiIli55 Iit(h 

ceepjAI;Irt';Irhwrirlterlc tiiairi\\Itii
ttuNuIttt'ded 
cerniasc. I tiderloBeerirse plt:sit searching 

',\:i Iei~irid Ill tire. itcigues. Irlieser."iccoit'tlic 
~tertrIlc hie ii\ pri' aId;mroilatir Crue loiithle 
priitlcl tii etter c cit' eerg truass. 

( uIiituui it;'Uj' irh. ,''/rroh/ g 

Pr'athI.S. WeC iri11
rddIred otie graid femiale ii each
 
of five pilrastirirl spJci.-S ( 'I'ul'oiu.r triprits,
 

.;o 

s'~ti c tI tI 



(iON-I 44L ANt) NIANA(d %i N 1 ( RKiI I SI S 227 

Table B. Parasitization of black bug Scotinophama coarcta- ('0lfeelioiI InI )ecenihei 1( Ii R oit yieILId 
ta eggs in the la~boratory using test tubes and mylar ciges .447 egg misses \ Ith 201.S04 cggs. l'arasittt/atIon of' 
with and without a femrale bug gua.-ding thle egg nass.thilo u' il 27 
Palawani, Philippines, 1986.Ifhs; a I' 11 41iC:\ 157i 

B1iologivid conItroll-resisltmit plavil internetion. A 
t'14rd~~i/j~j~l'' f.ICii'IJ~m 1111(k fiI 44 flerfllitle thle\\i~s Conuce to~ 

NvIYh61 	 0100e t alIlli (1 te'nsiait 

ii11(:. IC 1redilt ll 'I 
Parasi toid t-:,itkof. esnIe o' I ie i~llt'ine 	 plants 

( I 11,0//1/144N In 1i/)4'/l/ 13)11 

Eggm 11ss Eqd! UEqgn iiss Eki si I. h nfl (,ill )I ilflI-lwltlI 1) l~fIi)4t% 
T, triptus alone 1, 111)1) 111\ .95.0 17.0) 3.8/ iL )JI41nw' lily N ; 11 1 N L(l 

7'. tfiptus f fi1nna41 95.0 6.,0 6(G. 23.0
6 

black bug ill IyICS\\it 1111 \11111 olt pl-~lol1141WL II1ISIIc:.Ld. 

'Alea 	 WileptilII11\c1Iliet\ 81111 I - il' twn I-l8;ll 

/ .1tu 	 l
I! o-i/f rvped l~llCICS\ p111111: SU4iI44111 %4i I10)I M1>CidI ~4t 111I37 	 lo OW W411d 

[i rle Cy'li)5 2i~ hy i felllilcf 	 e~lII11 I idRllICdi C11:1k liOw 

hu.lI t1Cr hi tile Cl/C Ilal)sk:e L mid lllct ( "'I/e,24 	 %\ciemcdl~ 111. j4.tilogells. io. 4/110n/uI111111res. 

held 111111til h parasvites Cllt.CtC.4Im .1'i /01 111- S. 114 Ili,% mid rim.1y t1n \%c IC Collc~cld and1 

sitiied (SCr 0 1) I the eL-Pfs. oilowd f) 1. CI1fl I., iSIaleld 111 I~lk( ek 8411ili-p/ol~ic'. ill pest 

111141tile M1111: sPccie. Ml CI ll ;,II it.'eti 110' . ptoplii;144l1 \\tte us1t"Ixeti Inl~ 1ik, ii a 
F0P14/ 1j/l1i1/ S41 1l41JpimI1 lit! IlIScIidIit iiey~ ill OK'hIR lI I:1iln0tlol1op\ I)epIMIMIttt'tS 

IM/LSSCi. (mt /411i/ llf:11/liU I,/i ' /444)1- 41 it 11l't-15" (d4R!Iit lleCtls.-I lie ne4wlic hm 	 (dICI 

2014411/A S. hii/1lihi1// cl-lC e. (f4e1t5 4155 CIC C) lf4ctlo41 ll iludcl 'llfiri:ilmfl/avol-i, 1(1 COarms 
1/ifltd at1 tilt. h441t41n4()fil~ 111 Ill tue liIdfii. and4 ;1111 Ro/sy'p;l, v. h (.1 %thl 11. (111l(4plW(', 

ill ile, l~iCU p11i4l of1I ~i t. [heipillts IC I Net.slinl. Sookitl mid tilC ClIIIIII~llt SpeimeS 

thten Cliloist'd InI Ill vil lil I e.11111 lilt'm lald 41 1fll/ll l/ IliN Spta:iC. I" pledtf 4111118t oil 

JeliCI lSRdIC tc 1C . Alter 24 ii.C!'2 ltiUlsCs lwes, ill1lCilS Al. /114 'llid ,! 1M.41/ii0 RomlilCl, 

WeeCI IC 4Io\:(:111d1piatct illiiitlail ll.%'I ttflht- II[lllII il 814 fobL-hts 5(145 ili4lti.
 
1


LII1tI1 PillaitCi CII)CIImIyct (1! 2012). AlPeielf tI~s.li1IiiI/ lili tCI 

No signitlealint dftiernkecs lillthtilee cc lit Pam11- tt as COlifCt1CdiIt h III(j)),f 114 1l 1l1oppasl.P alt1 ilpei 

SMl/it14111 44CC1UI'f :I111441 I 444111)111TOf41 CCC llll'CS .1l. afflW I -. 'olil44on11 (I In tiltebt;ck4lliimt!C)41 II 

oil tile plant. I I4IWC\CliI. F ( ii.4' pillitIti/ed 114)W Ill it CIIIIcltCd1 IiipfliS ll1(ILlil, 42.115 ff44111 

Cl/ip" il1 all Iialo d4.11111d111tilt:44tlet 411il pecti%)4111 on1S~1IV~1itd pilraitlll 

SpeCCIes. 1.WI /0411ti1.N \a 'Itll ilIlIldel"ICC. New lI/Ah//Utie~ 	 la ;lId](14/4/1es sicls were 

I Ilest Mo4 , IeCCs ilIr Idii/C114415 l1I1iC o1 . C0(lilCtCf 1111 liliIfiIMiS Iltll IIIC.'Iiffld11 from1 

i(1iI0lUhiscd lck iMUI ll Lit"Ill11fitPifIPPHICtS. Billl l i 441411. f/4/lU/1i~e~lim) sp. \%ii prdo 

Natural pllrasiliiatiofl of btlack buig .Scoliiitm minmtloil 1)1II1 I11 111ic mlr BI' II tKorleal. 

phura coarciata eggs in hilawtin Phlilippines. F1 I)41 Flfill t Ii,.iiteI/u osl-, ICCCl Is .5(/l/.1 PetC 

mass t C041ll11V1d (111 (i1,1 BPof'lack hiig, \'.cIc collecttedf~ Iro )ctlhei 44Ce111retf ;I111(1 41 Ilil tile 
1984 to I )eere f')X6 IllIIilii\' MItCStCM FIj- I 1/1I IIismavI 11114 4411 1114.IRR f(111111.The 

1
fiehkk illAholan and Nil-irl silttli, I 1Il1Wti, lll'copafilsilk:CI j1-vp1/414/1m/ ll4'Uh.5f44l/) IPeteft 
111141Itllxl"s. lliltill Pah11wiill. IeIlk: clip Ilass oIlllectet i 1 I. jililih416 tile Solomoniol45Ill 

N(CleC flfICetf iliIViLIUl Iifll 41111 tube fiiC4edsltts 

w(ith Coitton lld hm1(1 to 4 theC ilhora1it441' (uiltttts 44of l ticSpivs 1111(1 1)41 Ili 	 stlliilhh v'ilitle 

Pa itsite tIclietIolcc. 11142ill tite I 1/1/ kI(iICCII4["H. 

A t o441 08, 7)iS.73 (.174(0l/ c !'L, llsscs) weic I lV l(cflli4 11414g14 I Ilyp'f) lli111CeIcsIo cg Cs 

Collfectedf IllAblf1l1 1111NaIm-l. 11L llst/~ilI wils 1111155plollctf Ilt tile laoil1ito41\ 'ile 

was 234A7 . but 02.3('( of the egg were wili as Ill field,1111155425 Illy(CliIll1). v'& pp1iiti tile 

http:II1ISIIc:.Ld
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subsequently infected the insects. A!. anisoplia 
was field tested lor control of BPH in the 
Philippines (Fig. 21). 

Bacillus thuringiensis, a microbial i.,tclij.
Over 300 local isolates of Itlkiilhs thuringiety.is(fit)
have been collected from soil hy the Institute of 
Biotechnology and Applied Microbiology of 
UP1.B.The isolatcs werescrcenedin the lhoratory 
against lepidopterous rice pests with tile goal of 
identifving toxic one that could he produced onia. 
commercial ,'Ie by local coiniries and sold at 
lo cost to rice larlners. 

Test larvae were fed leaves dipped in a ll)I(-ml 
%kiatersuspension of 1-2 wire loofuls of bacteria 
removed fron agar culltl-Fs. lOxicitv was deter
milned after 6 d. 

Indigenous strainls serc toxic to all six off lhe 

foliage-feeding rice pc:;ls tested ('lable 9). (.HC' 
was susceptible to 150 strains (531'(7), the green 
semilooper to 93. the caseworm to 72, andi. F to 
71. SB was susceptible to the fewcst strains. 

Bioassav o ln nopathuB,,it/iai,Bioassays
of several species of fingi that attack I'ip- were 
carried out in collaboration with the Rural 
)evelopment Administration, Korea. Conidia of 

the fungi were produced on standard mvcological 
cf 

nledia in 12-liter "bubbler" ferienters. 
Fungal species and rates of appiication were as 

follosvs: Aitarhizium anisoliav (strain 1D2-4), 
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21. Meurhizi nit it nd r cclnh 

21. {lconrol m Philppine,I Coi andr tlYuaihnl),19PITcontrol in I LPh;ilppm.. Victra, Lagun, Phlippiues. 
19h6, 

7.5 X 1012 conidia/lha; Al. flavoviride (strain M
12). 4.0 X 1012conidia/ha: BAauveria bassiana 
myceliu in (strain E), 1000 g/ha; B. hassiana 
conidia (strain F), 7.5 X 1012 conidia/ha; B. 
ha,ssiana (strain IPhassux), 7.7 X 10 1 conidiah'ia; B. 
ha-ssiana cnidia (strain Elaterid), 5.2 X 10)
conidia li: and lavcilmityves trinous.u (strain It. 
:iical, 4.3 ',-,10'' conidia ,ha. 

I he material was applied to rice plants. Then 20 
two-day-old Bll- were caged on I he p!'nts. 
Mortality was tabulated after 7 and 14 d. 
The low mortality after 7 d increased signi

licantly aftcr 14 d (Table 10). ,Mortality in all 

Table 9. Screening of 300 isolates of Bacillus tluringensis 
for toxicity to lepidopterous pests of rice. IRR I, 1986. 

isolatesa 
Insect pest 

Screened Toxic 
no.) M%(no.__(%}
 

Green semilooper 
bNorangaaenescens 287 34Green hairy caterpillar 

Rivula atimetab 285 53
 
Leaffolder
 

Ctaphalocrocis medinalisC 276 26
Caseworm
 

Nymphula depuncralisC 265 
 27
 
Striped stern borer 

Chilo suppros&7lisC 181 3Yellow stern borer 

Scirpophaga incertulasc 55 13
 

an 20 In 2 replicatIons of 10 3d'lnstar larvae each. bOne 
loopful of Bt Isolmte In 100 ml water. CTwo loopfuli of at. 

Table 10. Bioassay of entomogenous fungi against BPH inKorea. Suweon, Korea, 1986. 

BPH mortalityb t%) 
Isolatea
 

7 DAT 14 DAT 

. anisopliae D2-4 conidia 16 bc 34 d 
M. flavavir,eJ M-12 conidia 19 bc 33 d
B. bassiana strain E mycelium 39 a 50 bcdB. bassianastrain E conidia 25 U 41 cd 

B. bassiana strain Phassus conidia 15 bcd 68 ab 
'.bassiana strain elaterid conidia 6 cd 58 abc 

P. farinosus strain H. cunea conidia 25 b 74 a 
Untreated 1 d 4 d 

1- _d __4___d 

aMetarh/ziul flavoviride (M-12) from th Philippines,Beauveria bassiana E from IfPH China;in M. anisopliae
(1D2.4t, B. bassiana (Phassus, aleterld), ind Paecilomycesfarinosus (H. cunea) from Korea. bAy of 4 replications. 
DAT = days after treatment. 

http:thuringiety.is
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treatments was significantly greater than in the the laboratory bioassays. Application of conidia 
control. fron B.hassianacaused significantly greater BPH 

Results from companion field experiments mortality than treatment with conidia from M. 
conducted in Korea substantiated the results from atniopliae (Fig. 22). 

Surviving OPH (no) ('Il1 (' AI (ON I Ro). 
3500 

30r)o 0brown -Botanical 	 pesticides. Neenm seed kernel extract vsphnthopper, .'l'itehacked planthopper, 

and green leafliopper. A simple procedure was 
2t ooJ developed for extracting neemn seed "bitters"(limonoids) as a crystalline powder that is water 

soluble, relatively photostable, and nonphytotoxic.
2000 Only 10-20"; first-instar nymphs of BPH, WBPH, 

, -] and GLI reached the adult stage when caged onSr,,, ,,, ,,,,,, ...... ,rice plants sprayed with a 5(X) ppm solution of this 
r,. ed tn Bevov,,,o bass,o,,a

500° t .....................- J- neem seed kcriiel extract (NSK-) (Table II).
 
Nymphs died at concentrations _. 2500 ppm. 

1000 	 NSKF residual activiy persisted on treated plants
kept outdoors for 6 d. Soaking rice seedling roots in 
NSKE solution also disrupted the growth of GLH 

D00 	 nymphs, indicating systemic action (Table 12). A 
similar effect on the growth and development of 
-- -PH.WBIIH, and 6I.1 nymphs was observed 

0 .. when they were caged on rice plants grown in soil 
ifter treatment 2ys treated with NSKE (Fig. 23). The fecundity of 

22. RctI tmc Of a licli pupUItii)O tl ll tot(Wl1en1 itll BPH, WBPHI, and (G.H females was markedly 
cntomngcnou: lunO. Korca, 19X6 reduced on NSKE-treated plants. The increase of 

Table 11. Growth and development of 1st- instar BPH, WbPH, and GLH nymphs on TN1 rice plants sprayed with nem 
seed kernel extract (NSKE). a IRRI, 1986. 

Days after Nymphs becoming adults (%) at each concentration (ppm) 
spraying 0 100 500 2,500 5,000 10,000 

BPH
 
0 82 1 A 82ab A 23 b B 0 J C 0 cC 0 b C 
2 93a A 82ab A 78a B 33 c C 2 cD 0 b D 
4 87 ab A 77 b A 82a A 60 b B 33 b C 0 b D 
6 90ab A 90a A 85a A 82a A 62a B 17a C 

WBPH 
0 87a A 90a A 28 b 7 c B 0 b 8 0a B 
2 92a A 93a A 58a 25 b B 0 b C On C 
4 90a A 85a A 78a 48a B 3ab C 2a C 
6 92a I, 87a AB 73a 30 b C 13a C 2a 	 D 

GLH 
0 93a A 85a B 10 b C 0 c C 0 b C Oa C 
2 92a A 93a A 83a A 2 c B 0 b B On B 
4 93a A 87a A 88a A 17 b B 3 b C On C 
6 92a A 90a A 87a A 60a B 17a C On 	 D 

aIn a column, means followed by a common lowercase letter are not significantly different at the 5% level by DMRT. In a 
row, means followed by a common uppercase letter are not significantly different at the 5% level by DMRT. Av of 6 replil
catlons, 10 lst-Instar nymphs per replication. 
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Table 12. Growth and development of lst-instar GLH water of acetone. Two days later, each female was 
nymphs on rice seedlings root-soaked in NSKE.a IRRI, paired singly with ,aresponsive male on a 30-d-old 

TN I plant to which was attached a single-needle
tyervth r ltling signals emitted byccraimic 

h Iper PlIl i fi bitt h c ws \ cI's((I. 
 w tc Iccorded and ld.to a directt clrlelt 

. (cmitr'oi) 90 ) 10G 5.7 c I ln tilak', etnltted 2-to 3-s-longeotituk. IhIc 
10(0 57 h IG 3.5 t) crotA),2kim" >t.il.,, io Mhch lemalcs responded 
10;00 13 6a 0.8a 
5OO a 01a 0 a 	 with I '- to 35 tr tirth,"A,oitds (Jig. 25a).

('opiiltitM i ll,CIIinpheted alter 0-10 m1in of 
a ,' , r(.tc t im, 1t)1 !t i s oetlic:, 	 lct'l'J', titl litelar iiht!trJim:itt 	 ailI]Ihe NS K [-orl lii Cec . 
,i.. i,.cl o t.1t,5iia, oorf,,traidiSU' i,,aicrt ot neeti , ire.ltd hem h.'e,
ptroduced aliInitial
3-to 
NS tI:. ofUr ll0-'-l siptim

1Gro,o'th iii', t f,,lnaq1,V,,'tI., ,:co,,irlit ttt l(lip.251 . Iollowvcd hv'e.tremelv
+it~th lll~i~l l l (d]) 	 "'< i< !Ol l1(l ptll 


plnhntT ,p~l ;!II ( l.",1h) ( ,Fpt+i 

t,li.il ,t \£Kt -Iie'at,I li 
tilt'., lm n h ! II I ' ,, ,C m 

lie. >I+. 


,
p l i, \%I,l thM 11


tl,.IIt c mtstt
i a 
+l l'i~ r CtHml k' 

1/u.', 	 ' .1 ', I] /i'll ? ' ,l /i'n ., AO 

,11/'UIih /'l ',"h . Vif'' 11W:,'L' '" 'ft: -'c k mtil-
tike>, Ie IN(I\II I j k 1 (,; ;,1I" 

pht iolh,,\ V,k I N I l llit.'-.1. , ci ii '1 

N ;I\I ,, lH111'I ,i ie'. ' i ,,I I (tll ilkV 
cllw;!.'u~~ ~ ~ 


, 5.e N.-,l>,, ie'
I 
walct ' ti t ,I f t 
iill. ( 'wll+ Ii ' kc .dehh" I 

4 yl ,DI1 lcl 1o 

C 0 ,E--I 


V 10,000 It. 

20

0 
I4 

~ I,1.)."~ ~~~~"ipp 

it' lI .'!, :'et' 
,clo!lv I( '-,pf;tycdlctll 


t'I,' k, tslit'tttl-


I c I 

"H

(/1 

11
1 0I 0 
l:.poSure 

ptmit d Li1ti1tIs Ite10 to 65s (Fig. 25c).vh\,IClhd LI) 

leithe sitrltaisve.ruiltrecrsd with fa;it.
male
 
(Aht' l M M1.!L '1 1',,+ tll - t
If k i ll M MtlllS. llM Ct(I l[ M O Ntf 

that 3( ill),itlim t sticccsslui coptl otOll.The
 
1in IL..
it1;1 lll ( 'Oliad th at p llH ilp t ed t il e..ni ale to 

lil ' i lit,%\iasaltered it NS KF- oilit lt or-necm 
[1( cltll's,. hisI elayed or disr Illatilg,tiette ' ftlpted 
If ,,ide.i.c,.d egbv rcpeatedlltltl[n d female calls.
 
hltl:ich.lilil ttl eggs wastcd ccdt o76( inrfemales
 
Icat'd S th 5 ! 0' nceletittil. 

i i/'[ ,flt''w(,CM cme !i tiltI 1t/' A/ ' c'.rw i browtn
 
ItI)+/+,'.1, r ri'[)rodutl
(,+
,]~h,Ip ci!5 '\'e Im~hilliafl. The f'irst

o',ctmr~ltimnJUl PI males emerging on rice plants 
with 10 :i%0)pirn N. KI soltution had

signtificantly low',LI oticiolie cells thanfrequcneie.,t 


1Vc L CI' 

C 

I-


L AC -. 1--L1-1 ,1G 1 16 CI 
(dJ)
 

c2.3.% -tc lllc r ht~ l 11c ti l ml 	 ~ ~k,AICleI Cr LI , j ,i h )I o m o! 11 s-InN III , t w h ilc h a c k cdpla n t hl; KII l ll.	 upp e~ilI IIIL 
and~i 1 11 1PR I,198o. 
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8PH(no) WBPH (no) GLH(no) 
1500 4000 

1000 

1200 
3000 800 

000 ', " 

,, 6 2000 , 

600 
,100 

Io00 
300 200 

00 .....- I...0 ---....- -

2 4 G 3 i0 0 2 4 6 H .0 O 2 4 6 8 10 

Concn (ppm X 10,5) 

2.1. l'-pula wiuincicasc in 30 id loion f pil 
" , ol m1ale and lcimak- HPl! Sk\BIt I. nd (il 11on N," - pi- ,cd tiliilo . IRRI, 

(lie unt reated cont Iol (Table 13). his may laccotnt 
for the reduced reproduction fitnes: df B3PH 

u, intliV idt1 0aI)SCbserve onl rC 1ceplntS .S p alyed With 
Snieei deri\'atives. 

l'i1<'oflecum oil wid nuctn.we'd kernel e.xtract 

ont a Iront'0 ilaw/iho 1iwr predator. We evaluated 
the elfeet of neern 
.li......... .....ii is a I 

seed lerivativcs on ('irtorthimlix 
pred tlot. In toxicitv tests, tle 

0 highC t LI W l 2)) pt. nec i oil caused 83 ,', 

. . . . .. . . mortality of lI'HII adtultk, htll only 20' mortality of 
the mIid h, ( ll I1). lieCpredator's mortality 

th the same dose ,f NS KF was negligible. The 
Srowlth and (lvcloptnet of mirid nymphs on ricc 

Table 14. Mortality of BPH anti C. lividipeninis 24 h after 
topical application of nem oil or NSKE. IRRI, 1986-87. 

-r e~atm ent 
t' .-

Mortality (%-;,) 
- ......... ... ... .. ..... . .. 

25. 1l'1l malin!' pamtiomIY m iol (al andI %hc tovi e o\.... 
(p1g/feniale) Neem oil NSKE 

tliatcd suithr 5 )aI NSIKI (h)i i ncuil oil c) IRRI 96. B)pi 

0 (control) 20 bc 2 d 
5 15 bc 18 bc 

Table 13. Frequencies of meiocytes and nonmeiocytes in 
' 

10 25 b 24 b 
BPH males ioarod on plants sprayed with NSKE. IRRI, 20 83 a 55 a 
1986 -............ --....- C. Iividipetnis 
NSKE Nonrimiocytes Meiocttes Meintil: 0 (control) 9 c 11 cd 
(ppm) 

-................ 
0re.) (no.) 

....... 
index 5 

10 
22 
20 

bc 
bc 

15 
11 

bc 
cd 

0 (control) 375 a 233 a 0.384 a 20 26 0 8 cd 
100 221 a 82 1 0.278 1 ......... ..... 
500 273 a 

.............. ..... 
aI n a column, reans followed I)y 

81 ) 0.224 1) 
. ... . . . . .. 
a comlmon letter are not 

. 
' 
2 Av of 10 replications, 10 females poi replication. /For 
Il , pq of neon oil/0.2 pi of acetone or gq of NSKE/0.2 

pI of acetone-water milxture (1: 11. For C. Iividipennis, ug 

significantly different at the 1VK,level by the t-test. Av of of noem o11,'0.1 p1 of acetono or pg of NSKE/0.1 ;1 of 
10 ropillcatioiis. acotono-wato mixture (1: 1). 
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plants sprayed with 16,000 ppm NSKE were not 
alected (Table 15). However, spray applications of 
-_ 60_i, neem oil considerably reduced the develop-
ment oft irid nyriiphs. This Ieduced viability was 
due to the lain re of 11[) II nymphs the food 
source of the prc(lor 1o sir vive on neem oil-
treated plants. Spraying neem oil or NS KF did not 
affect the egg pred ation ability of adult mirid bugs. 
IIPII nypinh miortality was significantly higher on 
plants treated with NSK- rod provided with the 
predator thal oil untreated control plants ofr on 
plants without a prcdatir (Table 16). F P1H 

Table 15. Physiological responsos of C. /ividipnnis to 

poem oil and NSKE treatments.11 inn, 1986. 
................ ................
that of necrn oil or 

Developmllidtl Nymph; Growthreatrnt periott
(8) 

Neern oil (., 
0 (control) 6.00 
3 6.33 
6 6,78 

12 
25 --
50 -


NSKE (ppm)
0 (control) 7.15 a 
100 6.86 a 
500 7.35 a 
2,500 6.31 ab 
5,000 5.93 ah 
10,000 5.13 h 

v of 5 replicationF. 

Table 16. Mortality of BPH nymphs on 
plants with or without C. lividipennis 
mant.a IRRI, 1986-8"7. 

Concentration(ppm)Pr Preflatoraol 

0 (control) + 

100 + 

500 + 


2,500 + 
5,000 + 

10,000 + 

0 (control) 
100 
 -
500 


2,500 
 -
5,000 -

10,000 -

tmufmn~ Growt 
adltsO%) index 

96.6 a 16.7 
85.0 a 12.9 
55.0 bc 13.5 

0 c -. 
0 C 
0 C 

92.0 ab 12.84 
79.2 abc 13.70 
96.6 a 13.05 
66.0 abc 10.17 
58.4 abc 10.33 
37.2 c 8.85 

NSKE-treatod rice 
10 ( after treat-

MortalityM r liy %)h(, 

a Av of 5 replicatlons, b = present, absent. 

2.5 
2.j 
6.5 

12.5 
18.0 

16.4 

6.5 
7.0 
8.5 

18.6 
25.2 a 
26.1 a 

d 
d 

cd 
bc 
b 

b 

cd 
cd 
cd 

b 

population buildup on NSKE-treated plants was 
significantly lower than on the unsprayed .control 
plants or on plants with no predator (Fig. 26). The 
BPH population was lowest on plants sprayed with 
NSKE and provided with the mirid bug. 

L'ffe'ct of selecte plant dcrivatives on red flour 
heeth,. Oils of turmeric (('tucuma longa), sweet 
flag (Alcorus calamtus), and ncer, and the neem
based insecticide Margosan ) were tested for their 
repellency, insecticidal effect, and growth- and 
reproduction--inhibiting activity against the red 
Flourbeetle 'riholium castaneu'n. I)uringan 8-wk 
test period, turmeric oil and sweet flag oil showedstrong repellency for the first 2 wk, but their 

repellency decreased thereaflter, and faster han 
Margosan () (lable 17).

Margosan 0 was tile most repellent at 1,00() ppm. 
Compared with the insecticide check, pirinmiphos
methyl 25 EC, tie oils, and Malrgosan ) lacked
insecticidal effect, but :idversehy afected the 

growth and development of "1 'a.,uwunr.
 
1Laboratory evaluation of commercial 
 insecti

ides. Coded and commercial insecticides were 
evaluated in the laboratory against I11-, GI.H,
WBP, LI atd R. 

('ontact roxicitr Insecticide effectiveness as 
contact spray was evaluated using Potter's spray 

, I I 

,iC .

"000 -

NOC I,,dpenn's 
wonec ,,,S 

11O00 

80' 

0 

C 
0 (control) 5000 ppm NSKE 

26. (iunulativc increase in BI111 population (total from5 teplications) on rice plants treated wilh NSKE. IRRI, 1986. 
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Table 17. Repellency of turmeric oil, sweet flag oil, neaem oil, and Margosan 0 to Tribolium castaneum adults at different 
rates of application and time intervals.a IRRI, 1986. 

Rate 	 Repellency (%) at given time after treatment 
Treatment (mg/cm 2 paper) 1 wk 2 wk 4 wk 8 wk 

Turmeric oil 800 92 a 73 a 70 a 51 bc 
400 88 ab 70 a 64 ab 46 b-e 
200 81 cd 60 c 54 d-f 42 do 

Sweet flag oil 800 88 ab 75 a 69 a 48 b-d 
400 86 bc 68 ab 60 b-e 45 b-e 
200 79 de 58 c 50 f 40 e 

Neem oil 800 80 de 72 a 10 a 59 a 
400 78 de 70 a 63 a-c 54 ab 
200 70 f 60 c 56 c-f 45 b-e 

Margosan 0 800 78 de 69 a 66 ab 53 a-c 
400 72 ef 61 bc 61 b-d 50 bc 
200 66 f 56 c 52 ef 44 c-e 

Control 0 5 g 6 d 2 g 4 f 

aAv of 4 replications. 

tower. 01 1I insecticides and I mixture, 2 were cages I( afterspraying. Ofihe I I insecticides and I 
effective on 13P11, 5 oil 61.1-1, and 6 ol WBP!- nixturc, I was effective on 131P1 and 4 on GLH 
(Table 18). (lFable 19). 

INI xscrc with insecticides two 
insecticide ;itl inleslCd wit untrCited inseC'ts in 	 evaluated against LF.Monocrotophos, fenpro

pathrin, and cthoproxyfcn were effective at 48 h 
after ciiwing. 

insecticides anti1 fer 

l"/iar sprqwa. plants sprayed Nine and mixtures were 

ing.

Table 18. Laboratory evaluation of 11 

mixture by contact toxicity against adult female BPH,
GLH, and WBPH. fIR insectary, 1986. evaituated against. RB. SSI 117 and monocro

b
c dFor Mortality at 48 1Tu-
Insecticidets lation ..-

BPH GLH VVBPH 

---------------.................
......... ..... . Table 19. Laboratory evaluation of 11 insecticides and 1
 
Test I mixture as foliar spray against BPH and GLH. IRRI 

Monocrotophos 30 EC * o * insectary, 1986. 
Sumibas 60 EC 6 
Trimethacarb 50 WP * Mortalityb 
Phosphamidon + BPMC 45 4.30 EC 
Cartap 50 SP Insecticidea Formulation BPH GLH 
Mexacariate 25 WP 

3 3
Test 2 
Ethoproxyfen 10 EC 0 0 Monocrotophos 30 EC 0 
Fenpropathrin 2.5 EC a Sumibas 60 EC a 
Monocrotophos 30 EC 0 0 Trimethacaib 50 WP 0 o 
Fenvalerate 3 EC Phophamidon + I3PMC 45 f 30 EC • 
Fenpropathrin 5 EC 0 

8Mexacarbate 2 EC 0 0 Applled at0.75 kg al/ha except for othoproxyfen 10 EC, 
Thiodicarb 3.2 F 	 fenpropathrin 2.5 EC, fenvalerate 3 EC, fenpropathrln 5 

EC, mexacarbate EC, thlodlcarb F at2 and 3.2 applied 
a nsactlclidus In test 1 and monocrotophos In test 2 were 0.05 kg al/ha. These Insecticldes, together with cartap 50 
applied at 0.15% al. All others were applied at 0.01% al. SP and moxacarbato 25 WP, produced 80% mortality.
Spray volume was 2 nil/ropllcatlon. EC - emulsifiable con- Spray volume 500was liters/ha (3.125 mil/potted plant). 
contrete, F - ilowable, SP soluble powder, WP -- wet- bfacorded 40 h after Infestation at 3, 7, 12, end 17 d 
table powder. bAy of 4 replications, 20 Insects/replication. after Insecticide treatment (DAT). Residual effect dId not 
0 r ;.80% mortality, :- '.00%mortality. i go beyond 5 d. Av of 4 replications. 0 > 80% mortality,c I-IT hours = 
after treatment. (= 100% mortality. 
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tophos were effective, but their residual effect was GiL-i field populations at IRRI showed low 
less than 5 d. sensitivity to MIPC and chlorpyrifos (Tabje 22). 

Field evaluation of commercial insecticides, I.lD,, va/ues o/'3 insecticides on lirach'rpterous 
GILH control and RTV prevention were attempted hroa'n pl/aithopper and green /eahopper adulh 
using pyrethroids and conventional insecticides. i-ma/es when applid at i/ijf'irent volvumes. Based 

Foliar sprav fiir pir't't'ititg r (icgtnovirs. onlactual concentration of insecticide (ppn), l-Dj0
Timing of insecticide application considcrably value, wcre lowest at lhe highest volume applied on 
affected the incidence of RTV on i1R04 and INI. both Bl I andiGI I for all the insecticides tested. 
RTV was significantly lower in I RO-i than in TN I 
Oil plots treated with cypellcthirin or mn1110110
crotophos 	when the first insecticide application , -... . . .. . ...

was done at 5 )T(Fig. 27).
 
More lrelqtient insecticide application resultd in ... "
 

significant differences on the tllodcratclv IrSiStant
 
IR42. but not o the highly resistant IR64 or th -, I N
 
susceptible FN I 2). "...
8g 

bon planthopper aml green 


leafhopper to iisec'ticides. BPIi macropterous
 
ad tilt femnales froto the field at I RRI were
 
compared witlh the susceptible greenhouse 

population. The relative resistrne ratios ranged i
 

Stiscepihility oihi' 	 ----

AL 
from 1.2 to 1.5, indicating that the BPII field
 
population at 11R RI did not show high resistance to
 
the test insecticides (Table 2)).
 
GIH field populations collected at IRRI in
 

April showed low sensitivity to BIMCC - che-lor
pyrilos,carbofIan, cairbaryl, and monocrotophos
 
(Table 21) "..__:__
 

-,tf hi %,) _______ _28 l IlCLIlUTli'\ 	 3 riceI'ltcct of inscticide applicatio n m 
', cuti,arsi JpicV.ntuing R I5'tR tI. lerccntarg. 

at(i0 d al Insecicidc 
-C)~emh,,, 	 tO;";. tiiintcctcd 

hills tictoited transplanting. s were 
80 appliedim 2.3 and ,1times ait 10-d int irvals.80 	 :
 

40 Table 20. Insecticide susceptibility levelsof BPH macrop. 
teraus adult fomales.'a IRRI, 1986. 

0 	 I.Do (pgig, 24 h) 

120 	 ,ftfrn,,rz,,g,.,,.,, Insecticide Insecticide-2d generation Resistance 

from f eld free ratioc 
80 	 popultionb greenhouse 

population 

,1O 
 Carboluran 0,55 0,82 1.50 
BPMC 2.96 3.54 1.20 

0 	 .oiazinoonph 6.42 9.59 1.49 
1 	 5 10 Centre! Monocrotophos 2.35 3.42 1.46t[i t- - - - - - - - - - --..-. . -.............. .... ...... ....... . 

Av of 3 ro ications 20 adUlts/replication. 1)'rho field
iniecticid ICr1:crTime of hirst (tpl)I 	 poptulatloi was collected In March (tarbofuran) aind 

27. Eltec of ineit tinsclicide application mi 2 iccculti%;rs in October (HPMC, diazinon, and rnoincroto ho':s). 
preventing tgro tVt ttRt. t98b. Iicettige l(W1 disease. c LDs0,,for finld-colloctud population 
inferctd hillswas rccotrred D 1. ht %,crc applied Roststnne o ratio . . . . at 6l clTt'iCes 

4 lirues-at I)d intervals. LD 50 , for greenhouse populations
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a 

Table 21. Susceptibility of greenhouse (GH) and field (F)b GLH populations to 9 common insecticides applied as contact 

spray by Potter's spray tower. IRRI insectary, Apr 1986. 

Adult cumulative mortality 1%) at indicated timed 

48 HTInsecticidec Formulation 24 HT 

GH F Differen':e GH F Difterence 

Acephate 40 EC 82.5 70.0 12.5 n- 90.0 87.5 7,5 ns 

BPMC 50 EC 95.0 90.0 5.0 ns 95.0 90.0 5.0 ns 
35.0 52.5 * BPMC i chlorpyrifos 10.5 + 21 EC 77.5 30.0 47.5 o 87,5 

BPMC 50 WP 35.0 10.0 25.0 ns 47.5 15.0 32.5 ns 
55.G 20.0 35.0*Carbofuran 12 F 50.0 20.0 30.0 ns 

Carbaryl 85 SP 50.0 7.5 42.5 52.5 15.0 37.5 ' 

Monocrotophos 30 EC 82.5 32.5 50.0 90.0 32,5 57.7 * 

Cypermethrin 5 EC 100.0 100.0 0.0 ns 100.0 100.0 0.0 ns 

Chlorpyrifos 40 EC 25.0 20.0 5.0 ns 45.0 30.0 15.0 ns 

No insecticide (check) 0.0 0.0 0.0 ns 0.0 0.0 0.0 ns 

GLH pop, latlcn was collhcted at the IRRI tarm and his bean malntalrnd in the IRRI greenhousO ,Ince 1975. !)Adults 

were collected at ti I1HRI farm (Block I11)on 8 Apr 19B6. 

4 replications, fiT - hours after treatment, " slflnflicarnt, 

Ilowever. computd 1.l),,)values based ol /Igii 

showed alnost comparable values for thc ;,owesl 
and highsc;t voluile applied. 'lils, applyinlithe 
lowest voluime posiblebfor hoppe:. was sulitcien, 
for toxicity evaluiation (iablc 23). 

L.[ o/.3 itis't .t 4 tl-it .mhr lark\we'altit'+ w'i( Y 

of stripe'd i.htm hurt- It-hn a/,pli(d alldI/A're'nt 
,,olmcs. :or S, larvae, tlh I I ), valuics bascd on 

Table 22. Susceptibility of greenhouse (GH)-3 and field 

(Fb GLH population-; to 9 common in,,;cticides applied 

as foliar spray. IRR I insectary, Apr 1983. 

InsecticideC 

Acephate 
BPMC 
BP10C f-
chlorpyrifos 

MIPC 
Carbofuran 

Carbaryl 

Adult cusulatiw 

mortalityd (%l 
Formulation---------- .. 

Gil - Difference 

40 EC 
50 EC 
10.5 121 EC 

100.0 
22.5 
22.5 

100.0 
7.5 

1 1.5 

0.0 ns 
15.0 ns 
5.0 ns 

50 WO 
12 F 
85 SP 

Monocrotophos 30 EC 

Cypermethrin 5 EC 
Chlorpyrifos 40 EC 
Check 

aG LiH population was 

85.0 65.0 20.0 


92.5 80.0 12.5 ns 

100.0 92.5 7.5 ns 
100.0 97.5 2.5 ns 

97,5 95.0 2.5 ns 
57.5 35.0 22.5 

0.0 15.0 -15.0 ns 

collacted at the 1IRI farm and hts 

boon maintained In the IRRI groenhoususince 1975. 

tlAdults were collected at the IRRI farm on 8 Apr 1986. 

CAppllod at 0.75 kg al/ha except cypormnothrlin at0.05 kg 

al/ha. Spray volunme was 500 liters/ha. 
1 
Recorded 48 h 

after caging at 1 d after treatment. Av of 4 replications. 
significant, ns not significant. 

oApplled at 0.25"
' , 

al except Cvpurtnethrlri at 0.017% al,dAy of 

n t not significant. 

actralceoi,,,ltralof(ppm)'crccomparablewhen 
applied mi0.5 and 1.0 p1 per lar\ a (at 24 and 48 h). 
A,).I0.1, hover, 'he 1-I)si vaics (ppm) were 
signifieantiv hligh for carhofuran and diazinon 
(,V, h )such that higher doses were needed. Hhus, 

0.5 and 1.01pl of ituSccticidC at lower doses could be 

used fr to.\icity evltiation ol SS3 lrvae, 
depending on l.ikewise, 1 voluestheir stage. 1DA 
based on jg: gwere comparable when 0.5 and 1.0 

MIlof insecticides wclte applied at lower doses 

(Table 24). 
dj'eretu agtitio(l/'rachTkijtrous. 

/)rom'/i ,an t hoI p'r adullt fi'lnal's to cumrho/iran. 
.o Ji,,.nti as 

5 value of 0.84 was observed with 

7-d-old HP I and tilehighicst (1.74) with 6-d-old 
I...- I.I increasing trend (1.03 to 1.23) 

lh- lowest I.D)

11P [here was an 
front I-d-old to 4-d-old iltl, and a slightly lower 

v'aluc (1.22) for 5-d-old 11P)H. The relatively low 
valtie of 0.84 for 7-d-old HPH was due o high 

mortality noted even IIUllrMtd Insects. Thus,2
2 -l could be used to avoid a population 

that is tot) Voting or too old for toxicity evaluation 
tol-d-old BH1

(able 25). 
)eee/o/nmiett o1/ re.vi.taince ill brown pjlant

hol)p'r an(l gr'cii l'lholptr und(er .'election 

pr ssurt'. HIPIt and G1.1 were treated alone or 
alternately with lonocrotophos, diazinon, carbo
firan, and H PM C, tising Potter's spray tower and 

at dosages expected to give 40-60% mortality in 

each generation. The insecticide selection pressure 

was continued tip to the 24th generation for IPH 
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Table 23. LD 5 0 values of 3 insecticides on brachypterous BPH and GLH adult fcrmale!Fa IRRI ins3ctary, Mar-May '986. 

Volume of (24 hiinsecticide 	
LD 5 0 

Carbofuran 
 Diazinon Monacrotophos 

ppm ug/q ppm pg/g ppm mg/g 

0.1 	 BPH10.72 214.98
0.2 	

0.41 8.27 88.88 3.4217.38 
 232.021.34 	 17.85 40,30 3.100.3 1.42 0.16 60.78 7.01 20.37 2.35 

0.2 	 GLH30.24 1.96 254.11
0.4 	 16,45 141.60 9.1613.98 
 1.81 149.71 19,38 83.580.6 	 10.827.21 1.40 83.58 16.23 43.57 8.46 

aAv of 3 replications, 20 Insects/repllcation. 

Table 24. LD 5 0 values of 3 insecticides on 4th.instar and the 12th for GLHlarvae of SSB. IRRI insectary, ,iun-Jul 1985. 
The relative resistance ratiosbase(] on l..Do'altucs w:r,: observed tip to the 36th 

IDsoa 	 generation in BPH and 'he 24th in 1l3-4; theyVolume----------------..--------.
{p1t 
 24 h 48 h 

ppm wl/g ppm 	
Table 26.LDevelopment of BPH resistance to 4 in-ecticideos,ug/fl under selection pressure. IRRI insectary, 1984.86. 

Carbofuran Selection Relative resistance ratio at given generation0.1 7224.34 a 13.01 3936.99 a 7.10 pressurc0.5 788.02 b 7.10 521.27 h 4.70 
6th 

12th 18th 24th 33d 36th1.0 796.38 b 14.34 432.87 1) 	 7.80 ...........
 Munoc,'owtpos
Diazinon A 1.0 2.16 0.94 2.42 3.260.1 5136.83 a 	 0.76 0.829.26 5815.34 a 10.49 A*B 1.0 - 1.07 1.44 3.110.5 975.41 a 	 0.74l 0.778.79 727.55 h 6.56 A'C 1,0 2.03 1.12 2.35 2.751.0 645.07 a 	 0.78 0.8911.62 410.59 b 7,40 A'D 1.0 1.06 ;.73 1.39 1.84 0.80 0.95 

Moniocrotophos 
0.1 3214.2c, 	 Dhazlnon5.79 1792.08 a 3.22 B 1.0 2.63 1.35 1.32 1.000.5 1068.11 a 9.62 	 0.37 0.38500.00 a 	 4.49 B*A 1.0 -- 0.65 4.85 3.05 0.191.0 1090.91 a 	 0.2719.66 407.48 a 7.33 B"C 1.0 3.61 -- 0.86 0.96 0.79 0.61 

B D 1.0 1.17aAv of 2 replications, 10 larvae/replication In 	 - 1.05 0.20 0.23a co umn
values followed by a common letter are not significantlydifferent, based 	 Carbofuranon the interval between the limits of C 1.0 1.16 -- 0,31 1.63 0.43 0.37relative potency. 

C*A 1.0 0.75 1.44 1.12 2.14 0.27 0.35C'B 1.0 2.23 - 1.50 2.24 0.31 0.32 
C0D 1.0 1.06 3.42 2.64  0.44 0.42
 

Table 25. Susceptibility of different 
 ages of brachyp.
terous BPH adult females to carbofuran.a IRRI insectary, 	

BPMC 
D 1.0 1.97 -Nov 1986. 	 3.60 4.68 1.20 1.01 
DA 
 1.0 1.27 2.83 1.91 4.78 0.44 0.48 
D- B 1.0 2.42 2.92 1.55Age 	 3.31 0.28 0.44L 5 0 D*C 1.0 - (d after emergence) 	 - 4.74 1.22(,g/g, 24 h) aInsecticide was treated 	

0.99 
at dosages expected to Give 40

610% mortality. A z rnonocrotophos-treated population, 
1.032

1 	
1.11 A'B = population alternately treated with rnonocrotophos and diazinon,3 	 A*C - population alternately treated 

4 	
1.19 with monocrotophos and carbofuran, A0 - population 

4 	 1.23 alternately treated with monocrotophos5 	 jnd BPMC, B =1.23 ldazinon-treatod population,1.22 	 .renated B*C population alternatelywith dinzlnon and carbofuran, B*D = population6 	 1.74 alternately treated with diazinan and BPMC, C = carbo. 
7 0.84 	 furan-troatod population C*D = population alternrtelytreated with carboturan and BPMC, D = BPMC-treatedaAv of 3 replications, 20 BPH/repllcatlon. population. 
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increased in BPH up to the maximum of 4.8 in the 
24th generation but decreased rapidly (Table 26). 
Those in GLH increased to the maximum of 5.5 in 
the 12th generation and decreased in the 20th 
(Table 27). 

BPH and G(.1-H populations highly resistant to 
the 4 insecticides were not obtained with 24 and 12 
generations, respectively, whether the4 insecticides 
were applied alone or alternately. 

,'lpplication equilmnt. Three kinds of equip-
ment for foliar spraying were tested at IR RI. F'or 
BPH. the Electrodyn sprayer was superior at the 
early stages of rice growth. For G.LH, Electrodyn, 
knapsack, and Pulsfog sprayers were effective 

(Table 28). 

Table 27. Developmer.t of GLH resistance to 4 insecticides, 
under selection pressure. IRRI insectary, 1984-86. 

SeecinSelection Resistance ratio at given ,lenerationbpressure

up to 12ch 

generationa 4th 8th 12th 20th 24th 

Monocrotophos 
A 1.62 4.93 2.05 0.72 0.97 

A*B 2.70 3.76 5.08 1.20 0.82 
A"C 2.26 3.19 5.48 0.98 0.86 
A*D 3.56 2.94 4.49 0.77 0.79 

Diazinun 
B 0,79 0.92 2.58 1.03 0.60 

8"A 2.86 1.94 1.46 0.33 0.50 
BC 2.23 1.58 0.76 1.18 0.55 
8*D - 1.26 - 0.32 0.37 

Carhofuran 
C

C*A 
1.03 
4.42 

5.92
3.57 

5.47 
3.82 

2.47 
2.00 

2.18 
2,32 

C*B - 5.64 2.06 2.74 1.39 
C*D 6.77 6.09 - 1.97 1.75 

BPMC 

3.12 3.70 - 1.46 1.40 
D'A 1.93 2.54 2.90 0.73 2.11 
D08 1.03 ?.11 - 1.00 1.65 
D.C - 2.07 - 1.23 1.51 

lnsectlcide was treated at dosages expected to give 40. 
60% mortality up t. the 12th generation. A = monocroto. 
phos-treated nopulation, A*B = population alternately 
treated with monocrotophos and diazinon, AIC = popula.
tlon alternately treated with monocrotophos and carbofu-
ran, A*D - population alternately treated with monocro-
tophos and BPMC, 8 = diazinon-treated population, B*C-

population alternately treated with diazinon and carbo-
furan, BD = population alternately treated with diazlnon 
and BPMC, C = carbofuran-trqated population, C*D = 
population alternately treated with carbofuran and BPMC, 
D - BPMC-treated population, bAs populatiwon were very 
low, the 16th generation was not tested for LD 5 0 . 
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HERBICIDE SCREENING tenium aegyptium, and Rottboellia cochinchinen-
Agronony Departmeni sis were dominant in the upland fields. 

Irrigated transplanted rice. Preliminary screen-
Research to identify herbicides for weed control in ing. Butachlor and DOWCO 356-DOWCO 433
rice continued at IRRI; at the Maligaya, Bicol, and controlled At. vagina/isbut not Scirpus maritimus
Visayas research stations of the Philippine Bureau (Table I). I)OWCO 356-DOWCO 433 applied 8 dof Plant Indu. ;ry and in farmers'fields in Laguna. after transplanting (DT) gave yields comparable to
Batangas, and Nueva Ecija. those of' the butachior and hand-weeded checks. 

1chinochloa crus-galli ssp. hisjfidula, E. glab- SC 0735 and SC 0867 did not control weeds and 
rescens, Alonochoria vaginalis, and Crperus were toxic to rice, giving low yields.

diformis were common at most transplanted and Advanced trials at IRRI andI BPI. 
 In the dry
broadcast ;ceded lowland sites. E. colona, E'usine season (DS), all herbicides at the Visavas station,
inlica, Diiiaria ciliaris, /). set,'era, )actvloc- and all herbicides except pendimethalin at IRRI 

Table 1. Effect of herbicides on weed control, crop tolerance, and yield of irrigated transplanted IR64.0 IRRI, 1986 VVS. 

Application Weed weight (g/m 2 
) Visual 

Yield 
Treatment Rate Time Broadleaf Grasses Sedges toxicity (t/ha) 

(kg ai/ha) (DT)b weeds rating c 

Hand-weeded check Twice 15 + 30 1 a 0 a 1 a 0 4.3 aButachlor 1.0 8 3 a Oa 61 b 1 3.9abDOWCO 356-DOWCO 433 0.45 8 1 a 0 a 65 b 1 3.5 abDOWCO 356-DOWCO 433 0.45 4 4 ab 1 ab 77 b 2 3.0 bcSC 0867 0.035 8 29 c l ab 77 b 2 2.5 cSC 0735 0.015 8 24 c 1 ab 95 b 1 2.5 cSC0735 0.025 8 10 bc 4 b 61 b 2 2.5 cSC 0867 0.020 8 25 c 3 b 89 b 1 2.4 cUntreated check - - 35 c 1 ab 100 b 0 1.6 d
SC 0867 0.050 4 19 
 c 3 b 132 b 3 1.6 dSC0735 0.035 4 15 bc lab 119 4 db 1.4 
aAv of 3 replications. bDT days after transplanting. CRated 2 wk after herbicide application on a scale of 0-10: 0 = no 

toxicity, 10 = complete kill. 

Table 2. Effect of granular herbicides applied before weed emergence (3-5 DT) on IR64 yield at 4 sites in the Philippines, 
1986 DS. 

8 Rate Yieldb (t/ha)Treatment 

(kg al/ha) IRRI Maligaya Bicol Visayas 

Butachlor 1.0 5.7 a 5,7 a 4.2 abc 5.014Hand-weeded check, 15 and 35 DT - 5,7 a 5.4 a 4.8 a 4.3 abPiperophos - 2,4-D 0.3-0.2 5.2 abc 5.7 a 4.5 ab 4.7 aBensulfuron'methyic 0.05 5.6 ab 5.3 a 4.1 abc 4.9 aQuinclorac 0.3 5.7 a 5.6 a 4.3 abc 4.1 abNaproanilide - thiobencarb 1.0-0.7 5.7 o 5.2 a 3.7 bcd 4.2 abPendimethalin 0.75 4.8 cd 5.8 a 3.9 abc 4.3 ab2,4-D 0.8 5.2 abc 5.6 a 3.5 cd 4.5 aOxyfluorfen 0.1 5.0 bc 5.5a 3.0 d 3.2 bUntreated check - 4.3 d 5.9 a 3.0 d 2.0 c 
CV %) 8 9 14 18 

a A spaced dash (-) moans the 2 herbicides were applied as a proprietary mixture. bAv of 4 raplications/site. CWettable
powder. 
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gave significantly higher vield than the untreated -methyl at the Visayas station. At the Bicol station, 
checks (Table 2). At Maligaya, ail treatments gave yields were low because of tungro (RTV) infection. 
comparable yields. At the Bicol station, napro- All herbicides gave significantly lower yields than 
anilide - thiobencarb, 2,4-D. and oxyfluorfen did hand weeding; naproanilioe - thiobencarb and 
not differ in yield from the untreated control. piperophos - 2,4-D yielded significantly more arid 

In the wet season (WS) at IRRI, all herbicide oxyfluorfen less than the untreated check. 
treatments yielded significantly higher than the Irrigated wet seeded rice. Prelininary'screening. 
untreated check but, except for butachlor, lower Only DOWCO 356-DOWCO 433 applied at 9 d 
than the hand-weeded check (Table 3). The after seeding (DAS) was effective against M. 
untreated check was markedly outyiclded by only vaginalis and Echinochloa spp. (Table 4). How
penclimethalin at Maligaya, and only bensulfuron ever, yields were generally low because of heavy S. 

Table 3. Effect of granular herbicides applied before wood emergence (3-5 DT) on 1R64 yield at 4 tites in the Philippines, 
1986 WS. 

Yielda (t/ha)RateTreatmnt (kg al/ha) IRRI Maligaya Bicol Visayas 

Hand weeded checkb - 4.1 a 3.4 b 1.7 a !1 6 abc 
Bensulfuron-methyc 0.05 2.7 b 3.9 ab 1.2 bc 3.8 a 
Butachlir 1.0 3.2 ab 3.3 b 1.2 bc 3.7 ab 
Pendimethalin 0.75 2.8 b 4.3 a 1.1 bc 3.2 abc 
Piperophos - 2,4-D 0.3-0.2 2.7 b 3.7 ab 1.3 b 3.3 abc 
Naproanilide - thiobencarb 1.0-0.7 3.0 b 3.7 ab 1.3 b 2.8 c 
2,4-D 0.8 2.8 b 3.5 ab 1.2 bc 2.9 bc 
Quinclorac 0.3 3.0 b 3.3 b 1.2 bc 2.8 c 
Oxyfluorfen 0.1 2.7 b 3.5 ab 0.5 d 3.4 abc 
Untreated check - 1.6 c 3.3 b 0.9 c 2.9 bc 

CV %) 23 15 19 15' 

aAv of 4 ieplications/site. bAt 15 and 35 d after transplanting, CWetable powder. 

Table 4. Effect of herbicides on weed control, crop tolerance, and yield of broadcast seeded irrigated IR64.a IRRI, 1986 
WS. 

Application Weed weight (g/m 
2 ) 

Treatment Visual Yield 
Rate Timed Broadle . Grasses Sedges toxicity (t/ha) 

(kg ai/ha) weeds ratingc 

SC 0867 0.050 1 DBS 29 bcd 28 c 52 ab 2 1.5 a 
SC 0735 0.035 1 DBS 60 d 90 c 68 abc 2 1.4 ab 
SC 0735 0.035 9 DAS 17 bc 79 c 31 a 1 1.2abc 
Butachlor 1.0 9 DAS 10 ab 6 ab 208 c 2 1.0 abcd 
SC 0867 0.050 9 DAS 37 cd 137 c 25 a 3 0.8 abcde 
Untreated check - - 27 bcd 98 c 53 ab 0 0.8 abcde 
SC 0867 0.020 9 DAS 33 bcd 175 c 26 a 2 0.7 bcde 
SC 0867 0.020 1 DBS 16 bc 33 c 65 abc 1 0.6 cde 
DOWCO 356. DOWCO 433 0.45 1 DBS 50 cd 72 c 114 bc 1 0.4 cde 
DOWCO 356 - DOWCO 433 0.6 1 DBS 40 cd 20 bc 122 bc 1 0.3 de 
DOWCO 356 - DOWCO 433 0.6 9 DAS 7 a 2 a 182 c 1 0.3 de 
DOWCO 356 - DOWCO 433 0.45 9 DAS 16 bc 1 a 229 c 1 0.2 e 

a Av of 3 replications. bDBS days boforu seeding, DAS -days after seeding. CRated 2 wk after herbicide application on a 
= scale of 0-10: 0 no toxicity, 10 - complete kill. 



242 IR. ANNUAl. RI.I'(lt I [Oit 1986 

maritimus infestation and lodging at the spikelet low because of lodging at IRRI and RTV infection 
filling stage. All herbicides were slightly toxic to at the ilicol station. 
rice. Four herbicides were tested at different rates in 

,.hvance/trialvatIIlRIantlBPI adtinfrr..' farmers' fields in the turod (upper) portion of the 
./i!ds.All herbicides at the licol station and some landscape in Guimba. Nieva Ecija. The dominant 
at NIaligava gave significantly higher yields than weed species were (. rotndv, lsc-haemnutn 
the untieated checks in DS ( lable 5). All treat- rutosutm, an(l linbri.' Nis nmilimcca. Butachlor 
neits at I R RIexcept bensulfo ron - metlhyl, and all controlled weeds poorly, and yields were thus 
at the Visaas station except butachlFor - 2,4-I) significantly lower than those from ,he other 
gave crorparable yields, herbicide treatments andltot significantly different 

Il WS, few hlerhicide irealments at IRRI arid from tile uwceded treatment. All the other herbi
noirc at the Iticol ,ind Visavas stations differed in cides performed well (Fable 7). 
yield ttwin tile untrcaled checks (Table 6). At IHerhicilh al/icatinmahod. In DS, applying
N'IaligI.\ a, all hut lhree herbicides gaive significantly herbicides into tile water 3 d before seeding (I)BS)
fii'eli NiVlds hit ite tlrtr atcd check. Yields were affected weced control but not grain yield (Table 8). 

Tab:e E. Effect of early poseniergence (6-8 DAS) application of granular herbicides on yield of broadcast seeded flooded 
IR64 at 4 sites in the Philippines, 1986 DS. 

Y ield h t/ha)R ate 
(kr ai/ha) IRRI Maligay I Bicol Visayas 

rmmin,Tr ate t 

QuilncIorac 0.3 4.6 ab 5.2 a 4,8 ab 4.2 ab 
BV1nsulfuron-methylC 0.05 5.1 a 4.9 ab 4.2 bc 4.1 ab
Piperophos 2,4-D 0.3-0.2 3.9 cd 4.7 abe 3.3 a 3.7 ab 
Naproanilide thinhenc-,rb 1.0-0.7 4.2 bcd 5.0 ab 4.5 abe 3.8 ab
Thiobencarb 2,1-D 1.0-0.5 4.1 hcd 5.2 a 4.1 be 4.0 ab 
Butachlor 10 4.3 bc 4.6 abc be4.2 4.2 ab 
Butachlor f 2,4-D 0.75 4 0.5 4.5 b 4.3 bc 3.8 c 4.5 a

Oxyfluorfen 0.1 4.5 b 4.2 be 4.1 
 be 3.8 ab
Pendimethclin 0.75 3.6 d 4.4 abe 4.1 be 4.2 ab
 
Untreated check 
 - 4.0 bcd 3.9 c 1.5 d 3 1 b 

CV (:) 9 11 12 20 

A plhi 0 ) ,lgn neians the choMical, were applied separately. bAv of 4 roplications/site. CWettablo powder. 

Table 6. Effect of early postonergence (6-8 DAS) application of granular herbicides on yield of broadcast seeded flooded
 
IR64 at 4 sites in the Philippines, 1986 VVS.
 

Y ielda t/ha)fre artrn t[ Rate 
kr ai/ha) IR RI Maligaya Bicol Visaya-

Thiobencarb - 2,4-D 1.0-0.5 1.9 ab 3.5 a 1.2 a 3.2 a
bensulfuron-methyl b 

0.05 2.5 a 2.9 ab 1.3 a 2.7 a
Pipe!rophos -- 2,4-D 0.3-0.2 1.9 ab 3.3 a 1.2 a 2.8 a 
Butachlor 1.0 1.5 bcde 3.2 a 0.9 ab 3.0 a
Naproanilide -- thioberncarb 1.0-0.7 1.5 bcde 3.3 a 1.2 a 2.4 a
Oxyfluorfen 0.1 0.7 3.4 aof 1.0 ab 3.1 a 
Butachlor I 2,4-D 0.75 + 0.5 1.6 bed 3.1 a 1.1 ab 2.3 a 
Quinclorac 0.3 1.0 cdef 2.9 ab 1.3 a 2.5 a
Pendimethalin 0.75 0.5 f 2.9 ab 0.7 b 2.9 a
IJntreated check - 0.9 def 2.3 b 1.0 ab 2.2 a 

CV %) 39 13 26 22 

aAv of 4 replikations/site. bWOttaile powder. 
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Butachlor, oxyfluoifen, and pendimethalin gave 
significantly lower weed weight than the untreated 
check. Conversely, incorporating herbicides into 
the soil affected grain yield but not weed control. 
Butachlor, n:lproanilide - thiobencarb. and oxy-
fluorfen yielded ,ignlfilcaritly higher than the 
untreated check. Neither application method 
influenced crop stand. Howevcr, water application 
resulted in slightly less weed weight but generally 
lower rice stand than soil Incorporation. 

In WS, butachlor at 1.1) kg ai ha applied at 
3 [)BS had no effect on the stand count of 
broadcast seeded iloodcd ,ice, whether it was 
ipplied with knapsack spraycr or poured diiectly 
into the water ill the field isia undiluted solution 
or as, a diluted (100 liters ha) solution (Tahle 9). 
Weed densities ittodwccd weights \were lowcr in the 

Table 7. Yield of wot seeded rice is affected by wood 
control treatment. Guiniba, Ntueva Ecila, Philippines, 
1986 WS. 

Hat Tie o Grain 
Treatment (kg ;i/ha) application yiield 

t/na) 

Pretilachlor i fenclorim 0.3 3 UAS 4.1 a 
Bensulfuron-nethyl 0.03 3 DAS 3.6 aS 

butachlor-treated plots than in the untreated plots. 
No differences were observed among the different 
application methods. 

In a subsequent trial, excellent weed control and 
high yields were obtained with butachlor and two 
other herbicides when they were applied undiluted 
into the water in the field (Table 10). This applica
tion technique was further tested with butac:ilor 
and pretilachlor + fenclorim in a flarmer's field in 
,Itcn,Nueva tEcija. Because of poor water control, 
butachlor significantly reduced crop stand, but the 
crop soon recovered such that at maturity its yield 
was not significantly different from that treated 
with pretilachlor -Ffenclorrirn. Both yielded 
significantly higher than the untreated check. 

In (iimba, butachlor performed equally well in 
terms of weed con, 'ind grain yield when the 
herbicide was ,tppli at 3 1),BS into standing 
water, when the field was drained and flushed 

Table 9. Weed density, wood weight, tiller count, and 
grain yield of wet seeded IR58 as affected by method of 
butachlor application. IRRI, 1985 WS. 

- - - -- WeedWeed GFillersain 
Treatment density weight /no./) yield

) a)(no./m (tg/m t/ha) 
Bensulfuron.methyl 0.04 3 DAS 3.5 ab----------------.- .......... . 
Propanil 3.0 15 DAS 3.5 ab Single nozzle 52 a 9.2 a 1062 a 3.3 a 
Pretilachlor + lenclorim 0.45 6 DAS 3.4 abc Pouring concertrated 32 a 7.2 a 1057 a 3.4 a 
Bensulfuron-rnethyl 0.05 6 DAS 3.2 tc solution 
Butachlor 0.6 3 DBS 2.4 cd Pouring diluted 50 a 7.7 a 1055 a 3.8 a 
Unweeded - -- 2.5 cd solution 

Butachlor 0.3 3 DBS 2.2 d No weeding 484 b 199.4 b 495 b 1.0 b 

Table 8. Effnct of applying herbicide 3 DBS 
DS.
 

Treatment 

Butachlor 
Butechlor + 2,4-D 
Naproanilide - thlobencarb 
Oxyfluorfen 
Pendimethalin 
Piperophos - 2,4-D 
Thiobencarb -- 2,4-D 
Untreated check 

Rate 
(kg ai/ha) 

0.75 
0.5+0.5 
1.0-0.7 

0.1 
0.5 

0.25.0.17 
0.75.0.375 

aAv of 4 replications/application method. 

on weed control, crop stand, and yield of broadcast seeded IR64.a IRRI, 1986 

Applied into water 

Weed weight Seedlings 
at 65 DAS (no.) at 

(g/m2 ) 26 DAS 
(no./rn 2 

10 ah 179 a 
21 bc 179 a 
17 abc 199 a 
7 ab 164 a 
4 a 157 a 

16 abL 235 a 
18 abc 187 a 
30 c 207 a 

Grain 
yield 
(i/ha) 

4.4 a 
4.4 a 
4.5 a 
4.5 a 
3.8 a 
4.3 a 
4.2a 
4.2 a 

Incorporated into soil 

Weed weight Seedlings Grain 
at 65 DAS 
(g/n 2 ) 

(no.) at 
26 DAS 
(no,/m 2 ) 

yield 
It/ha) 

18 a 216 a 4.6 a 
32 a 212a 4.4 ab 
21 a 220 a 4.6 a 
30 a 210 a 4.5 a 
65 a 218 a 3.6 ab 
25 a 204 a 4.0 ab 
40a 210a 4.2 ab 
44 a 206 a 3.5 b 

http:0.25.0.17
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Table 10. Plant height, weed weight, and yield of wet before seeding, when the field was saturated duringseeded 1R64 as affected by different herbicides. IRRI, herbicide application, and when the herbicide was1986 S. incorporated immediately after application. The 
Plant Weed Grain average yield in the herbicide-treated plots wasTreatment a 

height weight yield 3.1 t/ ha compared with 2.0 t/Iha for the hand(cm) (J/m2 ) (t/ha) weeded plots and no yield for the unweeded check. 

Butachlor (0.75), 3 DOS 14.9 a 14.2 a 5.3 a The low yield in the hand-weeded plots was caused 
Pretilachlor -tenclorim 14.8 a 27.1 a 4.8 a by a delay in the first weeding until 25 DAS.

(0.45),3 DAS Ih'rhicit, tomli/nationl and tingn. In DS,
Bensulfuron-mothyl (0.04), 15.5 a 25.8 a 4.8 a bensulfuron-nethvl alonc and with butachlor or7 DAS quinclorac, regardless of application time, and
No weeding 15.1 344.3a b 1.8 b with thiobencarb applied at 12 DAS significantly 

:. . . . . ... . . ... . . .... ..... reduced weed stand and increased grain yield
FIguros In parentheses are application ratos In kg eM/ha. (Table II). Solo application of butachlor, thio-

Table 11. Effect of herbicide combination and application time on weed control, crop stand, and yield of broadcast s,,ded
flooded IR64.d IRRI, 1986 DS. 

Application Rice countTre atment) Weed countR t --- - Tat 27 DASRate T ime at 63 DAS it/el(no./m ) (no./rn' Wha 
(kg ai/ha) (DAS)
 

Bensulfuron-mathyl 
 0.04 6 227 a 7 a 5.5 abButachloL 0.75 6 137 d 120 bc 4.2 cThiobencarb 2.0 6 119 d 228 d 1.8 dQuinclorac 0.2 6 226 a 92 obc 5.1 abcBensuiffuron-methyl -4 butachlor 0.02 + 0.5 6 157 cd 8 a 5.9 abBansulfuron-methyl - butachlor 0.02 + 0.5 12 219 ab 2 a 6.2 aBensulfuron-methyl + thiobencarb 0.02 + 1.0 6 165 bcd 41 ab 5.3 abcBensulfuron.methyl v thiobencarb 0.02 + 1.0 12 228 a 0 a 5.8 abBensulfuron.methyl f quinclorac 0.02 4-0.1 6 205 abc 6 a 5.6 abBensulfuron.methyl + quinclorac 0.02 + 0.1 12 229 a 8 a 5.5 abUntreated check 2-
 - 44a 162 cd 4.2 c
 

aAvof 4 replications b 
 -; tank mixture. 

Table 12. Effect of herbicide combinations on weed control, stand count, and yield of broadcast seeded *rigated IR64. a 

IRRI, 1986 DS. 

Application Weed weight (g/m') StandTreatment W w tSt Yield 
Rate Time Grasses Sedges (no./m) (t/ha) 

(kg ai/ha) 

Butachlor + quinclorac 0.4 + 0.15 2 DOS 4 a 59 e 249 a 3.7 abcButachlor + quintmorac 0.4 + 0.15 6 DAS 2 a 26 cde 289 a 3.7 abcButachlor f-bensulfuron-methyl 0.4 + 0.02 2 DBS 0 a 41 de 312 a 3.8 abButachlor + bensulfuron-methyl 0.4 + 0.02 6 DAS 0 a 6 abc 243.a 4.2 aQuinclorac + bensulfuron-methyl 0.1 + 0.02 2 DOS 0 a 26 cde 265 a 4.2 aQuinclorac + bensulfuron.methyl 0.1 +0.02 6 DAS 0 a 12 bcd 272a 4.3 aQuinclorac 4-bensulfuron.methyl 0.1 .- 0.02 10 DAS 3 a 0 a 327 a 4.2 aQuinclorac + bensulfuron-methyl 0.1 + 0.02 13 DAS 0 a 4 ab 320 a 4.0 aQuinclorac + 2,4-D 0.1 + 0.4 10 DAS 9 ab 2 ab 304 a 4.2 aQuinclorac + 2,4-D 0,1 + 0.4 13 DAS 0 a 29 cde 296 a 3.6 abcButachlor 0.75 2 DOS 1 a 51 do 256 a 2.9 bcUntreated check 2- 39 b 45 do a c91 2.7 

aAv of 3 replications. 
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bencarb, and quinclorac provided poor control of 
S. maritimus. Butachlor and thiobencarb, either 
alone or with bensulfuron-methyl, were highly 
toxic to rice when applied at 6 DAS. In another 
trial, all combinations were effective against the 
dominant Echinochiva spp., regardless of applica-
tion time (Table 12). lBensulfuron-methyl with 
butachlor or quinclorac applied postsceding sub-
stantially reduced S. maritihnis stand. Quinclorac 
+ 2,4-D applied at 10 DAS also controlled the 
weed. All combinations with bensulfuron-methyl 
regardless of application time, and quinclorac + 
2,4-D applied at 10 DAS gave significantly higher 
yields than the untreated check. 

In WS, all treatments except butachlor alone 
significantly reduced weed weight (Table 13). 
IlensUlfuroi-z0ncthyl regardless of timing, preti-
lachlor applied at 3 I)AS, and bensulfuron-methyl 
+ pretilachlor or quinclorac yielded significantly 
higher than the untreated check, 

Seeding nethod. A study at IRRI determined 
the effect of seeding method and herbicide treat
ment on stand establishment, weed growth, and 
rice yield. The seeding methods were a) broadcast 
seeding of flooded rice; b) modified broadcast 
seeding of flooded rice - after seeding, the soil was 
allowed to dry for 6 d, residual herbicides were 
applied, and the plots were then irrigated; c) water 
seeding --plots were flooded with 5-10 cm water 
unti! 7 DAS and then drained, the residual herbi
cides were applied, and 3 d later the plots were 
flooded to adepth of 3cm; and d) modified water 
seeding - at 2 DAS the plots werc flooded to a 
dcepth of5-10 cm; thereafter, the procedure was the 
same as for the water seeding treatment. 

Rice stand was reduced by all water seeding 
methods and two herbicide treatments (butachlor 
and butachlor - 2,4-1)); there was less weed growth 
in the broadcast seeded treatments than in the 
water seeding (Table 14). The best weed control 

Table 13. Effuct of herbicide combination and application time on weed control and yield of broadcast seeded flooded 
IR64.a IRRI, 1986 WS. 

Treatment 

t3ensulfuron.methyl 
Bensulfuron-methyl 
Pretilachlortb 

Pretilachlorb 
Butachlor 
Quinclorac 
Bensulfuron-methyl + pretilachlorb 
Bensulfuron.methyl + butachlor 
Bensulfuron-methyl + quinclorac 
Untreated check 

a v of 4 replIcatlons. bwlth sefener. 

Rate
(kg al/ha) Time

(DAS) 

0.04 3 
0.04 6 
0.45 3 
0.45 6 
1.0 6 
0.2 6 

0.02 + 0.225 6 
0.02 + 0.5 6 
0.02 +0.1 6 

-

Table 14. Weed weight as affected by seeding method and weed control treatment. 

Weed weight Yield(g/m 2
) ft/ha) 

19 ab 2.9 db 
3 a 3.5 a 

34 ab 2.8 ab 
32 ab 2.2 bcd 
61 bc 2.2 bcd 
26 ab 1.3 d 

5 a 3.3 a 
22 ab 2.6 abc 
31 ab 3.3 a 
77 t. 1.6 cd 

IRRI, 1986 DS. 

Weed weight (g/m2) 

rreatment a 
Wet seeded Modified Water seeded 

Bensulfuror-rnethyl (0.04) 

l'retilachlor + fenclorim (0.45) 

Butachlor (0.6) 

Butachlor - 2,4- (0.6- 0.4) 

2,4-D (0.8) 

Untreated check 

Meanb 


wet seeded 

28 16 30 

34 23 79 

55 81 138 


107 70 327 

176 204 295 

139 246 466 

90a 107a 223 b 


aF Iuros In parentheses are application rates In kg el/fin. All herbicides were applied
DAS. bin the row, means having a common letter are not significantly different at the 

Modified Mean 

water seeded 

44 30 a 
69 51 b 

228 126 
374 220 d 
267 236 e 
299 288 f 

214 b
 

at6-9 OAS, except 2,4-D (0.8) at 30 
5% lvel by DMRT. 

c 
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was obtained with bensulfuron-methyl. The Rainfed broadcast seeded flooded rice. Prelim
broadcast seeded flooded treatments outyielded hnarY screening. SC 0735 applied at 7 DAS was 
the water seeded treatments (Table 15). Across initially moderately toxic but effecctively controlled 
seeding methods, the best yields were obtained with sedges. Butachlor controlled grasses. Both gave
bensulfuron-nethyl, pretilachlor I-fenclorim, and significantly more yields than the untreated check
butachlor. However, butachlor is less useful (Table 17). All the other herbicides that were 
because of initial crop d amage and stand ineffective against one weed species or the other 
reduction, yielded the same as the untreated check. 

Rainfed tr:nsplanted rice. In preliminary screen- (ontrolled-drop aJdlicators. Three herbicides 
ing with rainfed transplanted rice, most treatments (bensulfuron-niethyl, 2,4-), and propanil) were 
were effective against lEhimochloa spp., Lpo- each applied at half and at their rccommendcd 
cnloi chinensis, and Al. vaginali. Although rates with the Birky, Micronherbi., and conven
ineffective against the sedges, file treatmnents gave tional knapsack sprayers on a 75(7 S.;naritimtn.
significantly higher yields than the untreated infested field. 
control (Table 16). Butachlor, I)OWCO 356 - With the Birky and conventional sprayers, 2,4-1)
DOWCO 433, and the hand-weeded check gave controlled tile wccd better than the two other 
comparable yields. SC 0735 and SC 0867 were herbicides, and better than propanil did with the 
toNIC to rice and gave low yields. Micronherbi (Table 18). Sprayer type did not 

Table 15. Rico grain yield as affected by sooding method and wood control treatment. IRRI, 1986 DS. 

Grain yield (t/ha)
 
TreatmentO
 

Wet seeded Modified Water seeded Modified Mean 
wet seeded water seeded 

Bonsulfuron.methyl (0.04) 4.4 4.2 4.9 4.2 4.4 aPretilachlor + fenclorim (0.45) 4.1 4.2 4.9 4.5 4.4 a

Butachlor (0.6) 4.0 4.7 
 3.0 3,9 3.9 aButachlor - 2,4-D (0.6 - 0.4) 3.7 3.8 1.3 1.1 2.5 b
2,4-D (0.8) 1.5 2.4 2.3 
 1.0 1.8 c
Untreated check 1.8 2.1 1.0 0.8 1.4 c 

Meanb 3.3 ab 3.6 a 2. , bc 2.6 c 

aFigures inparentheses are application rates In kg at/ha. All herbicides were applied at 6-9 DAS, except 2,4-D (0.8) at 30DAS. bin the row, means having a common letter are not significantly dhi;',,it at the 5% level by DMRT. 

Table 16. Effect of herbicides on oweed control, crop tolerance, and yield of rainfed transplanted IR64. IRRI, 1986 WS. 

Application Weed weight (g/m') Visual YieldTreatment 
toxicity t/ho)

Rate Time Broadleaf Grasses Sedges ratingC
b
(kg ai/ha) (DT) weeds 

Hand-weeded check Twice 15.+ 30 1 ob 0 a 0 a 0 4.5 a
Butachlor 
 1.0 4 0a Oa 10 b 1 4.3 ab
DOWCO 356-DOWCO 433 0.6 4 2 bc 0 a 47 c 1 3.8 abcDOWCO 356-DOWCO 433 0.45 8 1 ab 0 a 46 c 0 3.8 abcSC 0867 0.020 8 e15 6 ab 21 c 1 3.4 bc 
SC 0735 0.035 8 4 bcd 0a 34 c 2 3.4 bcSC 0735 0.015 8 6 cde 0 a 26 c 2 3.0 cd
SC 0867 0.050 4 7 do 9 ab 43 c 4 2.2 doSC 0735 0.025 4 16 e 16 b 64 c 5 1.8 eUntreated check --- 22 
 e 58 b 39 c 0 1.6 0 

Av of 3 replications. bT days after transplanting. CRated 2 wk after herbicide eppllcatlon on a scale of 0-10: 0 - no 
toxicity, 10 - complete kill. 
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Table 17. Effect of herbicides on weed control, crop tolerance, and yield of rainfed broadcast seeded flooded IR64.
a IRRI, 

1986 WS. 

Application Weed weight (g/m 2 
) Visual Yield 

Treatment - toxicity Who)
Time Grasses SedgQs ratinobRate 


(kg ai/ha) 

SC 0735 0.025 7 DAS 70 cd 33 ab 4 3.7 a 

Butachlor 1.0 7 OAS 9 b 132 cd 1 3.7 a 

DOWCO 356-DOWCO 433 0.45 7 DAS 1 a 67 bcd 2 3.2 ab 

SC 0867 0.020 7 DAS 94 cd 43 bcd 1 3.1 ab 
SC 0867 0.035 7 DAS 95 cd 35 abc 2 3.0 ab 

DOWCO 356-0OWCO 433 0.45 2 DBS 26 c 106 cd 2 2.9 ab 
SC 0867 0.050 7 DAS 176 d 13 a 3 2.8 ab 

SC 0867 0.020 2 DBS 93 cd 151 d 0 2.2 b 

SC 0735 0.025 2 DB3 93 cd 71 bcd 0 2.2 b 
SC 0867 0.050 2 DBS 126 cd 73 bcd 0 2.2 b 
Untreated check - -- 69 cd 117 cd 0 2.3 b 

aAv of 3 replicatlons. bRatd 2 wk after herbicide nppllcatlon on a sciloof 0-10; 0 - no toxlcity, 10= completokill. 

Table 18. Effect of sprayer type and herbicide on sedge population and grain yield of rainfed broadcast seeded flooded 
IR64.

a IRRI, 1986 WS. 

2
Sedges 

t
l (no./rT ) Grain yield It/ha) 

Herbicide ........................................ 

Micronherbi Birky Conventional Micronherbi Birky Conventional Mean 

2,4-D IBE 62 a 21 a 69 a 2.56 2.60 2.34 2.50 a 

Bensulfuron-methyl 102 ab 89 b 144 b 1.94 1.95 1.40 1.77 b 
Propanil 151 b 146 h 142 b 0.93 1.20 1.33 1.16 c 

Mean 1.81 a 1.92 a 1.92 a 1.,1 

,aAv of 3 replications and 2 application rates. bSarnpled at 53 DAS. 

affect grain yield, but the kind of herbicide (lid. The 
2,4-I) plots yielded significantly higher than the 
bensulfuron-methyl plots, which yielded higher 
than the propanil plots, 

Differences in weed control were observed only 
with 2,4-1) (Fig. ).Sedges were markedly less with 
the Birky than with the other sprayers. 

Grain yield was not affected by application rate. 
although sedge population was generally lower at 
recommended rates. 

Upland rice. Preliminaryv screening. All herbi-
cide treatments for upland rice at first provided 
acceptable weed control. About a month later, 
however, R. cochinchinensis and Calopogonittn 
muctunoides reinfested most treatments, resulting 
in yields not different from that of the untreated 
control (Table 19). Only DOWC() 356-DOWCO 
433 and SC0735. although initially very toxic, gave 
signiticantly higher yields than the untreated check. 

,-'lvanced trial. Only oxyfluorfen and thioben
carb gave weed counts similar to that of the hand
weeded check (Table 20). No other herbicide 
treatment differed in weed density from the 
untreated check. Oxylluorfen and piopanil were 
moderately toxic to rice. No yield was obtained 
because typiloons hit the crop at the reproductive 
stage. 

,,pldicationralt' and timing offluaziop-hut rL 
In the field, fluazifop-butyl was applied at 0.01, 
0.05, 0. 10, and 0.25 kg/ha, using the conventional 
hydraulic boom sprayer at 7, 14, 21, and 28 d after 
emergence (DE) of UPLI-7. 

The experimental area was heavily infested with 
the dominant weed R. cochinchinensis. At applica
tion times of 7-21 1)E, fluazifop-butyl rates of 
0.05 kg/ha and higher performed similarly in 
reducing the dry weight of grasses but performed 
better than 0.01 kg/ ha (Table 21). At these times, 
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Table 19. Effect of liquid herbicides on weed control, crop tolerance, and yield of IR43 under upland conditions.a IRRI, 
1986. 

Application Weed weight (g/m3 ) Visual Yield
Treatment  toxicity Yield 

Rate Time Broadleaf Grasses Sedges ratingb It/hal 
(kg ai/ha) (DAS) weeds 

Hand-weeded ('heck Twice 15 + 30 2 a 18 a 2 a 0 2.8 a
DOWCO 356-DOWCO 433 0.6 4 102 bc 72 ab 0 b8 a 1.2
SC 0735 0.015 4 71 bc 230 b 3 a 2 0.8 bc
SC 0735 0.035 4 190 c 90 b 2 a 3 0.7 bcd
DOWCO 356-DOWCO 433 0.45 4 66 b 118 b 3 a 0 0.7 bcd
SC 0867 0.050 4 78 bc 211 b 2 a 3 0.7 bcd
Butachlor 2.0 4 72 be 195 b 5 a 1 0.6 bcd
SC 0867 0.035 4 112 bc 208 b 5 a 2 0.2 cd
Untreated check - - 155 bc 275 b 2a 0 0.1 d 
aAv of 3 replications. bRated 2 wk after herbicide application on a scale of 0-10: 0 no toxicity, 10 complete kill. 

Sdq___(no_/r__) 
 Table 20. Effect of herbicides applied before weed 
emergence on weed control in upland IR36. a IRRI, 1986 

-"50 Miconhebl 

Dinky 
INS. 

Conventional Rate C'Lp Total 
..... Treatment (kgai/h injury weed countC

" ratingb (no./m') 

0Hand-weeded at 18 - 0 18 a100 and 37 DE 
Oxyfluorfen 0.36 4 44 ab 
Tliiobencarb 3.0 0 55 ab 

5 b 
 Pendimethalin 2.0 1 67 b 
Butachlor 2.0 0 68 b 
Propanild 2.0 4 78 bc 

to Untreated check - 0 78 bc50 - Dinitramine 1.5 0 84 bc 
Oxadiazon 1.0 2 90 bc 
Butralin 2.0 0 123 c25 a 

aAv of 4 replications. bRatlng done 1 wk after herbicide 
application. CSarpled at 51 d after rice emergence (DE). 
Appllod at 10 DE. 

2,1- IBE f3ensulfuron-inellhyl Propanill 

Ihc pc-irnor 1cc 
raimled hroadcast 'eeded floodd IR64, IRRI, 196 
1.1:IIct ol splay'ct Nte a l herbicides i1 

WS. Table 21. Effect of fluazifop-butyl on control of grasses
Wihin C li hertiide. vig ol rim n are inarn h i I leter ioi upland UPLRi-7 as afficted by application rate and
 

ig nifiicai( l ulifier ci (het(I c DN I time.a
N' ((I IeCI b v Ri. IR R I, 1986 W S. 

Dry weight of grassesb (g/m, )with 
0.01 kg/ha performed better than the untreated Application rate application at 
cleck, but at 28 1F,0.01 kg/ha was Just corn- 7 DE 14 DE 21 DE 28 DE 
parable to the untreated chec. Also, at 28 DE, the 
dry weight of grasses significantly decreased with 0.01 353 b 147 b 291 b 475 d
increase in application rate. 0.05 15 a 1 a 0a 178 c 

0.10 5a 2a 4a 49 bFigure 2 shows thai 'he dry weight of grasses at 0.25 8 a 1 a 19 a 0 a 
0.01, 0.10, and 0.25 kg !Iuazifop-butyl/lha was 
not influenced by the time of application; at aAv of 3 replIcatlonL bSamnpled at 46 DE. 
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(&]y. (11tl rice emerqmnce) 	 3. 1:Effect of gi ass contiol with tluaiifop-hutyl on the dry weight 
of hrO~MdlCA wCes. IRRI. 1986 WS.

2. I lJc.t otf J),-hitl on gra,, control i IP1Ri-7 upland 
rice as affected hy applicait io n iatc nld tinie, I RI, 1986 WS. At 
cach rate, locnies havilig a collnonl letter are not signifiicantg 
different al the 51 h level by I )NI R 1. IL, a greenhouse trial, the effect of application 

method using 3 rates of fluazifop-bttyl (0.01, 0.05, 
and 0.10 kg ai/ ha) was evaluated on UPLRi-5 and 

0.05 kg/ha, fluazifop-butVl was less effective at R. cochitwhzinensis. The herbicide was applied 
28 DE than at the other application times. Thus at 17 )E of both rice and R. cochinchinensis, 
the time of application of fluazifop-butyl is more using the Micronherbi, Birky, and conventional 
critical when 0.05 kg/ha is ustd. The activity of hydraulic knapsack sprayer calibrated to deliver 
fluazifop-butyl at 0.01 kg/ha may he low; rates 21, 57, and 250 liters/ha, respectively. 
such as 0. 10 and 0.25 kg/ ha may be high enough The type of sprayer did not affect the plant 
for application time to exert its effect, 	 height of rice, but it affected that of R. cochin-

The phytotoxicity of fluazifop-butvl increased chinensis (Table 22). The weed plants treated with 
with increase in application rate. Recovery was fluazifop-butyl in the Micronherbi and Birky were 
observed 2 wk after treatment. No grain yield was significantly shorter than those treated with the 
harvested because uncontrolled broadleaf weeds herbicide in the conventional sprayer. Shoot fresh 
like Ipjomoea triloba and /tfmaranthus slfinosus weight and root dry weight of rice were lowest with 
took over tn grass-controlled plots and smothered the NIMicronherbi and highest with the conventional 
the rice crop. Figure 3 shows a significant cor- sprayer, but the latter values were similar to those 
relation between the dry weights of grasse- and with the Birky. 
broadleaves (r - **). other hand, R. cochinchitensis shoot6.61 	 On the 

EJfec t'"sprayer tjyp on p'rlOrnatace of fresh weight and root dry weight w:'re significantly 
fluazifop-butyl. Fluazifop-butyl is a new post- lower with the Micronherbi and Birky than with 
emergence, selective, translocated grasskiller the conventional sprayer. 
recommended for broadleaf crops. However, it Figure 4 shows that percenL, ."reduction in 
may be selective to rice at certain rates and times of shoot dry and fresh weights and re,,t dry weight of 
application. R. cochinchinensis was higher when the Micron
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Table 22. Effect of sprayer type on the performance of fluazifop-butyl on UPLRi-5 and Rottboellia cochinchinensis grown
under upland conditions in the greenhouse. a 

IRRI, 1986 WS. 

R ict,) R. cochinchinensis 

Sprayer type Plant heiqht Shoot fresh weight Hoot dry weight Plant height Shoot fresh weight Hoot dry weight
(cm) Ig) (,) (Cm ) (g) (g) 

Micronherbi 65,541a 9.01 1.30h h 45 b 3.12 b 0.35 b
Birky 64.91 a 11.21 ab 1.48 at 50 h 2.11 h 0.33 bConventional 64.83 12.77a a 2.10 a 74 a 8.95 a 0.68 a 
aAv of 3 rplications end 3 application rates. 1iSar.pled at 48 d after weed and rice eOlergence or 30 d after fluazlfop-butyl 
npplHcatior. F1Lazlfop-blUtyl was sprayed on 17-d-old rice seedlings. 

Reduction .............. . ............. ....... herbi and 
Birkv were used. WVith 0. 10 kg fluazifop100 - --. , c,,o , 
b. butyl/hi a, the MiCronhletri contsisten tly gave the| r--Cn........ ,,Ioohighest 
 percentage reduction in shoot fresh weight 

f3o Q, .: and root dry weight of both weed and rice (TableA /~23).test indicated that R. cocinchinttitfis wai~s 

more susceptible tianee to luaifop-hutyl. 

7:[ : E H l .IFF XFI ( W1 O)Vt -fR H. \V I N 6 \ VA I F R ONX tlI I:t l I C I I) 

'10

.utachlor was applied ilS al emulsifiable concen
t-ate at 1.0 kg aiii ha onto saturated soil at 4 DT. 
There was noi loss H)i weed cointrol oir vield 
reducl ion \0ien waltr was allowed to flow through 
the plots Ior 30 inii at 2 Ii after tile herbicide was 
applied (Fable 24).

0 Shool dry Shoot fresh Rout dry When tie water flowed into an aldjacentieqhi w oeighi w,.,oti, Untreated plot of tie saic size as the treated plot, 
4. Ellect of spiayer ype ono the eetiffcticness el i/ih(ip-lili I itil) weed contlro was ohbained in both tie treated 
itn Contiolling Ronf oeIhiaio thi 'hiol-/ti.s 

', 
IlRI I, 1986 WS.-

Within a p|ariner:. Iieiie1ts with a Coiiililti Icttae 11 iia uintreated plots, and yields were no lower thansignilicatillv dillc:rin at the 5' level bv lINIR 1. those in the treated plot where no flowing out had 

Table 23. Percentage reduction in shoot fresh weight and root dry weight of UPLRi-5 and R. cochinchinensisas affected
 
by fluazifop-butyl application rate and method.0 


IRRI, 1986 WS. 

Application rate Reduction (%) in shoot fresh weight Reduction %) in root dry weight
(kg ai/ha) 

and sprayer type Rice Rottboellia Rice Rottboellia 
0.01 Micronherbi 41 bc 61 abc 45 1-c 64 abc0.01 Birky 34 be 73 ab 50 bc 67 abc
0.01 Conventional 33 bc 26 bc 30 ab 39 c
0.05 Micronherbi 3P be 79 ab 33 ab 71 ab0.05 Birky 37 bc 89 a 46 bc 78 ab0.05 Conventional 31 b 68 ab 26 ab 60 abc0.10 Micronhorbi 59 c 93 a 75 c 89 a0.10 Birky 24 ab 93 a 38 ab 83 ab
0.10 Conventional 3 a 13 c 10a 54 be 

t-value -5.3071 -6.9961 
aAv of 3 replications. 



Table 24. Weed weight and grain yield in butachlor-
treated and untreated plots as affected by flowing out of 
water and plot size. IRRI, 1986. 

Plot Weed Grain 
Treatment Size 

(m ) 
weict 
(Win, ) 

'yield
(tha) 

Butachlor, no overflow 15 
Butachlor, ovwrf o wv 1E 

Unotreated receiver-) 15 
Untreated receiver" 30 
Untreated receivwa '15 

Untreated, overflow 
Untreated receivet 

t )  
15 
15 

Untreated, no overflow 15 

From btitachlo-trtjted rlot. 

16 a 5,1 
12 a 4.8 
42 al) 4.6 a 

1 10 cd 3.8 t, 
,38 bC 2.9 c 

16C'." k; 3.4 bc 
150 ate 3.4 bc 

1 18 cd, J.5 bc 

Fo ......ntreated plot. 

occurred. lowever, doubling or tripling the si/c of 
the untreated [lot resulted inan increase in %ced 
weight and a dccrca.c in crai yield. 

Weed cotl o and \'fld il th,! plots to which tO 

hCrbicide was applieCd %VVre unac \ tih!lde 

overtlowing of watcr. 

\VF) i o\ I8 IMI \\tI )\V.A I F\ MAI\N \(it NN I 
P1(I4. "l('SP I R itStM .\S I it) D "1.()() 

1(.1 

Agronomy, 1)y al)fleit 

'The pert'orinllac. or and 
butachlor -I-2.4-1) wais CaltUate6 Under 3 water 
management practices: I) broadcast seeding ofI 
pregerminated rice into 5 cm \vztcr (1I1), 2) 
broadcast seeding of pregerminated rice onto nitid 
without standing w.ater and irrigation at 2 l)AS 
(N2). and 3) broadcast seeding of pregerminatcd 
rice orto mud without standing water and] irriga-
tion at 4 1)AS (M3). 
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BLutachIor 4-2,4-D applied at 3 BS was toxic to 
rice seedlings under M I and M2, but only slightly 
toic uder M3. lkersulfuron-nithvl was slightly 

toxic to rice seedlings under any of the water 
1I.i'l'ellmcnt practices. In the lltreaeld control,tI and NI2 shghtly reIducedl crop stand. 

\Vithoct~ herbicide trealtment, IR58 and 
723-143-3-2-1 IR2icldd sim ilarly under any 

c n 
wlater inarlgt mcnt practice([able 25) 1R64 yields 
-11nificantl\k decreased tindcr %I I bccause of the 

cdticcd crop stand. IR58 and IR6 yielded higher 
tinder I I aid N12 with bensulfuron-methyl; 
1R29723-143.-3-2-1 cave siular ,iclIs under all 
water nallaLnlilit practices'. 

Yicld re(IlUtioiIdeC to herbicide toxicity was 
higher in IR58 than inI164. 1-lerbicide toxicity 
redncd the yield of IR29723-141-3-2-I onl under 
N1 I. Indcr M3. \ields in plots \NitO or without 
herbicide did not siW-nificaaNtly differ bcL-ause the 

oImpl olltl , not colpclitive cnotligh to 
reduce vicld. 

Ilmta hlo was not itlilcd Ill the \VS trial. Four 

water inalagenllt pricl ices, werc eV\altated using 

1( 29723-143-3-2-I and I1(4 (da.iged by rats). 
N was applied at 90 kgila ftollowing the recoil

t11"ldCd split application. 
Inder allY wat r maagll meictit practice, tillering 

abiliy arid I articl production were consistently 
lower in the ttntrcaled than in the treated plots 
(table 26). More broadleaf weeds grew in plots 
irrigated at 4 1)AS to 10 cm deep than in plots 
irrigated to 5 cm deep. Similarly. there were more 
broadleaf wecds with seeding into water than with 
seeding Oito mued and irrigating later. 

(rain yield rcidtltion due to weed control was 
Iigher when i We was broadcast seeded onto mud 

Table 25. Grain yield of broadcast seeded flooded rice as affected by water managoment and wood control practices. IRRI, 
1986 OS. 

(rain yield,) It/ho) 

Treatment IR58 IR29723-143 3.2-1 I-164 

M1 M2 M3 M1 M2 M3 M1 M2 M3 

No weed control 4.2 a 4.2 a 4.2 a 5.6 a 6.1 a 5.3 a 4.6 b 5.0 ab 6.0 a 
Bonsulfuron-methyl 4.7 ab 5.6 a 4.0 b 5.9 a 6.3 a 5.8 a 6.8 ab 7.0 a 5.9 b 
Butachlor + 2,4-D 1.3 b 1.2 b 4.6 a 4.1 b 5.13 5.9 a 2.6 h 3.21b 6.4 a 

aIn a row within the same variety or line, means followed by a common lttter are not significantly ditfteont at the 5% level 

by DMRT. M1 = broadcast seading of pregermilratod rice into 5 cmr water, M2 - broadcast seuding of prugormInatod rice 
= onto nud and Irrigation 2 DAS, M3 broadcast seoding of pregorminaeed rico onto mud and irrigation 4 DAS. CV = 29% 

for varluty, 17% for water management, and 22% for weed control. 
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Table 26. Agronomic chares teristics and yield of broadcast seeded flooded IR29723.143-3-2.1 as affected by water man
agement and weed control practices. IRRI, 1986 WS. 

Water management and Seedlings Tillers Panicles Grain yield a 
weed control practices (no./m 2 ) (no./seedling) (no./ml) (t/ha) 

Irrigated to 5 cm, 4 DAS
 
No weed control 
 141 2.3 327 3.4Bensulfuron-methyl 135 3.3 355 4.8
 

Irrigated to 10 cm, 4 DAS
 
No weed control 
 92 3.8 316 4.6Bensulfuron-methyl 82 5.8 368 

Seeding into 10-cm water, drained at maximum tillering 
5.4
 

No weed control 
 65 3.1 207 3,3Bensulfuron-methyl 88 5.5 330 3.7Seeding into 10-cm water, drained at 10 DAS for 5 d
 
No weed control 
 119 2.9 393 3.2Bensulfuron-methyl 97 4.6 352 3.4
 

aAv of 3 rep'llcations. To compare 2 water mana(lement means at the same or different weed control treatment, LSD (.05)
- 2.5 t/ha. 
To compare wood control means at the same water management treatment, LSD (.05) = 2.6 t/ha. CV - 20% for 
water management and 23% for weed control. 

and irrigated at 4 DAS than when broadcast PERENNIAL WEEDS AND THEIR CONTROL 
seeded into standing water. Irrigating the plots to AgronomY Department
10 cm deep at 4 DAS produced higher yields than 
irrigating them to 5 cm deep. Irrigated rice. Effect of tillage, cultivar, andWith broadcast seeding into water, the time of planting inethod. Research continued on the long
draining did not significantly affect yields, term effects of tillage level (conventional, 

Weed biomoss (g/rn2 
) Grain yield It/hol

600 -i 
6 

//' Annual weeds (Aonocho,-1 vugn/hs, 
Cyperus dfformis,Echmnochloo spp)

500 - - Weed biomass Scrpus InorlltMus 5 

Grain yield POSPO/umdols,chum 

400 , ,o" 4 

2. "4/'a :b Wx 7':e 

ob: 
300 b. 

3 

b=200 - ab:
 
bE 
 bE2 

C ionl b b 

CovninlMinimum Zero IR34 10 I042 Transplanted Direc! seeded 
i Tlae-- ---

5. Weed hionm and grain yield in the 25th crop 
CuI I a r--- l--Plnttng method-

isaffectd by tillage, cultivar, and planiting nehod IRRI 1986 DS. Within it 
paramctcr c g. tillage and within, weed Iy pcor within grimyield, itcnswith acomnmon ltr arc not significamntly different at the 5%level by DMRT. 
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Weed biomass (g/m2 ) Grain yield (/ho) 
300 - 30 

SAnnual weeds (lh~~oc/arld vaglna/isCcl'4ioch/oo sppI 
Flmbristyls ,'m1iuceO, CypercS dfformIs, Sphenoclea zeylanica) 

250 Weed biomoss -m25V Groin yield Po.olum d ACh/sm 

200 - 20L -- c._= =b= --=_0- = 

150 / 

-0- :/0 
 X 1: 

100/ // 
/ // _ /10 

05 

Conventionol Minimum Zero IfO4c IRP42 IR29"23  ,ansplonted Direct seeded 

• "-3-2-1 
i Tilloqe s- Cult vqr I --- Plonting rnehod--

6. Weed biornass and grain yield in tle 20th crop ssaffected by tillage, cultivar, and planting method, IRRI, 1986 W.S. Within a 
pararmeter, and within a weed type or within grain yield, items with acominm n letter are nut significantly different at the 5%level by
PlM~RT. 

minimum, and zero) and cultivar (IR34, IR40, and 
IR42) on weed shift. In DS (25th crop) and WS 
(26th crop), half of each cultivar treatment was 
transplanted and the other halfdirect seeded. IR34 
was replaced with IR29723-143-3-2-1 in the 26th 
crop. Conventional tillage was one plowing and 
two harrowings, minimum tillage was one harrow-
ing, and zero tillage was cutting and removing rice 
and weed debris. 

In the 25th crop, conventional tillage gave 
substantially less Pasahmdistichum but more S. 
marilimus than minimum tillagu:, and more annual 
weeds than zero tillage (Fig. 5). Grain yield 
decreased with each decrease in tillage intensity, 
but the difference was significant only between 
conventional and zero tillage. Yield was affected 
more by cultivar than by weed infestation. Signi-
ficant yield differences were in the order IR42 > 
IR34 > IR40. The biomass of all weed types was 
significantly lower and grain yields higher with 
direct seeding. 

!i the 26th crop, S. maritimus biomass was 
sign~ficantly higher in the no-tillage than in the 
tilled plots (Fig. 6). The biomass of the other weeds 
and grain yield were, however, unaffected. Plots 
planted to IR40 had significantly less P.distichum 
but more S. maritimus than those planted to 1R42 
and IP,29723-1d3-3-2-1". 1R29723-143-3-2-1 yielded 
significantly higher than IR42, which yielded 
higher than IR40. Planting method did not in
fluence weed control, except that of P. distichum, 
and grain yield. 

Effect of cutivar, tiI,'age, and herbicide. The 
study on the long-term effect of cultivar (IR36 and 
IR29723-143-3-2-1), tillape (one, two, and three 
harrowings), and herbicide (bensulfuron-methyl, 
propanil + 2,4-D, and untreated check) continued 
in DS (5th crop) and WS (6th crop). Each 
harrowing treatment was preceded by one plowing. 
Bensulfuiron-methyl (0.05 kg ai/ ha) was applied at 
10 DAS and tank-mixed propanil + 2,4-D (1.5 + 
0.5 kg ai/ha) was applied at 15 DAS. 
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In the 5th crop, weed population was unaffected maritimus and gave significantly higher yields than 
by cultivar type (Fig. 7); however, I1R29723-143-3- the untreated check. However, the decrease in S. 
2-1 yielded significantly higher than 1136. Three marilimus in the herbicide-treated plots was 
harrowings substantially reduced the P. distichwn replaced by an increase in A. ditic/hun population.
population but increased the S. maritimus stand The significantly longer panicle and higher
relative to one harrowing. Two and three harrow- spikelet number ofl R29723-143-3-2-1 mayexplain
ings gave similar yields, which were significantly why its yield is higher than that of lR36 (Table 27).
higher than that from one harrowing. The herbi- Upland rice. A trial in )S examined the soil 
cides substantially controlled S. ,uaritimtus and the moisture-herbicide relationship in upland rice. The 
annual weeds, resulting in significant yield in- effect of water regime on preplant (glyphosate and 
creases but high incidence of 1'. distichun over the SC 0224) and postemergence (bentazon and 2,4-D)
untreated check. herbicides against CYL'rtts rotunhs in upland

In the 6th crop, cutivars again had no effect on 11(43 rice was tested, using water applied with a line 
the stand of any weed type. hut IR29723-143-3-2-1 source sprinkler (I.SS). All plots were kept free of 
still out'iclded 1136 (ig. 8). 1'. disuichuni signi- other weeds during tile experiment.
ficantly decreased with each increase in tillage level. The cumulative amounts of water applied from 
However, two and three harrowings led to high S. 4 to 120 )1- to tile plots nearest to or faribest from 
mnariitnnispoptulation. Ilie annmai weeds and grain the 1.SS were 1,242, 1,004, 749, and 403 mm (M I to 
yield were not allected by tillage intensity. The M41. These amounts compared with 734 mm 
herbicides adcltuately reduced Ohc stand of S. recordcd bv upland pan evaporation (UPE) during 

2 )Ween pcpIvhcin (no/n Gran yield Who)
600 6 

Cy// Annual weeds (O7a.'ochorIa vo!TMo/s, Echmnochl'b 'pp,Weed populon perus dlflormls, and I.tpAtoch/ ch" n s s 

- rain yd SCI,-JXs Mir,h1muS500 5 
M Pospa/um dsh'chwrn 

400 "4 -

7,,, 

/0/ 0 

300 
. 33 

100 1200 24 hc =b=- 2ehl 

0 0IR36i3 R"923 - 1 harrowing 2 harrowings 3 horrowings Bensulfuron- Proponil + Untreuted
143-3-2-1 inethyl 2,4-0 check 

-- Cultivar - I I Till-geI - Herbicide 

7. Weed population and grain yield in the 5th cop xsaaffected by cultivr, tillagc and herbicide, IRR 1, 1986 DS. Within a parameter,
and within a wc J type or within gi in yield, itenms with a common letter arei not significantly different at the 5% level by DMRT. 
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Weed population (no/m2) 	 Grain yield (Who) 

500  vxz// - 5 

YAnnal weeds 	 Mcxnoc9, ,oh s, Echoch/oa spp /0 /
( yperu ,r/a, Cyjm in dd/c'rm/$s and 

4,11,1
fmty/y/,e ,/acea )Weedpopulohion 

n 
400 -- Gr eld fu 4,Canhmi

Lcqn 

2003 

___ 	 CJi
b 

100-

R3; P2972! I harrownq 2 harroings 3 harrowirigs Bensul-uron- Propnil + Untreated 
145-- 2 - methyl 2.4-0 check 

C ltivnr -- I........ - ............ Fillage - Herbicide- -- i
 

8. Wecd popnlalioii rrnd Qraiii yield in Ow 6th crop as affctted by cultivar, tillage. and herbicide, IRRI. 1986 WS. Within a parameter, 
and within a uced type of within grain yield, items with a common lett'r arc not significantly different at the 5% level by DMRT. 

Table 27. Yield components as affected by cultivar type." the same period. "'hus M I and M2 were main-

IRRI, 1986 DS andVWS. 	 above ULPE, M3 at UPF, and M4 below-talied 

5th crop (DS) 6th crop (WS) UPE level at all stages of growth. 

Cultivar Panicle Spikelets Panicle Spikelets In MI and M2, bentazon and 2,4-D were as 
length (no.d length (no./ elfective as hand weeding in reducing the dry 
(cm) panicle) (cm) panicle) weight of C. rtundus (Table 28). As the moisture 

IR36 19 b 68 b 21 b 91 h supply dropped to 749 mm, all herbicides were less 
1R29723-143-3-2-1 24 a 91 a 26 a 109 a effective than hand weeding. In M4, all herbicides 

Av of 3 replications, 3 tillage levels, and 3 herbicides, were comparable; however, bentazon and 2,4-D 

Table 28. Effect of herbiciJes on wood dry weight and rice panicles under 4 soil moisture regimes in upland I1R43 IRRI, 
1986 DS. 

Application Weed weightb (g/m 2 ) at 35 DE Paniclesc 
(no./m) 

Treatment Rate Time M1 M2 M3 M4 M1 M2 M3 
(kg al/ha) 

Glyphosate 2.0 6 DBS 37 b 40 b 44 bc 32 bc 320 bc 258 b 206 a 
SC 0224 2.0 6 DBS 53 bc 57 bc 52 c 29 bc 309 bc 243 b 195ab 
2,4-D (amine) 1.0 20 DE 15a 15 a 26 b 22 ab 340 b 321 a 224 a 
Bentazon 2.0 20DE 11a 13a 26 b 24ab 397a 316a 215a 
Hand weeding - 10, 25, 40 DE 6 P 5 a 3 a 2 a 394 a 323 a 218 a 
Untreated check - - 64 c 65 c 59 c 49 c 296 c 229 b 168 b 

aAv of 4 replications. bCyperusrotundus. CAll treatments were comparable In M4. 
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maintained their superiority over the untreated COMPETITIVE ABILITY OF AN F, RICE HYBRID 
control. Agronomy Department 

In M I, hand weeding gave the highest grain 
yield, followed by bentazon and 2,4-D in decreas- In a trial conducted in 1986 DS, an F, rice hybrid
ing order (Fig. 9). In M2, bentazon anti hand (lR21845-90-3A/1R54) was as competitive against
weeding gave comparable yields. Hand weeding, weeds as one of its parents (IR21845-90. 3B) and 
bentazon, and 2,4-D produced higher panicle more competitive than the other parent (IR54) and 
numbers in MI and M2. All the treatments gave IR64. Weeds caused a significant reduction in 
similar yields whel soil moisture was maintained at plant height in IR64, but not in the other cultivars. 
the M2 level. The leaf area index (LAI) of the hybrid was not 

affected by weed competition, but that of the other 
cultivars was significantly reduced. 

(iroin ye5Ht/her- With all cultivars, wecds caused a significant 
yield reduction (Table 29). The hybrid had the 

______highest yields and the least yield loss due to weeds. 
-30 	 0 .oo eedirig When the .amne trial was conducted in 1986 WS, 

Vf,,iuu,,on the hybrid and its parents performed poorly,
SPo ,,. probably because of lodging. In the treatrfient that 
0 sc-o:,4 was hand weeded at 21 )T, the hybrid yielded 
, ,.,,,,,, 2.2 t/ha, whereas 1I(64 yielded 3.3 t/ha. 

COMPIIIION BFTWEEN TRANSPLANTED RICE 
AND IS(IAEMUM RU(GOSUM 

Agronomty De7mrtment 

Ischaenuin rugosum, an annual grass weed, is 
o_ d increasingly important as a weed of rice-,,becoming 

grown in rainfed fields in some countries in South 
and Southeast Asia. A trial in 1985 WS and DS 

05- determined the effect of weed density on the 
growth of transplanted rice (TPR). 

0 Rice plants were significantly taller than the 
175 4 75 775 1075 weeds at 30 DT at all weed densities in both seasons 
M) WM2) (M3) (M4) (Fig. 10, 11). In WS, when there were 5 and 10 L 

Distance (m)from sprinkler line 	 2 a rugosum plantsini, the crop and the weed did not9. Eff'ct of herbicide on IR43 yieldunder 4 soil moisture significantly differ in plant height at 45 DT 
regimes, IRRI, 1986 I)S. Within agiven distance, values with a 
co ion arc not significantly different atthe 51,levclby (Fig. 10). But at theletter 
 other weed densities, LI)MRT. 	 rugoswm was significantly taller than the rice plant. 

Table 29. Grain yield of rice cultivars as affected by method of weed control. IRRI, 1386 DS. 
Grain yield lt/ha) 

Treatment 

IR64 IR54 IR21845-90-3B IR21845-90-3A/IR54 

Hand.weeded, 21 DT 4.6 a 5 2 a 5.5 a 5.9 ab 
Hand-weeded, 15 + 35 DT 4.5 a 4.7 ab 5.2 ab 6.6 a 
Butachlor (1.0 kg al/ha), 3 DT 4.6 a 3.7 bc 4.7 ab 5.1 bc 
Unweeded 1.8 b 2.6 c 3.8 b 	 4.3 c 

Yield loss due to weeds (%)O 61 50 31 27 

aCompared to the treatment that was hand wooded at 21 d after transplanting (DT). 
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At 60 DT, I. rugosum was taller than rice at all 
plant densities. 

During DS, with densities of 5, 10, and 20 1. 
2rugosuin plants/ m , the rice plants were signi-

ficantly taller than the weeds up to 45 DT(Fig. 11). 
At 60 DT, the heights of the weed and the crop 
were not significantly different at those densities. 
With 40 and 80 . rugosum plants/m 2 , no 

Plant height (cm) 

1'0 05!oT 4,r =,,oo,] 

120 

80 

60 - ... 

10 

20 

0R 
R 5 I R I R4 1 I5 10 20 40 80 

Weed density (rno/n
2 ) 

10. Effect of Ischaeinwn rugosum, density on the height of 
rice (R) .id weed (I), IRRI, 1985 WS. DT = days after trans-
planting, 

Plent height (cm) 
1(0 

60 FEMI 50TTable30 (T 

20 

R5 R R R 1 R80 
Weed density (no/M2 ) 

I1. Fifect of/. rugosnt density on the height of rice (R) and 
weed (I), IRRI, 1985 DS. DI)T= days after transplanting. 

significant difference 'as observed between the 
height of the crop and that of the weed at 45 DT, 
but by 60 DT the weed was taller. 

The differer.,e in response between WS and DS 
was due to the more intense competition for light 
that occurred in WS. 

Weed competition reduced tile number of tillers 
per hill and rice grain yield in both WS and DS. In 
WS the number of tillers/hill was significantly 
reduced by competition with 10 1. rugosum
plants/ i 2 , while yield was reduced by 5 1. rugosurn 
plants/m 2 (Table 30). In DS, however, 20 
plants/nv were needed to cause red uction in bothtiller number and yield. In both seasons, grain yield 

was negatively correlated with weed density. 

wEED-INSU:T INIFTRAC lIONS 

A/gronomr and Entomlohgy Departments 

Transplanted rice. Four trials in different areas of 
the Philippines at different times evaluated the 
effects of weed control trealinent and insect control 
method on weeds and insects in TPR. All trials had 
two cultivars (one moderately resistant to insez:ts, 
the other susceptible), different levels of weed 
control, and three insect control levels (economic
threshold, vegetative phase Insect protectioti, and 

no insect control). 
In Victoria, Laguna, the insect population was 

so low that no significant differences occurred 
within each weeding treatment as a result of the 
insect control treatments applied to both cultivars. 
Differences in yield were observed in response to 
tile weed control treatments. 

30. Effect of Ischaem'im rugosum denisity on the 
number of tillers per hill and the grain yield of IR58. 

IRRI, 1985 DS and WS. 

Wet season Dry season 

density Tillers Grain Tillers Grain 
(no./n ) (no./hill) yield (no./hill) yirid 

(t/ha) It/hal 

0 17.7 a 3.9 a 17.2 a 4.0 a 
5 15.8 ab 3.3 b 16.9a 4.0 a 

10 13.9 bc 2.7 c 16.5a 3.9a 
2040 12.311.1 bcdcd 2.21.1 cd 14.614.6 bb 2.9 b2.7 b 

80 10.1 d 0.7 d 14.1 b 2,3 c 
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In two trials conducted at IRRI, the two 
cultivars did riot significantly differ in insect 
damage, weed weight, or yield. Insect pressure 
was so low that yields did not differ significantly 
among insect control treatments within each weed 
control method. In one tr ial, with all insect control 
methods, the yields of plots that were weeded 
(either by hand or with herbicides) were signi-
ficantly higher than those fromh unweeded plots. 
The plots that were kept weed fr-ee yielded 
significantly higher than those tMat were not 
weeded. In the other trial, plols that were kept 
weed-free by hand or hand weeded only once 
yielded significantly higher than uiiweeded plots. 
With herbicides, yields were significantly higher
than in unweeded plots when vegetative insect 
protection Was used, but not when there was no 
insect control or when the economic threshold level 
was used. 

In tie fourth trial conducted in ,Jaen, Nueva 
Ecia, in 1986 I)S, ti weed population was low 
and deadhcart infestation occuirred late, so vegeta-
live insecticide application (lid not affect stem 
borer infestation. As a result, yields were not 
significantly different, irrespective of the cultivar 
grown or the \,,ted control or insect control method 
used. 


Effect of plhmting method. II another cxpei-
ment, weed (herbicide and no weed control) and 
insect Cu WIrol methods were evaluated across four 

telhods o! planting in Jaen: broadcast seeding of 
flooded rice, modified broafcast seeding of flooded 
rice, water seediotg, and transplanting. The planting 
method had no cffcci on weed weight. When 
transplanting wa. ed, the plots treated withhrbicide Withcoin plee itect plottreat io d ie 
hierbicide' Will) c0) htC 
Insect prot,'ction had

significantly lower weed weights than the plots with 
no weed Conltrol. whether or noi insecticide was 
applied. With the other planting methods, weedat etcd
weigts ,:r: nt,,,wee cotro mehod

weights w -erinotaffected by weed control method 
or insecticide treatment. -lowever, weed weights 
were consistently higher when insecticides were 
applied (average 172 g,'nl2 vs 121 g/in2), indicating 
that the insecticides were controlling insects that 
were attacking the weeds. 

There were no differences among planting 
methods and among weed control and insect 
control methods with respect to damage by whorl 

maggot, caseworm, semilooper, and green hairy 
caterpillar. Whitehead percentage was greater in 
TPR than in the other planting methods when 
herbicide wits applied, whether insecticide was 
applied or not. However, this was not reflected in 
the yields. Averaged across all planting methods, 
yievds were significantly higher when herbicides 
were applied than when theie was no weed control. 
Yields were not affected by the level of insect 
protection. Ini broadcast seeded flooded trial also 
conducted in Jaen, results wcre similar when yields 
were averaged across 7seeding rates ranging from 
100 to 401) kg/ha. 

CUII IRAL CONIROL Of- ('I'ERUS ROTUNI)US
 
Agronomy I)t'partem
 

The effect of plowing depth (10, 20, and 30cm) and 
rototillage interval (0,7, and 14 d) on C. rotnimdus 
control in upland rice was examined in DS. 
Rototillage was done three times. 

Plowing depth had no effect on weed control 
and grain yield. Rototillage at intervals beyond 0 d 
resulted in significant reductions in Veed and tuber 
counts and weed dry weight, and an increase in 
grain yield. The 7- and 14-d intervals gave com
parable weed control and grain yield (Table 31). 

Table 31. Effect of plowing depth and rototillage interval 
on Cyperus rorundus control and yild of upland IR43fl 
I RRI1, 1986 DS. 

Live tuber count 
Weed Weed (no./m' ) in 0-30 Grain 

n count dry weight cm yield
2
Treatent (no.l2) (g/m ) -  (t/ha)

30 DE 30 DE At At 
seeding harvest 

Pplowing depth

10cm 99 a 
 128 a 398 a 970 a 1.2 a 
20cm 86a 81 a 336a 804 a 1.4 a 
30 cm 91 a 129 a 387 a 787 a 1.4 a 

Rototillage 

interval
 

0d 137 b 152 b 519 b 1261 bO.9 b7d 71a 92a 325a 743a 1.5a
 
14 d 69 a 92 a 279 a 558 a 1.6 a
 

-

aAv of 4 replications.
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INTEGRATEI) WEE!) MANAGEMENT Binato plants were tallest, followed by IR29723-
Agronoiny Department 143-3-2-I (Table 32); IR64 was the shortest. Tiller 

iumber was similar for all cultivars, while total 
Broadcast seeded flooded rice. Three rice cultivars weed weight was lowest in Ilinato plots and highest 
(I R64, IR29723-143-3-2-1, Binato) were broadcist in IR29723-143-3-2-1 plots. Butachlor-treated 
seeded in the field at 100 and 200 kg/ ha. N as urea plots had more tillers and lower weed weights than 
at 100 kg NI/ha was applied either I,13 basal the untreated check. Plant height ofeach cultivar 
incorporated, I!3 applied at 30 DAS, and I!3 was the same in butachlor and untreated plots. 
applied before panicle initiation or 2:3 topdressed 'There were mnore tillers at seeding rate 20) kg/ ha 
it 15 DAS and 1 3 before panicle initiation. Two than at 100 kg; ha, but plant heiglht was similar at 
weeding regimes hutachlor ( 1.5 kg ha) applied both seeding rates (Table 33). Tiller number was 
at 3 1)1t3 followed by 2,4-I) (0.8 kg; la) applied at not affected by the type of N management. Plants 
20 DAS, and an untrcated check were also were taller when N was applied in three splits. 
evaluated. At seeding rate 100 kg/ha, weed weight was 

lower when N was applied in 2 splits than in 3 
(Table 34). Doubling the seeding rate also reduced 

Table 32. Effect of cultivar and wood control on plant weed weights and at the sarne time masked the 
height, tiller count, and total wood weight of irrigated effect of N management level. 
roadcast saeded flooded rico.aI RR, 1986 S. In butachltor-treated plots, 1R64 yielded higher 

Plant Tillers Total than IR29723-143-3-2-1 and Binato when N was
 
Treatment 
 height (no./m) weed weight applied in three splits (Table 35). In unweeded 

(cm) (g/m 2 ) 
plots, IR29723-143-3-2-1 gave the highest yield;
 

Varietyb yields of lI164 and Binato were similar. When N
 
IR64 77 c 505 a 215 ab was applied in two splits, IR(4 and IR29723-143-3
IR29723-143.3.2.1 96 b 495 a 253 b 
Binato 124 a 405 a 165 a 2-1 had similar yields which were higher than that 

Weed control c of Biato. 
Butachlor fb 2,4.D 99 a 498 a 162 a Amiong the three cultivars, only lR64 was 
Onweeded check 98 a 439 b 260 h affected by the type of N management. In 

Sampled at 74 DAS. bAy of 4 replIcations, 2 seeding butachlor-treatcd plots, II64 yielded higher when 
rates, 2 N management levels, and 2 weedIng rag limes. CAv N was al)plied in three splits. But when no weed
 
of 4 replications, 3 cultlvars, 2 seeding rates, and 2 N
 
managome,,t levels. fb 1 followed by. control was applied, lR64 with two splits yielded
 

more than when Nwas applied in three splits. This 
indicates that the efficicncy ofatthree-split applica-

Table 33. Effect of seeding rate and N management on tion of N can be fully realized if there is effective 
tiller count anti plant height of 3 irrigated broadcast 
seeded flooded rices. a IRRI, 1986 DS. 

tTillers Plant Table 34. Effact of seeding rate and N management on 
Treatnunt(no/in i height the growth of weeds in irrigated broadcast seeded flooded

(crn) rices.0 IRRI, 1986 DS. 

bSeeding rate (kg/ha) Total weed weight (g/m' 
100 423 b 99 a Seeding rate 
200 514 a 98 a (kg/hal 1/3 N 81, 2/3 N at 15 DAS, Difference 

N managementc 1/3 at 30 1/3 BPI 
1/3 BI, 1/3 at 30 DAS, 1/3 BPI 473 a 100 a DAS, 1/3 BPI 
2/3 at 15 DAS, 1/3 BPI 464 a 97 b 

100 285 225 60" 
VSampled at 74 DAS. bAv of 4 replications, 3 cultlvars, 2 200 171 163 8ns 
N management levels, and 2 weading ragimes. CAv of 4 Difference 114- 62" 
replications, 3 cultlvars, 2 seedIng rates, and 2 weeding

=regimes. Bl - basal Incorporated, BPI before panicle Av of 4 replIcatIons, 3 cultlvars, and 2 weeding regime&
Initiation. Sampled at 74 DAS. 
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weed control, particularly with N-responsive 
cultivars such as IR64. 

Except for Binato, which was not affected by
weed control, grain yields of the cultivars were 
higher in butachlor-treated plots than in the 
untreated plots.

Rainfed transplanted rice. Three rice cultivars 
(IR64, IR29723-143-3-2-1, and Binato), 2 N nman-
agement levels (researcher's split or I/3 basal 
incorporated without standing water, 1/3 appliedat 20-30 DT,and I/ 3 applied at 5-7 d before panicle 

initiation; farmer's practice or 1/2 applied at 15-20 
DT, and 1/2 at early booting), and 3 weeding 
regimes (butachlor, hand-weeded at 15 and 30 DT, 
and untreated check) were evaluated in rainfed 
filds. 
The hand-wecded check gave the highest tiller 

count and LAI and the lowest weed weight. 

liutachlor was comparable with tileuntreated 

check (Table 36) because it failed to control the 

dominant weed, S. maritimus, in the experimentalarea. 

Considering N management, IR29722-143-3-2-1 

had the highest tiller count, and Binato the lowest 

(Table 37). lR64 and IR29723-143-3-2-1 had 

comparable LAI, which was higher than that of 

Binato. Total weed weight was lower in IR29723-

143-3-2-1 and Binato plots. 


Table 35. Effect of cultivar, N management, and wood 

control on the grain yield of 3 irrigated broadcast seeded 

flooded rices.8 IRRI, 1986 DS..-
 _ _ 

Grain yield It/ha)
Cultivar 

flooded~ _ _18DSDoCrie IRRI _ _ _ _ _ _~(1/3 31,1/3 2/3 at 15 Difference
DAS, an dt 30 maeS 113 wo 

1/3 BPI 8PI 

v rC4.38 aButachlor-GR64 3.46 a 0.92" 

IR29723-143-3-2-1 1.72 c 3.19 ab -0,09D_0. 1 7 nsn81nato 3.36 b 1.81 15 

Unweeded 

IR64 1,65 b 2 .47 a -0.82"" 

IR29723-143-3.2-1 2.39 a 2.60 a8anato 1.30 b 1.52 b 

-.0 .2 1ns 
0 2 2 ns 

Difference 
IR64 2.3 0.99a 04 aIR29723-143-3-2-1 0.971N 0.590 

Binato 0 ,4 2 ns 0.29 b 

aAv of 4 r3,'Icatlons. 
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Tiller count and LAI were higher, and totalweed 
count was lower with the researchers' split, 
indicating that this is a morc efficient method of N 
application than tile farmer's practice. 

A correlation analysis indicated that, as tiller 
count and LAI increased, total weed Count and 
total weed weight decreased. 

N management did not affect the grain yield of 
the three rices, but weed control did. For 1R64 and 
IR29723-143-3-2-1, two hand weedings gave the 
highest yields, while butachlor plots gave yields 
similar to that of the unweeded check. Binato 
yields were not affected by weed control, 

IR29723-143-3-2-I consistently gave the highest 
yields among the cultivars, regardless of weed 
control. However, IR(64 yield was similar to 
Binato's when butachlor was applied. When plots 
were hand weeded twice, IR64 gave.higher yields 
tlhan Binato. When there was no weed control, 
Binato yielded higher than IR, indicating that 
1164 is more susceptible to weed pressure than 
Biinato. 

Upland ice at IRRI and in Batangas. A field 
experiment at IRRI evaluated the effect ofcultivar 
(IR43, UPL.Ri-5, and Kinandang Patong), seeding 
method (lithao and invertcd-T seeder), and weed 
control (hand weeded at 15 and 35 DE, butachlor 
[2.5 kg/hal followed by 2,4-1) [0.8 kg/hal, and 
untreated clieck) on the growth of rice and weeds in 
upland fields. 

Seeding method had no ,;ffect on the growth of 
rice and weeds. Tiller count and LAI were highest, 
and total weed weight was lowest with the hand-
weeded check for all cultivars (Table 38). Among 
the cultivars, 1R43 was the most susceptible to 
weed pressure, with about 81 (: reduction in tiller 
count and 83% reduction in I.AI. UlP1lRi-5 was 

less susceptible than IR43, with 35% reduction in 
tiller count and 49% in LAI. Kinandang Patong 
was the least susceptible with only 27% reduction 
in tiller count and 33% in LAI. 

When weed controlwas applied, IR43 had more 
tillers than either UPLIIi-5 or Kinandang Patong. 
With no weed control, UPILRi-5 and Kinandang 
Patong had mor,, tillers than IR43. This further 
indicates that the susceptible lR43 requires an 
effectivc weed control to exert its full potential. The 
same trend was observed in LAI. 

Cultivar significantlyaffected total weed weight, 
which was lowest in the hand-weeded plots and 
highest in the untreated check. Total weed weight 
was highest in IR43 plots. 

A correlation analysis indicated that total weed 
weight decreased with increase in tiller count and 
I.AI. 

Typhoons occurred during the reproductive 
stage of Kinandang Patong, and the plants lodged 
an( produced no yield. tecause of insufficient 
degrees of freedom, it was not statistically possible 
to analyze the grain yield data. 

In Batangas, weed pressure was extremely high, 
resulting in zero yield front the unweeded plots 
(Table 39). Although all weeding regimes sub
stantially reduced weed weight and increased grain 
yield, only properly timed hand weedings led to 
high yields. Plots hand weeded earlier than 30 DE 
gave low yields. The yield discrepancy between 
IR43 and UPLRi-5 could be due to the difference 
in height, because both cultivars produced similar 
panicle numbers. IR43, a short cultivar, yielded 
significantly lower than UPLRi-5. Most IR43 plots 
were covered with weeds at flowering. 

Effect ofazolla. Flooding.The effect of flooding 
toa depth of 15 cm for varying periods at I DI'and 

Table 37. Tiller number and loaf area index of rainfod transplanted rices and total wod count as affected by culttvar and N 
managemont. 0 IRRI, 1986 VVS. 

Tillers no./m ) 
N management 

IR64 	 IR29723- Binato Mean 
143-3-2-1 

Researcher's split 262 291 158 
Farmer's practice 222 232 158 

Difference 3U 59 0 

aAv of 4 replications and 3 woeding roglrnta 

234 
204 

30 

Sampled 

Leaf area index Total weed count (no./m 2 ) 

IR64 	 IR29723- Binato Mean IR64 IR29723- Binato Mean 
143-3-2-1 143-3-2-1 

2.58 2.70 1.76 2.35 216 210 201 209 
1.78 2.00 1.58 1.78 264 241 224 243 

0.80 0.70 0.18 0.56" -48 -31 -23 -34* 

about 65 d after transplanting. 
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azolla inoculation on the growth of rice was 
studied ill a greenhouse trial. When azolla was 
inoculated, flooding reduced plant heighl, tiller 

number of productive tillers, dry matter,
and yield. These characters were not affected by 
flooding when azolla was absent. When flooding 
occurred for at least 8 I1,grain yield was signi
ficantly lower when azolla was inoculated than
whcn treatments had no azolla (Table 40). Shorter 
flooding (iuritions had no effect oni grain yield.J/notmtt 	 of iiioctduf. In another greenhouse 

trial, it was observed that light transmission ratioand O content of the water factors that favor 
weed seed gerinaittion and growth - and pH of 
the water 	decased as the amounnt of inoculated 

increased 	 (Table 41). This is a possible 

cx)l;Ul~ation of how a.oila slppresses weeds. 

I) II- 11:RI.N I IAI1. \VI. SI I ,FSSIN(; Y OF: AlIIIT 

I,,\INIl'II) UI.(\IANI) RIC'I
 

lu/uMttph ('rop/)i04 .!)cartmntu 

The weed-su pprcssing ability of 12 rice cultivars of 
ig plant stature was evaluated under rainfedand flush-irrigated conditions at 2 weed manage

onicntlevels during 1985 WS at Solana, Cagayan, 
Philippines. 

1n tile rainfed trial, rainfall was inadequate to 
maintain shallow flooding during most of the 
vegetative period of the experiment (Fig. 12). Soil 
Moisturetnsim reachd 47cb fora brief period at 
the panicle initiation stage of the short-duration 
cultivars and increased again shortly after flower
ing of tile 	latc-maturing cultivar Wagwag Fino.YcSirlms stq fints L. and Pasl)ah itn dlivichum L. 

were tile most important weed species (Table 42).
 
Sedges dominated the weed complex in terms of
 
dry weight at harvest in the irrigated experiment
 

at 	the rainfed site.
 
At 50 )T, differences in plant height niong
 

not significantly correlated with 
differences in weed weight (Table 44); however,tiller number was negatively correlated with weed 

At harvest, 	 w ed weights were negatively-vest wee weiht w-
correlated with plant height and days to flowering
ill both environments (Table 44). 

For the short cultivars as a group, most of the 
accumulated weed weight at harvest occurred after 
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Table 39. Effect of weoding regime on weed control and yield of upland rice in Batangas, Philippines, 1986 WS.8 

Treatmentb Tiiec Weed weight2 at 52 DE Yield 
(g/m ) (t/ha) 

Butachlor PE 313 z 0.8 e 
Butachlor fb IRC PE fb 25 DE 260 bc 1.0 a 
Butachlor fb HW !'E fb 30 DE 25 a 2.7 c 
HWfbIRC 10fb25 DE 277 bc 1.3 e 
HW fb IRC 20 fb 25 DE 148 ab 1.9 d 
IRC fb HW 10 fb 30 DE 35 a 3.3 b 
IRC fb HW 25 fb 35 DE 22 a 3.0 bc 
2 HW 20 & 35 DE 25 a 3.5 ab 
3 HW 10, 30, & 40 DE 6 a 3.9 a 
Unweeded check - 546 d 0 f 

aAv of 3 replications and 2 cultlvars (IR43 and UPLRI-5). bButachlor was applied at 2.0 kg al/ha. IRC Interrow cultiva
tion, fb - followed by, HW = hand weeding. CPE z prealmrgonca, DE days after energence. 

Table 40. Grain yield as affected by flooding duration and o'l ,ur, ll, (c 
azolla. IRRI, 1985. ;0 

Flooding Grain yield (g/pot) 10Cn _ 
duration oom "A 

01) No azolla Wit - azolla Difference 1 .e0C, 

.'_
064 a 70 a - 6
ns 

ns
 
1 54 a 59 ab 5

2 60 a 66 a - 6nas-O . . . . 

4 61 a 61 ab 0 ns [)lily rainfall (nam) 

8 64 a 40 bc 24" 1W) -Modu, -duIrlqcul-a,
24 60 a 32 c 28 * %) 

F FI-
19 c 43'" f-,

62 a48 

~Wagwa]g
i ino 

-Dad1yrinfall
 

Effect of azolla cover on light transmission ratio '1-
Table 41. 


(LTR), 0 content of water, and water pH at 5 d after W0rh iI /
 
inoculation. IRRI, 1986. ,1 

2 L {I 
Azolla rate LTR 02 content Water pH h 

(g/m 2 M of water (pprn)(%) 


0 54.1 a 9.9 a 9.5 a
 
100 28.3 b 9.2 a 9.5 a
 
200 3.3 c 8.4 ab 9.3 a
 
300 13.7 c 6.6 bc 9.1 ab
 
400 11.8 c 6.1 c 8.5 c
 
500 12.4 c 5.4 c 8.6 bc t _
 

_ _ct Or._ iOV D)ec Jan 

12. Soil moisturc tenolln at 1(),20,and 40 cm; daily rainfall; and 
,-,ler table depth (10 cm), Bangag, Solana, Cagayan,

50 IDT (Fig. 13). Only a small increase in weed Philippines, 19i85-86. F - tlowering period of the preceding 

weight was observed during this period with the cultivar group. 

intermediate and tall About one-half ofcultivars. 
the plant height of tlhe tall cultivars occurred after 
50 T),while the short cultivars had nearly reached ditions (Fig. 14). The differences in weed weight at 
their mature height by this time kFig. 13). this stag, were negatively correlated with plant 

Wagwag Fino and 13R539-1 19-1-1-2 suppressed height in both rainfed and flush-irrigated environ
weed growth most successfully under rainfed con- ments (Fig. 14, 15). IR60 and IR36 had two to 

http:MANAGEMF.NT
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Table 42. Dominant weed species growing in association 
with transplanted rice (mean of 9 samples) at harvest In 
the unweeded treatment. Solana, Cagayan, Philippines, 
1985-86 WS. 

Total 
Rank Weed species dry matter 

(%) 

....... 


Rainfed conditions 
1 Faspalum distichurn L. 18.5 
2 Echinochloa caloa (L.) Link 15.3 
3 Firnbristv/is niliacea (L.) Vahl 13.3 
4 Cynodurt dactylor, (L.) Pers. 13.0 
5 Cyperus iriaL. 7.1 
6 Cyperus difforrnis L. 5.9 
7 Ischaem urn rugosum Salisb. 5.8 
8 Eclipta alba (L.) Hassk. 4.9 

Flush-irrigated conditions 
1 Scirpus supinus L. var. 39.9 

lateriflorus (Grel.) T. Koyama 
2 Cynodon oactylon (L.) Pers. 9.3 
3 Eclipta alba (L.) Hassk. 8.8 
4 Ludwigia pereimis L. 8.3 
5 Cyperus difformis L. 7.8
6 Echinochloa colona (L) Link 6.2 
7 Paspalurn distichum L. 5.7 

Table 43. Dry weight at harvest, by vegetative class, of 
weeds growing in association with rice (mean of 9 sam-
pies) in the unweeded treatment. Solana, Cagayan, 
Philippines, 1985-86 WS. 

Dry weight (%)
Weed classification .. .. . . . 

Flush-irrigated Rainfed 

Broadleaves 26 10 
Sedges 52 34 
Grasses 22 56 

Weed egh (kg/ha) Plant height (cml 

1500 150 

'(5) -M 

500 : 


Short Inter Igil Shor Inter- Tall 
rfld( Ill?r!(l]t 

13. Weed weight arnd Plant height oi dillcernt cutltivat s al5(1d 
.1"ter transplanting (Il) an at harve,,t in thie rainled 
crinVi erlt. Solana, Ca.a.an, Philippine,, 1985. 

Table 44. Correlation coefficients (r) between weed 
weight and plant traits at 50 DT and at harvest In 2 hy. 
drological environments. Solana, Cagayan, Phlllppines, 
1985-86 WS. 

Correlation 
Plant trait 

Weed weight Weed weight
at 50 DT at harvest 

Rainfed environment 
Plant height -0.27nrs -0.88 ° 

Tiller number or panicle -0.81 
a


number

Days to flowering -- -0.80* 
Total dry rnatt,:r -0.01 ns -0.79. 
Grain yield -0.63* * -0.85** 

Irrigated environmnent 
Plant height -0.4 5 ns -0.81 * * 
Tiller number or panicle -0.21 ns 

numbera
 
Days to flowering - -0.69"
 
Total dry matter -0.75' -0.72*
 
Grain yield - 0 .4 6 ns -O.56ns 

aTiller number par rn2 was correlated with weed weight 
at 50 d after transplarntina (DT); parnicle number at rnatur-
Ity was ';orrelated with weed weight atharvest. 

Weed weight(kg/ha) 
2000 

1500 -0 r 0-622z 3627 

R36
 

O00 

IfR131146-45-2 a Wagwog Fins 

500 - BR539-119---2 

-1:o_-A0 
0 60 60 100 120 

Plant height (cm) 

14. 1Iffect height weight at harvest in theof plant on weed 

rained environment. Solarna, Cagayan, Philippines, 1985. 

three times aIstuch weed weight at harvest as the 
above cultivars. The results suggest that thle weed

suppressing ability of the taller cultivars v,.asmost 
clearly expressed during the period after 50 DT. 
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Weed weight (kg/ha) Groin yield (I/ha)
 
1000 
 24 

IRGO 
20 .NBR539-119-1-1-2 
20 * 

Y- 24597d-1 6220 +0003B4 

IR46 r:-085750 

16 - •
 

5000 2 

2 ~lO- 5) Ot 

o5 500 1000 1500 

0 60 80 I00 140 120 

Weed weight (kq/hc)
Plont height (cm) 

16. F flect 0I W .eedv,'ight oil graill yield in the rainfed 
15. f fect of plant height on wccd weighit It harvest under enviroritnent. Solaria, Cagayan. I'hilippines, 1985, 
flu.h-irrigated conditions. Solana, (agayan. Philippines, 1985. 

Wagwag Fino had the highest grain yields under 
Grain yields were strongly and negatively related rainfed conditions. 

to weed weights at harvest tinder rainfed conditions In drought- and Subinergence-prone rice
(Fig. 16). The correlation in the irrigated environ- growing areas, the high production risks lead to
 
ment was also negative but not statistically less fairmers' investment in hand weeding. Cur
significant. This was apparently due to the smaller rently grown cultivars are tall and competitive with
 
differences in weed weight among cultivars ob- weeds.
 
served with irrigation (Fig. 14). Among the Plant stature, days to flowering, and tillering

cultivars tested, the intermediate improved BR539- potential were shown to be important traits in
 
119-1-1-2 and IR46, and the tall traditional evaluating the weed-suppressing ability of rice.
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WATER HARVESTING AND CONSERVATION TO 
INCREASE RAINFED RICELAND PRODUCTIVITY 

Water A'!anagemni I)artmnm Luzon 
In most of nonsoonal Asia, the wet season (WS) 

rainfall is significantly more than necessary for a ) , I 

rice crop, and tile unused rainwater is lost is r 
runofi'. Rice yields and production could 'e in- I I 
creased inrainfed areas if the excess WS rainfall
 
could be stored oil the farm for tinelv use. 
 - - < -,_ ec

In three provinces Tarlac, Bulacan, and Trioc
 
Nueva Eciia-- in Central I.Zon, Ihilip ;incs, 
 Bu

where the dry season (DS) rainfall i ;nidcquatc for 1. <\ - , 
crop production, a technique for water harvesting

and conservation oil th. a:: u.ing small dug-ouI
 
reservoirs has been used fo! wmveral years. These
 
farm reservoirs (FR) store rc 1iwater for sup
plemental irrigation of WS rice .,,,'awnon the entire 
 C,

farm, for DS rice on part of the farnt, anl for fish L_Th'T"Ple
v,'fogeJ
 

.
- 7...
culture. 
From )ecember 1985 to April 1986, a field 

survey of 68 pairs of "R users I. catiorm of tile rain ted rescare h sites in Central Lulon,and adjacent Ilii)Ptiesh.
 
nonusers (purely taifed f'ainners) 'issessed the
 
technicat and management features of the FR
 
technology, its use, and its economic impaet. The 
 Most FRs were constructed at tile top or middle 
study was designed to elicit research needs to make of the farm toposequence (Table I) to allow 
the technology more adoptable. Forty-eight pairs harvesting of runoff from the upper microcatch
in the sample were located in 4 villages ofTarlac, 13 ment (part of which may be outside the farm 
pairs in Nueva E-ija. and 7 pairs in IBulacar. The boundary) and gravity flow of the stored water to
sample sites were in gently rolling topography. the farni. Design, construction, and size of FR 
mostly with clay A clay-loam soils. The long- seem to be arbitrary. Regression analysis of DS 
term average annual rainfall is 2,130 nm at the service area and FR area, and depth or volume of 
Bulacan site but lower in l'arlac and Nueva Ecija stored water at the beginning of )S showed no
(Fig. I). During November-April. monthly total significant relationships. The size seems to have 
rainfall is less than 100 mm. May is the transition been affected by the amount of cash the farmer 
month from DS to WS,and October the transition had. 
from WS to )S. Almost all [Rs were built by contractors with 

Technical features of farni reservoirs. A FR isa bulldozers. Usually, no water control facilities or 
dug-out pond with well-defined embankmerits. hydraulic structures were provided. Embankments 
Many are rectangular, but the majority iave no were made mostly of poorly compacted earth and 
regular geometric shape. The average si/e was had steep slopes, resulting in excessive erosion after 
about 1,500 in2 , but the range was fron <500 to a heavy rain or typhoon, inefficient water storage,
>2,5(X) in2. The average depth was 2.6 ill, but the and shortened life. Farmers were aware of these 
range was 0.6-8.0 in (Table 1). problems and recognized the need for improve-

An average FR user owned 1.7 reservoirs, ment in design and construction. 
occupying 7.5% of' the farm area. The nonusers' Siltation is the most troublesome problem.
farm size averaged 2.1 ha compared with tile 3.3 ha Siltation takes place more in early WS when the 
average for FR users. catchment soil is bare and erosion high. Desilting, 
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Table 1. Farm reservoir (FR) characteristics by location, Central Luzon, Philippines, January 1986. 

DS planting 

Av Av Location Av Av 1985 1986 
Location age FR per in farm area depth 

(yr) farmer (no.) landscape8 
(m 2

) m) Area Farmers (no.) Area Farmers (no.)
(ha) with crop (ha) with crop 

Tarlac
 
,oditta Ines 11 1.2 T, M 2520 2.1 1.54 12 0.88 10
 
Padapada 8 1.2 T, M 1945 2.4 
 0.96 12 0.78 12 
Tibag 18 2.2 T 1432 2.1 0.85 9 0.52 10
 
Tibagan 11 2.4 T 469 2.7 0.90 9 0.88 8 

Nueva Ecija
 
Mahipon 18 2.1 T 1669 3.7 1.90 9 1.4 10
 

Bulacan
 
San I'liguel 15 1.1 T, M 492 
 2.8 1.73 3 0.75 2
 

All sites 13.5 1.7 T, M 1490 2.6 1.30 54 
 0.90 52 
= 


T top, M middle. 

which requires a hulldozer, is needed every third immediately at the onset of WS in May to 
year to avoid major loss of storage capacity, bu supplement rainfall for land preparation for rice 
most farmers neglected this maintenance work throughout the farm. At this time the farmer also 
because of the high cost of hiring a bulldozer starts seeding fish fingerlings in the reservoir. 
($20/11). Desilting by carabao and harow has The l)S area to be planted to rice isdetermined 
limited effectiveness. Farniers plant trees on the by the amount of stored water at the end of the WS 
embankments as windbreaks to reducr" evapora- harvest. On tile average, FR users grew DS rice on 
lion and preven co)llapsc. about one-thir of their farms (Fig. 2). Early

Farm reservoir use, irrigalion, and cropping establishment of' the DS crop is critically im
practices. Rainwater harvesting and storage start portant, as water loss by evaporation ishigh daring 

1, e l r r e i T r , i p e o g i t re r i fg1... .
 

2. Several farm rescrvoirs in Tarlac, Philippines. showing limiied ricc arca in foreground. 1986 D)S. 
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DS, and most reservoirs dry up between January 
and March (Table 2). 

Water is released from the FR by siphon tubes, 
pump, or spillway. Lower plots, which hold water 
more efficiently, are usually used for DS rice. 
Reservoir water is conveyed to the cropped area in
small ditches, and field-to-field flow distributes the 
water within the area. The most common irrigation 
practice is maintaining standing water in thle fields, 
but only soil saturation is allowed when available 
water storage is considered inadequate. Some 
farmers save water by applying it to alternate fields
inthe toposequence and allowing the lower fields 
to use the seepage water from the tipper ones. 

A!most all FR users adopted a rice - rice 
cropping pattern, whereas nonusers followed a rice 
- fallow pattern during 1985-86 (Fig. 3). l)uring 
these 2 yr, 76% of FR users planted rice in both 
DSs; the rest had either one )S rice crop or none 
for lack of water in their reservoirs. About 70% 
the FR users also grew fish. 

In 1985 WS, the FR users and nonusers dkd not 
significantly differ in their use of fertilizer and in 

Table 2. Farm reserv:ir manatgomont aspects in 6 rainfed 
villages. Central Luzon, Philippines, 1986 DS. 

Frequency 

Ptirhmeter of farmers 

no. % 

Start of water collectionEariy WS 50 96 
Late WS 2 4 

Method of water release from FR 
Pumping 17 33 

Siphoning 30 57 
Spillway cut 5 10 

Frequency of irrigation 
Once/2 wk 9 181/wk 26 51 
2/wk 13 25 

3/wk 
 3 6 

Field water distributiun
Field-to-field 52 100Mothoddied 
 52 100 


Month pond dried up 
Nov-Dec 49 
Jan 
 10 24 

Feb 
 8 19 
Mar 10 24
Apr 10 24 

1 l ,o, 
(am) 2oindo, 

600 - r,oc 

400 - .....,. IBM 
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2-.
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3.Raintait pattern t tho apwnwt stations near te study sites 
in 3 Philippine provinces, and lropping patterns and calendars 

used by farmers with and without farm r-servoirs. 1984-f5. 

the amount of money spent per hectare on fertilizer 
arid pesticide.

Benefits from farm reservoir technology. An 

average FR user produced 0.3 t rice/ha more than
 
the average 2.5 t/ ha yield of nonusers in1985 WS.
 
Since the input use levels of both groups were
 
about the same, the higher yield can be attributed
 
to the effects of supplemental irrigation practicedirgto

by FR users. FR users obtained average yields of
 
2.3 t/ha in 1985 DS and 2.7 t/ha in 1986 DS. There 
was no crop grown in DS on the pure rainfed
 
farms.
 

Each farmer's income from farming was com
pted in terms ofgross margin,which was obtained 

tby subtracting the total variable cost of production
from the total value of the output. Data on all
variable costs except labor costs at current prices 
were gathered through interviews. Labor u.'e data 
were adapted from earlier IRRI work-for the samegeograviiical region. Total variable cost did not 

differ significantly between FR users and nonusers
in WS. Total variable costs for DS were higher, 

mainly because a higher percentage of farmers used
fertilizer in DS than in WS (Table 3). 
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Table 3. Comparative costs and returns from rice and fish for FR users and nonusers in 6 rainfed villages, Central Luzon, 
Philippines, 1985 and 1986.

a 

198Fb
1985 

Parameter
 

FR users Nonusers Difference FR userp Nonusers Difference 

Wet season 
Mean farm size (ha) 3.3 2.1 1.2 3.3 2.1 1.2 
Area planted (%) 100.0 100.0 0.0 100.0 100.0 0.0 
Yield (t/ha) 2.8 2.5 0.3 2.8 2.5 0.3 
Value of output (S/ha) 385 344 41 420 376 44 

cTotal variable cost ($/ha) 274 272 2 278 277 1 
Gross margin (S/ha) 111 72 39 142 99 43 

Dry season 
Area planted (%) 39.0 0 39.0 27.0 0 27.0 
Yield (t/ha) 2.3 0 2.3 2.7 0 2.7 
Value of output ($/ha) 392 0 392 502 0 502 

cTotal variable cost ($/ha) 283 0 283 309 0 309 
Gross margin (./ha) 109 0 109 193 0 193 

Crop year
 
AMual yield (t/ha) 5.1 2.5 2.6 5.5 2.5 3.0 
Annual gross margin 

Rice ($/ha) 220 72 4; 335 99 236 
Fishd (S/faim) 92 0 92 92 0 92 

= 

aAssumed conversion rate:$1 P2C or. byleld and Input usu for 1986 WS were assumed the some as in 1985 WS. Cln. 

eludes cost of labor, seeds, fertilizer. and -3stlclde. dlncome from fish culture wa3 assumed "zhesame for both crop years. 

lhe gross margin from rice culture attributable Table 4. Investment cos, , benefit-to-cost ratios (B:C), 

to FR use in 1985 was $39/ ha in WS and $ 109/ha and internal rates of return for irrigation systems and 
farm reservoirs. Central Luzon, Philippines (at 1984

in )S, giving an annual total of $148/ hA for the constant prices).8 

doubl,--cropped area. After accounting for $33 as 
the value of the output forgone in WS for the Types of Investment Internal 

irrigAtion cost of service B:Cb rate of return
fraction (7.5%) of the farm used for FR coi- system area ($/ha) W 

struction, an average FR user received a gross GraityGaiy469 2.1 73.6
 
mta gin of $236 through rice culture in 1986, which (run-of-the-river) 

isattributable to the use of the technology. In Surface pumps 444 1.6 34.9 

addition, he received $92 from fish culture in the Large 536 1.8 48.3 
FR ('Fable 3 Medium 306 1.0 18.0( . Small 5,55 1.8 55.3
 

At constant 1984 prices, the cost of FR con- Deepwell pumps 1527 0.5 4.9 

struction per farm is $178. The service area cost, Farm reservoirs 59 5.J 182.0 

$59/ha, iV;only a fraction of the construction cost aAssumed exchange rate: $1 P20.b lnteest rate used 

Of other types of water resources development for calculation of B:C Is13%. Life of structures assumed: 

60 yr for dams, 30 yr for canals, and 15 yr for pumps.
schemes in Central Luzon (Table 

Using an annual interest rate of' 18%, a 15-yr 
lifespan for a reservoir, and a regular 3-yr cycle of individual farmers; hence, complex organizational 
maintenance costing $99, the benefit-to-cost ratio problems inherent inconventional irrigation 
of a FR project at constant 1984 prices is 5.1 and development are avoided. 2) The investment can be 
the internal rate of return is 182% (Table 4). In made in phases, i.e., instead of constructing a large 
addition to the attractiveness of the investment, reservoir, a farmer has the choice of constructing 
the FR technology has a number of unique two or three small ones in a preferred time 
advantages: 1) It is owned and operated by sequence. 
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Important research issues. The FR technology 
looks highly attractive for wider adoption in 
rainfed areas. However, several problems reli,ted 
to its long-term viability and suitability for 
adopticn need system,-ic research I) identifica-
tion and analysis o, critical landscape, soil, and 
hydrologic conditions thit are prerequisites to 
profitable use of the technology in rainfed rice 
areas; 2) evaluation of the scope of using small-
scale, economic pumping devices for lifting water 
frora die reservoirs constructed in flat topographic 
rainfed rice areas that do not have the natural slope 
advantage for gravity flow of water from reservoir 
to farm; 3) development of efficient but simple 
reservoir design standards and management guide-
lines for constructin,,, operating, and maintaining 
the facilities, inc,,ding managing the siltation 
problem; 4) assessment of water loss through 
evaporation, seepage, percolation, and evaluation 
of cost-effective methods of reducing these losses; 
and 5) development of practically suitable tech-
niques for DS growing of crops that require low 
water but have high value, 

A SIM IJIATION MODII. FOR MtIITIPIJMP RICE 

IRRI(GA ION SYS ITMS OI'PERATION 


Water Aangetment Department 

To be economically viable, pump-based irrigation 
systems must operate at high efficiency because of' 
their hig h invcstm ent and operating costs. A 
primiary ohIective of such a system operation
should be to maximize the use of rainfall so as to 
minimize the need for purnpiig ,nd to use water 
with minimun wastage. When multiple pumps are 
used for an irrigation system , the operational 
aternatives for optimizing their use are greater. 
The optimization task becomes more complex 
when local technical and socioeconomic con
straints must be considered. 

Simulation models are an effective tool for 
studying an irrigation system's behavior and for 
optimizing its operation to achieve a chosen goal, 
without affecting the normal operation of the 
system or its users. A microcomputer-ba.ied 
simulation model called PUMPMOI) was dev-
eloped for simulating the operation of multipump 
irrigation systems supporting rice production. The
model uses data generated through 4 yr (1981-85) 

of collaborative research with the Philippine 
National Irrigation Administration in its 
Libmanan-Cabusao Pump Irrigation System
(L.CPIS) located in Camarines Sur Province. 
LCPIS has 4 electrically driven turbine pumps,
e.ach with a discharge capacity of 1,500 liters per
second (lps) and a total ser-ice area of about 
3,300 ha. 

PUMPMODisdesigned tocapture the dynamic 
changes in the hydrologic and agronomic status of 
the service area as land soaking, land preparation, 
transplanting, and crop irrigation activities for rice 
culture are supported by irrigation water or rain
fall. The conceptual framework or relational 
diagram of PU M PMOD isshown in Figures 4 and 
5. Figure 4 shows the different factors affec:ting 
daily pump operation at the system level. The 
amount of irrigation waterdelivered to the system's
service area in a day depends on the number of 
numps operated; the duration ofopcr:tion of each 
pump; the ca rying capacity of the canal network; 
hydraulic icsponse time (the time required for 
developing a working hydraulic head to deliver 
water to various parts of the service area for 
different numbers of pumps operated simulta
neously); and the water distribution scheme used 

ho... 
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4. PUMPMOD relational diagram, system level. IRRI, 1986. 
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5. PUMPMOD relational diagram, service area level. IRRI, 1986. 

for the various service areas within the system. The The principal output of PUMPMOD is the 
number of pumps to be oper:,ted simultaneously extent of the serviceable area that could be 
and the duration of their operation on a particular irrigated, prepared, and grown to rice, based on the 
day are decision inputs of the system manager, amount of water deivered to the service area. 
which can be determined using the available 'he model works on a daily basis for each of two 
information on electric power supply schedules seasons, WS and DS, lasting 190 d, thus allowing
and limitations, condition of the pumps, water an overlap between the seasons within the service 
stage at source, canal conditions, and rainfall, area. WS starts on I May and DS on I Nov. At the 

Figure 5 shows the service area level relations, field level, 100 mm water is considered necessary to 
The total water supply, which consiSIs of irrigation soak the land for the start of plowing each season. 
supply and rainfall, is distributed to the area during A water delivery rate of 13 mm/d or 1.5 lps/ha for 
the different phases of farming activities, taking 30 d is considered necessary to complete land 
into iccount the water requirements for each of preparation and transplanting with 15-d-old seed
these activities and the prevailing farm water lings. The daily field water requirement for evapo
status. 
 transpiration plus seepage and perco'ation is taken 
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at 8 mm. It is assumed that the rice variety grown 
has a I 10-d maturity period. 

In the management of field water, the height of 
the spillway maintained by farmers is assumed to 
be 75 mm. Therefore, any water supplies from 
rainfall, pump source, or both beyond the 75-mm 
height are considered drained out of the system. 
Canal water conveyance efficiency is taken to be 
85%. These values are mostly the average values of 
the parameters, which were determined by field 
investigations during 1981-85. These inputs to the 
model can be changed to suit existing local 
conditions. 

The model isdesigned to operate under specific 
given constraints, which in the case of LCPIS are 
as follows: 1) only three pumps could operate 
simultaneously because the main canal could 
not accommodate simultaneous discharge froin 
more than three. 2)Electric power supply for pumip 
operation is available for only 17 I/d, from 
midnight to 5 pm. 3) The maximun daily rate of 
land preparation when water supply isnot limiting 
is 2.5% of the potential service area. The first two 
are technical constraints of the system, whereas the 
third isa socioeconomic constraint of the farming 
community determined by such factors as draft 
power and labor availability, and access to credit. 

The computer program for PUMPMOD is 
written in CBASIC and requires at least 1024 K of 
memory on a TRS-80 Model-16B under aCP M-
68K operating system. It has two major flow paths. 
The first path uses actual data and is required for 
validation of the model. The other path uses 

generated data useful for prediction and optimiza-
tion purposes. Probability distribu:ionrs of rainfall 
and of electric power supply interruptions and the 
water stage at the source are required for genera-
tion of water inflow data needed for prediction and 
optimization purposes. 

Functional relationships. Functional relation-
ships between the main caral flow rate and water 
delivery rates in each of the four major lateral 
canals (laterals 13,C, 1), and MC tail) were 
established through regression, using the field data 
gathered during 1981-85. Thelse regression equa-
tions were used: 

QB(d = -117.13 + 0.71 Q7I() - u., a QMC7Id) -0.6, QQ(d) 
(r' = 0.79; n = 233) 

QC(d) = 254.02 + 0.57 QTid) - 0.51 QB(d)
 
(r = 0.74: n= 233)
 

QMCTId) = -96.32 + 0.60 Q(th1 - 0.53 QC(dO - 0.61 QB(d)
 
(W 0.60; n = 233)
 

In the above equations, QT(d) is the total main 
canal discharge, and QIAd), QC(d), QD(d), and 
QMC7(d) are discharges in laterals B, C, D, and 
MC tail, respectively, for day d. All discharges are 
in Ips. Solution of the above simultaneous equa
tions led to the following equations, which were 
applied through each season: 

QMI() = 1260 ± 0.19 Q'ld) 
-427.21+0.50 Q7(d) - 0M9 QAcrhI 

Q(d(I) 254.0 + 0.57 Q7(d) - 0.1 Qld) 

Because each lateral canal in LCPIS has a 
specific schedule for delivering its water to iden
tified sections of its total service area for each day 
of the week (Annual report for 1982), the total 
volume of water a section receives in agiven day is 
expressed as: 

;"s,) = 3.6 RTC(s,,1)X SC(s,)X I'11I(d)X Q(1, )+ 10 
RN(e) X AS(s) 

wht -e 
(s,) 

RTC(s,a) 

volume of water received (in section sduring 

day d), in mn, 

reduction factor due to hydraulic response 
time, 

SC,) irrigation schedule determinant,P11(d) = purip-hours spent, 

010 canal fleW in lateral /, in lp , 

RN(,) rainfall, in am, and 

.. S(s) service area, inIa. 
The reduction factor due tohydraulic response 

time (RTO for a section is computed from the 

following 	equation: 
RTcs,,1)= 	EC(s) PII(d)/ NP(d) - RT(sd)]/[ PH(d)/ 

NP1d) 

where 

EC(s) = conveyance efficiency of the canal in fractions, 
andR71s,) = NDIIt(s,d - ItRTjs,,), in h. 

NDH is the period between start of pump opera
tion and buildup of a working head at the section's 

http:427.21+0.50


delivery point. The term HRTe denotes the time 
taken for the working head to start receding, 
counting from the time pump operation has been 
suspended. The NIIt and tlRTe relationships for 
different numbers of pumps operating simulta-
neously are shown in Figure 6. 

The irrigation schedule (SC) determinant is a 
factor that assumes a vaInc of either 0 or I, 
depending on whether a section is scheduled for 
receiving irrigation flow or not on a pallicular day 
ofthe week. It may have a value bctwccn ) and I if 
two or more sections are scheduled to receive water 
simultaneously. In such a case, tile S( value to be 
used for a section is a fraction proportional t(o its 
area. 

Response computation. P1 MPM () captiircs 
the dynaic changes in the arel under difflerent 
stages of fhirning activities within the irrigation 
svstcm. These changes arc computed by a response 
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6. Relationship hltctn disiance ' setvice aica and ie 
required itt devehop a stlicieo wotrking htett i auc lfr l 
water delivery with diilerent tnmbr oi pumps operating 

simultaneously (ND I/lines). The 11? I' line sltiws (ie telitio-
ship between the distanceitl the service areaith tiit i itp It p 
and the lap;ed tilt" iron Iw stoplj.c nI putntpon ' ,'trati,1m 
to the lime when tihe water head starts itt recede. IIR I, 198o. 
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computation subroutine in which the potential 
area that could be landsoaked (PA L) on a day is 
determined using the residual volume of water 
after subtracting from the total volume available 
forthe day the requirenlts ofthoseareas that are 
under land preparation I., (lt(s,d) and crop 
irrig'ltioi [A (,IC l(s,d)]. .A (t/l'(s,d) and 
..1 U(ll'(.,) together comprise tile area tunder 
irri.Latioi A ,'1(s,d. 

If P. I/. is cegative onl a particular lday, it means 
Ita water stress occurred and hence no area is 
lands,)akcd on that day. "lhearea to be landsoaked 
IA /I)II(,d)jis the aca relitaining after A '/(.,d) 
is suhtractcd froll the sectio's toital service area 
IS(s). Ihe area not lidsoaked within 70 d after 

the st;l l f the waio ii is considered to remain 
ta!low for the scason. I lie artt landsoakcd during 
the previois" tI , oes to tlhc land preparation stage 
that is impleted, and transplailting is accorn
plished in 30 d. \VhC, thc water supply is limited, 
.1 (Ii' is given proritv', ind .A(.P might be 
reduced accordingly. A lield is drained of water 
,8I d after transplantinig mid then harvested after 
another 15 d. 

pvaluation of tie model 01n1( vairious uses. 
P JMI' ( ) I) was applied to J,ClPIS tising actual 
data on pump opat tlt, kteral canlail flows, aind 

water distribution schedules adopted during six 
seasons starting ill 192 \VS. Model outputs 
characterizing lic irrigation system response to 
water supply duriig each season closely matched 
actual field obse1rvations ofarea tinder the different 
hydrologic arnd agrot tMic statuses, as exemplified 
Ill Figure 7. helriinor differences between 
Simtulauted aiid actual figures iav lie attributed to
se,:8,~0aiulted data tgcsst e trbtdt
the following: I) [he moldel assumes that all rice 
varieties growni have tlie sie I I0-d maturity 

period, while tine actual period ntay vary between 
90 and 130 if. 2) Some ftriners started farming 
activities either earlier or later than the seasonal 
schedule used ill tile itodel. 

P PIMIPOM)) can be used for various investi
ga ti\CiyTrp uscs. It CilniISSCSS relIat ionships of 

irrigated !areal to stlch variables as mlaxiluml 
ststainable rate of' land preparation, farm-plot 
spillway inilllagelielt practices to store more water 
on-farni, aid t he degree of' water stress allowed 

thrS I 
within the s SlelU. Likewise, tile model can assess 
the effects of altenat ive dcsi-ns of water allocat iot 
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Area (thousand ha) 

1984 wet season Simulated 
- Actual 

3 Ac,,mulatve areaplanted 
, ,,'Nod cr.omai,or,,area .rpro"I" ofcrop ma ntnace 
CAt cumulatie area ha ,ted 

2 -ceffccts 

N-.
,irrigated 
NA 

18 20 25 30 35 40 V) 

Week 

50 1 5 10 15 

-
1985 dry season 

CAP CA" 

2 

,,=
AUNIP 

-
 .
45 52 1 5 to 15 20 

W , c 


7. Actual and 'tPNI ,M)l)-sinulated piogress of far activities forthe I.ib anan-C'abmuao Puntp Irrigation Syst'.,
Ihili:ppines, 1984 WS;and 1985 IDS. 

in t ie canall network to nmax inize irrigation 

benefits. PU MPMOI- can also be used to in-
vestigate the impact of removing the identified 
technical and socioeconomic constraints that haveblleeilen m od nidl,rieldeco ed 

been onisidlered in the model. 

WATIER SIR ISS [ SI"FIiUr5*NPUtI" USE AN)(N 
CROI'YIEL) IN IRR I(ATI'I) ANI ) RAINFII) 
FARMS, I(TIS 

AgriculturalI.conouics an( Vater Management 
I)eparutni'ms 

The rice crop is affected by environmental, 
institutional, economic, physical, and social factors 
aind by the farmer's ianaged inptuts. However, theandinaiagphfse,y th famer' 

interaction of these factors must not be overlooked 
becatise of its additional impact on the overall 

productivity of the crop. A study that emphasized 
the effect of water availability on input use andyield was conducted in ICPIS in collaboration 

with the Philippine National Irrigation Adminis
tration (NIA). Its aim was to determine factors thataffect water availability and input use and their 

on yield. Simultaneous equation systems for 
and rainfIed farms were developed to 

describe the inptt use and yield relttionships. 
Methodology. LCI'IS has been operating since 

1981 WS, with irrigation, drainage, and flood 
protection facilities serving about 2,100 farmers inits 3,500-ha service area. Field data were analyzed 
for six seasons from 1981 WS to 1984 DS. There 
were 201 sample farmers for irrigated farms: 89 for 
WS,and 112 for )S. There were only 53 "armers 
from rainfed farms: 31 for WS, and 22 for DS. 
Fach simultaneous equation system was composed 
of stress days, input use, and yield equations. As 
the equations were overidentilied, the three-stage
least squares (3SI.S) method was used for their 
solution instead of the two-stage least squares 
(2SLS) method for more efficient estimates. The 
equations for the irrigated farms follow. 

Stress days equation:
Stress days - fadarnll, elev, I,, I , I, season, area, laidst, 

sl a t is t ,l d i t, [en te, /I]) 

Ilput use equation:
Input (nitrogen) use -- /(stress, Ca, yrexp, polay, OC,SeailS-.1t, 

np, tenure, p2) 

Yield eqtuation: 
Yield =](stress, nitrogen, pest, herb, phiabor, Il, T,, T1, 

where, 
res
 

strcss days nbher of days in excess of 3 for which thetual ly water 
depth (f 30 cm or Inore belowground, 

was o ti n without w ith a 

nitrogen N use at firin level inkg/Ia,
 
yield rice yield at fiarm level in t/ hl,
 

adarnll = average daily rainfall intnnm, 
clev elevation of fartt in in above sea level, 

area area planted inha, 
latist = distance If flari frott lateral in n,slatdist = distance of unltfrom sublateral in n, 
t((list distance offarm from turnout in in, 

sesln season dUrtnly, I = dry season, 0= otherwise,
TI, typhoon dummy, I = typhoot at carlystage, 0 

I totyphoon, 
"1 typhoon0 dulmy, I = typhoon at vegetative= n typhooan, 
T, typhoon du my,I = yphonat reproductive
 

phase, 0 = Ito typhoon, 

http:SeailS-.1t
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tenure = 	tenure dummy, I = owners and amortizing average, irrigated farms received twice as much N 
owners, 0 = share-tenants, mortgage owners, as rainfed farms. In DS, average fertilizer use did 
leaseholders, not ary significantly. 

ca = credit availability oftarmer ill $/nia, 
yrexp = experience in faming in years, On the average, tile amounts spent for herbicides 
pClay = percent cl;ly ill soil, and pesticides on irrigated and rainfed farms were 

oc :- percent orgaic (. the same. Rainfed rice farmers spent more on 
npv = N price .ariation, which is the difference in herbicides in WS than in DS. 

mean N price and actual N price, divided by In tile stress days model for irrigated farms, only 
mean N price, rainfall and distance from 

pest= pesticide expenditures in$/ha, 	 the average daily
herb herbicide expenditures in S/ha, turnout were significant; for rainfed farms, average

phlabor-- preharvest labor in d,. ha, and daily rainfall, typhoon at early stage, and season 
Ph,12, P) random errors. dummies were significant. 

Results of the N model show that on irrigated
Structural equnations in the rainlcd farts were the farms, stress, credit availability, organic C, N price 
same as in the irrigated farms except that in the variation, season, and tenure were significant. 
stress iodel, the distance variables (latdist, slatdist, IHowever, in the rain fed model, only three variables 
and todist) and tenture were not included, were significant: N price variation, season, and 

Results and discussion. In WS, in 2 of 3yr, yields tenure dunmics. 
on irrigated f*arms were significantly higher than on in the yield equation for the irrigated farms, 
rainfed farms (I able 5). On the average, yields on stress, N use, and pesticide and herbicide expendi
rainfed farms were lower by 0.81 t/ha than on tures were significant (Table 6). A 1% increase in 
irrigated farms. In )S, the same trend occurred, stress would bring abotit a 0.36% decrease in yield,
On the average, the yield difference between the 2 keeping all other variables equal, while a 1% 
kinds of farms was 1.48 t/ ha. The wider differences increase in N use, pesticide expenditure, and 
in yield between irrigated and rainfed fartns during herbicide expenditure would increase yield by
this season could be attributed to the occurrence of 0.06%, 0.63%, and 0.03%, respectively. This means 
drought and the unpredictability of rainfall, which that each stress day accounted for a yield reddction 
make wateravailability on farms a major problem. of 175 kg/ ha, and each kg increase in N use 

On the average, the stress difference between increased rice yield by 40 kg. Compared to the 
irrigated and rainfed farms was 2stress days in WS irrigated model, stress was the only variable signif
and 6.2 stress days in DS. icant in the rainfed model. A 1%increase in stress 

The mean amounts of N applied in WS varied lays decreased yielo try 1.03%, all else being equal.
between irrigated and rainfed farms. On the The R2 in the final yield equation was lower in the 

Table 5. Average yield, fertilizer use, and chemical expenditure in LCPIS, Philippines, 1981 VVS-1984 DS. a 

Year 
Yield (t/ha) N (kg/ha) Stress (d) 

--------.-...... . 
Pest h 

-............. 
($/ha) Herbb ($/ha) 

Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed 

1981 
1982 
1983 

3.23 
2.79 
2.19 

2.03 
1.92 + 

1.70 

9.82 
37.29 
34.31 

Wet suason 
3.56 0 

32.20 0.36 
10.15' 3.27 

0 
1.43" 
8.56 

6.91 
7.66 
9.62 

4.76 
9.38 
9.13 

2.03 
4.08 
4.09 

1.51 
5.12 
5.26 

Average 2.70 1.89* 30.07 15.76 1.13 3.13 8.07 8.11 3.63 4.50 

1982 
1983 
1984 

3.32 
2.70 
2.66 

1.80* 
0.53 + 

1.84" 

23.08 
30.56 
20.55 

21.93 
21.99 
17.05 

Dry season 
1.19 
2.49 
1.72 

3 
13* 
7.44 

5.71 
7.72 
9.63 

5.43 
9.86 
8.82 

3.06 
4.14 
4.71 

2.05" 
2.07" 
4.30 

Average 2.89 1.41 25.23 19.95 1.84 8 7.60 8.15 3.95 2.98 
aSIgnifIcance at the 10% (+), 5%1*), and 1%(**) levets, bExchango rate $1 = P20.00 
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Table 6. Regression coefficients of the rice yield model, 
LCPIS, Philippines, 1981-84. Dependent variable rice 
yield. 

Variable Irrioated Rainfed 

Intefcept -1 .b9 -9.14 
(0.34) (4.22)
 

St'ess -0.36 ** -1.03 ** 

(0.06) (0.37)

Nitroclen 0.06" --0.06 
(0.03) (0.17/)° °  Pestb 0.63 0.23 
(0.06) (0.20) 


HiOebC 0.03" -0.19 

(0.02) (0.15) 


Phlabord -0.12 1.00 

(0.07) (1.17)


T1 -0.17 -0.20 

(0.18) (1.84)T2 -0.27 0.84 
(0.20) (1.48) 


T3 -0.32 -2.51 

(0.23) (2.21)

Season 0.11 1.44 
(0.19) (2.02) 


R 0.4961 0.3113 

Figures in parontlhses are stancdar( errors. hPOst cii. 


Cturt,icide, "'Prehrvost hr.or. 


ili r);t fnhl.I in) hr n de), it :, evidtn thiat 
diet inip;le(' iif!lc',r. ", h atlv felt in\~ x~i'.' ibo.e er~ 

. I i irt';tt i r;' ,. ',iiir: a I it llc.i;C Il1 

&1\, \ ,,t ls t . Idd hihld ()Inl iainlicd 
famIlls ;r, iiq~atii,,t 0, i iri iatcd l t ii,.. 

'Ili caleu1 aterd ctele ic iklcleN liliceN ( I Is) 
for labo'crm) Iertli/r oieciveli Ili Iahl 7. lhe 
h01ll W 1it1g1 ;,+'IhII't t itCl HI) ! IT ipl~ttC l INleFlilt(: 

lcvcl is Optimal if II I iiipmt level iS less than tIle 
optinial if l Ilinput ecl is ni cthan optin al it' 
tsi<I. 

ciI/ClAboi )tlld iCie e uCd sChgg\% thIle pliinl
Ilevl, 'nplYIn[I all t nlcrtllit ] att 1011Of.IC(IIcsilCt's 111M 
both ii iis1ated aid raint-d illills. lcrtilieCr use 
nCvcr rc;Ie'Icd teL I'CCOnuIncIuded rate of 60 kg 
N ha. I his bchavior, which is t lt lal atedst on i,-rjg 
laltis but Justili~ihc tl riaiifd tilfins,illa \Yhave 
been dtue' t thc high prices of the iipit itid the lack 
ofCtlit. Wit ilthi. Sittiiou, etid sehCirCS I11,6i 

be iadc more meat)ily aahile so that t Ill r;I catll 
eaSly prOCutrC the nedcd itnpiuts. If the Ctllrenil level 
of fertili/Cr uIse is iticreased to thIe icc0'm mcndCd 
level, an additional yield of 0.17 t.,ha will be 
achieved. ILabor may he undcrutilized in agri-

culture if scarcity arises due to seasonality, and if 
family labor, which is a substitute for hired labor, 
cannotimeet specific labor requirements. 

I OFII+I(t)F WAFR RIGIMIE ON RICE YIELD 

Sois l)armnIt'l 

To dcterineic the effects of water regine on rice 

yield, a greenhouse study used different drying 
pcriods at varying growth stages on different soils. 
lit a randonized complete block design, 18 water 

rctested on Maahas (53 c 
regit e s clay clay, pH
6.4, 2.0"( organic C, 0. 17 N,) and luisiana clay
(0.3( clay, pit 4.7, 2.2(( org:mic C, 0.24 N,).
lertilization was 100-25-75 tug NPK/kg soil. 

Soi drying ul ) to field capacity for 2 wk at 
maxi ltum tillering and panicle initiation' caused 

the highest yield reductions on Maahas clay
(Fable 8). Fxtending the drying period to 4 wk 
tlptCssed yields lurther. 

IIowever, dryiig pCriods on l uisiana clay 
resulted in yield increases (I ig. 8). The same trends 

wcrc found with saturated water regimes and when 
drainac effects were investigated (Tables 9, 10). 

rable 7. Economic efficiency indices (El) of inputs in 

LCPIS, Philippimes 1981-84. 

"(.. .. ... 
IndexInput - Index 

Irrigated Rainfed 
. .. .....abor 8.32 3.79
 
Fertilizer 2.31 3.14
 

El MVP<. 
Pi 

I' P~ ) 
MtPX i MP~Xi " 

P
 

where: 

AVPx . = marginal value product of input xi 
MPPx - marginal physical product of Input xi, 
py = price of input xi, 
r = output elasticity, and 
Y, X/ = geometric means of yield and input xi . 
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Table 8. Effect of 2-wk or 4-wk soil drying on IR54 grain In highly fertile soils, submergence always
yield.a IRRI, 1986. results in highest yields. Drying such soils to field 

Grain yield M capaiity reduces grain yield, mainly because
Drying period of reduced N supply (denitrification after resub

imposed at MaLhas clay kuisiana clay mergence) and lowered P and K availability.given WTb . . .... . . ... 

2 wk 4 wk 2 wk On the other hand, in moderate to low fertility 
0 - 7.5-n-s . -605; soils having latent or obvious nuti 'nt disorders 
2 -35.6* * -70.3' 167.0" such as Fe or Mn toxicity, and P,Zn, or S 
4 -56.1 ** -75.9" +77.3* deficiency, yield increases can bc achieved through
6 -43.0' * -60.5' * f41.9' 
8 -36.2' * -31.7* drying soils to field capacity or increasing percola

_ 1o___ . ...- 7.3ns tion rates. 
a. - significantly different at t'- 1% level from the con- Another greenhouse experiment separated the
tinuously subrnorged treatment. OWT after adverse effects of the= wk trans- aerobic soil environmentplanting. from tIleeffect of moisture stress. The unfavorable 

chemical environment of aerobic soils reduced the 
Change "I, ,', yield by 17-74%, depending on soil properties, the 

t-0Ai Liin largest dlecrease being in the high pH soil. Flooding 
-+60 -depressed grain yield in strongly acidic soils 

(Table I1).
+40 

+?0 - Table 10. Effect of drainage on IR54 grain yield. IRRI, 

1986. 
0---.....i.......
 

Rice grain yielda 

-20 - Drainage Maahas clay Luisiana clay 

-40  g/pot g/pot % 

None 92.1 100 29.1 100.0-60 -Moohos clay 5 mni/d 82.9 90.0 ns 38.0 130.0** 
L I 10 mm/d 78.3 85.0 ns 42.5 146.0"* 

0 2 4 G V 10 12 LSD (0.05) 19.0 
(0.01) 8.4Weeks after trnn planting a% grain yield In relation to no-drainage treatment. 

8. Effcctol 2-wk soil dryingonchangcs in yicldoflIR54. IRRI, significantly different at the 1% level from the no
1986. drainage treatment, ns = nonsignificant. 

Table 9. Effect of standing water on rice grain yield. IRRI, 1986. 

Rice grain yielda 

Standing water Maahas clay Luisiana clay 

g/pot % No straw 0.25% straw 

g/pot X g/pot % 

5 cn 92.1 100.0 29.1 100.0 40.2 100.0 
None 74.3 80.7ns 39.3 135.0" 47.9 119.1" 

LSD (0.05) 19.0 
(0.01) 8.4 f3.4 

a% yield In relatlon to treatment witfh 5 cm standing water. = significantly different at the 1% Iivel from treatment with 
continuous submergence and no drainage. 
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Table 11. Grain yield of IR43 on 6 soils under 3 water regimes. IRRI greenhouse, 1986 WS. 

Soil pH Texture 

Pila 7.6 Loam 

IRRI farm (F) 6.6 Silty clay 

IRRI farm (UK) 6.6 Clay loam 

Rotonda 6.1 Loam 
Luisiana 4.5 Clay 
Burabod 3.8 Sandy loam 

aTreatment means having a comrion capital letter In a row 
formrt at the 5% level by DMRT. 

AI.I.EVIATING SALINITY PROBI.EMS AND 

IMPROVING FARMER INCOME 


Water Management Department 

Rice production in the coastal areas of the Bicol 
River basin is hampered by shortage of. water 
during DS, excess water during WS, and intrusion 
of seawater all year round. In 1984, a joint study 
was initiated with NIA in the Inarihan River 
Irrigation System (IRIS), Camarines Sir 
Province. A diversion dam on the lnaiihan RivL 
supplies water to IlRIS for a potential service area 
of about 1,400 ha for 1,100 farm families. Because 
of flat slopes (0-3%), low elevations (mostly 0.5-
1.3 m above mean sea level), and proximity to the 
sea, the area is affected by seawater and tidal 
fluctuations. About 30-40% of IRIS area isaffected 
by high salinity. The research, objectives were to 
I) assess the potential for improving efficiency in 
water use and equality in water allocation-
distribution, and increasing rice yields; 2) develop 
and implement a practical system of efficient and 
equitable water allocation and distribution, and 
evaluate it,; impact on rice production and farmer 
income; and 3) analyze the dynamic effect of 
irrigation water on the salt-affected land and its 
relationship to productivity. 

The soils are in general clayey, with clay content 
ranging between 49 and 53% and relatively high N 
content (about 0.35% total N). The electrical 
conductivity (EC) of the saturated extract varied 
widely. About I/ 3of the service area is saline, with
EC of about 10 dS/m. The remaining (nonsalirne) 

area has an average EC of 1.4 dS/ m. Available Zn 
is very to-, averaging abot)! 0. 1 ppm in the saline 

Grain yielda 
(g/pot) 

Field Wet Flooded 

capacity 

12.7 C d 29.2 B d 112.4 A a 
25.6 C bc 
 45.8 B bc 106.7 Aa 
29.0 C b 54.2 B b 65.5 A c 
41.3 C a 75.1 B a 93.1 A b 
23.1 B bc 40.2 A c 33.2 A d 
18.7 C cd 66.7 A a 
 30.7 B d 

and a common small letter In a column are not significantly dif

and 0.2 ppm in the nonsaline soil. The Zn defi
ciency is perhaps associated with poor drainage 

and waterlogged conditions in WS, suggesting 
benefits from good drainage. On the other hand, 

EC(dS/m) 
22_
 

0 High tide 

20 - 0 Low tide 

Uncropped orea 
18

16

14

12 

1o-

Roinfed 

4
 

2,- Wellirrigate 

0 0 3 6 
0 -30 -60 -90 -120 

0e tb (cml
9. Average seasonal EC values of water samples at variousdepths. Inarihan River Irrigation System, Camarines Sur, 
Philippines, 1986 WS. 
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the high EC and the low average sodium absorp-
tion ratio (<2.2) in the saline soils indicate that 
sufficient quantity of good quality irrigation water 
must be applied to improve rice productivity 

In 1986 WS, 30 sample ricefields were monitored 
for subsurface water quality and water tablc 
fluctuations. Of these, 14 were well irrigated, 8 
partially irrigated, and 3 rainfed. The remaining 
five fields were in the neighboring uncropped area, 
which is closer to the sea. Water samples for EC 
measurement were taken at 0, 30, 60, 90, and 
120 cm below ground level. The average EBC values 
of the water samples, collected by piezometer, are 
shown in Figure 9. In all cases, sdlinity increased 
with depth below the surface. In the uncropped 
area not reached by irrigation waiter, the EC 
increased iron, abow 7 dS/ m at the surface to 
about 21 dSj m at 120-cm depth. In tne rainfd 
areas, EC in the first 30 cm belov, the surface 
exceeded the'4 dS/ in limit conSidered stitable for 
rice production. The partially irrigteoA area.,, were 
marginally within the desired limit, and the 
irrigaled fields were slightly better. 

The water samples from the iniigation canal had 
an EC of 0.15-0.31 dS/m, indicating its high 

suitability for diluting the soil salinity to improve 
land productivity. The variations in EC during 
high and low tide pei o iswere negligible. 

The IRIS service area is divided into two major 
divisions. Division A, which is adjacent to the main 
source of irrigation water, consists of 647 ha 
of ricelands, or 47% of the total service area. 
Division B (743 ha) lies on the far sile of the main 
canal (Fig. 10). To analyze irrigation water supply 
and use aspects, a database was created with 
information or, field water status, farming opera
tions, production inputs, yields (crop.cuts), and 
soil physicochemical properies from 84 sample 
fields forming a grid networ' covering bolh 
divisions. Irrigation flows were measured at the 
headgate of the main canal, and eact lateral canal 
an the area served with irrigation water were 
regularly monitored. 

The irrigation water delivery rates to the system 
started with a low 3X) lps flow at the start of WS 
but increased to a maximum of about 1.200 lps 
during both WS and DS. The divisionwise 
seasonal average delivery rates are overly skewed in 
fa,;,or of Division A, which has a smaller service 
area btut consumed o er 3 times more water in DS 

Son Miguel Boy 

" --------------- :.:!:~i?>Flood protection d'r gatFlop 

~----------

?toif nl ..
-........ ... _.._ ;
 

Heodgate 

Laterol D " , "l A 'N 

- - v,on i?- .. . .... . . . ... .. .Ov/../on 

IK > rully irrigrted rice Rainfed rice 

L I Partially rce roppedirrigated 


10. Service area of the Inirihan River Irrigation System, showing rice areas affected by salt water intrusion under differet 
water regimes. 

http:0.15-0.31
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and 1.2-2.4 times more in WS (Table 12). Division 
B farmers, despite a bigger service area, received 
only 24-30% ;afrthe total water supply. 

The inequitable allocation-distribution ofirriga-
tion water in the two divisions created a similar 
effect on the area that could be planted to rice. In 

pared with 75%,7%, and 5% in Division B during 
the 4 seasons of 1984-86. Division A farmers spent 
$10/ha on insecticides and $7/ha on herbicides 
during each season, compared with $9/ha and 
$6/ha by Division B farmers. 

The saline farms in Division B produced the 
DS, Division, B useo irrigation water more ell'i- same WS yield as those it,iYvision A, but their 
ciently than Divi.dion A. Division B had about 
75-100 ha less area planted and significantly lower 
yields. Because Division B areas had less irrigation 
water, they suffered more severe salinity problems, 
Thus, yields averaged 1.3 t/ ha lower than those of 
Division X. 

In WS, more farms in Division B were trans-
planted late because of lower water delivery rates, 
Fields harvested after the second week of October 
were affected by typhoons and produced about 
I t/ha lower yield than those harvested by the 
second week of October. October is one of the most 
typhoon-prone months in Bicol, and farmers can 
reduce the risk of typhoon damage by establishing 
their crops early to be able to harvest by late 
September or early October (Annual report for 
1985). 

A farm management survey, conducted once for 
every season and covering 43 sample farms in 
Division A and ,1lin Division B,provided the data 
for input-output analyses. Higher rates of water 
supply encouraged Division A farmers to use more 
fertilizer thi.n Division B fairrers, whose farms 
suffered water shortage in DS. On the average, 
about 85%, 24%, and 23% of the farmers in 
Division A used N, P. and K, respectively, com-

average yield was 1.0 t/ha hkss in DS, mostly 
because of less irrigation water supply to those 
farms (Table 13). The nonsaline farms in Divi
sion A produced significantly higher yields in both 
WS and DS. Many Division B farms, which were 
!ate in establishing WS rice, suffered crop damage 
from the October typhoons. The early-planted 
farms, located more in Division A, were harvested 
before the typhoons. As on the saline farms, the 
average nonsaline farm of Division B was hit by 
water shortage in DS and produced a lower yield 
(2.6 t/ha). 

To estimate the return or gross margin per" 
hectare from rice production, the total variable 
costs composed of cash and noncash costs were 
deducted from the total value of the output. 
Division A farms, mostly because of their higher 
yields, obtained much higher grass margin pet 
hectare from both saline and nonsaline farms 
during both seasons (Table 13). But typhoon 
damage in WS on saline farms reduced the gross 
mairgin difference between Divisions A and B. 
On the average, annual gross margin per hectare 
was higher by about $147 inthe nonsaline areas 
and $103 in the saline areas, indicating the signif
icant potential for increasing the income of disad

Tab;j 12. Average canal water delivery rates, area planted, and yield obtained in 2 divisions of ;RIS, Camarines Sur, Philip
pines, 1985-86. 

Di ision A Division B 
Difference in yield

Season Delivery Acea Yield Delivery Area Yield between 
rate planted (t/ha) rate planted 1)
V,/. Divisions A and B 
Ips) (ha) Ips) 01a) 

1985 WS 376.4 528.6 3.2 157.2 469.9 2,t 0,8" 
1986 WS 399.5 537.6 3.3 335.1 449.2 2.1 1.2- * 

Mean 388.0 533.1 3.2 246.1 459.5 2.2 1.0.. 
* °
1985 DS 529.7 485.8 4.6 162.3 427.7 2.7 1.9 

1986 DS 475.9 547.3 4.1 157.1 406.2 2.5 1.6"
 
Mean 502.8 511.5 4.3 159.7 416.9 2.6 1.8

° ° 
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Table 13. Comparative gross margin per hectare, saline and nonsaline farms by divisiona IRIS, Camarineas Sur, Philippines, 
crop years 1984-86. 

Saline farris Nonsaline farms 
Item . . . . . .... . .. ............... ... . ... . . . 

Division A Division B Difference Division A Division B Difference 

Wet season 
Yield it/ha) 2.1 2.1 0 3.2 1.9 1.3* 
Value of output ($/ha) 248 245 3 397 228 169 * 
Total variable cost ($/ha) 232 236 -4 289 233 86 ** 
Gross margin ($/ha) 16 9 7 108 25 83 * 

Dry season 
Yield (t/ha) 3.3 2.3 1.0" 3.6 2.6 1.0* 
Value of output ($/ha) 463 312 151 493 365 128 
Total variable cost ($/ha' 287 232 55 * 301 237 64 * 
Gross margin ($/ha) 176 80 96 192 128 64 *' 

Crop yea, 
Annual yield (t/ha) 5.4 4.4 1.0 + 

6.8 4.5 2.3* 
Annual gross margin ($/hc) 192 88 103 + 300 153 147 * 

aAssumed exchange rate: $1 = P20.00. = significant at the 1% level, * 5% level, + = 10% level. 

vantaged farmers by establishing an equitable stronger voice for the FIAs in communication and 
w.:ter allocaion-distribution method in the irriga- negotiations with NIA management. 
tion system. In cooperation with NIA, a study in 1985 

assessed the organizational characteristics and 
capabilities of a federated association, the Father 

FA RMIP, ORGANIZATION MO)EL.. A CASE SIT UDY Farmer Federated Irrigators' Association 

Water Management Department (FFFIA), in the Pampanga River Irrigation 
System (PRIS) in Central Luzon and determined 

The importance of organized farmers' efforts the factors that affected FFFIA's success or failure 
in attaining equity in water allocation and dis- in attaining its goals. Data were gathered through 
tribution, maintaining irrigation facilities, and participant observation and formal interviews with 
enhancing the overall performance of irrigation sample farmer respondents during 1985 DS. 
systems is well recognized. In recent years, the FFFIA was composed of 5 FIAs, all organized 
concept assumed critical importance in the Philip- between 1981 and 1985 and sharing water from 
pines because the government stopped subsidizing lateral canal F of PRIS. Each had entered into a 
the operation and maintenance of irrigation contract with NIA for irrigation service fee (ISF) 
systems. collection, and one also had a maintenance 

NIA recently took some significant initiatives in contract with NIA. The service area of these FIAs 
selected national irrigation systems for consolidat- ranged between 225 and 716 ha in 1985 DS. 
ing the lateral or sublateral canal-based farmer Water distribution. While the main lateral F 
irrigators associations (FIAs) into bigger system- canal experienced continuous water delivery, a 
based (federated) farmer associations. A federated rotation method of water distribution was imple
association can provide a common ground for mented among the "ublaterals serving the FIAs. 
discussing problems of the FIAs and promote Survey results indicate that in 1985 DS, more 
coordination among them in formulating guide- farmers were satisfied with the water flow during 
lines, policies, and rules regarding water allocation, land preparation than during the rest of the season, 
distribution, and use within the whole system or its perhaps because of a greater rate of water delivery 
major part being served by the association. The early in the season. Among those who were 
federated association is expected to provide a satisfied with the water flow during the vegetative 
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and reproductive phases, 46% had farms near the 
main lateral F canal, which is the source of water. 
The difference in the mean distance of farms from 
the turnout on the lateral F canal for the satisfied 
and the dissatisfied groups of farmers was signif-
icant at the 1%level for both the veg(tative and 
reproductive phases of the crop as well as for the 
entire cropping season. For the vegetative phase, 
for example, the mean distance of farms was 
1.7 km for farmers who were satisfied with the 

-water supply and 2.8 km in the case of dissatisfied 
farmers. 

Farrier paiticipation in association activities. 
Farmer participation in FIA-organized field 
activities in 195 DS mainly comprised cfforts Zo 
get their share cf water from the upstream section 
of the canal during their scheduled days. This 
became a necessity daring most of the season 
because of nonobservance of the water delivery 
schedule by most fa,-mers and the decreasing 
volume of water a~ailable during the critical stage 
of crop growth. On the average, the farmer himself 
or his family in each FIA spcnt about 12 d in 
irrigating the farm in 1985 DS. 

Irrigation service fee pitynent. Under an ISF 
collection contract with NIA, each FIA was 
entitled to receive ai incentive paynent if it 
succeeded in achieving its target collectit n. One 
FiA was also under the maintenance contract with 
NIA, which obligates the association to maintain 
about 3.5 km of canal for a fee paid by NIA, which 
is 2,285 kg of rough rice/yr or its cash equivalent, 
However, only the Murcon FI, has in the recent 
past successfully availed of the incentive payment 
-- in 1982 DS, it collected 90% of its ISF. ISF 
collection decreased for all FlAs frcm 1981 to 1984 
WS, but a small increase was achieved during 1985 
DS by all the FIAs except M urcon, in which about 
147 ha of pL'nted area suffered crop damage 
because of water stress. ISF collection in 1985 DS 
averaged 62% and ranged between, 54 and 73%. 

Farmers who paid their ISF regularly had a 
higher average rice yield (3.9 t/ ha) than the 3.3 t/ ha 
of those who d:d not. However, the expressed 
satisfaction or dissatisfaction over water flow was 
unrelated to what farmers did in terms of ISF 
payment. 

FFFIA performance and factors affecting per-
formance. The five FIAs that comprise FFFIA 

have the same organizational setup and follow 
similar policies and guidelines with respect to water 
distribution, maintenance activities, and ISF 
collection. Although fcdcerated, they worked in
dependently. Their age, location with respect to the 
lateral F headgate (main water source), and 
amount of water supply available in DS differ. 

Since its inception in 1984, FFFIA has devel
opcd policies and procedures on how to carry out 
its functions. Monthly meetings wali the FIA 
represerit'itives are held to discuss major problems 
concerning water. If the solution requires con
sultation with NIA management, the FFFIA 
president arranges a dialogue between them and 
FFFIA members. FFFIA is the direct link of the 
FIAs to NIA management. Other major problems 
of FIAs that need immediate action are brought to 
the attention of the FFFIA president. To distribute 
the available water to the five FIAs equitably, 
water distribution schedules were developed and 
implemented for lateral F during 1985 DS. 

The members did not strictly observe the 
preceding policies, rules, and schedules during 
1985 DS. In some cases, FIA presidents brought 
their problems (li.ectly to the NIA zone engineer or 
other officials rather than to FFFIA as the policy 
required. The nonfulfillment of some commi. 
nients made by NIA staff to FFFIA regarding 
repair of structures, schedule of field inspections, 
etc., resulted in the loss of interest of the member 
FIAs and the FFFIA president. Monthly meetings 
were not held during the season. The FIAs lacked 
understanding of their specific roles and obliga
tions to FFFIA and the rationale for organizing
the federation. At the same time, a wide gap existed 
between the expectations of FFFIA and NIA's 
capacity to fulfill them. To gain immediate farmer 
support and cooperation, NIA personnel tried to 
meet the dernands of FIAs on an ad hoc basis, 
beyond their normal capacity. On the other hand, 
FFFIA was somewhat unrealistic in its demands 
on NIA without much to show in terms of fulfilling 
its own oblgations and commitments. 

BANGI.ADESH COLt.ABOIRAIIVE RESEARCH 
Water Management Depariment 

Collaborative research with the Bangladesh Rice 
Research Institute (BRRI) and the Bangladesh 
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Water Development Board (BVDB) aims to The results of recent research in the G-K irriga
develop methodologies for increasing irrigation tion system are reported in greater detail in the
 
effectiveness and crop production in two irrigation section on Cooperative Country Projects.
 
systems --- the Ganges-Kabodak (G-K) irrigation
 
system (Phase I) and the North Bangladesh tube- COLIAT IVEPESFARCH INTAMILNal,
 
well irrigation system. Field research is conducted INDIA
 
by a multidisciplinary team of HIR RI scientists and AgriulturalEcvnwmics Jecpromem
 
BWDB pr',fessionals. IRRI provides technical
 
support in research planning, data collection and A collaborative study with Tamil Nadu Agri
analysis, reporting, and training, cultural University, completed in 1986, used 4-yr
 

In the (.-K irrigation svstc!i, both irrigalion tank irrigation dLata from Tami'. Nadu State to 
coverage and modern variety use increased I' analyc the inipact of varying water supplies 
aman during 1982-85 in tile study area. The on rice yield. Both simultaneous equations and 
greatest benefits were achieved by tailend farmers, ,imulation models were used. lhe simultaneous 
whose avcragc aman yield increased by about equations model captured the direct and indirect 
I t / ha. Prngress in aus was constrained by lack of effects of water shortages on. rice yic!d, while the 
suitable varieties ind V/:lter sUpnly uncertainties, simulation model -stitmated ,ice yield losses due to 

A pump operation schedule of I Feb-31 Oct is water shortages via stress days. The results of the 
recommended as optinmn for growing two rice simultaneous equations model were used to 
crops. anmalyzc tile rice vid gap, and the results of the 

For area, that cannot be served by irrigation in simulation m.:del were used to evaluate tank 
aus, a green manure crop (sesbania) was grown rehabilitation strategies. Detailed results of this 
using rainfall prior to irrigated aman rice, researcharcreported in the section on Cooperative 
producing 6.4 t/ ha with 50' of the recommended Country Projects.
 
cherpical N significantly higher than farmers'
 
average yield.
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GEOGRAPHIC DATABASE OF SOIL FERTILITY 
CONSTRAINTS ON ASIAN RICELANDS IN FIVE 

CULTURAL REGIMES 

4uhiile Croplfing Departnent 

We integrated rice hectarage statistics, geographic 
location of rice-growing areas, and soil parameters 
of 14 countries in South (SA) and Southeast (SEA) 
Asia and assembled these into a computer-stored 
rice geographic database. Following a systematic 
Cartographic data extraction and encoding pro-
cedure, five lowland rice culture types were 

cla-sified - shallow rainfed (SRL) (water depth
0-30 cm), medium deepwater and deepwater 
(MDW) (water depth 30-100 cm), very deepwater 
(VDW), irrigated wet season (IWS), and irrigated 
dry season (IDS) -- representing a total rice 
cropped area of 76 million ha. 

The major types of soil fertility constraints were 
identified by interpreting the FAG soil mapping 
units for SA and SEA, and using modifiers from 
the Fertility Capability Classification (FCC) 
System. Each soil unit or subunit was assigned 
corresponding soil condition modifiers that indi-

Table 1. Major soil constraint classes identified from the South end Southeast Asian lowland rice regional database with 
1 million ha or more of rice area at the regional level. 

Soil constraint classa 

Alkaline 

Acid sulfate 

Saline 

Low CEC, moderately
 
acid + low nutrient
 
reserves
 

Low CEC 

Low CEC, moderately 
acid 

Low CEC, low 
nutrient reserve 

Low CEC, moderately 
acid A low nutrient 
reserves 

Very acid, high P 
fixation by Al or Fe 

Organic 
P-fixing by allophnne 

Sodic 
No major constraint 

Shallow soils 

Indicative soil conditions 

pH >7.3; calcareous (free 
CaCO 3 within 50 cm of 
surface) 

pH < 3.5 after drying; 

jarosite mottles within 
60 cm of surface 

> 4 dS/m electrical 
conductivity of saturated 
extract at 25 'C within 1 m 
of surface 

CEC of 4-10 meq/100 g soil 

Low CEC + pH 5-6 

< 10% weatherable 
minerals in silt and sand 
fractions; exchangeable 
K < 2% of sum of bases 
if bases < 10 meq/100 g soil 
< 10% weatherable minerals 
in silt fractions; exchangeable 
K < 2% of sum of bases if 
bases < 10% meq/100 g soil 
pH < 5.0 in 1:1 H2 0 within 
50 cm; > 60% Al saturation 
of CEC; red soils (hues of 
7.5 or redder) 

Important FAO soil units involved FCC modifiers 

Calcic or calcaric subunits of b
 
Cambisols, Gleysols, Fluvisols,
 
Xerosols
 

Thionic Fluvisols c 

Saline phase of subunits of 5
 
Cambisols, Gleysols, Fluvisols,
 
Histosols, Solonchaks, etc. 

Dystric subunits of Cambisols, e 
Fluvisols
 
Ferralic Cambisols, ferric Luvisols, eh
 
humic Gleysols
 
Dystric Gleysols, ek
 
Regosols, Podzols,
 
cambic Arenosols
 

Dystric Nitosols, ehk
 
albic Arenosols
 

All subunits of Acrisols alek 

Histosols 0 
Vitric, mollic, and x 
humic Andosols 
Natric phase of gleyic Solonchaks n 
Eutric subunits of Gleysols, fb 
Cambisols, Fluvisols, Luvisols, 

chromic Andosuls 
Lithic subunits and complexes l

b 

aCEC , cation exchange capacity. blntroduced modifiers for purposes of this study. 



cate a specific type of constraint or a complex of 
edaphic problems. Rice cropped area statistics and 
spatial distribution were obtained from the text 
and maps of Huke's rice culture types for SA and 
SEA. 

Eleven major types or complexes of'soil fertility 
constraints were identified using the pedological 
characteristics of FAO units and FCC modifiers. 
In some cases, the transfolmation from the FAO 
soil unit to FCC class was straightforward, 
particularly with regard to the classical soil 
problems such as salinity, alkalinity, sodicity. 
organic soils, and acid sulfate soils. The soil units 
associated with these problens were identified 
either as discrete mapping units, associated soil 
units, inclusions, or phases, and they have an 
equivalent individual FCC unit. The other con-
straints, however, we,e grouped as complexes of 
interrelated conditions and deficiencies, e.g., the 
complex aiek composed of soils having several 

si ad s handspecific adverse character modifiers (Table ) 
Ofthe 76 million ha of lwlaod rice cropped area 

in SA and SEA, 37 million ha (49%) were classified 
as having soil-related constraints. Ranked on an 
area basis, the most important constraints werecomplexes of low catiotexchange capacity (CEC) 

low native nutrient reserves, and moderate to 
severe acidity (elh. ehk. and ekL) 7 13.6 million hi 
(29% of 37 million ha); potcntially very acid, high P 
fixation by Fe or Al (aick) 10.4 million ha (28%1); 
alkaline oi calcareous (b)- 5.5 million ha (15%); 
saline (S . 3.4 million ha (9%); and acid suilrfate 
(c) .. ,amillion ((V). 

In SA., the amount of fertile rice cropped area 
was observed to exceed that whicl has variots soil 
constraints (Fig. I). In SEA, however, the areas 
affected by adverse soil fertility conditions clearly 
dominate those with no major fertility constraint., 
particularly in SRI. (56%), IWS (52%), and VDW 
(52%) rice areas. The proportion of rice cropped 
area having major soil fertility constraints varies 
between the two regions because of basic veo-
logical, pedological, and climatic differences. 
The proport ion of ricelands covered by adverse 

rice-growing soils varies widely across country and 
rice culture type (Table 2). The priorities in 
tailoring adaptable rice technologies for these areas 
must consider such important variations, 
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Cropped area (million ha) 
20 

'Sos,
 
With oilConstrants 

15 P/"No maor odrconsirohts 

V/z 
OR 

oyShallow Irrigated Mediu~m Irrigated Very 

reinfed wet sooson deepwater dry season deewoter 

dehnwater 

Rice culture ypOe 

. Conpitrativc distribution otflowland rice cropped ateas with 
without majol soil constraints in 5 lice inculture ivpt:,
Soith and Southeast Asia. 19X6, 

The various soil constraint classes differed in 
their importance amrtong the rice culture types (Fig.,
2). The number of specific soil constraints varied 
from 10 for SRl to7forVDW. Although most of 
the classes were observed in ,Illof the rice culture 
types, two or three classes were clearly dominant. 
lhe complex of high P fixation, low CEC, and low 
nutrient reserves (aiek, e, el, ehk) is dominant in 
SR L, MI)W. and IDS, alkaline soils in IWS and 
VI)W; saline soils in SRL and IWS; and acid 
sulfate soils in VDW (Fig. 2). 

Te breakdown by country shows interesting 
and useful comparisons at a more detailed level. 
These data, whikl are based on the correlation of 
soil constraints with actual rice-growing areas, can 
be usefully related to the data previously reported 
for the total estimated land area of various 
problem soils in the Asian couniries (Annual 
report for 1985). 

SULFtU RSIAI IIS ()[ St(iNI PIIPPINE RICE SOILS 
tgronowity Department 

Philippine soil profile samples from 19 provinces 
on Luzon, 3 in the Visayas, and I on Mindanao, 
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Table 2. Percent listribution of fertile (no major constraint) and adverse soil conditions in 5 culure types for the countries 
of South and Southeast Asia 

Distribution (%) 

Country Medium deepwater
Shallow rainfed Irrigated wet and deepwater Irrigated dry Very deepwater

lowland (<30 cm) season (30-100 cm) season (>100 cm) 

Fertile Adverse Fertle Adverse Fertile Adverse Fertile Adverse Fe tile Adverse 

Bangladesh 
Bhutan 

67 

0 
33 

100 
61 
-

39 
-

South Asia 
64 

8 
36 
92 

74 
.-

26 
-

52 
-

48 

India 

Nepal 

Pakistan 

48 
42 

--

52 

58 

-

63 

80 

17 

37 
20 

83 

54 
100 
.-

46 
0 

74 
-

26 
-

61 
100 

39 
9 

Sri Lanka 23 77 70 30 0 100 72 28 - -

Burma 
Cimbadia 
Indonesia 
Laos 
Malaysia 
Philippines 
Thailand 
Vietnam 

70 
58 
42 

5 
2 

70 
5 

14 

30 
42 
58 
95 
98 
30 
95 
86 

53 
60 
50 

0 
1 

80 
18 
46 

Southeast Asia 
44 82 
40 65 
50 32 

100 -
99 0 
20 94 
82 16 
54 45 

18 
35 
68 
-

100 
6 

84 
55 

84 
-

32 
0 
6 

92 
12 
67 

16 
-
48 

100 
94 

8 
88 
33 

93 
74 

3 
-
-
-
1"3 
64 

7 
26 
97 
-

-

89 
36 

Soilconsronts ca -, 
 taken from 20-cm depth intervals, wer, analyzed 

eh for total S, 5()42--S, and other soil properties to 
ek identify potential S-deficient rice areas.b ~Among the 153 sites sampled, surface soils of 40 

CI'-4'dsites Contained less thanl 10 1pm S( 42--S the0 
e I critical level for rice (Fig. 3). More sites contained 

0 I0 20D 30 40 50 60 70 

Sites ([to) 

ek C 

el k /ehkL ad+e, f 40 2% 
0 .
 

nick 
e 
 30
 
C 

ek nieklb CI' 
I 

eh I
 

0 10 0 3 0 101 20 
Atewn(million ii) 10 

2. Relume distrihiitionn l icecr ppc iea under vat ious yp1I3%) 
(it soil fertility ciltstraitits iiti hec5 Iohislad rice cultire types furl
South and Southeast Asia, 1986. ;ick potcniially 'ei acid.  km._

high P fixatioin. h alkaline (calalc ]IU., Zn o 21-30potentially 0 41-50 61-70 91-110deficient, c acid sullate, c Imk (1, cl low (1-, 10-20 31-40 51-60 71-90 >110 -
moderate to s ,ere acidity, - low C( ('. liw nati,ntitriet '--S 
reserves, chik Iiisv (-- (',moderate tii seseic aciditY, lowc
nutrienti eservcs, o - te 3. trquiitcnc,gatic sil, salin . - allophal distrihitit id 153 rice-gros ti sites in tlh
stils, higlhP fixatiitt, I shallss soils ddcd only lor s rting 'hilippines hased oil S,) "-S ciittett itl the sinti; Soil
purposes). ',0-21}
ictm denth). 1)X6. 



low SO42--S at lower soil depths, associated with 
decreasing organic matter. However, at eight sites, 
S content increased with depth, which may have 
been associated with S-containing parent material, 

Surface soils with very low S content were foUnd 
in Cagayan, Isabela, and Tariac Provinces 
on Luzon and in 11iho and Aklan on Panay 
Island. Once Philip~ine farniers cease to apply 
S-containing f'ertili/ers such as (N-1 4)2 0 and 
intensify rice n1, )Cult tire, S dciciencY nay 
become widespcad. 

Surf~ace soils ofl sites with very low S collii s 
had pi 5. I 7.4, 0.3-1.7(' organic C. ('C( 5.4-57. I 
nieq I100 g. 0-1 .8 ing avatilablc Zn. kg, and 7-69(17 
clay (Table 3). 

MNINERAI St)I•IT7II.tIY R:1 ATI(ONSIIII's IN A 
CONTINU(OSYIO.0DI lI.INI1)l I S0ll 

Soils I)cparuEnic 

To better tinderstand the mincral phases that lmy 
be important in the control of IZn in soil sotlutions 
of Zn-deficicnt soils, it laboratory experinelint was 
conducted using a San Iablo clay soil (Tiopa-
qluent) 'rlm the IRRI Zl screening site in a. 
lagutina. This soil is noncalcareous with pI-I 7.3, 
3.6%'J, organic (, 0.34(r7 N, ('(' 50 ineqi 100 g, 80 
mg total Zn,, kg, and 0.4 mg available Znikg. 
Samiples of saturated soil wcre placed in 3-liter pots 
and maintained in i continually wet condition al 25 
-±2 'C. Treatments, all based on i kilogram offsoil, 
were control, 300 tng P its K-,P().1, 500 nig S as 
K,S()., 5 g freshly precipitated Fe(OH)i, 1.5 g 
freshly precipitated FcS, 10 g hydrated silica, mind 
50 g freshly divided C(aCes (calcite). 'Thcy were 
repeated with and without 40 mug Zit as ZnSO,. 
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Samples for solution analysis were obtained at 7, 
23, 42, 71, and 87 d after treatment. 

The Fe(OH)3, FeS, silica, and calcite treatments 
had little or no effect on Zn and most other soil 
solution components. The calculated mineral 
solubility saturation indices, log lAP/ Ksp (lAP 
ion activitv product), for day 42 (Table 4), how
evcr, show that the silica treatment raised the silica 
concentra ion to equilibriun with amorphous 
silica, and addiln 1O.13 increased oversaturation 
with respect to vivianite and hydroxyapatite. The 
undersaturation with respect to calcite in the 
('aCOI treatment may reflect a small (0.1 unit) 
underestimation of ptl1. 

The addition of SO42 was accompanied by a 
significant addition of K ', which resulted in the 
displacement fe (la , Mg 2 , Fc2 , Mn 2 , and Na 
in tile exchange comple:x, increasing tile solution 
concentrations of these ions. (_a2 

i and Mg 2
f 

accounted f0r llst of the increase. The displace
lent of, Ca 2' restil cd in an oersaiuration with 

respect to calcite and the very slow precipitation of 
calcite. After 42 d, the S042 treatinent still had 

2C(a eCtIl to 3 times that of the other treatments. 
The concentration of Fe 2 i decreased much more 
rapidly, andi by day 71 was the same as the other 
treat ments. Becatu;e io fresh organic matter was 
added, SO,,2 reduction to S2 was very slow, with 
about half of the added SO.m2 reduced by day 42. 
There was no measurable additional accumulation 
of' S2 in tile S042 treatment. The high degree of 
oversaturation with respect to precipitation of 

2I)O.l' , S 2 , and some ofl the-C ( minerals (Table 
4) appears to he maintaiined indefinitely. Lack of 
crystallinity of the mineral phases may contribute 
to the ovcrsaturation with respect to crystalline 
solids, but blockage of crystal growth sites by 

Table 3. Range of soil pH, organic C content, CEC, available Zn, and clay content of surface soils with very low to very
high S co.teni. 1986. 

Item Very low S Low S Medium S High S Very high S 

pH 5.1-7.4 5.1-7.5 4.2-7.5 5.4-6.4 5.3-7.7 
Organic C 1%) 0.3-1.7 0.3-1.9 0.4-3.1 1.0-1.6 0.7-6.7 
CEC (meq/100 g) 
Available Zn 

5.4-57 
0-1.8 

4.2.65.2 
0.1.8 

4.2-63.1 
0-2.6 

21.242.3 
0.17-1.8 

18.0-54.5 
0.03-0.67 

(mq/kg) 
Clay (% 7-69 3-69 8-66 21-64 3-66 
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Table 4. Saturation indices (log lAP/Ksp) of CO 2 3 
n -, P0 4 , and S2 - mineral phases and amorphous silica in a continuous

ly flooded Zn-deficient soil 42 d after treatment. 1986. 

Saturation index 
Solut ion 

Treatment SH Calcite Siderite Rhodochrocite Vivianite Hydroxyapatite Troilite Wurtzite AmorphousCaCO3 FeCOa MnCO, Fe3 (P0 4 )' CaS OH' (P04)3 FeS Zn1S silic3 
8 HO SiO 2 .nHO 

Control 6.87 -0.20 1.0 0.4 2.6 4.04 1.2 4.2 -0.14
 
PO 4 3 - 6.86 -0.13 0.7 
 '9.4 4.0 7.98 0.8 3.6 -0.04
 
P0 4

3
- 1 Zn 6.80 -0.33 0.4 0.2 3.7 7.78 
 0.3 3.5 -0.02 
-

S0 4 2 6.84 0.13 1.1 0.7 2.3 4.87 4.31.3 -0.18 
,SO4- f Zn 6.84 0.10 1.0 0.6 2.1 4.79 1.0 4.0 -0.19
 
Fe(OH), 7.13 -U. 0 
 i.2 0.4 2.4 3.79 1.4 4.5 -0.25 
Fe(Ol-I), i Zn 7.12 -0.06 1.2 0.6 1.8 3.70 1.1 4.5 -0.29
 
FeS 6.95 -0.21 0.9 0.4 2.4 4.20 1.2 
 4.4 -0.20
 
FeS 4 Zni 7.01 -0.09 1.0 0.4 2.7 4.51 1.1 -0.22
4.4 

Silica 6.87 -0.20 
 1.0 0.4 2.8 4.38 1.1 4.3 -0.03
 
Silica f Zn 6.99 -0.06 1.2 
 0.6 3.2 4.89 1.2 4.5 -0.03
 
CaCO, 6.86 -0.17 1.0 0.4 2.3 3.90 
 1.1 4.1 -0.1.7
 
CaCO, - Zn 6.78 -0.22 1.0 0.4 2.4 3.43 0.9 4.2 
 -0.18 

Organic and other aliolis Iih\1 Jso( contribhte to soils adsorbed P strongly, ald(1 sorption Was cOI
tile OVerulrattlrtion. [h' hieh r(tsatnratiori with siderably alTected bxv oxidized and reduced soil 
rcspect to LoS (, uii/ite) llav reflect dilhicultv in conditions. InI all soils, except. soil no. 9, more P 
fOrnling a seplarate phase ill a svsttii l )w ill was sorbied Under oxidied than Under reduced 
total Zn. coniditio)ns. 

Thus silica., C('( ) .es, and 00() 11)3 havc All soils undCr both treatiienits showed all 
little direct effect Ol soil solutitl Zn and mitost abrupt inicase iII ' sorption after solution P 
other soil solution ions. In continually flooded reached v'ilti s ranging from 0.06 to 1.9 [g/Ml, 
neutral and alkaline soils, /i iislikely icontrolled by perhaps because' t lie precipitation of vivianite 
the fornation of a S2 phase, possihly i mixed and anorphons illrinun phosphate and the 
phase with Fe2 

. aldsorption of 1) by clay minerals. 

PIOSPHlORl'S S RI' ION ISOTtFRNMS t01. ACtI) PHYSICAL. (CItARIA("IFRIWtICS OF RAINFED) 
ANI) A(It) SttI.AIF SOILS .OWILAND SOIl IN RIISPONSF 1T) )ROUGHT 

Soils I)epelmriu'u Aglronomiv D)artIc'i 

)Acid sull'atc soils are deficient, and added A previous experiment on water deficit irn rainfed 
phosphates to rot always give a positive response, lowland rice suggcsted that tile effects of soil 
A study Va.s uindertaken to relate soil charactcriS- noisture depletion continue long after the soil has 
tics and oxidaltion-red lict ion state to difTerences it been reflooded. To deterriie the changes a 
P sorption patterns. puddled soil tndergoes during drought, tile 

The P Sorption of surface soils (0-20 cm) physical properties specifically penetration 
collected froli various provinces of the Mekong resistance, bulk density, and moisture content ---of 
Delta, \'icturii, were studied under oxidized and a rainfed lowland soil were ch,,racterized at 10-cm 
reduced conditiots. The soils were charaictcri/ed layers to a depth (if)0cm. Penetration resistance of 
for properties associaitetd with i ) (Table 5). the soil profile was measured for continuously 

P sorption isotherins grouped according to soil flooded plots, and for stressed plots after 28 d 
classification (1ig. 4-7) Indicate Ihat, il) to 500 ,rg without irrigation (stressed) and at 2, 5, and 10 d 
P',g soil, FIrCuIldlich equtiatioll was followed. All after reflooding. Bulk density and gravirnetric 
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Table 5. Some characteristics of soils (0-20 cm) from the Mekong Delta, Vimnam. 

pH Available P (mg/kg) Exchangeable 
Classification Organic C Active Fe Active Mn acidity 

H, 0 H2 02 M) Olsen Bray No. 2 %) (% (meq/100 g)
(1:1) 

1. Typic Fluvaquent 4.51 3.68 1.26 9 17 0.0171.53 1.58 
2. Fluvaquent (salic) 4.55 2.94 1.26 3 11 2.25 0.014 1.85 
3. Sulfic Fluvaquent (salid 3.76 2.16 3.86 17 34 2.65 0.005 3.07 
4. Tropaquept 4.40 2.58 2.59 2 16 0.49 0.008 4.06 
5. Sulfic Tropaquept 4.14 2.71 3.95 6 15 0.88 0.023 2.53 
6. Sulfic Tropaquept (salid 3.63 1.74 4.48 3 12 0.42 0.008 11.28 
7. Typic Sulfaquent 3.64 2.14 3.07 6 19 1.40 0.004 9.38 
8. Sulfaquept (humic) 3.49 1.86 5.98 5 13 0.53 0.001 16.34 
9. Sulfaquept (pale humic) 3.48 1.91 7.03 14 109 0.30 0.011 18.13 

10. Typic Sulfaquept (salic) 3.70 1.74 3.65 5 12 0.43 0.010 9.66 

P oNorbed ing/kj ,oil) P (Asorbed (mg/kg soil) 

t)0I 500 
Fr I2 P,,it ('lm X-') " ,: j f(]l-e--

A I"100 ... I.ed 


300 300 
Uv
 

200 
 200
 

100 9,100 

0/ 0 u
0001 001 0I 10 100 0001 001 01I0 1 0 

P in soluti(mg/iter)n 
 P in solution 1mg/liter) 
4. P sorption utnder oxidicid and ieduced conditions in 6. P sorption under oxidii'cd and reduced conditions in a typic

Fluvaquents. 
 Sulfaquent. 

P adsorbed (mg/'krsoil) P adsorbed (mg/kg soil) 

500 F rwol'quept 50OF 8 Siiiiaqe?lsi,cl 8 05 Sul 9 Sulfaquept hu"C)0-- 6 5uric rooquew ,bc) 9 
P 

, 
0-6 (Fmae
2'.-.. '0 Typ. 2;ifquep (whci . 

R 400C. Peduced,dized 
S"I ---- euof 

300 36 

200 200 

100 
 0 

001 001 01 I10 I00 000 0 __j0O0001 1100 00 I 01 10JSf 
P in solution (mag/liter) P in solution (mg/hiter) 

5. P Noption undet oxidized and reduced condition, in 7. P sorption under oxidiied and reduced conditions in 
Tropal ulfap,. 

moisture content were meaSured from tndisturbed Penetration resistance significantly increased 
corz samples frotn the continuously flooded, during water deficit as compared with continu
stressed, and 10-d reflooded stressed plots. Results ously flooded and reflooded plots. Up to 10d after 
are given in Table 6. reflooding, the penetration resistance of the top 
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Table 6. Changes in penetration resistance, moisture content, and bulk density of a rainfed lowland soil as affected by
drought stressa IRRI, 1986. 

Treatment 
Depth (c-) 
 Continuously Stressed Significance levelReflooded Reflooded Reflooded of DMRT
 

flooded for 2 d for 5 d for 10 d 

Penetration resistance (MPa)
0-10 0.16 b 3.05 a 0.25 b 0.25 b 0.24 b * 10-20 0.43 c >7.00a 0.62 b 0.51 be 0.39 c

20-30 0.78 b >7.00 a 0.86 b 0.88 b 0.79 b
30-40 1.01 7b > .00a 0.89 b 0.98 b 0.84 b 

Moisture content (%)
0-10 67 a 37 c - 56 b10.20 58 a 43 b - - 56 a20-30 56 48 - - 58 ns
30-40 62 a 53 b  - 60 a * 

Bulk density (g/cm3 
)0-10 0.97 b 1.24 a  - 0.98 b

10-20 1.03 b 1.22a  - 1.03 b20-30 1.10 1.13  - 1.01 ns
30-40 0.99 b 1.13 a  - 0.96 b 

aWithin a row, means followed by a common letter are not signlficar tly different by DMRT at the following levels: 
° 
significant at the 1% level, significant at the 5% level, ns not significant. 

I0-cm depth in stressed plots was still higher than content remained lower than that of the continu
that in contiosly flooded plots, although not ously flooded plots. Since penetration resistance is
significantly different. For the 10-40 cm depths. highly correlated with tnoisturc content, the higher
penetratioh resistance retturned to the initial levels penetration resistance of the 0-10 cm depth in 
by 10 d after refilooding. The measured penetration stressed plots than in the continuously flooded
resistance for)-10cm inthestressed plots probablv plots, even at 10 d after reflooding, may be
did not reflect the actual penetration resistance, explained by tlie failure of the soil moisture content 
Rather it was the penetration l'oire registered when to recover fully.
the soil cracked and crnmled from tensile filirc. Because most soil physical parameters returned 

Bulk density significantly increased during water to levels near their prestress levels, any long-term
deficit and returned to a level not significantly effects o1 water deficit in rainfed lowland rice
different from that of the continuously flooded probahly result from lost growth opportunity
plots. The same trend was observed for moisture rather than a continuing soil stress. 
content, except that at 0-10 cm the moisture 
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COMPARISON OF TIOTA! NITROGEN LOSS AND 
AMMONIA "L.,ATILIZATION USING SIMPLE 
TECHNIVUES 

Agronomy1 L)epcrnwr0 

Data on NH3 volatilization loss, determined from 
measurements of ,,indspced and excess NH 3 con-
centrations over the background NH 3, and total N 
loss detern-ined by 15N balance techniques were 
obtained in Calauan, Laguna, Philippines (high 
CEC soil), and Aguilar, Pangasinan, Philippiries 
(low CEC sod), it the 1986 dry season (DS). The 
difference between total N loss and NH3 loss was 
estimated as the nitrification-denitrification loss. 

High NH3 volatilization was recorded in(.'aliala between 140}0 and 1600 li fo r 4 d after un- i
Calaav etwennd 600 t fr 4d afer rca100 

su rface application at 80 kg N' ha into the flood-
water (Fig. 1). In Aguilar, N H, loss was lower and 
volatilization lasted up to day 7, with the highest 
rate on day 6 (Fig. 2). These periods coincided with 
daytime fluctuations in floodwater amnioniacal N 
(AN) concentrations in Calana. In Aguilar, AN 
concentrat:,ons gradu. 11v increased to the highest 
obtained on uav:, 3 and 4 and remained high until 
day 7. Thereafter, AN concentrations wece neg-
ligible. 

Maximum values of windspeed, floodwater 
temperature, and floodwater pH1 were also re-
corded. Although floodwater tenperatures in 
Aguilar were higher than in Calan, a high 

NH 3 -N flux (ksg/ho per h) 

-0-

0a3yN'lightftration 

061-

0 -management 

=-x,== --m ,-r , =--= 

2 ,1 5 C, 7 8
0 1 Days.3 ifterfertihzahon 

I. Anmnonia fluxes in a circular plot as measmed by simplified 
aerodynamic iechnique empirical formula). Calauan, Laguna,
Philippines, 1986 DS, 

NH3 -N flux (ko/ha perh)
 
06
 

04 

03 

02 

5, 

, .. 

jffer sert-iizaton 

2.Anlmnn in .\xs in tci rculIa rpl,nas nmeasu red by simplified
aerodynamic technique (,:rnpirical torritulil). Aouilar, Panga
sieab, i ppimc",. 1981, IDS.rl p 

indspeed of aboti) 8, swas recorded in Calauan 
and a low of 3 in s in Aguilar. Initial floodwater 
p I-Iin Aguilar was 6.5-6.6, which slowly peaked to 
8.7--8.9. 

Total NH3 flux its determined by the simplified 
techniqu was 30% or 24 kg N,, ua ill Aguilar out of 
80 kg N; ha applied (Table I). 

Ammonia volatilization loss from different 
fertilizer management treatments. Tlie measured 
NH, flux density was conelated with the product 
of windspeed and the difference between the NH 3 
concentration in floodwater and in air. The 
resultant equations for lhe flux F in kg N/ha per h 
follow: 

F t," )s (711'o - o,) X It() 
For (Cal;.an, K - 1.0817, n = 51, ! = 0.92** 
For Aguilar., K ' 0. 11X), n = 96, r = (.834* 

where . is the mean flood ater NH 3 concen
(in g N/m 3 ) in the miniplot and _Q,is the 

mean background NI-I 3 concentration in the 
atmosphere at 0.8 m (in g N! iM3). These equations 
were used to predict NH, loss under different 

treatments. 
In Calauan, tle highest cumulative N H3 volatiii

zation loss was observed with surface-applied urea(Fig. 3). Losses with urea incorporated with andwithout standing water were similar. Showers, 

which occurred I d after fertilizer incorporation,
produced 0.5-1.5 cm surface water with enough
floodw.te" ammoniacal N to cause NH 3 losses 

http:floodw.te
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Table 1, Relationship betwen total N loss andi NH 3 

Application method Rate 
(I:g/ha) 

Researchers' splitb 53 
Researchers' splitb 53 
Farmers' splitc 53 
Researchers' spltb 80 
Researchers' splitb 80 

c
Farmers' split 80 
Point placementd 53 

LSD (005) -
Farmers' split e 

80 

Water Total NH 3 
depth
(cm) 

N loss 
%) 

loss 

0 44 9 
5 48 23 
5 60 30 
0 50 11 
5 62 24 
5 60 23 
0 22 0 

- 11 5 
5 49 30 

aBy di,ference. b 2 1 3 
durea supergranule& eUnrepllcated treatment In circula: plot 

ZNH (r ,, 

Xh°

, o 

30AL ' 

3- D 0 30 I5 0 

-


20 

10 " 

0 3e ,0 . ../ 


C _ 4 6 8 Q 2 4 

D3ays. afer fertilzn'ic 

3.Cumulative N11 3 loss as aficcteJ by ertilizernianagement 
practice, Calhian, Lagtfia, Philippines, 1986 DS. B&l 
broadcast and incorporated. 

similar to that when urea was incorporated with 
standing watcr and at times higher. 

In Aguilar, volatilization was maximum with 
surface-applied N (Fig. 4) and least when urea was 
incorporated into the soil without standing water. 
At 80 kg N/ha, however, urea incorporation with 
standipg water resulted in loss similar to or higher 
than that with surface-applied ureta. 

Our data emphasize the importance of main-
taining the satur.ted soil condition for a few days 
after N fertilizer application to minimize NH 3 
volatilization. Since NIl 3 losses were determined 

volatilization. Aguilar, Pangasinan, Philippines, 1986 DS. 

Estimated 
nitrification

denitrification
 
lossa (%) 

35 
25 
30 
39 
38 
37 
22 

-


19 

basal + 1/3 at 5-7 d before panicle Initiation (DBPI). c2/3 at 10 d after transplanting + 1/3 at bootirig.
iIng simplified technique to mesuro NH 3 volatilization. 

ZIra 055/M

11 !k h 0k l3.]040 

Soo{LSDooS 
30 0., 

Surface
 

981 dlhwater
 

fttol 00 ate,oI- 'I'
 

.!, /._,..-.-
/ ,i"
 

0 _ . . I 
0=0 2 4 6 8 0 2 ,4 6 8 

Days ofer fertilzation 

4. Cumulative N i loss as affected by fertiiizr management 
practice. Auilar. Pangasinan, Philippines, 1986 DS. 

from ineasurcnwnts of floodwater parameters and 
predicted from the measured NH3 flux by sim
plified techniques. the absence of floodwater does 
not guarantee that NI13 loss without standing 
water for 4 d was an absolute vale. 

Combined effects of windspeed and ammonia 
partial pressure. Stepwise regression analysis 
showed that only jLp ir. Aguilar (Fig. 5) gave the 
strongest correlation with NH 3-N flux, where p is 
the partial pressure and /i is the windspeed. Other 



298 IRRI ANNUAL REPORT FOR 1986, 

)Io5t2/4Ap 
R:0851* 

O ..-

c). .lowest 

. .- \.needed 

S / / . " 

" "--'" .% " . .. "" "tim 

5. Ffcl ot v, ndHccd and Nil; paitUl pt,.v l Ihd,,r, 
in Nil Ilu, .. \guilan Idii'. iiiltn. t'hil',iinc, p156 IS). 'i 

pricticicd N il, It",i . p* wlII~kd'iT'f tl ()0 III. t lo-ldtpamal prcsulcI i 
,at,..IN l 

comhinatlors did not signilicantly improve the 
regression model. 

The Itarngasinan resporse surface showed that 
Nili-N llux is a simple linear function of wind-
speed and p5r)ial pressure ( -g. At any constant 
windspced not equal to ero, NIII-N flurxincreased 
lriearly wit.h partial ltrsstre. At ainy cortsrarit 
parti'll pressure iot e(loal to /Cro, it increased 
linearly with windspeed. When cither partial 
pressure or windspecd was tero, NI]-N flux as 
zero, regardless of the value of, other non-zero 
variables. 

The Calariani response siurace showcd that NIl-t-
N flux isa linear f'lltiOl of partial pressure and a 
(lquadratic functior of windspeed. At any constant 
windspeed, NIt,-N lr'x increased linearly \ithr 
partial pirvssurc. At any Constint partial piressure 
not equal to Zero, it increased quadratically with 
windspeed. At ero fpartial pressure, N1-1I.-N flux 
was zero, regardl,.ss of windspced. At zero wind-
speed, ilowevcr. tile respolse surface predicted that 
NH13-N filuwv; iot icro and that it icracsed 
linearly with partial pressure. NI-t-N flux was zero 
at zero partial pressure and iero windspeed. 

Regardless of tile lorrir ard type of response 
surface that best describes a site. N1 ;-N flux was 
strongly correlated with the irnteractiorn fietwecll 
windspeed and pNl-I. When either windspeed or 

pNHi was low, N H,-N flux was very low; but when 
both were high, NH3-N flux was very high. pNH. is 
only an indicator of thiepotential NHl3 loss. Wind is 
needed to blow the N1I3 vapors above the flood
water for tile loss to occur. 

"-hc highest p NII in lie floodwater was 
cbt.ined in ('alatan (data not presented) and the 

in Aguihur (Fig. 0). 
'Ili Combined effect ofpN II and windspced isIrfih NI-I losses. Regardless of the 

function that best describes the rCspo,nsc surface, 
N lLIX icreased with increasC in pN H and 
wi-. dhspcetd. The maxi itfn'i value was recorded 
when pN I I and windspccd were hieh itt the same 

e. 

the tWo 'CSpOns-C SrIrldiLs. 
gicl\c the higher nmltiple corrclation coefficieut. It 
seemed to sittlih\ o(st o! the asi is";sll lptiOlls of 
NI11 %olatili/al0iou loCs arid included 

tf ilit of ('alatlan 

a diffusion 

comtiponet It sho\cd that Nl13-N lhux was a 
quadratic 'unction of wirndspecd, agrecirig with 
iot of the heal arfd mass transport sttrdies 

pCrtin,.trlt to%\irtdspeed. At zero wildspeed, NHN 
flIx was predicted to he directly proportional to 
pNl Ii. 

(ontribution of ammonia volatilization to total 
hN loss. lotal Nlosses in (almuan (Table 2) ider 
difenclnt feltiliier utarnagcrnernt practices were 
sirihlar. The estiriated nitri'icatior-deiitrificatioi 
loss tasmaximun, whe NH iloss was minimum, 
aM vCe-vers1I. The two processes were inversely 
related. Nitrificitiorn-deiitrificatiori was higher in 

. P,) 

, 

0? ,ocy Nih• t~~L77inU 

) I 

0 . -
02 1 3CI 7 8 ,, 

6. ]amll lic,mc III N, I IIIt 1 ,tMValCIIII tlhe Iinillil dtl rig 
nlci.stmI icnl ,,I Nil itu ih, I; .M, Philippines,,\ \!h siNiii 
19s6 D S. 
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Table 2. Relationship between total N loss and NH 3 volatilization. Calauan, Laguna, Philippines, 1986 DS. 

Water Total EstimatedNH 3
aterTotaRate NH3 nitrification-
Application method Rath depth N loss loss nitrification(kg/ha) (cm) (%I M% dlenitrification 

lossa %) 

Researchers' splitb 53 0 62 16 46 
Researchers' splitb 53 5 53 17 36 
Farmers' splitc 53 5 59 41 18 
Researchers' splitb 80 0 55 23 32 
Researchers' splitb 80 5 62 18 44 
Farmers' splitc 80 5 65 34 31 

LSD (0.05) - - 13 11 -
Farmers' splitcd 80 5 64 54 10 

aBy differerte. b 213 basal + 1/3 at 5-7 DBPI. c 2 / 3 at 10 d after transplanting + 1/3 at booting. dUnreplicated treatment In 
circular plot using simplified technique to measure NH 3 volatilization. 

soils with high org'anic matter thal in those with 
lo%, organic matter, 

Higher total N loss in Aguilar (60('(') (Table I) 
was obtained with surtace-applied urea than with 
fertilizer iucorporlatcd without standing water. 
Total N losses with fertilizer incorporationl with 
and without standing water were similar at 53 kg 
N, ha. [he implied nitrilication-denitrification loss 
was not affected \' N application method and rate. 

These data suggest that even itNI-t, volatili-
zatiton losses ale reduced bY htter agroniormic 
water mn]uagement, dctnitrification losses Can still 
be high. 

15N balance. Tota I N rCco\criCs under different 
treatments wcre simi lar in (i'ala|uan (Table 3). but 
differences in 15N recovered by rice at 40 d after 
transplanting (I )T) were highly significnt. Uptake 

1 5 Table 3. Recovery of N-labeled urea at 40 d after transplanting (T) in soil and plant as effected by application method 
and water depth. Calauan, Leguna, Philippines, 1936 DS. 

Rate Water Recovery (% of 1 5 N-!abeled urea 
Application method (kg N/ha) depth 

Researchers' split 0 

a
Researchers' split
Farmers' splitb 
Researchers' split" 
F -searchers' splita 

Farmers' splitb 
LSD (0.05) 

Farmers' split in circlec 

aUrea, basal, broadcast and 

of the aboveground plant material was higher 
when urea was incorporated with or without 
standing water than when it was sutirace-applied. 
No exchangeable N inthe soil was f'ound in any 
treatment except in thc soil with 80 kg N,1 ha as urea 
incorporated without standingwater. The contents 
of the noncxchangeable N and of tie roots in the 
soil were not affected b the treatments. 

lotal 15N recoveries in Aguilar were high with 
researchers' split at 40 )T (Table 4). Fertilizer 
incorporation with ad withIi out standing water 
differed sigtnificantly only at 80 kg N/ha. The 
lowest 15N reco'crv was obtained when fertilizer 
wvi-s surface-applied. A treatment of point-placed 
urea supergrantilCs (1SG), included as a check, 
gave the highest total ' N recovery of 78%. '5N 
recoveries of plants and exchangeable N in the soil 

(cm) Plant Exchangeable Nonexchangeable Total Unaccounted 
N N i-roots for 

11 4 23 38 6253 0 
53 5 
53 5 
80 0 
80 5 
80 5 

--

80 5 

incorporated (BB&I). 

14 4 
7 5 

12 10 
14 3 

8 3 
5 7 
8 6 

bUrea topdressed 

29 47 53 
29 41 59 
23 45 55 
21 38 62 
24 35 65 

6 13 13 
22 36 64 

at 10 DT.CUnroplcated. 
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Table 4. Recovery of 15 
N.labeled urea at 40 d after transplanting (DT) in soil and plant as affected by application methodand wato,o depth. Aguilar, Pangasinan, Philippines, 1986 DS. 

Rate Water Recovery %) of 15 
N.jabeled ureaApplication method (kg N/ha) depth 

(cm) Plant Exchangeable Nonexchangeable Total Unaccounted 

Researchers' split7 

Researchers' split 7 

Farmers' splitb 
Researchers' split a 

Researchers' split a 

Farmers' splith 
Point placementc 

LSD (0.05) 
Farmers' split in circled 

53 0 27 
53 5 21 
53 5 14 
80 0 28 
80 5 19 
80 5 19 
53 0 38 

- 9 
80 5 24 

auren BB&I. bUrea topdtesed at 10 ET. Uroa supergranules.
werrhizhd 

were highest with point placement. Uptake of the 

aboveground plant of researchers' split without 

standing water was highly sigralficanl compared 

with the farnlers'split or surface-applicd Ireatilnt 

and with the researcelrs' split treatlment with 

standing water at 80 kg N; ha. 


At 419 1)TI, the trend of plant 1-N recovery at the 2 

sites followed that of total 15N recovery. Although

soil 15N recovery sometimes followed the trend of 

total 15N recovery, soil nonexchangeable N and 

roots were not affected by fertilizer management
 
treatment. N uptake by the rice plants when N was

nasal and incorporated without standing water at 

both rates was superior to that with other methods, 

NIT'RO(;IN [)YNAMi('S AN) 'N BALANCE IN 

I.OWi.AND RICtL SOII,S 

/igrtonwn.v i)epawrlntnt 

The effect of fertilizer application till e and nethod 
on N dynanics and 15N balance in transplanted 
lowland rice was stidiCd in a farmer's field in Pila, 
Laguna, in 1986 DS. Urea was applied at 58 kg 
N; ha 'inall N Atreat inents. manual injector for 
liquid urea was developed and compared with 
conventional (broadcast, and broadcast and in-
corporated [ 3&J) application and Iisti deep 
placement. The kinetics and efficiency of 5N 
uptake by IR64 were established separately foreach split apiplication. '5N uptake was determined 
;r 20 IDT, 5-7 d hefOre panicle initiation (I)BPI), 

N N + roots for 

2 27 56 44 
2 29 52 48 
2 24 40 60 
2 20 50 50 
1 18 38 62 
1 20 40 60 

17 23 78 22 
11 7 11 11 

1 26 51 49 

Unreplicatad. 

10 d after panicle initiation (1)API), 65 ID", and 
maturity. Potential N loss t h:ough NH. volatili
iation was monitored by determining the presence 
of' urea-N and N [14 -N concentration in the 
floodwater at 1400 hi after each fertilizer applica
tion tip to 7 d. 

Generally, deep placement (i.e., liquid injection 
or IS( deep placement) gave significantly higher
grain yield than did broadcast and B&I, with liquid 
injection performing best (Table 5). From the first 

Table 5. Grain yield of IR64 as affected by time and 
method of fertilizer application. Pila, Laguna, Philippines, 
1986 DS. 

8 GrainN treatment yield 

ihal 
No fertilizer N 5.0 c 

2/3 B&I at transplanting + 1/3 broadcast 6.4 b 
at 5-7 DBPI 

2/3 broadcast at 14 DT + 1/3 broadcast 6.4 b
at 5-7 DBPI


2/3 injected at 11 DT I 1/3 broadcast 7.2 a
 

at 5-7 D8PI 
2/3 injected at i4 DT + 1/3 injected 7.5 aat 5-7 DBPI 

1/2 injected at 14 DT 1 1/2 broadcast 6.9 ab 

at 10 DAPI 
1/3 injected at 14 DF + 2/3 injectedat 5-7 DBPI 7.5 a 
All USG deep-placed at 1 DT 7.2 a 

a njiction nfDT . liquid urea was done at 5days after transplanting, DAPI cm soil depth.- days after panicle
Initiation. 
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application, plant uptake of 15N was lowest with N 
B&I at transplanting, intermediate when broadcast 
at 14 DT, and highest when injected at 14 DT. 
From the second application, uptake of 15N was 
higher when injected at 5-7 I)BP1 than when 

broadcast at 5-7 1)BI'I. Broadcasting at 10 I)API 
showed highest N uptake at maturity which, 
however, was not reflected in grain production 
(Fig. 7). 

in all treatments, 15N content in the plant 
decreased at 65 DT (flowering), indicating N loss 
from upper plant parts. Both IJSG deep placement 
and liquid injection produced ncgligibl, conccntra-
tions of floodwater urea-N a N c 
with broadcast and B&I. which oi the first day 
produced a maximum of 60 Mg N/lil and 50 jig 
N/ ml in floodwater, respectively (Fig. 8). 

15N-• - H I t-I,uolco 
4 

=o,,o?'/2 trul D 

o0 0.. iJ"_I __ ' i/_--m_
c__d 1 3 5 
'10 D f W ! .Qe a tI f -1o/ 3 hllodaolt 

-
,,"WoD, / fD2/1+1-"3,.od, I , 1- o /o,3,I 
40) - l"ro0ca 

of' 5-7 3113
30

20S 

1 

[ '' : 'I
20o_ Oo° ' ,o/ ! ---.. ]..--- .__., 


50 112 nlfJ 011of, OT -112 I/ 3 mrc4 0if 1 OT1 s 
40 -broadcastof ;C 03AP 

30 

20 - - --------- 

10 . . ...... .. .1 .0 . .e .e ot.0 .0 . .~y ll 
o 

50 50FUG'doP'P~ca' ] 0 'oys 40C 8020 (If!ei Iransplontlin 60 iM~iLII
9 

-p -- .8.4° "0 opT - .- . --

30- I 

20P 

10

0 20 40 60 810 M'ltjIny 

Days alter torasplonting 

157. N uptake hy iR64 as allected by time and itethod of 
lertili/er application at vatious growth stages, Pila, Laguna, 
Philippines, 19801 )S. DT -- days after transplanting. I)I )I 
days before )AI'I days after paniclepanicle intlititon, --
initiation, 
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NIa+ urea-N (/.g/ml) 

60 

50 

14DT 

veal atroanspanting 

40 iInjected 0B1odctof 14 DT 

U Broadc.....? 5-7DBPI 

20 

6 

4S 

2 

rap lc to
 
08l 2fiL 3 4 it 6 7 

Days after fertIhzer application 

EIfect of N applicati nt mlthod o nN l14'-N and urea-N 

Coccn ilalion illthe llotdwater it 14(X) ht,Pila. I aguna, 

hilippines. 1986 I)S. I)T1- days after tlatnsplatlting. 

NIIROGI:N MANAGEMENT AND '3N RECOVERY IN 
IIROADCAST SEEDED ANtI)'RS S"PIANTI) RICE 

'fgrotnomi) Dt')artment 

Tie responses of broadcast seeded and trans
planted 11.64 to different N sources and manage
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ment practices were evaluated in DS at the 
Maligaya Rice Research and Training Center 
(MRRTC), Mufioz, Nueva Ecija, Philippines. 

Grain yield. Basal point placement of USGin 
broadcast seeded rice (BR) gave the highest yield, 
but yields were comparable to those with I) 2 3 
urea B& into 2 cm water before seeding - I 3 at 
5-7 I)8PI, 2)I 3 urea B&I into mud before seeding 
+ I 3 at 20 )AS , I 3 at 5-7 l)BPI, and 3) 2 3 
(NIt 4)2.SO. t Il&l into mud beforc seeding f- I 3 at 
5-7 I)BPI (lable 6). No significant Yield difference 
was ohserved betweern 2 3 urea B& I into mud arro 
into 2 cm water. Split application of urea or of 
(N Il.d2S(.t tu 13R at 15 I)AS and 10 )APlI 
increased vields over tire control, uti yields wer: 
about I t h low,v-thanwith N B&I hefiore seeding. 

In transplanted rice (IT~l), tile fertilized treat-
merits significantly inlcreased yields over tileiron-
fertili,ed cmtrol. No significant yield dilerences 
we're o~setcd amoug treatrirents except for prilled 
trea broadcast into f1h Miter irl Cial split doses 
at 15 DIT and 10 I )A II which gave lowcr Yields 
(Table 6). 
IPR yielded signriicantly hiricr than HIR with 

2.3 urca B&I into tmid i 1 3 at 5-7 I)B1. Yields 
did rot significarntly diler between BR and IlPR 

when urea was B&I into 2 cm water. The two 
methods gave similar yields when urea was split
applied at 15 I)AS or DT and at 10 DAPI. 

At varying N rates, broadcast seeded IR64 
yielded lower when urea was split-applied at 15 
1)AS and 10 I)API than when 2 3 urea was B&! 
into mod before seeding- I 3 at 5-7 DBPI and 
when US(i was basal point-placed (Fig. 9). Basal 
poim-placcd U"S() prodluced significantly higher 
yields than did urCa applied as 2 3 l&l into lud + 
I 3 at 5-7 )IPI at 40 and 87 kg N. ha. 
At 40 kg N ha, plant N of broadcast seeded
 

IR64 did not signrificantly vary at dilferent grovth
 
stags (1-ig. 10) ButIat 16( kg N ha, N accumula
tion sigtificantly differed at panicle initiation (P'
 
and flowcring. At PI,plant N was lw with 
urea 
split-applied at ;5 l)AS aid 10 I)API because the 
s'cond lose had riot vet been applied. 

5Nrecovery. I Ising '15N-labeled fertilie/r in 
uieroplots., IBR, gererally recovered more of tile
 

applied N than did IPR (I able 7). 1SN on
accouinted for in BR was lowest with (NiI.)0SO 4 
F&I in'to ImId belor seeding I- 1 3 at 5-7 DIBPI. 
Ibis, hokkever. wis riot signiicantly different from 
treatnits with basal point-placed USG, urea 
applied in 3 eqtal-split doses, arrd urea and 

Table 6. Effect cf N source, planting, and fertilizer application method on grain yield of IR64. Maligaya Rice Research
and Training Center (MRR C), Nueva Ecija, Philippines, 1986 DS. 

Planting method8 
N source 

BR, mud -
BR, water -
BR, mud Urea 
BR, water Urea 

BR, mud Urea 

BR, mud Urea 
BR, mud USG 
BR, mud (NH 4 )2 SO 4 
BR, mud (NH 4 )2 SO4 
TPR, mud -
TFR, water -" 
TPR,mud Urea 
TPR, mud Urea 
TPR, water Urea 

TPR, mud Urea 

N rate Grain 
(kg/ha) Application methodb yield 

t/Iha) 

0 
0 

2.7 k 
4.0 k 

87 
87 

2/3 R&t into mud 4 1/3 at 5-7 DBPI 
2/3 B&i into 2 cm water 1 

7.0 efg 
7.2 clef 

87 
1/3 at 5-7 DBPI 
1/3 B&I into mud 1 1/3 at 20 DAS +" 7.7 bcd 

87 
1/3 at 5.7 DBP 
1/2 at 15 DAS + 1/2 at 10 DAPI 5.9 hi 

87 
87 

Basal point placement 
2/3 B&I into mud 1 1/3 at5-7 DBP 

7.8 a-d 
7.5 cde 

87 1/2 at15 DAS f 1/2 at 10 DAPI 5.5 ij 
- 3.5 k 

0 - 3.5 k 
87 
87 

2/3 B&I into mudc - 1/3 at 5-7 DBPt 
2/3 B&I into mudd + 1/3 at 5-7 D3Pr 

7.9 abc 
7.7 a-d 

87 2/3 B&I into 2 cm water - 7.8 a-d 

87 
1/3 at 5-7 DBPI 
1/2 at 15 DT + 1/2 at 10 DAPI 6.4 gh 

UIR = broadcast seeded rice, TPR = transplanted rice. bB&l broadcast arid incorporated into nmud before serdingtrarnspianrting, orDAS = days after seeding, OT = days after transplanting. CUrea ws B&i mud ard left saturated for 3 dbefore irrigating on time fourth day. dUrea was B&I into mud and Irrigated the following day. 
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Groin yieM Itha) (NI-14)2S0 4 applied iH 2 equal-split doses. About 
-064%I " 37 ,il 00 17 of the applied N was recovered from the whole- 0 0 0 0 1 2 N I 

(C0 1N, -000007No) plant with basal point-placed USG, of which about 

Plant N (kq/hu]) 

180 - / (it 1 NJ 
1230 

S.... of. . /. ... . 1.... 1 

t()-r- (Lw2 l -pr51, !i r,, tc~ ;/ih ,to 

qW ',I¢rtp.,: 3 120 I -- / 35 L-- iicoiy i -.11_ - Ic IiDI 

'in10 19PI DS. 

Pl N s, nGaR I 1ho ,p'ico, A ohr 

B , r e 2/3 B n 1 /3 at'5 3 14 5 , , 75 105 
Lt/1 r's i )a, ysrfltr9r1~ <;rc~riirlq 

Il. IIltc¢! cl N ',cllic arid cl~illkic(ilin ctuhldcri It pcultc ccl I1. I llet cl , ccicNl ttald acpplicacticn tncclhud cm 1cu l htacctumtula
hbccaclr:ca,ccijucI IRtI thc N \ uicicc/, Nuc( ;c l ciIa. I0hilittCne. 11(91iccl N li bricad ct \Lcwidcd I1 ( . MitlOc, Ntte~va Ecija,
151, I) I )..\.S ct c lii,a i sccutpii.. I'hrilipiiri Icgu( I)' . 

Table 7, Effect of planting and fertilizer aipplication menthods oI1 1 5 N rec.overy of 87 kg N/ha at maturity. MRRTC, Philip
pines. 1906 OS. 

T rea tint 15 
N recovery (% applied NI 

Planrting inethodc N socrce Appllicaionr rretlhod Graiii Straw Plant Root Soil Unaccounted for 

9R Urea 2/3 B&l trite ricud i1/3 at 31 14 45 3 35 17 

5.7 DBPI 
B1 Urea 213 B&I into 2 cm water 1 29 11 43 3 36 18 

1/3 at 5-7 DBPI
 
BR Urea 1/3 [3&t into mud - 1/3 at 37 17 
 54 4 37 5 

20 OAS - 1/3 at 5-7 DOPI 
BR Urea 1/2 at 15 DAS 1 1/2 at 10 DAPI 39 20 59 293 9
BR USG Basal point placerient 41 24 64 304 2
BR (NH 4 )2 SO,, 2/3 B&l InrtU Mud 1/3 at 40 20 60 4 35 1 

5-7 DB I 
BR (NH 4 )2 SO 4 112 at 15 [3AS 1 1/2 at 10 DAPI 41 21 62 3 28 7 
TPR Urea 2/3 B&l into niud' f 28 10 38 2 34 26 

1/3 at 5-7 DBPI
 
TPR Urea 2/3 B&I into mnud 1' + 28 11 39 
 2 38 21
 

1/3 at 5-7 )BPI

TPR Urua 2/3 B&I into 2 cm v.ater + 24 9 33 2 38 27
 

1/3 at 5.7 DBPI
 
TPR Urea 1/2 x. 15 DT + 1/2 at 10 DAPI 31 
 10 42 251 32 

LSD (0.05) 5 3 7 1 4 8
B&I Into mnud and left saturcted for 3 d before lrrlqatlng on the fourth day. 1B&l into imud and Irrigated the following 

day. 
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2/3 was in the grain. ',Nrecovery with 2/3 urea 
B&I into mud was coiparable to that with urea 
13&I into water. Fecrtilizer application at two equal 
split doses of lrCa and (NII1 )?S(. gave signi-
ficantlv higher "N recovery in HR thani did 2 . 
urea H&l into 1nud of, water. lnIl'l tilulncolulted 
f'or 15N was higher (3421') wlhen itcawas split-
applicd I 2 equal doses. 

iNrev in the plat-soil syste o tris-af 

Pltttt 1. I1 did not signifiCaiily differ betwCeen 
'2 .w t II I ito nud (andlirricated on the 4th 
die'land Ira 2 CI' stmidius aii. Iwo-thirds Iuea 

I into miood ;ilt iIuileiktlv irricaited the 
followiilaN''i\'" 'N ecas er: n the plint similar 
tol that with ireai l& IWO antint irii'atCd oil the 

LLhday. Ihe anltlitlaIt N r. iLaiin2 in tih soil,. 
hiowever, was sienifllciintiv higher c lil the ,oil %uas 

iiii.aicd art- (Id1 lriher Ihali 4 L. 

I lt t I U A1.(\IIt( IN; 
I (M I\\ % R P I 

\Cul lhot!h i:tst reearilr his deillonstrated 20-
h(a' at,.X Ifrtili/c broadclast without thorough 

ioiptra-l:tiaii Ill iI CCitds, s0lliiAsiaIi rice farnmrS 
f. Ir eseartC ,lict;init to chalge liteli ll litfilethods 

o f felrtiliia tioii . IV'lc l c itf h ita lrs of ICi (lilt' tra-te 
eldfor reductirl N loss i llcr mCilti rice viM 

without0et)CL Uirirlg atCIIV Ihal C Ifars' iletllldI I he 
of' N Ipllicat ion lt lerl ali siail ullailtilr at tile 

chemical urcase inihitor. 2"; or lcs, h\ 
vk(lifl he added to tue Il lhe production tale. 

When il ur" aCis applied ti I icciceld, t he initiit 
vo'util lel ay hvtolki ili(! privtvui i s, ch\ lirlg 
NItI htoildul) ill the llood\Ittc, MiitLI i,Uh)tIC(Ii'iII 1l,, 

of N 11 o the imlnlphu ic. -T,.vu Illeac': HIIhihiI,0r ,. phl)IIh11i\t1 ~ 

nlutlLite WPDI) ajnd N-h i-buityt) iliiophiospilomiC 
iruainildc I NI I If. \5uet exit ill coolme attioll 
wi lhell t it itnilI rtilier Ite ltt t' 'i. Icl ;(i't/ li IC I c hotl11 LI,I -I~ i ) It Il l ItIIu ' "lNtcia ill iPii 

.\ni i iii loSS. lIle ICullivc, effc't oif lee-

(011tiiil lt ll .a.lllr pic,,sulc o11 Itinlionki i (t)N Il,), 

wltiClt \its calcul;ihetl Irtii rilCiIstirC(I ftodt .el 
JA I, Illlipe'ra ilrt, ;i11(1 AN colti l il ioll. " life 

pNH3 can provide a relative measure of NH 3 loss 
among N sources at each site, because at a given 
windspeed it is directly relateu to NH3 volatili
/ation. 

Amending urea with either P1I) of NBPT 
rcd.:eed the pNil; and, hence, NH, loss at both 
sites. Nl P consistently matched or exceeded 
l'Il ) in tile ability to reduce pN l-l at each N rate 
and timhing at both sites. Following N application 

at I8 )T in Pila, NIi'T reduced pNII by 97, 77, 
and 741( ftor 35. 7(), tnd 140 kg N ha, respectively. 
l he corresponding reductions with l1PI) were 79. 
70. and 1,1i, respectively. NHItlT was even nure 
effcctive in I ilto thait inIila. In Mtifioz. NfIPT 
recedL fIN 1t, bv 94, 90, and 98(7 as comipared 
with 82.54, aid 25(7 fr l>PIl) at 35. 70, aid 140kg
N hi. respecti-ely. Figure II shows dailH.pNH 3 at 

14W) Ihltr tile rate 70 kg N ha. 

(;riin yield. A iiclld iilI r I with either PPI) or 
N HPT incre;sed .iram yield i NIluio/ but [lot in 

Pila (T able X). Ar alhernali maageient practice 
Sf bllr ting urea to Iaddrained, saturated soil at 
n I IDT) and S-li) I)API offered no apparent 

dtdvanlitec o~i hroadcasting urea into standing 
fltitldwatcr 'with tile Sile tinling. This practice 

/,NH 3 (Pu) 
.. - 

0 S. 

02Po LSDo, 
Jzomnpole2 
tireen at 

I i . . - tSO:, DT,), 

'.- ------

"; 

"' 
" :!:;K27 

' '[ .I )/ol . "i ; °:,,,::utI ,< . ,,<., 

II. t ilct 1 Nfossrinhlisit riipNIt rl te h, Pita and 

\ l9hli, n D1I. PPI) plh tioit'diaiiaidaie, 
NII I - -nhnl h~~tHl~ i'tiamide. 
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Table 8. Effect of N tleatment and rate 

N treatment and rate 

N treatment (N)
N1 Urea, 5 crn water 
N2 Urea + PPD b , 5 cm water 
N3 Urea + NBPTc, 5 cm water 
N4 Urea, saturated soil 

N rate (R) 
0 


35 kg N/ha 

70 kg N/ha 


105 kg N/ha 

140 kg N/ha 


on grain yield of IR58. Pila and MufIoz, Philippines, 1986 DS. 

Grain yielda (/ha) 

Pila 	 Mumioz 

5.5 	 6.2 
5.8 	 6.7 
5.6 	 6.8 
5.7 	 6.0 

3.1 3.0
4,5 	 4.7 
5.5 	 5.9 
6.2 	 7.1 
6.4 	 8.0 

aValues for N trentme'it represent the mean of 4 nonz.ro N1 rates; values tor N rate represent the mean of 4 treatmentsbPhanyl phosphorodfanidate. CN. (n-butyl) thlophosphorl. triamido. 

never increitsed plant aptake of N or r, ,in yield 
(Tab!e 8). 

Ihe N response I'mr any lratllelit clearly 
folloWed tile qutadratic )atlern at both sites 
(Table 8). Combined analyses of variance over tie 
two sites for grain yield rc,'caled that the response 
to applied N was significantly greater ( . 0. 1 ) ill 
Itfinoz than in IPila. Althotugh the grain yield with 

ni applied N was comparable in both Pila 
(3.1 t ht) and NI ufro, (3.0 t , ht), the ican Qraint 
yield at 140 kg N ha was 1.6 hIa greate intM tiro/ 
than in 1il. The grcater gra I yield it N Ir)o/iwas 
probably due to greater ':olar radiation, 

Urea savings. The quadratic responses In grail 
yield to applied N wcrc used to calculatC tie iirca 

savedlat a desire(] yield with PPl) and NBP" 
(Table 9). 

t \,,Ileia sap, d ... .. ... (1 
', 

%vherc.' :- urea-N required or lesired yield, and 
NI I in bitor annded urea-N required for desired 

yield. 

Since Ihe inhibitors consiktentlV gave higher yields, 
they reduced tihe urea required for a desired grain 
yield. In each experiment in Pila, the urea saved 
tended to increase with increasing yield from 4.0 to 
6.5 r ha and was slightly greater for F'I) than 

Tablo 9. Effect of ureaso inhibitors on the urea saved at a desired grain yield of lowland rice. Pile and Mufioz, Philippines,
1986 DS. 

Desired yield 
(i/ha) 

1985 DS 

4.0 5.6 
5.0 7.6 
5.5 0.5 
6.0 11 
6.5 17 

aPheny] phosphorodlamtdate. bN. 

PpDa 

Pila 

1986 DS 

14 
141 
15 
17 
23 

tn-butl) thionhosphorlc 

Urea saved (%) 

NBPTb 
......................
 

Mufioz, 
1986 DS 

1986 DS 

7.9 18 
11 18 
14 18 
22 18 

-- 18 

trieralde. 

Pila, Muiioz, 
1986 DS 1986 DS 

4.7 19 
5.7 19 
7.6 19 

13 	 19
 
- 20
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for NBPT (Table 9). In Mufioz, the urea saved 
remained constant for yields from 4.0 to 6.5 t/ ha 
and was similar for the 2 inhibitors. 

Even though N131" was more effective than 
P'D in reducinlg pN It, it waisnot more effectivein/ 
increasing grain yield and reducing tilerequired_, 

urea. 

EI:..'F'TIVENFISS (F UR-A COA-IIN(i IN LOWILANI) 

RICFE 

,4grotllor.' l)eTnartmne': 

Although sulfur-coated urea (SQl) is an effective 
N source for rice, it is cxpensive to produce, 

because large aiiounts of S, sealaill, aild Col-
ditioner (20(lj b%weight of ure:) areIrcquired. ( )ne 

way of dccr~ising the quariitV of coatIll per unit 

weight of l ea is to increa;c th-' urea .raril si/e. 

Fotliexp(p lerncnlal :-ci) at., reai torestry-grade 1u 

fertilizers prcpared bv IFI)' were cvalu:lted in 
Pila, I'aguna, i) 1986 )S. The 4 fertili/ers were 
designated by their 7-d relcasc rate in water (SCl 
36, SCJ-13, ('i-70, and S(1I-100). An all-
basal application of conventional, granular S(.,I 

(designated Sl I-21 21 "' 7-d releasebecause of its 
rite inwater) served as the rerence treatlicell. 

Properties of' tile f'crtili/ers arc shown inl Tablc 1(0. 
The quradra.tic response in I R64 grain yield to 

applied N is shown in Figure 12. Analysis of' 
variance indicated that mean grain yield was 
significantly greater for each of the S-coated 
materials than for regular prilled irea (Pt.) applied 

by the reconme. ded best split. (Grainyield for the 
four experimental fertilizers tended to be comnpar-
able It,that for tire eonvntionarl St'U--21. 

Grain yle:a ei'~di 

C 

6 

5 / Y 

, [/1_/ 
"-_ Ut') I, ),bl;*I/3 (D[3B'l 

- (c .,,< .eCi
 

LW.' :,o
 
,
- .....


5 9C 135 

N p
 

12.1 it,-r cc Yicld(itN n,grin of 11064. Pila. Laguna, 

l'hilippincs,981, t IS. 

In each case., coating liea with S reduced the 
quantity of uret required to obtain a desired grain 
yield. Table 10 shows the savings in rrrea for either 
a 5.0 or 6.0 tha yield. All values arc relative to the 
best split for 111t. S('U-43 was the imost promising 

of the cxperinlential fertilizers. The coating on urea 
CouId be redued from 2( %(for SCU-2I to 12.4(. 
for S('1>-43 with no changc in grain yield or savings 

in urea. 
[lic greater grain yield with SCU fertilizers than 

with PU was apparently die to I) a redurrction in N 
loss arnd 2) a release of available, N that better 
nmatched the N uptarke pattern of rice. I an 

Table 10. Properties of sulfur-coated urea ISCUI fertilizers pr-parod by the International Fertilizer Development Centor 
and their effeicts on urea savings at 2 desired grain yields. Pila, Laguna, Philippines, 1986 DS. 

N so u rce 

N 

Composition, %) 
- -----.... . . . . . . . . . . . . 

S Sealant Conditioner 

SCU-21 37 15.6 NA NA 
SCU-36 39 141.8 

SCU-43 40 9.1 
SCU-70 41 8.9 
SCU-100 41 9.8 

aNA - not availablo. bDetermined 

0 
1.2 
0.6 
0 

in the 5-10 cm 

0 


2.1 
2,2 

0 

. . . . . . . .
 

Total coating 

20.1 
14.8 
12.4 
11.7 
9.8 

layer of simulated wetland soil. 

7-d release rate (%) Urea savint (% at 
. . .. . . . . . . .. . . . . . . .
 

Water 

21 
36 
43 
70 

100 

Soilb 5.0 t/ha 6.0 tiha 

NA 
54 
33 
79 

100 

45 
29 
48 
36 
25 

48 
34 
52 
39 
29 
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auxiliary 1986 DS experiment. SCU-70 reduced 
pNH1 and, presumably, NI-13 loss by 33% con-
pared with P11. 

.4,gronomy leenimcw 

A cooperative project with 'he Cm)mntonwealth 
Scientific and Ilndust,rial Rescatilt (.)iaili/ationi in 
1Pila, Laguna, in 196 )S and \\"-) c\aluatcd the 
effect of al giiles i iiprovine N uc ,ificicincv in 
rice by rcdthciui NII, volatili/ation. 

Floodwater chenistry. Terbutrvn is a liiitineC 
herbicide seII;dats'Ill gI'icidC. \VhCI appliedil 1'-


0. 1 kg ai ha. it lo\crcd the niaxinitr h\i.9pl ." 
Ulll I~ r th hc t w 'lS <) 15 )It::;cl~lt'h tli
Mlt filr 0 d1With tHeCesearehterS' SpitI of 150t k 

N h2 (li,. 13). lN dwater p-1 tends were ,inil 

with fiarmers' spil tald reea",rcher' split. 'til,( 

used as 1t1Jl1iCidC in I , ;is-not clleeivC in 
controlling the Ilood\water Jll. Ill\VS, tIrhtbrVi 
application maintained a i'lodwatlle Jllpconsis-
tentlv lower than that of1the control ( i.. 1l). 
However. 2 aleicidC applicatils lowered tile pil
inur or -3d alter the second application at 151II1....... 


Inboth Season", [lhehighest partial prcsstre of' 

ainilontia (IaN Iti)\\as rccordtd i: the Control I d 
alter area was applied by ltm re' split (Fig. I5, 

p[A 

pH 

901 - ---
<]IP'r Lt ... . . .
 

8:5 , i ! 


I i1080 

75 t ] 

7 

70i .pNl-l. 

.......... 
 il-

' " 1H 


l 'I l 

13. Ftteci l i IhpHiilib tl. I 
pines, 19.86tI)S. N sas 2 3tt& I /lihlill %ailt'i 
al5-7 I fI1'1. 1 lie bars Lepi It S I%eitical iscu 
vIIiancL ialii ai 5W,Ic.el\.s sigiiihlicriu li 

"! 'V15. 


I aukiiii Pllilil-

I Itil)(Lt wdi< 

ahlc v.hcn ihc 


rFoodwoter pH95 ,, . ,,oq, 

I I 

8 t t. 

I,'
 

I "/1Ii1 ' 

1 .. 

!' !; h: - ; m I I i,; 16 19A!P 


1-4.I al.iicnlI oi~ Pila,(d' I lloo'watcl fill. L agunla, Philip-I i iuiti i vi !tiiiIci i 
, i.s . s) k!. hN applied I 2mw IId Iater 

ii1,p!mlim. M)1 I I it 1I \1'1. 

'--- . -. --

... - ...-7;
. ... n- .... 

21. - -it 

r ,, litertr2 r nhamfw 
Fi{fecl ofalgicide oil Pailiai pressure of'ammonia (/pN113) 

Ilh\ llit piit N appliicatioin 11 2 opiticssed it 10( alter 
lal isplanli i I 2 at I0 I)API). Pila, tlii a,Phililppines, 

ISS 

I6). The pN I1Ideclinied more rapidly in the control 

than In the algieide-treated plots, but In DS, the 
exceeded tImhof tilecontrol 3-4 d after 

al gicide was applied (Fig. 15). Iti WS.pNl-!j with 
aIlgicide cxCCCdCd Ihat of the control 5-6 d after 
ll was applied (Fig. !6).urea 

'hI re'searchers'split of N gave negligible pN F1 
"
 

in both s'.asolls. \ ith farters' split, algicide 
application maitained a lower 02 cotcentration 

18 
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pNH.ipa) 
12 

1 N)oOkcde 

Wth algicde 
-- p coto,oto1 LT 

2 . - otw at liwS Dr 
o08 

6 % 
,h 
%% 

0. 

-

C0 13 1 l 

) > mer r: r~e,,,,rr~:,aVAIRIF1IAI. 

16. illcci l lgicide piartial pics ,ic t aminimi ,Ni " Ifi). 
P ia. I.agai , P hilippinc s ILISOW 'S. i:Iv xso aip plicd .t -1,k 
N/ha (1/2 topdrcssed al II d alter (II) trnwiinlI 2 
iopdressed at ii0 i)A jIi. 

X. li/m tl 

Nro ,oqer1 60Ag Wha . 

~- A4CdPhilippines, 

/ l 

than in the control for 6 d after N application at 0 
and i50 kg N/ha (Fig. 17). At 150 kg N/ha, 
alg;cide reduced the average 02 level from 8.4 to 
3.0 g/m 3 , whereas the corresponding reduction 

3with no N was fron 6.0 to 2.7 g/ . 

Grain yield. The interaction among algicide
application, N management practice, and -N rate 
was significant in DS. Terbutryn application with 
researcher.-' split at 90 kg N/ha produced signi
ficantly higher yields than did CuSe 4 application
and the control (Table I1). Terbutryn, when 
applied without N, increased grain yield. In WS. 
yields with researchers'split and farmers'split were 
not signifc intly different (Table 12). N application 
produced yield signific.ntly higher than that with 
no fertilizer N by 0.9 t/.ha. Two algicide applica
tions gave significantly higher yield than did the 
controi. Yields in WS were low because two 
typhoons ilt the area duiring early flowering. 

I)IttITIUN(TS%IN S0;(11. NI'I IROGFlN 

III IZA rION 
4 

Agroflo)liv De2mrtnen, 
Colaborative studies with the University of Cali
fornia, Davis, ISA. continued to evaluate the 

Table 11. Effect of algicido3, N application rate, and forti
lizer management on grain yield of IR64. Pil, Laguni, 

1986 DS. 

Yieldb (t/ha) 
TreatmentO ---- -

!!,V[ "Rosoarchers" No N 90 kg N/ha 150 kg N/ha Meansplit 

", ......... 
S" 

-, - :, "'Terhutryr 

-- "1-
1 12 13 14 l( 1 ,n 1 

Fjoy!,a~fterlruns (fltonfwj 

17. Effect olalgicidc on O:n Illodattr und,-i h mes' pli!, N,lila, L.aguna, Philippines, i(6 D)S.I lit %cticalbars rcpicscl 
I.S[) a s e ia iac ratio Was significant at the 5r'ihlrc (li e 
level. 

Control 3.4 a 4.4 b 5.5 a 4.4 

CuSO 4 2.5 b 4.6 h 5.6a 4,.2 
Terbutryn 4.0 a 5.4 a 5.2 a 4.9 

-' v V" spl;t 
Control 2.8 b 5.0 a 4.7 a 4.2
CuSO 4 3.2 b 4,6 a 4.7 a 4.2 

3.9 a 4.9 a 4.6 a 4.5 

lruatnients were applied at 4 days after transplanting 
Jt r) for researchers' spilt and at 11 OT for farmers' split.
CuSO 4 rate - 6.0Fosearchers' kg/ha, terbutryn rate = 0.1 kg al/ha.split : 2/3 B&I without water + 1/3 top
dressed at 5-7 DBPI. Farmers' split = 1/2 topdresrbd at 
10 DT' + 1/2 topdressed at 10 DAPI. bwithin a fertilizer rnanagemern t practice, means In a column followed by a 
common letter are not significantly different at the 5% 
level by LSD, 



ability of modern rice varieties and breeding lines 
to efficiently utilize soil N, a major N source in 
lowland rice. Using the criterion that rice varieties 
scelcted for N utilization el'ficiency should be 
capable ofpcrlforming over varynl cnvii onniental 
conditions, field e :pcrincrts were conducted in 
1986 DS and WVS ot taP0,or soil (soil N content 
0.08% total IN)at I RRI C. Nueva -cija, Philip-
pinies. A split-plo0t du i waIs LISd with N level ,s 
main plots (no N and i N) and 24 rices as subhpiots 
witIt 6 ,repletNions. lest rices woie varietws each 
with 100-. 110-. Md "1!20-(l matuniities. A 5-'n-
areawas tertiIied with lN-dCplctcd (N!.l )' :1).tni 
the ratco180 K N ha in I)S and ft kg N him ,V 
to diinguiNsh het\.ccn soil and atplo,,,pht-.d rdi\ cd 
N, and f-ertili/er N iII the pliils. 

1Rankiig ssteil.,i 3101 )T and Pl, dry ialk-lr. 
Ttotl N, pCr :Lti 'Nfdrioedlr mIfCrtilicr, ald 
dm\ ltLe -. o-i iii/crl N ratio -.h a itie s \let 
evaltaed. Pinich wdLighl letMC ic l--to-toal 

N ratio, panicl: wig,ht-i01f1rtihizcr 4 in eti n 
VIlid, ard harvest indcxt ,tC dtlcriiCd at 
ha rv e st. A va ri V.ty p ro d cihl withg h igh g ra in y ie ld 
mlnimurn N fertiizer would have a high panicle 
weight:fertilizer N; the opposite would be true fo! a 

Tabla 12. Effect of fk ti;;.r management. N rate, and 
aigicide application on ,ira'.i yield of IR64. Pila, Laguna, 
Philippines, 1986 WS. 

Treatment" Yieldb (t/la) 

. - -- -

Fertilizerw ,agement
Farmer;" -plit 2.9 a 
Researchers' split 3.1 a 

N rate (kq/ha) 
0 2.6 b 

87 3.5 a 
Algicide 

Control 2.9 b 
One application 3.0 ab 

Two applications 3.2 a 


Farmers' split - 1/2 topdressed at 10 days after traes-
planting (DT) t 1/2 topdressod at 10 DAPI. Resarcher' 
split , 2/3 B&I without water + 1/3 topdresed at 5-7 

G'0PI.Torbutryn was the alglcido used at 0.1 kg a/ha per
application time. One application - applied at 1 DT for 
researchers' ipllt and at 11 DT for farmers' split. Two 
applications applied at 1 and 5 DT for researchers' split
and at 11 an-i 15 DT for faimrs' split. bWithln fertilizer 
manageir-ont practice, N rate, or alglcidoe, meanej followed 
by a coirron letter are niot significantly different at the 
5% cll by LSD. 
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variety strongly responsive to N fertilizer or with 
low efficiency in utilizing soil and atmosphere
derived N (Table 13). By the use of those nine 
parameters, 1R21912-131-3-3-2-2and 1R15323-78
1-3- ranked first, and IR19729-5-1.-1-3-2 and 
IRI3240-82-2-3-2-3-1 ranked last. IR42, which is 
k:Known for high soil N use efficiency, ranked 15th in 
), md 5th in WS in a low ferilitv soil at MRRTC. 

Results with 1142 at MRRI? were ,.o11siaterit with 
tlic obtained at !RR 1. 

iNitrogen response7. Rice respmnse to N fertilizer 
was high at IRRIG because of the site's low N 
content. Irrespective of rice variety and growth 
duration, fLrtilicr N dependence was high and 

Table 13. Cumulative ranking of 24 varieties and lines 
based on 9 crop parametersl a MRRTC, Nuleva Ecija, 
Philippines, 1985. 

Ranking 
Vaiiety or in,, 

Dry season Wet season 

10 0 . -d.. . . . . . . 
IR8455-78-1.3-3 14 16 
IR8608-167.1-2 22 18 
IR9729-67-3 11 4 
IR9752-1-2-1 17 12 
IR 19729-5-1-1-3-2 24 19 
IR15429-268.1-2-1 21 21 
IR 19728-9-3-2-3-3 16 8 
IF' 19735-2-3-2-1 20 6 

IR36 1IJ-d maturity
18 13 

IR50 13 14 
IR 13429-150-3-2-1-2 
IR 13427-40-2-3-3.3.3 

5 
23 

2 
22 

IR13240-82.2.3-2-3-1 8 24 

IF25588-32-2 9 7 
IR 18349-135-2-3-2-1 3 20 
IR 21912-563-3-1-2-2 4 23 

120. to 135-d maturity 
iH 13540-56-3-2-1 2 9 
IR21912-131-3-3-2-2 1 3 
IR26 10 11 
IR2863-38-1 
IR12 

19 
15 

10 
5 

IR8192 200-3-3-1-' 6 15 

IR 11248-148-3-2-3-3 12 17 
IR 15323-78-1-3-1 7 1 

Panicle weight; fertilizer N in plant, panilcle weight: soil 
N in plant, panicle weight, harvest index, total dry matter: 
fertilizer N in plant, total dry matter: soil N In plant,
panicle welorht: total N in plant, total dry matter: total N 
in plant, and grain yield. 
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Grain meld(t/ha) 
seas
 

N l N Dry on 

....
10kg N/ho 

6-

4 r 

M No frfl 

27 

OL ... ... 

60 .:: : : : .. : .:il 


4 8~ 


0mi, 


0; 100) 

18- (l:Cri cM Otc, dili~ cilt i1ittuiltcS tosa(1cic ltd h
 
eetiti cei N tpljcatiii. iirci i and 'I 

Cuitcr. Nuia tciia. t'hilippinco. 1 I66, 

uniform hut More pro:::nced I DS than in WS] 

NITRO(I IN I; IA KI- I'.V I I- RNS IN MODF.RN R ICE 

4-grnfoml I)atimcm' 

A COilahorative study With the UCniversity of'1 
Californi'a, Dav's, USA. was initiated in 1986 to 
discovcr the 1) variations in N uptake pattern of 
modler-i rices with different durations, 2) relation
ship between N utiliz~ation and f'ertiliz~er N appli-0 
cation, and 3) istrihUtion 0ofSO N, ferilizer N, 

aNd ir ge u pt keatter n T h tiring N u pta k 
Nitroen utakepaltrn.he ttal uptke 

pattern ofrices of 3 growth duratllions was initially 

TotalN u,lak6(Kq/io) 

120 d 

W 

105-118 d 

,
 

1 6I( HO3 100 

V)1|al ,'(0Ndrprc ot ricc o4 3gr:owt:Ii d rations ItM-, 105-118, 

d at 10-d grOW lh in ....tr k IRRI, 1986 DS. 

,'t, 0 0
 

Vciry, (t.l.yruM idpeor cng 

- Nhining 

and-dry matter drn i-O --- -ini--t--

itttrad jiti al Vii ioio, n 
modejrn ricco atsaltcctcut It N applicattii. IRRI, 1986 D)S 
and S. 

20. (irain i elcd j ;11ciaIillat( ajn d I() 

120 
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slow at 1.-20 DT,increased during tillering up to FOR F,NITROG['N MANAGEMF-NT ARl.Y
70 [)T, then slowed down before increasing again MATURING RICI

during the reproduct've and ripening stages Agronomy Deprtient 

(Fig. 19). Generally, short- and medimn-duration 
rices (100-118 d) had lower N uptake than long- We continued to evaluate tile productivity, brown 
1n1ration rices (-120 d). rice protein ( RIP), and lodging resistance ofearly-

Crain yield. The yield of modern rices was maturing elite brcA:,n, lines as affected by N 
related to growth duration. Short-duration rices application method a..iu rate. 
yielded low during DS and WS. Dependence on In 1), the promising line IR32307-107-3-2-2 
N feitilizer application was high and more pro- yielded the highest at 8.0 t/ha when SCU was 
nounCed in 100-d rices (luring WS (Table 14). applied :a 116 kg N ha (Table 15). It also gave the 
Binato and Peita, both traditional varieties, \ieldcd highest average yield of 7.2 t,' ha and productivity 
tle IeC,twiti and \withoUt N fertilizer in both of 75 kg rough rice, ha per day. 
, asons (Fie. 20). in WS,1R41993-131-2-3-1 yielded tilehighest 

Table 14. Grain yield of modern and traditional rices of different growth durations, with and without 15 N-depleted 
(NH4 t2 SO4 . IRRI, 1986. 

Grain yield It/ha) 

Maturity group (d) Dry season Wet season 

No fertilizer N 60 kg N/ha Difference No fertilizer N 30 kg N/ha Difference 

100 3.4 4.1 0.7" 2.2 2.9 0.7"
 
105-118 4.1 5.1 1.0" 2.9 3.3 0.4"
 

(in-t(traditional check) 2.3 2.3 0 1.5 2.0 0.5" 
;4120 1.1 4.8 0.7"1 2.7 3.2 0.5" 
Peta (traditiomet check) 1.4 2.2 0.8" 1.0 1.1 0.111s 

Table 15. Field duration and productivity of 5 varieties and 9 early-maturing IR rices as affected by N application rate and 
nmihud. IRRI, 1986 DS. 

Grain yieldb (t/ha) Av yield 
Field - - - -

Entry durationa No N 116 kg N/ha 150 kg N/ha t/ha kg/ha 
(d ) ...... . . ... ........... . ......... as u rea sp lit p er day 

Urea spIt SCU USG 

11R8c 112 3.9 of 4.7 f 4.4 ( 4.2 g 4.2 4.2 38 
IR36 93 4.3 cdef 5.3 e 5.4 f 5.7 f 5.4 e 5.2 56 
IR42 118 5.4 a 6.9 bc 6.9 hCd 6.9 bcd 7.1 b 6.6 56 
IR58 86 4.2 def 6.3 cd 6.1 e 6.3 def 6.5 bcd 5.9 68 
IR64 100 5.3 ab 7.1 ab 7.2 b 7.2 b 6.6 bcd 6.7 67 
IR31802-48.2.2-2 98 4.7 bcd 6.9 bc 7.1 b 7.1 bc 6.8 bc 6.5 66 
IR31868-64-2-3-3-3 96 4.3 cdef 6.0 d 6.3 de 6.4 de 6.1 d 5.8 61 
IR32307-107-3-2-2 96 4.9 abc 7.6 a 8.0 a 7.9 a 7.8 a 7.2 7r 
IR32429-47-3-2-2 90 4.2 def 6.5 bcd 7.2 b 6,5 cde 6.4 cd 6.2 68 
IR32429-122-3-1-2 95 4.5 cde 6.5 bcd 6.9 bcd 6.8 bcd 6.7 bcd 6.2 64 
IR32843.92-2.2-3 98 5.3 at) 6.3 cd 6.4 code 6.0 ef 6.5 bed 6.1 62 
IR35293-125-3-2-3 100 4.7 bcd 6.8 bc 7.0 bc 6.7 bcd 7.1 ) 6.5 65 
IR39385-124-3-3-2-3 86 3.9 ef 6.4 cd 6.2 e 6.3 def 6.9 bc 5.9 69 
IR39422-19-3-3-3-3 86 3.8 f 6.0 d 6.4 cde 6.5 cde 6.1 d 5.8 67 

aDoes riot inhudo 20 d In the seedbed. b Av of 4 replications. CV = 9%. CAffected by tungro (RTV). 
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(4.8 1 ha) when PT was split-applied at 58 kg N ha i R39385-124-3-3-2-3 had the highest grain(lahle 16). this ine and IR5,gave the highest protein content in DS (Table 17). Results further1r'0(]ulIII.%0I SO Kg retitgh rice ha perday. The N conirmed the previous report that ising slowresponSeP O variots IR rice, :sted was hifgh in I)S. release S(JIJ and N deep point placemcnt increased
I herC was no response in I ,ause of severe the percentage ofg'raill prottein conltent, IncreasinglodeuL1, \lijcl )ccurred it ilpeaie in lrtilized N lcc also increased the percentage of I3RP 

[)lot". COfICritI. 

rabl 16. Field duration and produutivity of 4 varieties and 9 early-maturing II ricos as affected by N application rate and
method, IRRI, 1986 VVS. 

Grai yield11 
(t/ha) Av yield

FieldEntry duratio? No N 58 kcl N/ha 90 k'l N/lh. t/ha kg/ha . ... 
 . . .
 . . .. . is urea split per day 
Jra spli SCO USG 

1-3( 96 4.ah1 3.9 3.Roc cde 3.7 cd cd3.6 3.8 401142' 113 3t ,: 4 S1.9!e ./ d 4.1 abed 3.5 ( 3.7 32H358 85 3.7 bed 1.4ahr 
 4.5 ah 4.3 abe 4.2 abc 4.2 53IR64 104 .3ab 4.2 ahc 3.91 hode 4.3 abe 4.3 ab 4.2 401R31868-64-2-3-3-3 96 0 ;Ihc 3 hr 3.5 2.9 hol 3.3 ed 3.8 39IR32307-107-3-22 
 104 I.C, 4,A ahc 4.1 abode 3.3 md 3.6 cd 4.1 39I3 5293-125..3 1 1 , t 3.8 .3.' oe 3.6 1 3.7 bed 3.7 36I1419,5-98-3-1 -2? 4.0 hc 1.0 hlad, 1.3 ihc bcd2.7 4.0 431 1993-131-2-31.1 1 1. 1.7_1 4.(1a .1.7 a 4.41f41996-12. -.-2// 36G I h3 )c 
50 

4.3 " rd 4.1 nbcd 4.1 abcd 4.1 431 41996-50-2-1-3 h,,1lcd 4/ h ,45 :4 4.1 abed .1.4 a11342068-22-3-3- 1.3 4.2 4741) Ic0 '1. 'h 4.3 cicd 4.5 ah 4.3 ab -1.3 4711314595-70-2-2. 3l 96 11 ,c 1.0 I : a'1h E: :3.8 co 3.6 cd 4.0 42 

,, .. ;'wi hI1' 1 , . o o licatio r. (V 9";. Il38 wa, .;,:vr.Iy af ',
t ,rl by PT ' anid was har-

Table 17 Brown rice protein content of 5 varieties ard 9 early-mraturirg IR rices as affected by N application rate and 
merhod. IRRI, 1986 03. 

Brown rice proteina ll 

Enir ", 116 kt N/h 150 kg N/haNo N ............... 
 ---.-
 as urea split Mean 
Urea split SCU USG 

0 8 h 6.1 cd 7.3 d 7.b f 7.6 1 /.6 c 7.4IR36 6.3 d 10.1 a 10.8 a 10.7 a 9.9 ah 9.6IR42 7.9 at) 8.6 L 9.2 de 8.9 e 9.9 ah 8.9I058 .8 ab 9.3 ab( 9.9 bed 10.1 abc 9.7 a1 9.4IP64 7.8 IT 8.4 c 9.4 bode 9.9 abcd 9.3 ab 9.01R31802-48.2.2-2 7. ab 9.2 bc 9.5 l'cre 9.0 de 9.1 b 8.9IH31868-64-2-3-3.3 .3 x 8.6 c 9.6 . Ibcde 9.6 bc:d- 9.5 1h 8.91R32307-107-3-2-. 8.9 be 9.7 brlcde 9.5 ode
.u 

9.4 at 9.0I132429-47-3 2-2 / 4 abc 8.5 C 9.3 (;rle( 9.1 h'I.' 9.6 ab 8.9IR32429-i22-3-1-2 7.7 abc 8.4 c 9.4 bcde 9.1 de 9.5 ab 8.8I832843-92-2-2-3 
 7.1 bed 9.0 bC 9.3 cde 1(.3 abc 9.'4 ab 9.0IR35293-125.3-2-3 7.,ab 8.4 c 8.9 9.6 bcd, bI839385-124-3-3- 9.0 8.7:3 . 10.1 a 10.3 ab 10.5 aS 10.1 a 9.91139422-19-3-3.3 -3 /.7aic 9.6 at 10.2 abc 10.2 abc 9.8 ab 9.5 
Mean 7.b 8.9 9.5 9.6 9.4 

Cv -/. Aff hyltedHTV.
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Table 18. Lodging resistance factor (cLr) values of 5 varie- clr value 
ties and 9 oarly-maturing IR rices. IRRI, 1986 DS. 	 0160 

Entry cLr value [ 1 Withoulfertlizer N
 

IFgb 
 0.278 a 	 .-<..: Ue
IR36 0.149 bc ,: se.1R42 0.157 b L), ,p,,
IR58 0.150 bc WIJO 
IR64 
 0.133 de
 
IR31802-48-2.2-2 0.123 ef D
 
IR31868-64-2-3-3-3 0.152 bc );4,
 
IR32307-107.3-2-2 0.132 do
 
,R32429-47-3-2.2 0.150 bc 
IR32429-122--1-2 0.131 de 0,40

IR32843-92-.-2-3 0.109 .
 ..
 
IR35293-125-3-2-3 0.121 9fg

1R39385-124-3-3-2-3 0.1i 17 fg i :.

1R39,122-19.3-3.3- 3 0.142 cd
 

v ni 5 N treatments and 4 replications. CV 13%. :
 
bAfloctf by RTV. 
 l---,-.-:. --- - --------- 60 

c;d,:(kg/h 

As in previotis yea rs, 116 was the most resistant 21. Lodgingt reistanc: lactoiai I value ol rice as affected bv N 
to h tested 18).lodging a g the rices (Table application rate and melh! (a, ol . rices). IRI, .986 DS. 
N application reduced lodtig riesistance ( i1g. 2 	 Bars with acnnito letteI aic not siinitilieantlv dillerett at the 

5; level. ('V >
particularly when IJS( was deep-placed in the soil. 

AL) FRNA I I Ii'HN)It (;Y F )R INCREASING 19, 20). Without fertilizer N, the modern rice
NIl ROW i N 1 1+.1, IFNCY IN LOWl AN) RI(E IR29723-143-3-2-1 yielded more (I. I t/ha in DS 
1l.1r,110/111. y!,'uintn and 0.7 t/ha in WS) than the traditional variety 

Binato.
There was ., response to fcrtiliier N atpplication In DS, the N response oflR29723-143-3-2-l was
vhen traditional \arietv Binato was used (Table at least 0.7 t ha (Table 19). At 58 kg N/ ha, the 

Table 19. Effect of urea sour, application rate, and application method on the grain yield of traditional variety Binato
and modern cultivar !R29723-143-3.2-1. IRRI, 1986 DS. 

Urea N applied (kg/ha) Grain yieldc (t/ha)

sourCea Application method
Binato IR29723-143-3-2.1 Binato IR29723-143-3-2-1 

- 0 0 No fertilizer N 	 3.7 a 4.8 hPU 29 58 Farmers' split 4.1 a 5.5 a
PU 2E 58 
 Reseathers' split 	 3.8 a 6.4 cdeSCU 29 58 BB&I 3.9 a 6.1 d-gUSG 29 58 Point placement by hand 3.9 a 6.9 abcUSG 30 58 Point placement by press wedge 4.0 a 5.6 fgPU 29 58 Band placement by plunger/auger 4.4 a 6.7 bcdPU 58 87 Farmers' split 4 4 a 6.3 c-fPU 58 87 Researchers' split 3.9 a 6.9 abc
SCU 58 
 87 G3&l 3.9 a 6.9 abcUSG 58 87 Point placement by hand 4.2 a 7.3 abUSG 53 86 Point placement by press wedge 3.8 a 5.9 efgPU 58 87 Band placement by plunger/auger 4.2 a 6.1 d-g
PU 80 120 Researchers' split 	 4.3 a 7.5 a 

V mean 	 4.0 6.3 
aPU = prllled urea, SCU sulfur-coated urea, USG - urea supergranules. bFarrners' split = equal-split doses at 10 days aftertransplanting and 10 DAPI. 'lesearchers' snlit 5tS basal, broadcast and Incorporated (BB&) into mud plus 1/3 top.
dressed at 5-7 DBPl. CCV 8%. 
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Table 20. Effect of urea source, application rate, and application method on the grain yield of traditional variety Binato 
and modern cultivar IR29723-143-3-2-1. IRRI, 1986 WS. 

N applied (kq/ha) Grain yieldb 
(t/ha)


Ur -ea . . . . ... . .... . ...... . . . A p p li,-atio n ineth o ..
 
soUrce Binato IR?9723-143-3-2-1 
 Binato IR29723-143-3-2.1 

-- 0 0 No ferilizer N 2.6 abc 3.3 c
 
PU 29 29 Farmers' split 2.2 abc 3.8 abc
 
PU 29 29 Researcers' split 2.5 abc 3.8 abc
 
SCU 29 29 BB&I 2.5 abc 4.0 abc
 
USG 29 29 Point pacement by hand 2.5 abc 4.3 ab
 
USG 33 34 Point placement by press wedge 2.1 abc 4.1 abc
 
PU 29 29 Band placement by plunger/auger 2,3 abc 3.7 bc
 
PU 5F 53 Farnieis' solit 3.0 a 3.8 abc
 
PU 58 58 H esearchers' split 2.8 ab 4.2 abc
 
SCU 58 58 BB&I 2.7 abc 1.1 abc
 
USG 58 58 Point placement by hand 1.8 c 4.3 ab
 
USG 48 57 Point placement by press wedge 2.0 bc 4.7 a
 
PtJ 58 58 Ba nd placernert by pl t(e r/a ugr 2.0 bc 4.3 ab
 
PU 80 120 FResearchers sllit 2.0 bc 4.7 a
 

V rn:irin 	 2.4 4.1 

farmers' split -- equal-lliis oss it t0 days after transwartinq and 10 DAPI. Researchers' split - 2/3 O3B&I into nioid plus
1/3 topirfrssed at 5-7 DRPI. 1

hCV 15%. 

improved ictithod and tilntinif! of N applic'ition tt'trihcr'nCirCdeep i!acClnent of PU by plunger/ 
(tis'cacher,"T;plh) igllticani'ly increased g.rain auger nlachine ga\ve significantly lower yield than 
viCld by alio 1stI hia ovr ilhe farimers' practice. hand point placement of IJ S(. At both intended N 

)ccp placcllelnt ft N It the IIR ki-designed rites, point placement tof. SG by the press wedge 
liiniger ;iug,,t inachic piv'.-c vields comparable niachine was consistenitlv itfeliolr t) point place
to (IcCp "I '!M' hititd. id0h tel'cll- tile itt t 'St by hanld.Zc-c":ti..- hV 
[elnts pi'C yields Coltp:iibhlc to that fron the In WS, gra.ihn yields with diflerent N ti'eatlleits 
Cscarcl'crs' splht app hcition of IT. At 87 kg N Ita. \Wle com1parable (lable 20). However, IR29723

the rcsca..:hicr' splil did not significantly oulycid 1-13-3-2-1 !r'~lduccd tone than double the yield of 
The larincrs" applicatioi ilnethod ad111 ting. tHinato with Iesarchcrs' split at higt" N. 

Tabla 21. Effect of N fertilizer minagrmont practice on grain yield of broadcast seeded flooded rice. iRRI, 1986 DS. 

Grain yield" (s/ha)
Fertilize; mtian-a(Jeitse- -n------.. 

IM58 IF164 IR29723-143-3-2-1 Mean 

No N 3.5 c 3.3 c 4,3 oi 3.7 C 
80 	kq Niha 

2/3 bas,3l ; 1/3 at 5-7 OBP1, all PU 6.1 ab 6.3 b 5.1 c 5.8 d 
1/2 at 15 OAS 1/2 at 10 DAPI, all PU 6.0 ab 6.8 ab 6.5 b 6.4 c 
1/2 IJSG basal 1/2 PUiat 5-7 DBPI 6.1 as 6.6 ab 6.8 ab 6.5 bc 
SCU basal 6.2 ab 6.9 at) 6.7 ab 6.6 bc 
2/3 SCtJ basal 1 1/3 PU at 5-7 DBPI 6.1 at) 7.2 a 6.7 ab 6.7 abc 
1/2 SCU basal 1 1/2 PU at 5-7 DBPI 6.5 a 7.2 a 7.4 a 7.0a 

120 kg N/ha 
?/3 basal '- 1/3 at 5-7 D8PI, all PU 6,3 ab 6.6 nh 7.0 ab 6.6 bc 
1/2 at I5 DAS - 1/2 at 10 DAPI, all PU 6.5 a 7.0 ab 6.8 ab 6.8 ab 
SCU basal 5.7 b 6.5 b 5.6 c 5.9 d 
1/2 USG basal + 112 PU at 5-7 DBPI 6.6 a 6.8 ab 7.0 ab 6.8 ab 



So)ilAND('Rl NMANAGFMI EN" 315 

NITROGEN FERTILIZER EFFICIENCY IN Table 22. Effect of N fertilizer management practice on 
BROADCAS[ SEFrID FLOOI)I) ICE grain yield of broadcast seeded flooded rice. IRRI, 1986 

ws.Agronom.v Del'rimenf S. -

FertiizerGrain yield 
a
r (tha) 

Earlier studies con(ducte(d at IR RI showed .hat Fertilizer 
SCU (54 kg N;ha) and P1 l120 kg N,ha) B&I gave 11364 IH29723-143-3-2-11) Mean 

similar yields in floodced BR rice. In VPR, No N 3.8 ab 3.3 a 3.5 abc 
researchers' timing of N appli alion yielded higher 60 kg N/ha 
than did farmers' timing. 2/3 R&i 1 1/3 3.8 ab 2.7 at) 3.3 abc 

In DS, IR6. 1R04, and 1R29723-143-3-2-1 were at 5-7 Dt'l. 
allPU
tested at diifierent N rates and fertilizer manage-


ment praCtices. IR58 an I I04 yielded lowei than 112 at120AS 1 4.2 a 3.4 a 3,8a

1/2 at 10 

tlie niediui-nal L-ng IR29723-143-3-2-I wlicii no )API, all PU 
N fertilizer was applied (Table 21). NHeld respolnse I/3 B&I t 1/3 3.2 ah 3.1 ab 3.2 abc 
was highest at 80 kg N .ha with I 2 MS(I N i,I at 20 DAS 
1 2'I' topdressed ii 5-7 IJ !,I. ei ) lBR 1/3 at Pt, all PU 
I,,64 and IR29723-143-3-2-I with iescarchers' 1/3 at 12 LAS 3.9 ab 3.1 ab 3.5 abc+ 

1:/3 at 30 iDASof PII watiminq, S1 inlterior to vicld with armriieiS, 1/3at P1, 
timingt (labl: 21 ). In IP58. no Vield diiferCncC was all Pu 
ohsCrVCd het,, co the l o N applicat ion timing,,. 3CLu B& I 4.0 ab 3.0 ab 3.5 aoc 

Increasine N tcrtiliier rate to( 120 kg N ha 1/2 USG f 1/2 4.3 a 2.3 ab 3.3 abc 
Significantly reduced the yick) of .(' -trCated PU at 5-7 

plots. DBPI 
Ii W.,N application)t at .Ias ccd1o 0(1 n 90 kg N/ha 

, 2/3 B&I + i/S 3.6 ab 2.1 b 2.9 bc90)kg, hit)i 116, and 1P29723-1-3-3-2-I. 1)(1 the at 5.7 DBPI, 
primary source Of N, \vas applied at researchers' allPU 
and farlers' tiinng. Hoth Illhods were testc(] at 1/2 at 12 DAS 1 3.8 ab 3.2 ab 3.5 abc 
two and three split applications. 1/2 at 10 

Applying N feriliCr did not sigrilficarrly DAPI, allPU 
imtprove grain yield. At 00 kg NAm, 1 2 l 1/3 H&I at 1/3 at 3.9 ab 3.4 a 3.6 ab 

g ha 20 DAS + 1/3 
applied at 12 I)AS and I 2 it It) I)A1I was more [t PI,all PU 
elficient than the reconlleded best split iIl %l- /3 at 12 DAS - 4.0 ab 3.1 ab 3.6 ab 
vcrting applied N into grain (labl 22). With basal 1/3 at 30 DAS 

N, thr.e splits gatvc no yield advaul;ge over two # 1/3 at Pt," all PU 

splits. Using larmcstiming, three split N applicatin aelwryed itoSCU 3.0 b 2.6 ab 2.8ch B&I 
lions gve loweiviCids thritwo CtlU;l splits. 1/2 USG 1 1/2 4.1 ab 3.2 ab 3.6 ab 

The grain yields obtai ned witI deep-placed IIS() PU at 5-7 
and slow-release S'I Jwer..,'m1ar t,,that with MI J. DBPI 
Increasing N rate io 90 kg Nhl did not cor- aCV: maInplot ivrietv)- 23%, subplot (fertilizer man
respondingiy iiicrease yield, agamert) 18%. bmll treatments lodged. 

IEVAI. 1A I ,0N '.,,\('I. I MA(tINFS I)OF NIN 
INCRFASI NI I ),(iIN .I:, IR l I:tItIFNCY IN.I!R and thc researchers' improved method and timing 
IRR(iATI I) Rl(I CotinUCd in 1986 WS. 
Agronomy Dl)artuu'nt USG point-placed by press wedge machine 

cither bef'ore or after transplanting produced high
Tests on the pe rfrmance of IR R I-designed fertil- pN.113 in tile floodwater, indicating higher 
izcr placement machines compared with that of potential Ior Nth volatili/ation loss (Fig. 22). 
farmers' practice ard timiig of urea application Negligible pN1-13 was measured with hand point
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PNH 3(Pa) 

02 5 1 

O0 O 5VT-' 


NU, band-ploled b, hpiunge,/ou~er [V USG,poinf.ploxt~ bhyprhr,]• 

(58 gN/P) N/hi / 
05 - _ [ Ub r-O,,(d hy , "r/ 

iS',,h pa* d,,/n d 

010 /001, 

S005 


%.$edgef~ kgN/Wi') % . " 

2 3
4
2 ' 


Dolysafter fertihzation 

22. I'irtial pressurc of floodwater NII, at 13(X-14(X) h after 
lertili/Cl pccueklc'Ht in 5 ctm standing water by hand or machine 
at I d beforc transplanting (|IiT)and 5 d altel transplanting 
()F), IRRI. I861 WS.lJS( - urcasuipt rgranriules, PIJ = prilled 
urea. 

placed US; and !lJUband-placed by plunger/ 
auger machine with 5 cm water at 5 lDT. When PU 
was band-placed by plUngeriauger machine al I d 
before transplanting (DBT), higher floodwater 
pNit3 was observed than when it was applied at 5 
DTI'. That could he due to the higher floodwater 
N l.'-N concentration. 

iopdressing urca with 5 cm standing water at 
10 DT gave higher floodwater pN I- than when 
urea was applied at 10 DAPI (Fig. 23). Low 
floodwater pN 1-Hresulled when N was applied by 
researchers' practice at 10 DBPI (Fig. 24); hence, 
NH3 volatilization loss was minimum, 

pNH3 (Pa) Faorrs'sy, 
o5 


10 DT 
 0 DAP/
 
041.
 

03 
, 4,.,5kqlN/hc] 

02 , 
9, N , 

01 \croation 
w,0, , /grain 

oit-- 3 1DS "-0ays af,,,fe,,,,n 


23. Partial N3It at 13(X)-f4(8) afterpressuite of floodwater ih 
topdressing tirea tn 5 cm standing water at If)"d after 
transphtntng (DI) and 10 I)API. IRRI, 1986 WS. 

PNH3 (Pa) 

0 06 

0 
29 

kqN/ha 

[ 
'9 N/h
O Nhilo! 

00wd4e(53)g) 0oh,, 

00%
 

O f , 

H, a ,t d!t,a 
24. Pilatial pressore of floodwaiter Nil ati 13(81-141(1 itatter 
topdressing trea hi5 ctn shandi tg "Nater at 10 I)lBPI. IRRI, 
lt986\VS. 

N application signilficaltly increased grain yields 
(Table 23). Point pl:ctnen! of USG by hand gave 
significantly higher yields than did farmers' split. 
However, the improved researchers' split applica
tion of urea did not significantly increase yields 
over the farmers' split but gave yields comparable 
to eithcr hand or machine deep point placement 
with ISG. Band placement of PU by plunger 
auger machine with about 5cm water at 5 DT and 
point placement of [JSG by press wedge machine 
without standing water at I DBT gave yields 
similr to that with hand point placement of USG 
at 5 DT. 

The effectiveness of fertilizer application in the 
reduced soil layer may thus depend machineon 
performance and soil and water conditions during 
N application. 

EFFECT OF WATFR DEIPTII ANI)TIME OF 
NITROGFN PILACEMENT IN LOWLAND RICE 

Agronontt' I'Department 

The effects of water depth during fertilizer in

-. and thle timing of N placement on 
yield of lowland rice were evaluated in 1986 

and WS. Medium-maturing IR64 and latematuring IR29723-143-3-2-l were the test rices. 

No correlation was found between rice variety 
and fertilizer treatmeht in both seasons; hence,
data were averages of the varieties used. 
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Table 23. Effect of urea source, application method, and water depth on grain yield of IR64. IRRI, 1986 WS. 

N applied 

Urea source Application method 

No fertilizer N 0 
PU Farmers' split 58 
PU Researchers' split 58 
USG Point placement by handb 58 
PU Band placement by plunge/auger (modified)l 58 
USG Point placem-t b_.' press wedge (modified)b 53 
PU Band placement by plungi :/auger (4-row)c 58 
USG Point olac"mert by press wedge (4-row)c 55 
PU Band placement by plunger/auger (4.row)c 

58 
USG Point placement h' uiess wedge (4.row)c 51 
PU Farmers' split 87 
PU Researchers' split 87 

Applied t 5 d after transplanting. Applied at 1 d betore transplanting. 

Water depth (cm) Grain yield8 

during fertilizer tha)dpplication 

- 3.0 
5.1 3.9 b 
0 4.3 ab 
4.9 4.5 a 
4.9 4.5 a 
5.0 3.9 b 
0 3.9 b 
0 4." 
5.1 4.1 ab 
5.0 4.4 ab 
4.8 4.0 ab 
0 4.1 ab 

The farners' practice of topdressing urea into 
the floodwater at 0 DT and 1t l)API g 
significantly lower yields; than did B&I of N before 
transplanting A lopdrcssing at 5-7 DI13I 
(Table 24). Broadcast arid thorough incorporation 
with a mechanical rotary weeder at I mWF of the 
first N dose with or without standing water at 
various depths gave comparable yields, suggesting 
that thorough incorporation of a hasal (lose is 

essential, irrespective of water depth at the time of 
fertilizer N application. Other results, however, 
suggest that it isdesirable to apply the basal N dose 
onto mud and incorporate it thoroughly without 
standing water. 

Deep placement of USG at 5, 10. 20, or 30 DT 
was not superior to the recommended urea B&I 
before transplanting + topdressing at 5-7 D11PI 
(Table 24). When medium- and late-maturing 
varieties were used, point placement of N LIp to 
30 D'YEdid not affect yield. However, N deep place-
ment by a machine is not practical beyond 20 1, 
because then the well-developed rice roots and 

canopy hinder the machine's operation. 

NITROGEN FIR1 II.IZFI MANAGEMFNT UNI)ER 
SIM JIAI) RAINFH) LOWLAND CONIHIONS 

/lgrottonny DepartI011 

Vegetative phase moisture stress. Rice yield 
response to different N fertilizer management 
techniqtues w".': evalated at IRRI using the line 
source sprinkler (LSS) system at five irrigation 

Table 24. Effects of water depth and time of N appllca. 
tion on the grain yield of lR64 and IR29723-143.3-2-1. 

IRRI 

Ura 
source 

-

PU 

PU 

PU 

PU 

PU 

USG 

I iqCt 

USC 

aN was 

1986 DS and WS. 
Grain yield bt/ha) 

Application method 

DS WS 
No fertilizer N 4.1 c 3.2 d 
1/2 at 10 DT + 1/2 5.6 b 4.1 c 

at 10 DAPI 
2/3 B&I at 1 DBT 6.0 a 4.5 ab 

without water + 
1/3 at 5-7 rBPI 

2/3 R&I at 1 DBT 5.8 ab 4.5 ab 
with 2 cm water 
+ 1/3 at 5-7 DBPI 

2/3 B&l at 1 DBT 5.8 ab 4.5 ab 

with 4 cm water 
+ 1/3 at 5-7 DBPI 

2/3 	B&I at 1 DBT 5.9 ab 4.4 bc 
with 6 cm water 
+ 1/3 at 5-7 DBPI 

Hand point-placement 6.0 a 4.8 a 
at 5 DT with 5 cm 
water
 

at 10 5mith
DT w cm 

water 
Hand point-placement 6.1 a 4.6 ab 

at 20 DT with 5 cm 
water 

I-irnd point-placement 6.0 a 4.7 ab 

at 30 DT with 5 cm 
water 

applied at 87 kg N/ha In DS and 58 kg N/ha In 

ws. DBT - days before transplanting, DT = days after 
transplanting. Topdressing at 10 DT and before or afterpanicle Initiation was done with 5 cm standing water. bAv 
of 4 replicatlonsand 2 rices. CV - 6% In OS and 7% In WS. 
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levels and four N treatments. IR64 was the test 
variety. P at 13 kgIha and K at 25 kgiha were 
basally applied, 

The field wts SoIt'acc itrigaiCd to abIut 2 cin 
water depth starting at 3 DT1. Irrigation level 1,1 
iprCseute( coritituously floold rice: it has the 
salle amlllOunt of wi:ter tron I. is 1.2. btl needed 
surface irrigation to mait 5 cm coinu'us 
floeding. At 8 IPI. the standing water at 1.2 to 1.5 
vas allowed to dr by eVapotianspiration and 

percolation. Irrigation by I SS, positioned hetween, 
1.1 and 1.2, started at 25 )l and \was used twice a 
\vcek tip to ,42 1)' (3 )IPI). 

Pan Caporation wa. useLd to detcrincin the 
water "o be :applied h\' I.-;.. li hu hole ficd was 
tllooded to ;Ihot § em foml'lPt It) bdelorc0 

hI vest. 
(tittit1Ously uldcd plts (H.1) iccei\ed the 

highest aillouttli o wter (li .25. 1.2 3.1,3. I4,nd 
r-ecCi\ d 15 , "'0.,tdl 11 1i(it \.;itt It tll I15 . 
tespcti'ely, i., tie itltost "lc,,Ned [titlllt. did 
ntt receive x,,tier I ,\t 0 cs[,Ilt .. the et-d of the st 
perio d, the deeteC od il Ltackitte incrcased with 
!iC'eCslin w.ate; stcme.,. 

ndcr alny watci regimc, dcp-placed tIS(;wgtv 
the highcs,,,i (lable 25), which was ettaable 
to those with the rescartehcts spli l of l (2 3 B&I 
into mttuld and I 3 al I). '[lie lowest avcragc yield 

w, o ,lt) 
- . 

I ii 

25. 'total ,.ate applied hrt lImc s,,ree T nplktr (I SS) utat 
surface rripation during vegetative phase.L s.,tess pcriot I, R[I,
9i)X6DS. . 

was obtained with farmers' split of PU (1/2 
topdresscd at 10 DIT and Ii2 at 10 I)AP1). L5 
produced higher yields than did 1.1I perhaps 
because of igh Mineralization of applied and 
native N after reflooding. Lower yieds at 1.3 may 
be attributed to high Nlosses is a result olalternate 
wetting and drying cycles. 

Results suggest that in relatively fcrtile soil, high 
Viids can be obtained urder mild moisture stress 
at the vegetative stage is long as there are minimal 
or no alernatc wetting and (lying cycles. This is 
momt relevat wlhce walet sUpply islimited. Since 
"o'lnliuolUt flooding isimprobable in most rainfed 
IWeeillcaes becatse Of ton1ll[1orl rainfall distrbu
tion. redttced N fetiCelir efficiency restths in low 
yields. 

p-;d net phase moisture stress. In a 
sCpartC expimttent. I .55 'sais used to impose an 
illialiotligradient rItig lie eproitel tise stage. 
[h iel response of IP4 at five irrigation levels. 
ad clight N fcrtilicrt trettitents was assessed. 

lhe sprinkler' irtigatit setup, i-igation sche
dtliti,. ttlad computaiton A the tiin'.tlt of ilriga
t i wate! were sinilat to those In the vegetative 
phase moistt le Siress CXperintent. llowever, all 
lplots were continmously flooded up to PI, after 
which .SS was u'-d to provide a decreasing 
aimounmt of vatcr 'romt 1.2 to 1.4. 1.1 represented 
continti,:, hioding. All plots were reflooded from 
".:lineto 10 1heore harvest. 

Figurc 26 shows the amount of water received by
the five irtigation treatments. Alternate wetting 

and drying cycles o(,,u,r,,d :, 1.2-1,4. Plant water 
stress and soil cra;tcking were more evident at .5. 

A I1.1. the highest vield was obtained with slow
release BCl1 (Table 2,). i )cep-placed US( and the 
researchers' split gave comnparably high yields. 
These N treatments ;tlsto ave IIigi yields at 1.2-1.4. 
At 15. however, (he yield trend was reversed. N 
treatments that gavc the highest yields at LI 
prduceid thelowest yield at 1.5, probably because 
tle plants that gicw ptofusely before the onset of 
stress suffered more sverely fron the effect of 
moisture stress (such its leal desiccation) it 1.5. 

A gradt uallv decre;tsine yield trertd was generally 
observed from 1.1 to IA'I (Table 26). At 1.5, yields 
decreased abruptly compared with those at 1!; 
most N treitlents redtlced tioie thI1an 50% of 
yields. In contrast to that in the vegetative phase 
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Table 25. Grain yield of IR64 with vegetative phase moisture stress, as affected by irrigation level (L1-LS) and N treatment. 
IRRI, le86 PS. 

Grain yieldb (t/ha) 
N fertilizer treatmnenta 

LI L2 L3 L4 L5 Mean 

PU, 1/2 at 10 DT + 1/2 at 10 DAPI 4.2 b 4.2 c 3.8 c 4,6 a 4.8 b 4,3 
PU, 2/3 B&I onto mud + 1/3 at PI 5.0 a 5.0 ab 4.7 ah 4.7 a 5.5 a 5.0 
PU, 2/3 B&I into 5 cm water + 1/3 at PI 4.8 a 4.7 bc 4.3 bc 4.6 a 5.6 a 4.8 
USG, hand placed at 1 D 5.3 a 5.3 a 5.1 a 4.9 a 5.7 a 5.3 

Mean 4.8 4.54.8 	 4.7 5.4 
=
aFertilizer was 58 kg N/ha. DT = daya after transplanting, PI panicle initiation. bL1 contlntuUL looding, L2 to 1.4

water from LSS at a decreasing amount during 3tress period, L5 = no water from LSS. 

Vi,;.,,:, 	 moisture.... 
 stress experiment, N mineralization 
(Y) . . .during reflooding in this experiment might have 

been too late to comipenisate for the sevlere effects of1. 	nltisture trcss ill the reproductive phase. 
The results e')iihflilcd the scnsitivily of, the 

rep otflictivc pht.se toImoistire stress. In areas 
wl-crc wtter supply is Iimited, nmdest amounts of 
N f.rtilizer :tre . high rate of N applicadesirable. 
tion will either incrCase N loSSe's Or aggravaMte 

damage caused hy witr dcl cit. 

NII I()(IN MANA(d'I[ N I itR SIMII.LAll]) 

.rAINFFI) I )WAN)RI(I-

Vhereas past research has identified poor crop 

2o. t.i;ui a r tr t mpjitcdh mmII dtring uStilmizarccof' N and N asirrigatin ut iliiation feIrtiliiers high losses 
icprouuctiv phae tevss peitm. IRI{I, 19X, D)S. naijor problems [Or irrigated rice, less is known 

Table 26. Grain yield of IR64 with reproductive phase moisture stress, as affected by irrigation leve: (L1.L5) and N treat
mont. IRRI, 1986 DS. 

h 

Grain yield it/ha)a

N fertilizer treatmnent	 - . . . . . . .. . ..-.. .. .. .. .
 .. 	. . .
 

L1 L2 L3 L4 L5 Mean 

No N fertilizer 4.3 d 3.6 d 3.7 d 3.4 c 2.7 ab 3.5 
PU, 1/2 at 10 DT 1 1/2 at 10 DAPI 4.5 cd 4.3 co 4.1 cd 3.9 bc 3.1 a 4,0 
PU, 2/3 B&I onto omuC 1 1/3 :t 5-7 DEiPI 5.8 a b. 1a ,?at) 5.0a 2.2 b 4,8 
PU, 2/3 B&I into 5 cm water 4-1/3 at 5.7 5.0 'c 5.2 ah ,3.6bc 5.0 a 2.3 b 4.4 

DBPI 

USG, hand placed at 1 D-I 	 6.0 a 5.6 a 5.2 ab 4.5 ab 2.2 b 4.7 
USG/PU, 1/2 as USG at 1 DT - 1/2 as 5.6 ab 5.7 a 4.9 ab 4.7 a 2.3 b 4.6 

PU at 5-7 DBPI 
SCU, B&t onto mud 6.1 a 5.5 a 5.4 a 4.9 a 2.2 b 4.8 
PU + DCDC,1/2 at 10 DT + 1/2 5.0 bc 4,8 bc 4.7 abc 4.4 ab 2.8 ab 4.3 

at 	10 DAPI
 

Mean 
 5.3 5.0 4.7 4.5 2.5 

Fertilizer was 87 kg N/ha. DT - days after transplanting. bL1 - continuous flooding, L2 to L4 water from LSS at, a
decreasing arnomnt during stress oerlod, IL-- no water from LSS. COCO = dicyandlamldo. 
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about N use and losses in rainfed lowland rice. Table 27. Effect of water regime and N fertilizer timing 
Therefore, an increasingly major research thrust on grain yield of lR64. Pila, Laguna, Philippines, 1986 DS. 
has been devoted to 1)enhancing our understand- Grain 
ing of N transformation under rainfed conditions Water regime N treatment yield
and 2) identifying effective N management prac- t/ha) 
tices f'orrair'ed environmlents. Continuously flooded 

In 1986, research in cooperation with IIEI)C 
focused on the interaction between N timing and 
water deficit. Water deficit stress was simulated in 
DS at Pile, Laguna, by withholding irrigation Vegetative phase 
during either the vegetative or reproductive phase. stressa 

Even with water deficit during either the 
vegetative phase (nonflooded from 15 to 35 DT)orvegetautive phase (nonfodd fro 1 to )o612a35D 
reproductive phase (nonfloodd from 41 to 63 

DT), grain yields were significantly increased by 
urea applied at 80 kg N/ha (Table 27). In all cases,the yields wie significantly greater for an early 

yield ~uc+ 
'2 basal -4- I '2 at 37 1)T) than for a delayed ( I/2/ 

broadcast at I1 ID I 112 at 65 )T)application of 
urea. Early N application apparently improved 
plant vigor, thus enabling the rice crop to better 
withstand water deficit during the vegetative and 
reproductive phases. 

Grain yield was lower in the stressed than ill 
tile tunstressed, coIminuouslv flooded treatment 
(Table 27). This reduction in yield from water 
deficit tended to be greater for vegetative than for 

repro(luctive phase stress. 

NITR)GEN LOSS IN A MIINGItAN - LOWIAND 
RICE CROPPING SYSI lM 

Sodji and /lgronomy l)c7partm'nts 

Rice-growing soils in tropical Asia are frequently 
aerobic during DS but become waterlogged 
through either irrigation or rainfall in the wet 
season (WS). The aerobic environment could favor 

the buildup of soil nitrate, which in turn might be 
lost upon waterlogging. Field research was con-

ducted at an IR RI lowland site in cooperation with 
IIFDC to determine acctniim1lation of soilI) tile 
nitrate during and following a )S nungbean crop, 
and 2) the magnitude of nitrate dit appearance 
upon flooding for a )S rice crop. In both 1985 and 
19M'6, mungbean was planted in February and 
harvested in April. The land was then left fallow
with no weed control for about 1.5 no until June 

flooding for a rice crop. 

Reprodctive phase 

stressb 


Source of variation 

Water regime (W) 
Ntreatment (N) 
WX N 

NO, no applied N 3.0 

NI, urea, 1/2 basal f 1/2 6.7 
at 37 DT 

N2, urea, 1/2 at 11 D-T 4.7 
at 65 DI 

NO, no applied N 2.2 
N1, urea, 1/2 basal + 1/2 4.7 
at37 DT 

N2, urea, 1/2 at 11 DT 2.9 
+ 1/2 at 65DOT 

NO, no applied N 2.4 

N1, urea, 1/2 basal + 5.6 
1/2 at 37 DT

N2, urea, 1/2 at 11 DT 3.5 
1/2 at 65 DT 

+ a5
 

df Mean 
square

2 10.78"* 
2 41.92 * 

4 0.461 
LSD 0.05 IN under same W) NO v N2 0.6 

NO, N2 vs N 1 0.5
LSD 0.05 (W under same N) NO, N2 0.8 

N1 0.6
 
CV (a)= 15.4%
 
CV (b)= 9.2%
 

bNonflooded from 15 to 35 d after transplanting (DT).
Nonflooded from 41 to 63 DT. 

Table 28 shows soil nitrate by layer immediately 

before the littne flooding for 1985 and 1986. Soil 
nitrate averaged 22 kg N/ha in the top 30 cm in1985 and 52 kg N, ha in the top 60 cm in 1986. No 

Table 28. Soil nitrate-N before a Juno flooding for low. 

land rice and following DS mungbaan receiving no applied 
N. IRRI, 1985-86. 

Soil depth Nitrate-N (kg N/ha) 
(c) 985 198 6b 

0.10 13 21 a 
10-30 9 18 a 
30-60 - 13 b 

aLSD not reported because of significant (P = 0.01) 
square X tillage treatment X soil depth Interaction.bMeans followed by a common letter are not significantly 
different at the 5% level by. LSD. 
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neasurements were made helow 30 cm in 1985. Table 29. Effect of N application to L)S mungbean on 
Tillage method prhir to 1motlll.db[ila hld llo effect on nitrate-N in the top 60-cm soil layer. IRRI, 1986. 

subseq nLICIltratl'aleaIcculIIlIaliI. N applied to Nitrate-N (kt;/h4. 
After flooding of the land fkor plowing and LInd . ......... . .......... to..loo.in. 

preparation prior to WS rice, the nlitat wt.CMI- h/)rvestn ro Iicodin
 
pletely disappCUd. No nitratc was detected in the 
 .. -----. 

0 25 52Soil wilt.l the rice \va, trausphated ; it - vkh 30 30after le first floodinl. Additli:il rC.,'arch S C 2.0 
64
4.8 

. 
COi'dertcd to Nil., '-N o otLiiIIIc N. lie litlate GApr. 11Jui. -t.aoird erior of the mon. 

revealed ihat less thaui 01,' of the 'li tlatc -A.Vh ------. 

wNas prcsunia!ly lo [\ denitrilication folloi'
 
tile flooding. mnitiic the buildull of ,;oi nitrate prior to
 

The levels of soil nitraltu-N at ri intohean'charvest flooding !or the rlicC CrO).
aldl iuliuedia.lV prior tit Iloit, s. incrcased \hen lie- high mtitrtc ;icctuilation and its sub
30 kg N ha was appliel it mlill lian itl planting st-quClit disappearatice, presulmltably by dciitrifica
lable 19). I lie 12-ke N ha increase 10r11te 1.u.ggthosSC, tIati\e N tlialiM tin, that ti h. sellollS 
tCCtlHIllllnhlll prtinaheloss ,'hnC M l)WkIttf io)iilll, 

applied to Iltumghelt ,,\a, nt sUtititeh igni- ilII;IrcOhiC con~ditins .ll 'and crop 

N \\a I[h'ln, 11x \ ith alternate 
10 Crih'ie and 

ilant (P - 0.)5). Nonthiclss,. the result stgCsts, Itiallagetnclit pratctices diit 'colils'y and utilize 
that N Iertili/atioI oh S).crops IlI lice-based native N are needed loi ellViloltents where nitrate 
croppillg N',tIlIS protibUly iceds close scrutihv to acciulhlics during I )S. 

http:iuliuedia.lV
http:to..loo.in


Nitroge-n fixation and azolla mianagement 
Soil Alii ri ) iiIII I. , A IiH/! El"'1 IIJl wh).I.~, (111(1 1 li/tibi allIU i' hitU/(gl 

Itm']I mm lkol I\ \1 1()iN 324N I~~t I 

C'ol 1postit it I o I I lfI/I~I 1 ~PCCi. ihl,l~l Icd \\ 1,h N\ct ktld IIce in1 
dilfe It Sotil, 3;24 

n (dI t d [%I) MCc\urIc!ticn b.% :t :Ip/irlhii li/iwtfrwn 324 

Agrtlli N ll 0t11iIIt1Wd tOIIHL. JintliceI1pluntciorI'- 327l~ 

fitio teln I20 32 
Pt)1(11CC oflj in w N I ctil i t3 2 

1.ilcj ti ttof ttt1 t eti tictiit 320 
Stuittluif j/~mit i .!'\ R 2(1 tttct)3( 

Vait illtiitle\C~IRVIlei 33! ltocl iii 2 

[ti ic liC 111N 337 
ehnii\HIi()I \1) N mic iPeeled1w u 32 

A/lit A-I \ I/ I \ > \ttk-Cioiit 32 

IM/tilL 334)lSII tliII[ o N (ricwM 1b~ 

Nurn iCiin iA ARAl I tintthe Iltpns 335 

i\/ )Lt .\ ['iIs ()33 o ci-,H6,1; , l ~ ol 3 

Inoculahtioni a! tCinII~t: 3ie.11~l -e 3 
i euccIItot t t33uii 3o~ 1 

.inis uId33cl s 3 

Rspons to~u/ih otepitutttn 'silrt 337 olnh 3 
Fnuilopi fri eut i uioli 33sc of1)1cilIci l 

N andic ntfet Of it/ode th io h Philippines 33.5 
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Collection of iil rogcn-liti , Igbcteria from rice.'I le COllCCti~ll COnI;Imc'< n,,rc thar 150 st*!1,1 (di 

lictct. 1Iiiphic t¢u p lii h hi lcti;;I il tilt
 

clid M i)'3S c\vI'li \XWc htin 'i;Hl.Iil /t d
 

'4 tO .4 g.7.
 
-OAJ"g 'it C
I ip. ',1,ih1in(rcrI N 1i "tI'i4 ., ,,, 

.
I'l't IU"hctl ,ItV:Ni ,l,', I", 'l,!! 'H~ i i , '. ; o . 

i\ I!.r; K I) I c I, I* i. 1I m t t+ tn+"tl 't I • "Iticc p l it ,:,I 11 l i :tt1 

' m
I ii l , I I t' t it ' il 'l ' ~i';' } ) t i / , t + 

.ici II[. 1
/i i l~ 41M IWII' 

I l i "k11hi Ilit 

,It I-;t ""C 'CtW ., r,, I Ir
 
!o l :"/ n" /o .,Ii l ,, i 1..I I..t, i t i+vo.ph 

'
i., l II,i l tl,I]; 1 1h1, ; et'h, 1,/ii f/,,Iit I 


fable . Poili ' aeoi { nulot of; itr rophal uopr ulainsb'.... rctf o on t io iOt 1R6a ading) grw+ 

in:to field wit d jf"reti ls HN I, 11J136i:'.,,Ba t~10.1 tl.',lt! 3l ,7. i lt- 1. 
 10 

:: m c1': .i , i[ + , hl ' : l : h"0,l, I h'. l l
 11) 

us "L r ld "; i4 . , 3 la;:iil I"R42lii .nalilll lntl~kl 1i'id 

104,-..0361 ,' 'I,,7 8 
+
 

So1' ilt'ato lal .IH + il lhl + IhotH:'j, Il Ii ~ S/>[l .t.rains 1++ tl lt Iden ti i s ;It~ ce~ I Iditio,asl 

10tj CI,q ,() f ,laItested 
, + 

h0 l(o.) lA,n l~li tu(n . .I r sile se (no.)r it soilgs ."hor1ltio rrroInsin -rf'itt with foeti U l i ling of aroor 

lilttyj 1.0 3.3 1.0 14 14 0:It til.1onitaI. ot, 

iny fi.l dif3on10.1 I 0 6 0.37 0ls 3R 


+ .8lc)lay 
 30 3.3 103 14 14 0 

Luisianal nd rid nd 4 3 1 

a d t.ri'tumll)rnmined, CF;U/g colony-forming urnit per grant (dry weight) of r~jot (int.iuding sulbnoerged portionl of atom 
and ,eiilih;t'vi). 



was hardly detectable in IR50. Some fibrillar 
materials were also observed to entangle the 
bacteria i ccrtain places where the epiterial cell 
layer was apparently without mucigel (Fig. I). 
W hen the incihation period reached 48 h. 1lc;1 


34H1 cells had become attached to the ,ot bairs, 


occasionally in a polar lashion. At 72 h alter 

inocultionl, all tie loot hairls wer heavily

colonized v3411 cells. 

Influence of A-. lipoferum ind iscutlhomnt
diazotrophIcus inoculation on mineral uptake ald 

growth of rice in vater culture. Scc illings of IR42 

were inoculated witIth N ti.,iu, .1. hi, ,ind: train 

341-1 or toiu, ;M I1,s h.\
Premlomemas ts rain 
dipping the roots lor (i h ill the inoenlulm. hlIe 
plants were erown for 47 d wit r ctll nr, it) 

the greenhouse in the Ip'sncc ,1 crtl-i,.i 

inoculation witl i:p/ri/ n nileatn 

enhanced NII ;-N uptake h,, lice :at ( aid? a',liter 

inoculation (I)AI) (0ie. 21). Bil ;i 35 I)AI 
 a 

signilicant dccrcasc il Ulpulk. \a',sobsmrcd. 

Plsedonnlas ioculatlion enhanced 1t"-N ui--
tAke signilicantl, at 7. 14. 21 and 42 I)AL In 
general, inocuhtling plants with /.Siih/Oo tla 
increased NIl 4"-N uptakc illol-C than did -l:mui-
ri/lhm inoculation. 

L:OAVirilhtm inoculationo nifica int. ilnceascd 
P tptake hv rice at 7. 21, aiid 28 I)\I. With 
! udomona.s' inoculation. iptake increased at 7, 
14, and 28 !)AI (Fable 2). Shoot dry and ItCsh 

NH+-N upnke (,lo r h....g ,.. 

40 .s, 'a, • I ,F"O" n , ., ' "" 

600J 

2001- /' ,"n
 

straini ItS tinoili 111m nil It N uiptak65 rice urirtgerwthstIt 
inhydruthinirs+, IR I, 19sE, ' :. '4 it.'ant at this 57 It'h.",cl,--
ilt the!( letl ,~t 
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Table 2. Effe-t of Azospirillum and Pseudononas inocula
lion on Puptake by IR42 in water culture. IRRI, 1986. 

Amount of P removed from nutrient 

solution durinj assaya (pnoplant) at 
rotm ii t - .... . ........-.-.- -- ---

0 7 14 21 28 35 42 
) DAI DA DAI DAI OAI DAI 

... 

AiO. i'r/illut\
Control 50 30 25 62 (34 52Inoculated 2 7" 39' 38' 77' 71 56 

Ctome 2 5 33 26 G1 72 60 
Inoculaed 2 8-' 39** 30 68 78 56 
" l - da. aftr l.OnC. .s .itlo. 

'Acielits 'cte iucicasd hr -I:,.,jurilhiuiWcuia
tion. I'ii'/ ix iuculatium increasdcd the 
leiielh. surlace ea, dr',Acicmt o1 root,, andl root 
'in Ito raio, :o I)AI. Inoculashil %'cihl -12 
in with -l,,.o'tr/hm!educed root leneth 

,,i'.il ant . Ba eterial population coMts su-
Ust1cd thaihilhojth riur ,i\cd l ile rootsp oth 

nmlil the ,ud of tdtep ii. Iaumsnuissiol 
elcctr',ll ri'rColO \i irni,'uhitCd root scctnoll:; 
sinimsd hactcria ill siom' o1i iC ott c(ortical cells 
I I'ik. 3i. I ht daleI sutinet timt inoculation will 
hit/otrophls prolnotec. plant l-owmh through 
proccsscs othur than N.) fixhati, prohably by 
iicrCeisiulM Phat Itineral uptakc 

.,onas' . " .. , ;.:f.r.r'. 

Ov. 
,	 :. , , ,
 

3. 	 Ii uisir,.ioui tlct'rrtuui ninsur tl ot IR, 2 .ot shoving (he 
ivasium Fd sirH icul cullF ; i.,'I 'lilt_' Ctu [h IqI' , o/eirtsi 3411 

1 'liii i. IR RIt, tOld. 6- tcIlitl ri| tlitus thisrdliriu, 
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Agronomic and cultural practices affecting 
plant-associated nitrogen fixation. l'fl,ct of in-
0ri,'o/ic ,'/~'rii/i. We deferihnid lhe effects of 
urea application I no N, 60 kg N ha basal, 40 kg 
N ha basal ! 20 kg:ih at patilcle initiation 
and 70 k! Nha basal !30 k* N Ia at I'll oin 
plait-associttd N fivtion (actS l2-redueine 
acti\ity .\ RA). plant h 'inds, Yieldaioigin of 
IR50 and I R54 prO\\ n it the held. 

At about 25 d after transplanting (Y1), ARA, 

per plant of both varieties was his: it subsequCnLly 
increased. Applying N at P1 in I ,50 slightly 
inhibited ARA at heading, bin in IR54 had no 
consistent eftect (Fig. 4). ,R A per Unit Of total 
plant di %\chtin hoilh varieties , as iot 
significanl,, dilcrent aitme treatmnt.. 

Is/it ,!/ tts'oi mam" im o,7)riYlio,. When 
2lrCen man1.ure wva nniCotiticd in \wetland soil. 
rice plait-assciatcd N, liation (ARA) wa, 
nicasred it hicodii lotr3 concctivc di:i ,. Planls 
from t\o fiCldS \\rcI sampled. 

Slvpcrimcnt I. NMlhiple. (Troppii, I )ep,1t-

poration of Crotalariajuncea, and 7) Lablab 
Imrptnrcisand 1Vigna radiata (green manuru 
crop was grown for 60 d and incorporated). 
lvpcrimt 2. Long-term experiment (1986 
DlS.l)") ',l hcre the sec,)id IR64 crop was grown 
wilh the following treatments: I) no N, 
2) ,eshunit rostla grown for 45 d and 
incorporated, 3) awola (3 crops) grown for 30 
(Iand incol poratcd plus one crop after trans
rlantiig. and 4) urea (50 kg N/lha). 

Incorporation of t greeo manure Crop Signi
ficartly increased rice plant-associated ARA in 
both experiments. In the first experiment, mung
bean incorporation showed the highest AKA. both 
per plmt and per unit f plait dry weight (Table 3). 
In the scond Cxperimenti ARA per plant was 
signilicantts higher ii aiolla and Seshania plots 
tIait in the colitrol, but ARA g plant dry weight 
was, ignificantly higher only in azolla-incorporated 
plants t fable 4). 

11'hi't of/ lmu b'hisitv. IR54 was planted at 
diIfrent spacings (125725. 20 X 20, 15 X 15, 12.5 X 

melit experitneot I1I ,5 iry season [iI.'SI 12.5, anmd 10 ' 10 ciit) a wetland ield where S.in 

M,hcre the secoi crop01 tad tietIR4 C\Clc 
folf owingelleatititll:: ) wVCct-icc fallow, 
2) \\,c\Iv lallo\s.\ 3) sscds failo\ i 7(1 kg 
N; lia, 4) incorpol iraion of ,.S.shia wut1a-
iti, 5) S. ctamia/)ia t 35 kg N ha,6) incor-

At A m/,!(-? ' (i ' 01(J,111 

- v, , t i/Table 
+, r 

f, 
-i I 1 __... 

0 20 - - -) ,0 H11 

[I yle, Imnr,41,01wt; 

4. F tIt HII111 ll N ICL li/t illi J t ICc-Otl IC 1 ti 

t(AR!i.\l it \ii hctl-iuiltl W5t-'lanucit t IR50, 1RRI. I t . 
Pt IjuiCk' 1111IM1t 1. 

,00/1Mb \,as incorporated during the 1986 wet 
"Cao',-ll j\V,). Rice plant -associated ARA was 
iictstirrd for3 cnlsecuti\c d,,-s at heading. 

Ie A RA per plant or per grant of total plant 
dry weight was lot significantly different among 
treatinents witl) diffTrriVt spacings. But the dry 
weigtl per plant was significantly different, in
creasing with decreasing plant density. Thus, 

3. Lffeem of incorporation of a green manure crop 
on plant-a,-ciated acetytene-reducing activity (ARA) in 

IR54. IRRI, 1986. 

Treatmert 

Controls 
Weedy fatlow 
Weed-fre 
Weedy fallow 1 70 kiqN/ha 

Incorporation of 
Crotalaria uncea 

Viloa radiata 


Sesbania cannabina 

S. canabina -f 35 kg N/ha 

Lablah puipurvus 

SE 

ARA (nmol C 2 H4 /61h) 

Per plant Per (I of 
total dry weight 

2100 75 
2100 70
 
2300 67
 

4700 87
 
4700 97
 
4200 82 
4000 82 

3200 83
 

280 4.9
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Table 4. Effdct on rice plant-associated ARA of incor- Table 5. Rice plant-associated ARA of IR54 as affectad 
poration of Azolla and Sesbania into and application of by plant spacing in a lowland soil where a crop of S. 
urea on wetland soil planted to IR64. IRRI, 1986. rostrata had bc-an incorporated. IRRI, 1986. 

ARA (nrnol C2 14/6 11) ARA 
Treatm ent . . . .. . . . .Plant 

Per plant Per j of spacinq Per plat Per M' Per (I of plant 
rta' 'fry weight ('-m) iGnIol (pnol dry weight 

C2 H 4 /6 h) C 2 H 4 /G"h) (nrnol C2 H4 /6 11) 
Control (fallow ) 4500 86 ... . . . . . . . .. . . . ... . 
Incoiporation of 25 x 25 1.51 24 0.043 

S. rostrata 	 6500" 91 20 X 20 1.37 37 0.044 
Azola 6300'' 99* 15 x 15 1.08 48 0.043
 

Application of urea 5300 87 12.5 X 12.5 1.14 78 0.059
 
(50 kg N/ha) 10 x 10 1,14 114 0.068
 

SE 	 525 5.6 SE 0.17 10.5 0.0096 

I ncrcasi li the hiomass per piamt ofl a variety de:; 	 Table 6. ARA per plant and per gram of plant dry weight 

not necessarily illcicase AAR\ per plant or A \RA 	 of varieties with the highest and lowest ranks among 37 
rice varieties and lines tested. IRRI, 1986.per g_.ram of ix" \ c ilht. t orA- el - the ,,\ R 	 .. . ..... . .. .. ... . . . . ... . .. . 

incteased siIiIiiiCMtI Will II WICirasini2 dcnitv 	 ARA 
\wliei calctlald ol a per tillit aca basis. Rice . .
 

nh 4 Variety or line Per plant Per ( o1 total
 
planted at if)- - 10-em spaelwii d tile'c (Pmol plant (oryweight
 
higher ARA pCI sqtltrc MCtc!' ;l plil it d at C21 4 /6 1h) (nmol C2 H 416 h) 

25- ., 25-cm (I able 5I. .... 
Short duration 

Varielal dlifferences ill associ.,l.iNt nitrogen I 1150d 5.0 166
 

fixtioln. \\C studied Ithe N, il't ic (,ARA) Mf25888-7-3-11) 2.3 89
 
as)Eoialtd \it ilhe iWc plIllt, dr, Wci1'iis o1 SE 0.4 16
 
Stl1lll'i d lll(! ;lhrr\ etl1rlIl d pr rrl innI m"f pl~Intls, ;ll 	 Medium duratlol 

hciding, and plain and strmv \iWId ;it harvest of 37 	 IR 19672-14O,-2-3-2-2 a 8.7 195
 
IR 18349-22-.-2-1-11) 3.6 94
\'arictics iiid ulies gro\\ In il1 a \ lt:tlamd helid with [I( 

iorganic Icrtii,er in 19S5 I)S. AR,\ ol each SE 1.0 17 

V.lrt:lv \'als Inleastilld ul I8 replicated plantls for 3 	 Long duration
I T417 2_q-88-2 -3 -V 12.3 ... 235 

collsectlti\c da\s at he;idinii. 	 MG L21) 6.6 64 
Short-, Ilediim-, and lotu-durattion grotlps 1.3 23
 

sliznil ia tly dil~cr,+d in; A. ,A per phant. ,,\,RA per -. . . . .. .. ... . ........ . . .. .
 
gra. l total plant n
dry weightperot dry weipht, Variety with highest ranking. bVariety with lowest 

total plant dry Iigit, 	 rark ii.and h;lr'.csl index. Varieties 

with the highest and l'Aest \R.A per plani ;!t1d 

ARA per rairil ) platn dry , c;iJht , ivein in. ( ) cIclutlhCdiltribtttitm uI 

table 6. 	 loot" ,koutlM aIle IIN ,alucs ill rice plants. To 

Natural '5N in avaihihit soil N and rice plts. eslnimatc the curilbution of bitoogical N, fixation 
the naturi abundan.c ofl '"N v,, ised to estimate to (lie rice planit, it is lircl'orc nccessarv 10 grow 

the N coltribtltirll by biohLuic;l N- lx',ttion. plant , in pot, . lh \.eli-iiixed soil. Thc 5 'N \ ahles 
th ,'55N value is xpresSed as, (per thousand) ( table 7) sho\ slight dilleences 

. ,0tlllI1 rice \a;rielcs. 
Moll, , ( 1 11111 Nitrogen Fixation bN hctrot'olphic bacteria in t 
I1In11 f l 'd hI lt 

looded soil amended with straw henicelluose. o 
the 51hN ,alhlcs oI mvailable soii N (NtII released exaie the ability of N,-fiiIp IbMCtcl iU to tltiliC 
alter 6 wk ofl ;nacrof ic IneuIbalionol0soil) ilI and lix N, on stral henllccllllosc as ; sole c 

,Nlaahas soil wvcc X.2 ;ll t, I cm, 10.2 at I0-20 clil. 	 SOICC, rice slraw was treated wilIhltI(1 NaMI, 
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Table 7. A1 5 N values of grain and traw grown in pots.a 
IRRI, 1986. 

. .......t.. 
 1---... -----

Growvth 15N (part!; per 

Variety or line thousand)
d) 

Gf(rill Straw. 

I 18349-135-2.3-2-1 122 5.19 5.63 (8) 
Hua-ChoiIT10 ot 101 5.)9 fr ,.8 1 (CiI335' 101 3.90 (3) 5.48 (6)1"42 6.,7 0) 4S (7)101 

0S, 12? C.45 (7) 6.24 (6) 
Hodjolee 15 0 6.30 !7) 5.92 (7) 

SD) 0.38 0.50 

iqti rs it, parerithesvl are tam nu owr of relicatiors. 

aIn(d Nat )(l to loosen it, Co'po elti s and 
the lignin. I'reatnwntL with I It().,I i pI 11.5 !or 
6 h ,oltili/cd 44' 1 of the lievniil aid Af i of thc 
licicelhilnc. Ihe carblhvdi !iL_:tsditt viilel 


af[tler aiioela. mIn,,,J Ied'uti\x ;i' Iild It)
I l() 
h ceither \ k[ill . " dlcd, , i- c'i (I il il! f, 
ha\o foill\ b[iokl do%[I lo v, o. rI';cl aid 

nt lrtale'd qI '1\, iii l t i I. t, !Ild,d In dtcrile' 

floodcd i lhoili l -'itt,\kill, )Itetia. N, 


Table 8. incorporation of 15 N by smin!u and mixed , 

fixing bacterial strains lrnwn in flo;ded Maahas clay soil 

for 30 d with glcose or H 2 0 2 -treatnd rice %trawl'as the 

C source. IRRI, 1986. 


Atom '!, 151\1 Amount of No 

e<cess fixed (;q N. 


................... flask)
 
Treatmentrtc Gicos i002. ................. 


treated Giticos, I-O
 2 -
straw trea~cid 

st I.w 
34H + HS i- EF26 + 0.0054 0.0017 ?.9 1.3 

LLA 
34- 1 H8-I EF26 0.0043 0.006 3.5 5,2 
34H + EF26 , L).4 0.0364 0.0275 28 0 21.4 

34- i IS l 0.0358 0.061 29.1 4.9
I t..4 
3411 0.0647 0.0536 53.3 43.9 
IM1 i LF26 f .L4 0.043 0.0018 19.9 1.4 
H-18 EF26 0.0131 0.0028 10.6 2.3
 
1-t8 U 0.03.18 00,l4G 2.0 .. 4
5t4 

-18 0.0450 9.0122 31.9' 9.-i 


26 it L4 (021 I (i.00:,5 1.5 21. 


S... . .1 6 0.00 ?) 17 2.0 

i ":ro q ,tti Inisntre!,rii,.'Tl,,r a " 20i ' 
fI ask. 34 ft A zospiri/irli /)ipo t'l , o; fse on sona 
dia.,otophicus 'Ft-6 ) t-torobacter cloacae, LL4
Kebs;'e/laplantbcoI. "ras i-0 ,,s 33tR2", IsN 2. 

fixation Measured by 15N incorporation demon
strated that H20,-treated straw hemicellulose can 
ho ut ili/ed as the sole C son

'lee ce by single or mixed 
strains ot htotrophs isolated from rice roots,
c .IZ. .. /i )olru , ,P. d ia zo iroj~hic .us. hKlebsiella 
. ' ,M/aill(o/, and lnuT'ro/wcitr cloaae, (Table 8). 

Although the Ctlieicncy of! fixation was quite2 
variable aniong bacterial 'Ieailr leilts. f Iipo/firun 

alonel showked the hilhct N" fixation with glicose 
or. I'?()?-Icated straw. 

I'110)1 ilt'FNI )IN I NI IR(it;t!N FXAtIt)N 
. t' i,"/'r-h l*, .- [)etdo/ /11 )io(41t1 )rrz m "/iS 

liue--green algae collection (,'sii Alierohiologir). 
1:i1,,iie ;t;nns o1 hiLnC-1lren algae (BGA) were["ot-t.V--bC 
added to ith1collection to hrinie it to 195 strains of 
2(0 .i.cra oriitinalin li1'ro 21 countries. AbO.t1 
45( (d the -trains arc Irom Alrica and 40,> froin 
Asia. Ilhe(1iininant encra are 'o.roet,Ainabauno,i 

;ini rix, i-cllctin., the ficefeld (iir,in of,t f
nd Ca"h,, 

col'ction (f;Ible Q). 
Ihc colcetii jt Ihas beoie coseCrv'ed in liquid 

W ;- l1,, nieltitinllliln 250-.inl fla,,ks undercontinuous 
illumination. This It hod requirsC,subilturing 

uinip,, and 
[('i I to signlitcalt changes of the strain properties
after lig-icrin cultivation tindetr arlificial condi
tir1i in the laborat rv. 

,ibi oi eerv 2 Il), i" i t-rt inight 

(onscrvliol) In thW (Il,\' state was tested and 
ploed to he in Cficient method for the short to 

ncdilin tei. I0,i,'d sc:!-bas'. ' inocula produircd 
i a Crl e i t t I]r f . ' k s 0r o il p e t r i p la t e s o n s o il
previously atiloclav'ed at 13i0 'C for 15 nrin 
exl hibited _.-ood viailty. (Of 70 strains of II genera 
te,ted. ( 7 could he rrown at'Cr 20 mo of st(-,rage
i1 plastic bottlc, ;it rion t,.itperature. However, 

ho( 3(.( of the stain, contaminated with 
algaejj" rn (he sotil, iostly diatoms, so special
atteltion shlutild he paid to soil sterilization.
 

ACendried and powdered nltures produced il
 
2 -iltr caohovs on B i-I I,, nel iui regrew after
 
S()-5't lit) of storace. Htowcver, this method
 
Icqires CtlltlirIll, ;ire Ctiantitie, olalgal mlaterial.
 

(o ise lalioti in the dry state (f dC'se Ctilttl-CS 

prodliced ii 250-mil crltinic-c- flasks. deposited 
o 'terile liltt r paper s ri p s.dried In a sterile htood 
ll tIoonl tel1pcitirc and placcd in sealed poly
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Table 9. Number and origin of the collection of blue-green algae lBGA). IRRI, 1986. 

BGA collectinn (no.) 

Genus Afi ica Asia 
.. . . .. . .... . .. . . . ... . . Europe Other regions Total 

Senegal Others 0 hilippines Others 

N 2 -fixing 
Anabaeria 20 2 5 11 9 3 50 
Aphanorhece 0 1 1 0 0 0 2 
Aulosira 1 1 0 1 0 1 4 
Calqthrix 14 2 5 3 0 1 25 
Cylinhnospermum 4 1 1 0 0 0 6 
Fischwrdla 0 3 7 0 0 0 10 
G3oorrichia 1 0 3 0 0 0 4 
Nodu/aria 2 0 1 1 0 0 4 
Nostcc 20 6 13 13 2 5 59 
Scytonema 6 0 1 1 0 0 8 
Tol y othtix 0 0 0 4 0 0 4 
Wrstielloosis 0 1 0 0 0 0 1 
Wollea 0 0 1 0 0 0 1 

Subtotal 68 16 38 34 11 10 177 
Non-fixing 16 0 0 1 1 0 18 

Total 84 16 38 35 12 10 195 

ctihvlene hags proved to he the most convenient Standardization of methods for field studies 
and efficient. Among 20 mialgal strains prepared (Soil Microhio hgi'). Aledia and t'tho(ds of 
2vr prcviously., IX were still viable. The non- etltimi(ralimi. Six of the most comnmon nedia used 
viability t the 2 other st rains was rccogni/md I rio for growing B(iA were compared for enumerating 
after preparation. Sets of these strains were nailed Ne-fixing tGA in soils and inocula using plate 
to 12 laboratories around the world with informa- counts and the most prohablc number nethod inl 
tion ol how to revive tile material, plus a test tuhes (Table 10). With three of the media, 

LlIestionnaire. In half of the labortorie,, all the counts by the most probale number method were 

strains were regrownt; in the other lahoratotries, significantly lower than those on plates, indicating 
llost Of, the strains were reglown. that tile netlhod, which has been used in many 

I)uling I~I980 the wh Ih BGA collection was ecological studies, might lead to an underestima
transfCrCd to paper strips. Strains are provided lion of 13GA populations. 
freC upon re(Ir'est. Plate COlnts were lower on Kratz and Myers 

Table 10. Enumeration of N 2 -fixing BGA on different media. IRRI, 1986. 

M1ediu Platinyd Platingb MPN 8 

(CFU X 10'/g soil) (%of average) (CFU/g soil) 

Allen and Arnon (1955) 2.8 X 104 108 ± 35 a 2.2 X 104 
Gerloff (1950) 2.4 X 104 107 ± 40a 5.4 X 10' 
Gorham et al (1964) (ASM) 2.9 X 104 119 ± 52 a 1.6 X 104 
Kraz and Myefs (1955) 1.6 X 104 64 ± 32 b 2.4 X 10' 
Stanier et al I1971) (BG-11 0 ) 2.5 X 104 102 ± 34 a 5.4 X 104 
Van Baalhn (1965) Drn) 2.3 x 104 95 ± 44 ah 2.4 X 103 

One soil sainpln enumnrated In triplicate by plating and most probable number (MPN) method. bAverage t standard doyle. 

tion of 15 counts obtained from 5 soil samples and 10 dried Inocula and expressed as % of the average of the counts on the 
3 mre*dla. Values followed b',' a common letter are not significantly different at the 5% level by the Kolmogornov-Smirnov 
test. 
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nicdium hut did lot significantly differ anlong the 
five other media, alhhough there were significant 
differences inthe i/es of the coloniC.s. Allen tld 
Ar:im. HG- I,. and )i mcdia perimittd lfatir 
1(,A iro NIh. 

Sta"ldrdHZl ti ARI l 'AaIlii('111 vmlit " 
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per ii. A general decrease of the specific ARA 
was ,h'mrved at high V,iom,ss (Fig. 6). 

Octicurrence of nitrolgen.fixing lBA in rice soils 
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(partial r at constant p1 = 0.3) on the abundance correlated with the counts of total heterocystous 
of etllercucvstois BG(A. Positive correlations BGA and indigcnouus hcterocvstous BGA but not 
hc',%een total akac and C and N content of the with the counts of inoculatcd BCiA, indicating that 
soils, aid negative correlations between the relativc A RA was caused principally by itldigCnous BGA.
abut dance ofl hetcrcvstoiis R(,\ anod (' aid N' lie establishlnt of'inoculatcd nonindigcnous 

content of the soills, indicated tha.tt Soils rich in wa inlrqcnt. and lecllwastrins application per
orlNanic matteU lei;sc hl.hcr total algal populations mitted th,, deh clopincnit of N,-fxing IW(iA blooms 
and lowvocl 11anI',c l)(pulatiotl:, of ictrlocvstots in all soils. 
RCGA. li'id.InocIlation CxperinirCnts wer ,c'ondtlucted 

. t . a/a, , alld ( vc tc alln onll the IlRItfarIl i i i "5 WS and 1986 I)S.1'./\ \.v st 
fruclieuutl. rccordedcgt.'llcl , Iwhich torli- F.ictorts tCstetd together wil IIinocultiotl were N 
rllcilaei-llus ColoniC) was cC tded il 99' ( ot the (none. surl ace pplied, oi dlcp placed). 1)(basal or 
sanmplcs aid was the dlrmitnt Ni-lixine ui IN it split). and tceU applicltion.Ihe results follow. 
741 (' l thllem. Relati\clv hillto'll cIicc and I\\ Surfacc application of' N frtili/cr drastically 
frecqtlcIlc of dolniltnraec w.C ber- c1 Ior tt tairi, inhibited N.) livi tim tir the whole crop cycle 
that do iot1 I1111c roltltli'2.t :hr. borh l).S (l i. The belielllilaeiroilt dririrr, \V , arld 7). 
llore sISCeptiblc to r21,h/ (. Il/aowaci , (C ,,,- ficial effect of ale!al iiiictilatInn ill tht plresence 
tlhri. inl that lta irig, is l major linritirur of N fertili/eis lpTolrted ill the literature nightdiatiri 


tIalCr l thW dt'\e[:tlIopll (1 bloOrus ofI io1- lot be cau l only b\ N: fxation by BGA and 
,nnLc Ili 111 NtIraill liIsC ill N' lixrtil in lceds to be f1rthercinplaiired. 

ricefleds. 0 I )ecep plIcCrlntlt cisd ollI\ ;apartial irlibi-
No ,ierilic;uiti c Illuli lhn \\as ih r \td hto. _c1 tiun 01 N, lixation. In tIhe 1),5-80 experi

thI clIti\u 1bliEI C ot t(d " 1 renlts., inhibition \oas inrore proUouirred (50.iriMIS CrolIpS oIt 

Ietrloc\stoll" MI( ami.\ ,dill phFi\ dlicillical 70(1) than Illp'lo01.Cepi riicltS (.21 1. 
p-opcitl cs. S I) applicaltin limolc CficiCntSplit \iov 

Inowulatii ,\lLrimn ts (.',-d ii l (',tit. thall basal aipplicaltion ill inicrcilitg photo

(n'1u1t/u i'..\ l' \ ald tie d , hilted depcntdctt AR A alg tlie ein 'pe\c. but hadiIllI i Ira 
ard Iriltl olls scric tudicd no SigtLilic,,lrt efct on grain yield.MhrtercstlIs,('A 
fri2 n'o ill I- tlll ilcripitl', (t) 5 "l .. a Neell application had a significarit effect on 

stiuitato, of tIre1rtii01o irdi oims tlolrlltcl- .t.ain Yield Il.I(able 

later htrocotr t u l, i;\ aIt tnw IlItt',.ils t iuced 

ftomu t0. arid IL'c e;I1 10.4. I II to X401 ; l (rlv' ()t 
, 2

O\_50 : t/rr 
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Table 11. Grain yield in inoculation experimont.a IRRI, 
1986 DS. 

Grain yield (t/ha) 

Treatment ..
 

No neero Neern Significance 
(100 kg/ha) of difference 

.. . . . . . .. . . . 
Noninoculated 
Control (no N) 3.7 t 0.5 4.1 1.0 + 

Split N 4.8 ± 0.5 5.3 ± 0.7
 
Deep-placed N 5.4 ± 1.0 5.6 j-.7 


Inoculated 
Control (no N) 4.1 _t0.6 4.4 ± 0.7 

Split N 4.7 ± 1.1 5,4 t 0.9 +
 
Deep.placed N 6.0 ± 1.2 5.9 ± 0.7 -


Difference (inoculated - noninoculated) 
Control (no N) 0.4' 0.3 + 


Split N -0.1 0.1 + 


Deep-plac,'d N 0.6 4 
0.3 4 


.... -l----icu 

C - ifference significant at the 10% level. 


SlI)urihIg \VS. iioctilation tad rio effect on 
yield. l)uring )S. inoctlation increased yield 
by about 9(i (significant at the 10('(' leeli)i 
the controls without fertilizer N and itt llte 
plots where N ftrti li/er was deep-pilaced. 
There was no clfcct or a negligible onc whicri N 
fertilicr was surf',eCC applied (l-ig. 7). 

o 	 le illtictilul ued during WS wa.' donriiatcd 
bv riorihridigtCious strains; tihat used during 
DS was produced 1sig soil from thc field ! 
be inoculatcd aid \,its rich in indigem us 
st rainis, Ci,,\ bhorii. s I.'h wcre tibsry'ct in 
the control plots and in pitts whcre N ferilil/r 
was deep-placed. wcre of iridligrCIius strairns. 

Ecological sludics showing tlie prcsence of 
licterocvstous BIA in all rice soils, field iid 
greenhouse studies srowitlgi[oo cstablishtticnt Of 
inoculated iloriridigellous strains, aind greelilllse 
anId fIeIld ,11.d Ies wi1ere bliros oii itiiro.n1is------------. 
strins were estalische by aprp riatm: tdutt 
of fcrtili, r arpplitctiiorn arid grit/cr control, all 
titIdICaIte tha:t research ott t1ire agItnrirlie (rtililtiori 
of (;,A should cilh1,eI/c idigcrotis strains aid 
practices faviiring their dcvchmlici t rather than 

ioculatioo lof orcign striaris schelctcd in the 
laboratory. 

Floodwater chemistry as affected by, algae (Soil 
AM robioJloiran/f.i,,/rmomr) 1hircc indepeil it 

experiments of algal lomt i relatiin (othe N cmce 
showed that a large algal biomass is not requLired 

for the development of daily variations of pH that 
cause significant losses of N by N H3 volatilization. 

A study of the correlation of dissolved 0, with 
the pH1 of the floodwater of 5 rice soils showed that, 
oi the average, pHl increases by 2.25 units when 

photosynthetic activity in tIe floodwater Increases 
fron none (<,--Ippmn () i the floodwater) to tile 
value correspond rig to a1 Inuaxillllll 0) over.-

Saturation (20 ppii 0.) (Eirg, 8). 

AZOI.LA-.I\.t il.l!\',, SYMBIOSIS 

'oil Afic'roholog' i)wI'tri',n 

Azolla collection, species 
trihution, A. ntnu(oa 
M ada 
M ascar and .A-. 
lllotdi(hs' were added to 

identification, and dis
(var. africat) from 

I . 
(similar to A. /li

lie collection. A total of 

172 accessiins weie maintained at the end of' 1986. 
In response to rcqt-csls. 277 samples were sent to 39 
pCoplCrtom 4 coliItrics-l hgrowth arnd survival 
of 	 the /uolla distributed in 1985 were surveyed; 
about 70"'; grew. lire growth of A. nri'roplhy'lla 
\as tepotcd to be piorcst iii 60(T of the cases. 
Sotnc specics of L"uazolla wcre correctly identified 
by ni egasporocarp st rcture as .l.i/liculoides 105, 
1(6, II0. and II; ,,t. in'xicana202. 309, and 310; 
and AI. icqrolt/lla 109 ard 203. Although sonic 
wCrC riiisnM1aed1b thOWcollectors, the accession 
rnifiers were retairned. 

Response to high temperature of Euazolla from 
.( .''-;01ia.Thirteen a cessiors were obtainred from 
(iolornbia (Ace. 114, 116-127). Their response to 

PH 

10( - oil',-oo' 

8 o 

. 2 

80 

70

ol rice siiik, IRRI, 196. 121M dala hutt 5Soils. 
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.' lati h een diwiled 0, and pli in (ie lnndwater 
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high temperature was examined from their growth 
and A RA at the average temperature of 33 OCwith 

8 oC difference between day and flight. ., micro-
J)htll 418 atnd A. ii/ic11ihCs 101 Were used 
Is high-teInperatuire to'crant and less tolerant 
references, 

ARA wkas ncasured it 0, 2, and 4 d after 
transfer,-ing to 33 'C.The ARA of strain 16 was 
as low is that of strain 101. Growth at 33 O(' 

continued for II d. Fron the biomass, ARA, and 
N conl":-': I1d, stains 116 and 113 were foulnid 
to be as heat-selisitive as A.fictdoiht) Strains101. 
117-125 pioduced similar biotnass as A. micro-
p//I
1/4,418, but the N cottlCtIt of 1.n iro/htrIll/.17 
wasIhighe'st. Ilhe \tr(elt tivc tol holtogy of straii 
110 t scumhlcd that of .. !/i/iCtI/hodr' 101. BecausC 
note of tl,: tcstcd a1rolai had \t produced 

sporoc.rps, Iicif Iaxololllical positiot was tol 
identified aiid Ilhev \eC c tentporarilv er~oupCd with1 
.1.i/i moicA.. 

Elconomical Uise of P firtilizer for ailla. I p to 
If) I).\1, P-rcnicd a/olla clrcw taster thi a/olla 
-Axih split applicatio of I. lhCreafttr, gmm.lh 
S.o\sc1dhwn because ofl iertev. I' lrtili/er 
alpd a 10 and It) d atlter itofatfiort of P-
etiihtd jo,,ll:o(1)..8 P itt dr\\ieht hasi~,) (ablC 
12, ttruCtC.t 7 PtodteleCd te itrraOs- thtart basal 

a~pI licatottl (Ilt lt,.tCtll 2;,aid iitnans sirilhtr Ito 
or higher athntIat with split applicatiot l P to 
P-deieicrtt {I.19 ,l j)) ,t/ot Itrealment I). Fo 
prelime P-enrIhed a/olla,. N. kg 1) ha was applied 

%. 

to tile inoctuu production plot. Because the 
biomass of the inoculun plot was 2 kg fresh 
weight/ 112 and 0.2 kg,/m Iwas inoculatcd into the 
main field, the P dose in the P-enriched azolla 
IIocLition was Ctlivalcnt to 0.88 kg P/ha. 'ile 
ratio ofl N at 28 d, to 1) applied (P efficiency) was 
highest in fhc P-enriched azolla inoculated treat
meIt Nitlout furthCr P application. 1)application 
to the plots inoculated with IP-cnriched azolla 
(treattmrent 7) gave a P cficiency similar to or 
higher than for split P apprlication (treatment I). 
Inoculation of P-enriched tolla with additional P 
itt the main field is an economical way of applying 
I to a,'lla. 

Azollt decomposition as affected by species and 
N content. Most a/tolla grown in tie field is 
dciicictnt ilP ai hence low in N. The cflCC of N 

CorlIttll od \ artiots azollat species Otl its deconIIpos
abilits itt soil wa,, dcternincd. P-Lnriiched aiollh 
species (A. t)i'mat 5. .I. nm'xicta 3 10, A. micro
I/itfalh 4 18, and .A. pinnmula var. pimntu 7)1 ) wcre 
tocutlated ito ficd plots. As the pituts grew, the 1) 
:ontcnt and hence tie N contett decreased. 
Samples wacr taken aitintervals with varying N and 
I contents.-A. nicroiphi-la had the highest N 
content anid .A. piltmal Va'.)immiaj the lowest, 
tlough slilt dillcrncCCs Wre fould betwCn 
,esisolts (Fig. 9). ,4. pfimfl a llar. /fi seealatt s to 

be tolerant of P deficiency, becausC it grew lurther 
frotm 3 wk to -4 wk despite its low 1) content 
(<t(1.06). 

-

Table 12. Effect of P application method on biornass production of A. microphylla. IRRI, 1986 DS and WS. 

Dry season Wet season 
P aipplied (kg/ha) hiormass on 28th day biornass on 28th day

Treatment a 
. .-.. . .. . .. . . .. . . . . . . . 

To main Also to Fresh kg N/ha N-to-P Fresh kg N/ha N-to-P 
field inoculumr weigit (t3) ratio weight (C) ratio 
only plot (A) (kl/rrr' (B/A) (kg/rn' (C/A) 

1. Split applicartion 3.93 3.93 2.2 50 13 2.3 49 12.5 
2. Baial only 2.18 2.18 1.3 27 12.5 1.0 26 12 
3. Basal 1 1 split at 16 DAI 3.06 3.06 1.8 36 12 1.4 29 9.6 
4. Basal 1 2 splits at 16 and 19 DAI 3.93 3.93 1.7 38 9.6 1.9 35 8.9 
5. P-enriched azolla 0 0.88 1.4 21 24 1.4 41 47 
6. P-enriched azolla 1-1 splii at 16 DAI 0.88 1.75 1.6 31 18 2.0 52 30 
7. P-enriched azolla - 2 splits at 16 and 1.75 2.62 1.8 33 12 2.9 71 27 

19 DAI 
8, No P 0 0 0.8 15 0.5 12 

SE 0.1 3 0.3 3 

DAI - days after Inoculation. 
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N % 5 ..... .... ..... .... ....... . .... Minerahzation rate at 1wk I%)
4 rncropny,,a4l8 100Moy-Jun 1986 ! ! llvPc1.[6 100 V I 

3 I0 A e,,co,,j .318Ufa 5 3 080 23.5 bo 

'0 V------- A :,,, P-,y'/ 4 

1).No a d 1,/,I ijl I I ip lo%( I trco icns 1)10. Milt.'rliliatioll t /ofzulailt I wk its aff'cted. by Nconternt,.N r t r e - uificie t o IR 1, 19X 6 IjS. Samu .'.,9, 12. ampl s \ eie taken at 24 d alter 

P-d licicnlLit co ti o s . II, 9 . i c latio ill the field. 

Mincrmli/ation ol'it/oll N wars dclerniined by poratcd latcr, and 'vice ersa. Ilic 15N tracer 
incubatiig 1,eSh i/olla it flooded Mvoihas clay c:eprilent wasconducted in a I-',A I-i nlicroplot
stibsoil. Tle inIrcralriatrit r.ties alter I wk (I ill the field. The .zoilla tused for this experiment
(ICOntp1sition (pcrccntawc N mincialied at 2 or contained -1.(-4.7; N on a it,, weight basis. TheNvwk)werc deterilined by both species and N reccery of 15N (tahlc 13) al'tcr one rice crop was 
content (Wig 0).l),lire same N content did tlot iiv. higher hom avolla N thian tom urea N, arid 
the same 1irircrali/atiolr rate regardlss O spcciC.. recovery wa, higher wil i lat appliatiii than with 
Thc N in A. piltl var. pitmaln iS mIIoSt decOtl1- basal application.
posable despite its lw N cotent. Because samples Ill art adjacent fiCld, rice yield responsc tt azo!la 
of -1. mlxina and A1.pinmata taken att 24 1)A I aid Lnci va.astudlicd Using unlabeled N sources. 
had already dcCompos:;ed in the field, they did not Because of the diffictlly of producing azolla with 
d(:cnIIrpose ltrther (ir1! irCetihiil. similar N content,i ai/oila N content used ill this 

I tilization of atzulla N 1)*yrice. I lie uptatc of C\pCricnt was lower(3.9t))than that Used forthe 
aioll:t N was studicd it" a t rdirrated trial by the isortope experiment, arld N applied as azolla was 
It terrtatinnal Atomrric Fircrgy 'Agency Food arld slightly diffc.-eCt fhori tit of urca. The effect of 
Agric tlre reariatinrr joirrt proiect on the ric ai/olla otl ice \reil] was slightly less than that of 
of isottII)s it aericrilturc . I1'N-labclcd AI. mirro-- tfrc. Assuming that yield is proportional to N
ph,t/Ia was prepared by feeding a/ollt with labeled (lose, the yield at the saamc level of N as urea was 
(N l{.1) S().I. Lhabeled urea or it/olla ar.s inicor- estimated (I able 4). The estimated ric yieId ill 
porated at I d belbrc transplaitting and at 42 I)T. l/inlki-iFtcorporated plots wits similar to that With
The urlabeled N soturces were used for tie basal tlrea, suggestirg rat tie slgtly lower yield in 
application when labeled N Sotrces were irllc(r- alolhl plots was due to lower N it. 

1 5Tablo 13. N balancu in uroa and azolla applied to wetland rice. IRRI, Sop-Dec 1985. 

Treatmnent0 
N rate (g/ni) 15 

N recovery %) 

1 DBT 42 DT Total 1 5 N Crop Soil Unaccounted for 
15 14N azolla N urea 6.54 3.57 39 50 111 514N
1 5 

azolla 
1 4 

N azolta 6.78 3.31 73 27 <1
N urea 
 N urea 6.02 3.05 27 38 35 
14N urea 15 N trea 5.92 3.00 48 2215 3014N urea N azolla 6.23 3.31 64 35 <1 

SE fn L-6) 6 4 
a DBT r days t)foro transplantitng, OT -, days after transplianting. 
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N and 1Pcontents of azolla from the Philippines. and Southern Leyte were higher than those from 
Azolla was collected from ricehields and ponds in other regions or provinces (Table 16). Only 20% of 
12 regions of the Philippincs. The species, field or the samples had N and P contents higher than a 
pond conditions, coveraige of azolla, color, health- sufficient level (4(,, or 5.51(' on an ash-free basis of' 
hness, and treat ments wcre recorded. Soil samples N: and 0.4( , or 0.557,' on ash-frce basis of )) (Fig. 
were ilo takci from somc fields. The N and 1) I1, 12). In most yiscs in the Philippines. azolla is 
contents of i. 1Imaui \ ar. inmhricau were lower deficiCnt in P and hence low in N. Color, hcalthi
than those of.f. uicrojdn/Ia, but highter than thoe ness, and oveciagct ol the water surface had some 
of ... sar. IpiImua ( able 15). correlation \ itlh N and 1)contcnits.\it1/ua Ihc N anid P 

contents of samnples. front Slolth ('otahlato, lk'eol,
 

Table 14. Grain and straw yield of IR62 treated with azolla and urea fertilizers~a IRRI, Sop-Dec 1985. 

Rice!yield Corrected yield 
-i e:(jtn(t N rate 1kg/ha) (t/h } (t/ha) 

1 DBT 42 DT 1 DBT '12 'F Grain Straw Grain Straw 

Azolla Azolla 30 26 5.0 5.5 5.4 5.9
 
Urea Urea 30 30 5.6 5.45 
 5.6 5.45 
Urea Azolla 30 26 5.0 4,95 5.3 5.3 
No fertili/er 0 0 3,9 3.3 3.9 3.3 

SE (n ,1) 0.2 0.2 0.2 0.2 

DBT tiys mfore trairrplantig, )T - days ater transprlanrtingo. 

' Table 15. N and P conterts? of 3 azolla species! b 
Philippines, 1986. 

srrpl N coritent (%) P content %)Do11inant ii."Mla ;(l)}.... .. .... . .. .
q w c,cI . .. 
Prr g dw Ash-fret dw Per g dw Ash.free dw 

A. pinrate var. ;'nbricata 174 3.22 i 0.83 4.48 0.96 0.274 - 0.167 0.381 ± 0.231 
A. microphyla 28 3.87 0.88 '1.89 t 0.38 0.274 t 0.149 0.470 ± 0.262 
.4. pinflata vai pinnatei B 2.16 t 0.49 2.75 i 0.70 0 .42 _ 0.038 0.183 t 0.067 

aMean -! stadard dieviaion. bdw dry w olliht. 

Table 16. N and P contents of azolla collected in the Philippines. 1986. 

Region Provinces Samples N (%) P 1%)
(no.) 

1 Abra, Mountain Province 11 3.25 0.26 
2 Ifugao, Nueva Vizcaya 14 3.16 0,37 

a 

3 Tarlac 1 5.51 0.75 
4 Lagu na, Occidental M indoro, Palawan 35 3.1 7 0.25 
5 Albay, Camarines Norte, Camarines Sur, Sorsogon 41 3.758 0.32 a 

6 Aklan, Antique, Capiz 30 2.82 0.25 
7 Bohol, Cebu 18 2.80 0.25 
8 Leyte 50 3.37 0.29 

Southern Leyte alone 11 4.078 0.39 
9 Zamboanga del Norte anti Zarrtuanga del Sur 28 3.35 0.24 

11 South Cotahato 9 3.758 0.39a 

12 Sultan Kudarat 1 4.50 0.58 

Total or average 238 3.30 0.29 

8 
Higher than avorage lovels. 
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EsAtablishmenL2It of s'~mbiosis in A1tabaetia-free 

A,rCUIittiidi Scicticcs :Ilidthe National A(IoLta 
Iecsicti (Centii I-iiitiou Chtina,~ a/otla \Was h-c 

h IOIItlCI ;11)1CI IHITI Iib IMie 0 I Iiie2i 4010 tIir I. 
I)aciCiiLz ItuoIdUmd.1 0I iC iOiii (0Ii e NItCiC.N M) 
a ciii liic~l!&pII[Iocal ),.ua g;IC isolijte \\ 111 1t1c 

iuli,.tI 11tiii IN iiotto., ;Hnt .NYit-ttCICit AtiC111 

h\,l\ I cettajtit I tiiis ruccnihiliati1ll oIt 

.iil!I'Oto I .1l1a/'O,1iO-1icc ii/ldIk\kiatsimccesstl.1. 

0A.~ 

%6 -7> 

o hr 

10 

30. 

20 
mh 

0- 
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Iisirihiilioi of' confirmned insect pests. At the end 
oI I986, 12 spcclc. MI itiSCel flCtN oIt/Olki Mad heCCIt 
clltitittited. is 1III'ss: 

* 1 )Ipter;l ((li: : ( 'hiln OU'oiitac Illli(7 I1SAi
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Table 17. Standing and harvested biomass of 2 azolla species, larval populations, and pupal populations of the spinning 
worm and caseworm complex, and yield loss. IRRI, Jan-Dec 1986. 

Estimated yield loss (%) 

Biornass (kg fresh weight/m) Larvae + pupae (no./rn2 ) Standing and 
Insecticide -.............. . . Standing harvested 
treatment a Standing Harvested Spinning worm Caseworrn biomass biomass 

Av Range Av Range Av R ge Av Range Av Range Av Range 

A. inicrophylla 
Treated 0.95 0.16-2.76 0.49 0.11-2.08 0.0 -- 0 -9 
Untreated 0.57 0.03-1.82 0.03 0-0.63 203 0-1387 35 42 0.1-85 57 5-93 

A.pintoara var. imbriaita
 
Trated 0.50 0.03-1.92 0.10 0-0.95 0 - 0 -

Untreated 0.34 0.01-1.40 0 - 50 0694 64 0-585
 

aDlazinon bG at 2 kq al/ha applied several tirTIOS dependirg on kiF(e2 incidence. 

Table 18. Snails (Mollusca, Gastropoda) found in fresh water in ricefields containing azolla. Philippines, 1985-86. 

Family 	 Species Samples collected from 

Neritidae 	 Clithon corona (Linrl) Luzon (Laguna) 
C. faba (Soweshy) 	 Luzon (Laguna) 

Viviparidae 	 Vivipara burroughina(Lea) Luzon, Palawan 

Pilidae = Ampullariidae 	 Piia ampullacea (Linne) Luzon, Palawan
 
= Anrpullaria ampullacea
 
= Pila luzonica
 
P. scutata (Mousson) Luzon, Palawan 
= Arpullariascutata 
Pornacea canalicu/ata (Lamarck) a 

Luzon, Mindanao 
Ampullaria canaliculata 
Ampul/arius canaficulata 

P. cuprina (Reeve) a 
Luzon (Laguna) 

= Ampullaria cuprina 
P. gigas (Spix)b Luzon (Laguna) 
= Ampullariagigas 

Bulimidae 	 Oncomlania quadrasi (Moellendorff)c Leyte 
Melanoides granifera (Larrarck) Luzon (Laguna) 
M. maculata (Born) 	 Luzon (Laguna) 
M. plicaria (Born) 	 Luzon (Laguna) 
M. punctata (Larnarck) 	 Luzon (Laguna)
M. rustica (Mousson) 	 Luzon (Laguna) 
M. torulosa (Bruguiere) 	 Luzon (Laguna) 
M. tubercurata(Muller) Luzon (Laguna) 
Thiara rudis (Lea) Luzon (Laguna) 

Lymnaeitae 	 Lyinnaea (Radix) auricu/aria (Linne) Luzon, Cebu 
L. rubig1nosa (Michelin) 	 Luzon (Laguna) 

Physidae 	 Physastra hungerfordiana Nevill Luzon (Laguna) 

Planorbidae 	 Gyraulus cotrvexiuscu,cs (Hutton) Luzon, Mindanao, Cebu 
Indopanorbsexustus (Deshayes) Luzon (Laguna) 

a1 ntroduced from Taiwan, China. b rtroduced from the USA. C Intermediate host of Schistosoma japonicum. 
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ihn I f,(4WIt'n,;P: (( iMMICIHuc c.,Ic,4IlclIih\d ;11'111 

'ppLci ITIMI/P , iim , \itIcma,,a m:a/,and t' 1lapia 

1"III'.HIS \,ClC 0ttl)lclctl It)Ill iilUilt ic plant ohertilt 

than a/olla inI Ifllc\%a Iakc. indicatls that theI sl, 

tlhre insects arc idielous in Nepal and were 
probaibly not Iiltrduced through recent lollit 
nIllclii. 

%/I lIA \t'l't 1iI) RI sl..\t 1t 

I/aintp tl0iI ltmoII 1,' IranS/Cr. and S( il 
.1icrobti/4jtgA 'giI rl 1P .S 

The azolla growith trials iII Ilayay. ICvtc, were 
continued to Fcmruatv 198(6 to comlpletc a year of' 

study. )uring the final 6 mo, A.caroliniana 301 
was luded With tIe previous 3 a/olla species.This title the initial inoculuim was reduced to 250 g 

fresl azolla/ 1.2 and growth was extended to 2 wk. 
At 2 wk, the azolh was harvested. After deter
mining the biomass, 250 g fresh weight was 
' each Net aiola bionlassrCtunCd to luadraitl. 

idcmoI1111iltionl WVlS Oh1tinLd Onl a1mlontll basis 
Septeinher 1985 to Fl-ehrUary 1986. Sclophos 

was added at 2.? kg I'ha twice in 2 wk. Mono
crotophos was used at 0.5 kg ai hia whenirse 
attack ,as observed. 

In aybay, leyte.. A. microln/Ila 418 con
sistCntly produced the highest mlonthly accumu
lated bionlass for the fast 6 u11of the trial (fable
IQ). He hioM lls prodited was equivalent to 
270 kg N hi,in1181 d. 

IhC I'CtIls dCntonst IilC thlt nIoe o,1the four 
izolla strains has the capacity to sustain and 
laillain high hio)nmass production COlstlItOlSly 
oI'r
a \'car. The unuh1munm Plro\vth among the azolla 

strains tested varicd from scason to season and 
fr1'oml species to species. Aoll canChe sIcccsslully 
grOWn in I evic dlillng CerainIllollths and can 
therefore hC Ittili/Cd as an otganic N fertilizer 
during that tillc.
 

Table 19. Monthly accumulated azolla biomass in a farmer's field in Baybay, Leyte, Philippines, Sep 1985 to Feb 1986. 

Azolla strain 

A. pinnam var, imbricata 5 
A. tnicrophylla418 
A. pitrataO var. I)ifnlata 701 
A. rcarolinlana 'i01 

SED 

aAv of 3 replications. 

Monthly accuutJlaterd biomassa (kg fresh weight/m a ) 

Sep Oct Nov Dec Jan Feb Total 

2.5 2.7 2.1 2.8 1.6 3.3 15.0 
3.0 3.1 ?.4 3.4 2.6 3.8 18.0 
2.3 2.5 2.0 2.1 1.9 2.8 13.6 
1.4 2.3 ,,4 2.3 2.2 3.3 12.9 
.06 0.1 .08 .07 .04 .09 
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Soil and crop management 

Management of organic manures 
Soil Alicrotblogy, 1Mlultiple ( )r'p)lL,', /Si, ,aid Agronlonll Depariments,and Rice IFarmini, SYvstems I'rogranz~ 

1I-FI OV A /OI I \ \ND SISBANIA, (RI:N MANI;i.Z; ON LOWiAN) RicE 
RIIZ)IHIA (IRMITi.ASM (OHI FOR (RIENTE'ION MANIiRJ: 342
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1FFFF( OF AZOI.I.A AND S:SII;'NIA GREEN 

NIAN R IS ()N I OWI \NI RICE 

rr d)i, I)I.SoilAIN r )i'rii('o 

A l , e'pcli lci it to effects ofc-t',rnr corinpare Ilhe 

twvo urccn I itinic crops [!lat can grow under 
tl,,'rlvd conditioms A.-.70fl 418andmicropdivtl 
.Scrsa/i roS1rum on rice yield and soil fertility 
was bceun in March I ,5. I'rcatmnls were I)no 

irc iirc. 2) 50 kg N IrtN aid niir o t n l i'ca ill 
I(d)at tnsjrlatirue and 2t :itp;Iliclec initiation 
11), 3)aiolla neoi:bi)alCC!, and 1) SCSbhlij 

coipni:ated. Scsi;lli grey. to, 45-50 d until 
iilctIporatotr at odbeltoitr itrsplaltin (I )N I 
rice. A/ill gicA for 31 N I and wat;icporahttcd 
tIsice behf i ari! olt altcr tiaiisplamiilg. It wa, 
inUCiiIl;Ctd JitiliradirrCeoporteiCd at 32 d aft'r 
trriuspianri ire. 

I)uring tlhct 'saniia in ai mhist iicCtoto. tcorpil 

ihrlcrasd ritc! ,!Cld O\C Mrla hiUch (1ritisluh~d 
;rotilr. Ie Lol.clctCtIc,,s of aiollh v,is causc'd 
by its los ,;iil likm N creoCit (2.()"7 oitdr\ 
x\ciht basis) I Iahble II.In tIre ctlld rice crop, 
sesbalili lo cc cirlicr and aIc miilatctd less N 
sot Ihll ttrspoic, Io itrid to:i/(ll; ibtoita\\.r 


ciqual. Ihc lhird ctip 'Jiocd c llvicratcr slii--

lIluil\ and ,cbnllia ii;rtrL'i
oI ;1/(ll; t'isl,.
 

RWlIt\ (itRMPI..r It I ( I1W, I(It(,RI tN 
NAN I tRF 

Soil Micr,,i/olol I)rQ1, 1,011 

Scycill stmrits ol rl oibiu froninnodules of diveri;c 
,rc'1 Iraii re Ciops I,Sr.shrliea rosIral, 'xtrlnia 

china t'ti.. - N.Si.a. S. w.ysan,Nch-iOh'I U 

liai ra/ialol, a11d ti.r i',ne.ii' sp.) %\rc 

isolted anti tnaiilarilcd Irrhll:s ofisrilatcs Ito 
fllIl dll oillthci holiloloenigt, frosts, \s.crciilihs 

cirtirhUCl by tiheplint 1lltccuirti eitlhod. 

NIIROGEN FIXATION BY ROOT AN) STEM 

NO)DUI ES OF SE B NIA ROT.)"I'.4F 

Soil Aicrotliologi I)eparlmet 

Iuring 1(986 drY scason (IS), t pot experiment 
was eondtictcd to study the relative conrtbution of 
N, li.\tioi by stem and root nodules after in
oculatintg S. rostraia grown in flooded and non
fHooded soilk with aspecific Rlizollim (ORS571). 
Secd inoclation was made by pelleting the seeds 
\wIh a ltixttite of R/z:o/'iU,, gum arabic, and 
chacia l.StCnsprayinoculation wasnmde at 3)d 

ifte[ cilurlgelce (I)-). The rooi and stem nodules 
were counted and their nil ogenase activity 
rircudrtil 4(0I). 

R/i--o/imn- ilociulated plants (weed I-soil + 
sicIll, ,t.l-ilncluilalecd) prIoduicCd signiall] onlV 
fiacirthImore root and stein nodtiles and higher 
nitrotiuase activity (Fable 2, 3). Uninoculated 
plants prlOdUiced only root nodulsC, attributed to 
nati\c I/hi-hiiml. Plants grown under nonflooded 
conditions showed Illore nodules and nlitrogenase 
activity thaii those ' rown tinder flooded cendi
tio s. At iris growth stage of sesbania, N2 fixation 
by toot nodulets is illotc imlporlant than that by 
Steillnodules. 

F t. II I I M I1 HOt))F RIll* ( II/ ,l N( ( AI ION 
(INNttIlt AI ION ANt NIt ROMiN I-IXATION BY 
WI:".S I \/ViI).s 1RI L.I 

Sol l fit Trd1i01dolr I)11ar-UnI 

Greenhouse. Iuring 1986 DS, tie effects of 
sprayi p ig hte t rosrwatstlm of,'. with Rhzohium. 
\itl,dilferit conccntlations of gum arabic as a 
sticking iIgeiIt,soil, anid crushed nodule suspension 

oil till- N, and plantnodilalili, fixation, 
hiortrass of S. 'o.wrait prowun in flooded and 
rflooded soils were studied. A slreptolycin-and 

Table 1. Azolla and sist.imim grei tiurol biofortilizors for lowland rict, IR R I, 1985 WVS-1986 DS.as 

Cropr Se'r';rn inlnd dIti Valiiey 

1st 
2dI 

3d 

1985 WS (9}May - 20 AL1]) 
198G DS (23 Oct 1985 -

101 oh 1986) 
1986 WVS (6Juri - 26 Sep) 

11154 
t(,54 

IM54 

i .NI , . J'aiiill i IO ll, ',,is 0i(0iill hi .t'j, 

N itlit (k(,/ha) 

... 

Urea AzolaI Sesaaia No N 

Grain yield t/ha) 
. . . . . 

Urea Azolla 
. 

Sesbania 

50 
50 

28 
96 

74 
64 

4.6 
4.0 

5.5 
5.2 

4.8 
6.1 

60 
5.6 

50 87 79 4.9 5.9 6.4 6.3 

http:i',ne.ii
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Table 2. Effect of inoculating Rhizobiurn ORS571 by plants had more nodules an( higher ARA whensoil, seed, and stem spray and by stem spray alone on root Lrown ider nontflooded conditions titan plants
and shoot nodules of Sesbania rostrata at 40 d after 
emergence (DE). IRRI, 1986. grorwn iiiider IIooded Cerrditions,. On the other 

- . . liand, thr tolal hiornaSS of plants, gro .wi tinderNodules lro./plant) iooldcd conditions was hiheir A 40( suspension 

Treatment Flooded so)il Nonfloodid soil 1! oirtl1 ;i+;hilc pro(ltced tli', ot Stenlinodulles, th 
. iiJltsct lry' weitlit aind the Jiiliest N, fixation iandRoot Shoot Totl 	 Hoot Sho,,t 'Iotal plint bio+im s. III thi, exp rlilteCIt, sc\cral ol the 

Control 17 0 17 26 0 26 hiiiiiMeihld plaitS also ploduc.d drlaved andStern 23 4'5 68 27 63 90 	 tlr'eLlent nodflC.,. Alitist all of the sIt OlSinOCultrited Ill Conttrol planits 	 cortai'tucd ;antiitotitc-1eSt "ItatSoil, seed, and 29 49 78 36t 58 94 
stern inoc- ] iL ln.M , IU ltural inf statio fo nt 
ulated tlhe ic ulirtd plant,, lIee+xact ,iceliaiiisntoftliis 

SE 3 	 2 4 2 4 4 inlestathloii is liot vet kltitW, hLt it might ocCII 
.. . . . . . . .. .throtigh \illdt. hum idit', M hInsecs . 

Field experihenl. 11\,the gren li ,isccx periment
Table 3. Effect of inocrlating Rhizobio ORS571 on Slirissdl. "tcl it(idtlcs a1ic lolited bv aerialacatyleri-reducing activity (ARA) 	

it
of S. rostrata at 40 DE. ricllitirin of R/ihi'tt litoclttitit by ,prayiLyIRR1. 1986.... , 8...the aerial prtmliuri iS mituch ;isier tman Soil in-

AHA (piwol (-)Il,;/lant per 11) t tilatill. 
Natiral inlcctio)n In a sltet IodulC-hC 'ingTr eatmerit Flooded soil..... ... Non hooded soil.	 .. plant to, a t+ollhcl t'.OIn: III; ho. e',..ma lo test tile 

Hoot Shoot Total 	 Root Shoot Total te:isihilitv of stern prla iiioculation. 2,000 tm12 of 
. . . .. ... . . tlnrid field \wCe L w ith S1 roxrJd(I withoutControl 5.0 0.2 4,4 	 4.7 0.5 4.6

Stern 10.9 5.4 15.4 10.6 8.2 18.6 strll nodtles alid \\ei-e "sl aI-ilnel.latcd twice withinocurlated l/i':rhiimu Strain (ORS571 W1with40 ( i gum arabic.Soil, seed and 16.0 7.6 23.2 12.6 brItII 	 \are12.9 25.2 the satIIIC ilI- ws gr1n wIth unino atle(IStern inoc
ulat d 
 ssbezIIni I irs ;I o iI 1. 1"-oltIS o( t Io occurred 

SE 0.5 0.3 1.0 0.4 0.9 13 .within 7-10 d of spiaying. with significant nitro
. .. . . . . . g e na se a c tivit\ lTab le 1).. . ... . .. . .. ... .. .. .. 

Spolitallttennts sint 	 riodulation was obsc'ed in 
srt-'ctoilncil-ri','tint lIlluant froin Rhl'L]iobium the unimoellatcd field, irlobably enhanced hy the
 
;train 0RS571 was grown iii tryptonc sirSet of rain. Sponltaleotls Stern nodlatioll Wis
glucoseq dillicUlt aid iiifrqutient dutine )S. 
\east extract brotI for 48 hiaittd was, sspeitlced ill 
sterilk water \witlh or witlt Liniarabic at a final 
tltIIsit rrf ahout l)5 C lls 111l.A soil suspelnsion was I<1 'ON>, 0I. x /-.tt.y/.IR( .t 1t I( 
prejrared by lmrliiiCre i/ifui I() t ol, wet soil (dr\ I\(it'I .\lt()N\ I I t()1\N l l IY'I
Weight basis) into 10() il of Sterile water, and a 1hidli,) ' (Crppi )(p1 itmnt 
nodiule strSpen(*isiu W' pirared by Ciushing0.25 e 
of fresh stenl nodules (dry \weight basis) from 'iN. \ jot experintent where inoculation treatments 
ro.yru(J into 1() Jil of Sterile ualcr. Soil aid were Studied i a randotniicd complete block 

iodule suspensions 'ontainCd about 10 attd 10" dsi!llde iwas cn,ducted with four replications.
tloslit lrrbaible ltnilibr fill ofI'i:o/itim. respcct ul(trus SIlidICd wre soil 	 t'p a11id indoctlation 
ively. Fach plnit rcei\cd uhout 5 il olone o the I rthod. I lic "oil tiMdli all fromll the lhilippittes
baclteial suspnsins at 30(1 W)l.. ,kerc clas\ loam IIfro IRRI lIos 	 anios): claySignilicant diffcrences aMronu trtatniments \Acre I -rut ,asiuti. I uclmna: aid saidy loam from 
fositd in i dtl iiii ib., iidule drm, w1eihut, N,N.- (intihb euiila ,Cija.
fixing ac:tiv'ity (ictyle-re.duing activitv IRAII, Total dry ntialtter icld ('H1),1') and N aCL'cInl
antd totial plalt biomasS. /hi=/liminteul latiom per plait with l,os l3,flos and (iuimiiba soils 
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Table 4. Effect of stem spray inoculation of Rhizobiurn strain ORS571 on nodule dry weight and N 2 fixation (acetylene 
reduction) in S. rostrata grown in the field. IRRI, 1986. 

Nodule dry weight Acetylene-reducing activity 

Acetylene Acetylene 

(lpmol/plant 
per h) 

(limol/g dry weight 
of nodules per h) 

F-irst spray 

Control (u1inoctilatld) 
Stein (pray) inoculatid 

0.06 
0.26 * 

2.4 
14.4* * 

40.0 
55.3 

SovfIr,d spray 
Control (iUrnirocula tl1 
Stem (Spray) Ioculated 

0.04 
0.81 

1.5 
56.3 " 

38.9 
69.5 

Fir,,t rind secon spr.'Ys were it 90 aned 110 DE. Nodule weight and nitrogonase activity were recorded at 15 and 35 d 
,itler ini! aridns;?cord iioculati(ii. 

,\Ctc' ,+'1ipMItthl:' id v,1r.,iutlilijttl, high,.er piohahly associated wi)l nIHI(4.8) lower than that 
than tht,.' ohtaillicd vkih (;1 tiil ,iil, ( I able S). in I sitBaftos (6.2) or (. ha (6. 4 ). 

SCd iutil NicI Illniio ii iiiizi \.IeIdt'd ,igti1illkelitlv
h11i clht'I I )%I' and N t+)\tCtl~tt l\ 'r lit' Set'(] 

it 'telnt tlll 'll jrti'd iIL-h0',,l, t u iirioe b te' l 1%1l1(+ .SI:'.;..,NI I IO51A -I INCOIRORA ION 

tr,'Att lt,. I I t 10. . I ii ,l, ol I 111' ,.:r ith!C .Itltli/;]c ('roppiti. /)( 1 ' It('(, 

)11,'", )ril ittIILI,, J I 

hi xi.ctl "il I[pt' lltl i jlalt'lktirll ne lli, d \T lieh (llet 0l .VShunia rostratea incorporation OI 

oilbI %L-I. the perlt.anee of flie l'ollowing rice crop was 

Ihlhit ill I o" Biflw'n, ;iit (hilli;j ",'d, had ,tthli diltnXltIlflt intlhreetartrs'hetld.sinan 
Ilihr .\.\ i;ti ine' iii ('iinti oil (li. 1r iigated ricc-groin area in Solana, (agayan. 

lio\%evvr. Itl td rm.\tcfll Nttlilu1 Io hilippines. Sesb[ahn.uia ; grown and incorporated 

T t't_ biN)( I i NI Illi ,.;;tTl IllIt'tIicIlitI 

plalititer \crc 
etllect oh ."rve' lol I IN)Viill N ;ic'llt] latin. it three crop a'ws. Ihose tecatmients were corln
lhe lo\ser \.\A . n'-r in (';iiiti :,oil \w\a pared mitha tlhow period precedlinlthe ricecrop, 

Table 5. Total dry matter yield (TDMY) and N accumulation of S. rostrato at 30 d after emergence as affected by inocula
tion method and soil type. IRRI, 1985 VVS. 

Iiocuiat iorn rirethoio. 
TtJMY (!plant) 

.. . . 
N accumulation 

.
(mg/plant) 

Cavinti IV111 Gtiiha Mean Cavinti IRRI Guirnba Mean 

No inoculation 0.25 1.20 1.3/ 0.94 5 
+.
55, 37.81 39.67 27,r8 

Seed iniculatin 0.28 1.12, 1.74 1.04 9.30 40.00 57.31 35.53 
Stem inoculationi 0.25 1.31 1.60 1.07 5.15 49.33 56.44 37.17 
Seed arid stern inoculation 0.68 1.88 1.45 1.3 1 21 ,88 59.08 53.95 44.97 

Meani 0.37 1.39 1.54 1.10 10.62 46.56 51.84 36.34 

Source of variation df M-'-i :squarevalues 
Rn'l icat ions 3 0.0 15 0.008 
I reatroents 11 7.094 0.879" 

.,oil oredia (S) 2 G.i46" 0.805" 
inoculation (I) 3 0.344" 0.060" 
S X I 6 0.204" 0.014' 

Error 33 0.007 
CV 0;0 7.5 21.7 
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Stem ARA (4Lmol/olant per h) Table 6. Biomass accumulation of S. rostrata and fallow 
- weed vegetation before incorporation for rice production 

in irrigated farmers' fields. Solana, Cagayan, Philippines, 
F_ 11986 WS. 

7,,,.,III,,,, Dry'l,,J 

... j a. .. ./ i~i . .Treatment biomass 

(t/ha) 

Sesbania incorporation at 65 DE 7.6 
Seshania incorporation at 55 DE 5.5 
Sesbania incorporation at 45 DE 3.2 

Weeds + 40 kt; N/ha 3.6 

Table 7. Effect ol S. rostrata incorporation on the follow. 
ing rice crop in irrigated farmers' fields. Solana, Cagayan, 
Philippines, 1986 WS. 

Grain Tillers 
6 Treatment yield 

It/ha) Ino/hill) 

'" .IR367 
.: S. rostrata incomoration at 65 DE 2.5 17.6 

0., 1, ri S. rostrata incorporation at 55 DE 3.0 15.2 
,,', irrI ), S. rostrata incorporatirn at 45 DE 1.9 13.6I ) 

I. \,ttiwrr I\;tiil ii s l ICIII llh ,lllla00liall Weeds f 40 kctN/ha 3.1 11.5 

irr'rrimlirt.' v. lk 1 ii "if1til ciic: c rlicc. IRRI, 1985 [PI-I 
W , i i,!"-r L It%Ws S. 2.6K wd Il1ri i. rastrataincorporation at 65 DE 13.5 

S. rostrata incorporation at 55 DE 3.1 14.3 
S. rosrata incorporation at 45 DE 3.6 13.5 

(II[ in which the vxcd ptpulatio Weeds N/ha 3.2 11.5was allowed to +40 k.l 

grow and WIs incoporaTied at rice Iransplnlll. Analysis of variance 
Variety ns

This treatllett also receicve 4) kg N hli is rtela. Time of incorporation ns 

The bioMa.s accUllllliiolln of the seshalla ili- Variety x time ns ns 

corporated at 45 I)I: was similar t1tha td tihe 
weedy [allow (lable 0), while incorporation at 
65 1)I! produced mlelIhanI donhle tihe hiomnass. 54 kg N ila, waswhich incorporated in the soil 

Plrogressively later incorpo ration ties of after harvest. IR64 was transplanted on I Apr. 
sesbania increased tiller number (I ahle 7). Plant Two-thirds of the N was incorporated at I DBT 
height tended to increase, but the eflect was 110t and one-third at PI. ('owpea residue incorporation 
significant. Graitn vields w,. not sir'nicanlxy inceased rice vicld and N uptake (Table 8). 
affected by seshtnia incorporalon lie. 

1:1+(1 11 IN(t"l t 
()R AI ItiN (F RI('E STRAW, 

IIl[('I I)- t()WPI-,.\ RI"SIDU)lI IN ORPtIRAI I()N A ZOI1. A. ANI) .j",WllV/I IA'SR.- T-IT)N NIi4'-N IN 
)N RI(' YII 1)ANDINI R[(GI:N I'PIAKI I.())1D SOILS 

. rtivoil.Ric' Iirnmiii Svswns Irol I)cI 'parino'n 

The effecct ofcowpea residtie incorporation into tile We studied the effect of incorporating rice straw, 
soil on succeeding rice was ealnaLed with different a,/olla. and .Seshania rostala on the NH 4 '-N 
N rates. Cowpea cultivar 1T82D-889 was dibbled release pattern in flooded soils in the greenhouse. 
into tintiIlled lowland rice fallow on 23 l)c 1985 One soil had high organic matter (OM) content 
and harvested on 14 Mar 19X6. per hectare, it while three others had low OM (Table 9). Organic 
produced 1.0 tgrain iatd 2.3 tstover containing substrates (Tabi.. 10) were added at a N equivalent 
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Table 8. Grain yield and N uptake by rice as affected by Table 10. Chemical analysis of organic materials.
 
cowpea residue incorporation and N rate. 8 
 IRRI, 1985-86. 

Air-dry weight (%) ofGrain yield (t/ha) N uptake (kg/ha) Organic matter ........ ... . C:N
Treatefnt . .... . N P K
 
(kg N/ha) Fallow Residue 
 .... ..
Fallow Residue 	 ........ . . .
 ..
 

incorporated incorporated Sesbania rostrata 3.81 0.22 3.23 11 
........ .. ... . . . . .Azolla microphylla 4.25 0.26 2.09 90 3.5 c 4.5 c 36.2 c 50.8 c Rice straw 0.64 0.07 1.85 62 

30 4.0 bc 4.5 c 41.3 bc 50.3 c 
60 4.6 h 5.7 h 49.3 b 66.1 1 
90 6.0 a 6.4 a 70.7 a 80.0 a 

120 	 6.3 a 6.7 a 74.7 a 87.2 a ..... . . . . .. 'Ilie kinetics of Nil.j -N was sim ilar to that inI the
aLSD (0.05) 1- 0.8 /lm for areln yield and 11.7kj/ha for pot expcrimlllnts, but inl the field experiment we 
N uptako. detected no net hnmobilitato; instead, there was 

ilincreascd relcase of Nit'-N al tileeld of the 
scason (Fig. 3,4) Placing t ile striw in the flood

rate of 116 kg/ Ia, 1)oth in the prcC;eT and in the watlr for 3 wk before incorporation might have 
absence of rice plants (1R36). 	 cait ,d both eftects. The N II.t'-N flush occurred 
The results corlfrtled earlicr findings on a Itoo late or benelit the rice crop. 

Hiaplaquoll (Annual report for 9"5) that rice IhltcNI-l., -N kinetics iitthe floodwater showed 
viraw additiotn carses tiet immbillialion of N ill thCsame pattern as in the soil soltion. hC highest 
all soils, independent of their C om N conticit concentraion of' N114 '-N was 'ound illthe topsoil
(Fig. 2). i-igr. 3b) during the first 20 d after flooding. In 

The samTie N cqouivalent of aoilla released less N eetrlal, tileconceitri'tion of' N 11,+-N in tile soil 
than seslbmlia despite its lower (':N, perhaps solution was< low. The pattern of 'xchangeable 
because of the higher lignin content of azolla. NI l '-N (Fig. 4) reflects the N dyiamics Most 

The kinetics of N 1I.1 -N after straw iiicorpoira- clcaly, with pc:tk concentrations after flooding, at 
iotnwas also studied in a fild experiment at IR RI Ill(because Of t iopdressing), and at ripenint. The 

with I R29723-88-2-3-3. The soil was a Tropaquept fact that topdres,,inl! of tI-a had hardly ariy effect 
(clay, pi-I 6.2, organic C' IV.6, N 0.15t.i, catiln oin the N H11' -N C011CCtitration illtilesoil solution 
exchange capacity j( 'F(' ISO nmol kgi. The soil was related to the high (Tli and high plant uptake. 
was presubmerged for 3 ,k. Straw was applied to No ,ignificat dilffcrnce wis found in grain 
the floodwater and incorporated at 2 [11'1. yields (4.3-4.5 t lh). 

Table 9.Characteristics of the Philippine experimental soils
(0 15 cm).
 

Soil characteristic 	 IH R I(N ), Buenavista, Concepcion, Hanggan,
Los tBaros Tarlac Parnpanga Laguna
 

pH (1:1) 	 6.2 7.3 
 5.7 6.8
 
Organic C %) 
 1.2 0.45 0.53 3.6
 
Total N 1%) 
 0.12 0.0,1 0.05 0.30 
CEC (mmol/kg) 323 94 48 	 448

Exchangeable K (mmol/kg) 10.1 	 1.4 2.3 8.4 
Olsen P (mg/kg) 29 14 27 	 13

Available Zn (mg/kg) 0.32 2.3 4.5 	 0.57 
Total Fe %) 	 6.9 2.1 	 1.5 5.3 
Total Mn (%) 	 0.144 
 0.084 0.031 
 0.117
 
Sand (%) 	 16 
 56 	 73 
 12
 
SiltMl 
 42 35 	 19 
 37
 
Clay (%) 	 42 9 
 8 	 51
 
Texture 	 Silty clay 
 Sandy loam Sandy loam 
 Clay
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Exchangreble tiP-t - (mgN/kg dry sod) 

, [in /~'.'¢ [ :; i.rgi p .° .,,,,L''
1 


.......................
//'__ ... / /-..''".
--.----

I,,e,
 

2. (haingvN III e\chIiIgv;ItHt! soil N11.1' itttctcd bI ptiloll it licc s51110 .iollai. anid . hiu/i rostrata.*ls ill 4 lluoleit mis as itici Ioa 
JR RI glcililiriise.I080.
 

N (mq'ier) yields in Block 1.2 (Tahle II) in both DS and wet 
seasoni (WS). At all other sites, no differences inl 

oield were (etected except for thle straw 

0 Cyicopost treatent n Block U h 12).i (Table 

0% 1-1)t...INORP)RAtlIN IN It nO dff-RON c n 

02R- R.\NI-I I) I'MVl ANt) RI'I 
0 0............... i' , Au/i ifdc ("riTi/iUn Ihrywrn! 

. .
,... In litV raitifcd low ind rice aicas, large amounts 
of weed hiotuass, accumulhate during the fallow 

0 period between I )S and S. 
0 - We evaluated the effect of weed incorporation 
) ,i on the growth and vield of two rice cultivars under 

02,fod-pronc rainfed lowvland conditions on an 
,alluvial terraice of the Cagayan River. Before the 

6experim. . . . . ... . .. . .. . ent was establi,Aed, the average growth of 
U-/! ',- i ott adij acent fields wis determined,''weeds weedy 

and analvied for N content and other elements
0 '4

F*-able 13). Sol, N content was low, while f) was 
high (Table 14). 

0 2 The average aiilulnt of fresh weed biomass 
observed hefore transplanting 22 t/ha - was 

0 0 -.......... i the basis for incorporation: Wl was the base

."iount, 80 W2 was double the average, ail(] W3 was 5 

liy, Of,, fw,,l applied. WO treatlintes (he base ani ottl In tihe 
3. Fllvct,Ilice a imcmpoiion oii mcn:, all surface weed biotuass wats removed. Urea, SliO NI.t'-N kintics. 
IRRtI 19,';l. f'ertili/er al0, 30, or 60 kg N /ha ii.wasapplied and 

incorporated al triasplanting. These rates were 

IAI~T(l (1-It N([-1FRt RI(F SIIRAW comnpared with weed application alone or in 
AMI:NI)MItN I IN RIC' tRAIN Yt1II.1) cotnbination with urea N.
 
,SolsI0q)uarimu'l The weed hiotnass contained 1.2,; N(dry weight
 

basis) for a total of more than 40 kg N present inthe 
The long-term experiments on straw amendments weed biotuass. A flash flood of 75 cm depth 
continued. Straw application increased rice grain submerged the crop for 5 d at I nio after trans
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N (mg/kg dry soil) 
28 

'
 24 !A 

20 

# \~I16 /' ' , 

12 4, 
Ct 1 " '.\\0 .' 

C-ot.{troI (2-ot ,) ii Ion

8 St io oot,o: 

o . ., \ 

0 20 40 60 ftC '(,C 120 140 160 

of rice straw incorporali hic IR RI.4. Fffccis it(11,OL. kilctic, oft ihanucaNIlh '-N. 1986. 

Table 11. Effects of wa ,regime in combination with Table 12. Effect of 4 straw treatments on the mean grain
straw amendments on the moan yield of 3 varieties (R36, yield of 3 varieties (IR36, 1R56, and IR64) on a Trope-
IR62, aid IR64) on a Tropaqiimpt. IRRI, Block L2, 1986 quept. IRRI, Block L3, 1986 DS and WS. 
DS and WS. 

r-inyiel t/ha)Grain 
 yield (t/ha) 
..... 
.... ...Grain......yilm tt th).. . . . . . ... ______________T r ,atment 

Dry season Wet season
Dry season Wet season (28th crop) (29th crop)
(28th crop) (29th crop) 

. ... .- - - S t raw rem oved 2 .8 b 2 .7 a 
No With No With Straw burned 2.9 b 2.8 a 

straw straw straw straw Long straw added 3.0 b 2.9 a
 
Straw compost added 3.5 a 2.9 a
 

Dry fallow 2.9 3.4" " 2.8 3.3 "
 
Dry fallow + 2.8 3.2" 2.9 3.2 "
 

mid-season
 
drainage 
 Table 13. Chemical analysis of weed samples incorporated.
ood fallow + 3.6 3.7 ns 2.7 '. * Solana, Cagayan, Philippines, 1985 WS.
 
orid *seaso n 

drainage 
 Weed chemical property Content 

Major elements (%) 
N 1.21 
P 0.30planting (Fig. 5). Floodwater stagnated in the field K 1.90at 10 cm depth for 2 mo following submergnce, Mg 0.30 

c Ising low yields. Ca 0.53 
Wced incorporation consistently Increased the Minor elements 

Cu (ppm)nulber of tillers and plant vigor at 30 d after the 5.40Mn (ppm X 102) 4.47
flood (Tahle 15). The yield increased with hipgher Zn (ppm) 50.00 
rates of weeds (Fig. 6). N applied in combinationwSi Fe (%) 0.372

with weeds showed ai very miodest increase in yield -5)2 

6.03 
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Table 14. Textural and chemical analysis of soil samples above [he saine treatment wfilh weed illo-l)orlpation 
and chemical analysis of wood samples the experi- nelot.at The effct of 30 kg N was equivalent to that 
mental site. Stratum 3, Solana, Cagayan, Philippines, of incorporting the ftallow wecd vegetation 
1985 WS. 
------------.... (i.e., \VI). Yiclds werc highest with the incorpora

C'oritent at soil dpth of lion of 5 tiies the average observed amiount of' 
Soil property Interpr;tation tallow I birmass (\3); vieki was 0.8 t/ha 

0- 15 cil 15-30 cm 
higher than on \V() plots and about 401 higher 

Soil tt!xture ) Clayey than in \V2 plus 30 kg, N ha (ig. 6). lhc results 
Clay 60 61
Sill 38 36	 slggest that ()M illcrporation can play A positive 

Sand 2 3 I'olC ill rice recoVCry lroln sibllurgencC and in yield 
Chemical pCrtorateCC ulide flood-pionc conditions. 

p1 (1:1 w't/vol H2) 6.3 6.6 Slightly acid
 
Organic C (%) 1.5 1.0 Low
 
Total N (%) 0.10 0.07 Low
 
CEC (Ileg/100q 44.1 44,4 Very fiqh INI It RA I I) NI It(O(II N MN.N.\(iFItNI IN 

air-dried soil) I(A VI ,NI) RI I 

Available P (ppm 30.1 10.1 Vely high 
air-drited soil) 

Available Zn 0.26 0.09 Deliciert 
- Wc conlinu'dIL t naltiate supplementary N fertil

imer souics il thile eigth (S)S) and ninth (WS) 

crllsecUii\c'tcips ait IRRI (lable 10) and int a 

f'rlic'N ficld in \ictorit, .a nit (lable 17). 
A/o)la. IIcfrh iWcestlaw, und rice stL aV Com1post 

Satboth Site', were- supiorM to ieI connol. Sitnillar 
frestills wcrc ohtallied with sehsbailia and sovbeali as 

gel Iiirlie at 1R RI 1. In I )S i the tariller's field 
and in \VS it lI RI atrllu piertorillld better thal 

_ __-X. F,,... fresh rice strav aid rice straw coml)ost. 

At IR RI,olki, rice stIaI\ comlipost, and soy-

I /abean ll I)s \erLe ctlllplable to prilled tica (I)IJ) 
,It'I hiblt intercior to urea;. .stpergra1"le~s f!(1)). Hlut ini/l]l 

WVS, iirola aidl( Ssharil a were as effective as II SG. 

111lil tilethe [ar 	 comparable toter'ld, only a/olla sws 

PUJ ili both i LiSeas. 

1;,,j),,r------------................._____,_ _-Conibilned allplicatiolis of organic sources with 
+o - P1 I or II (; icrsis:'ent ly gave better Yields than did 

the control. I he yields werc comparable to that 
with Ill)andti i liluV caises with ISt placerment. 

, 	 ,AIIRRI inl )S, aloulla with II(SG pertforillcd better 

thall PU ilholic. 

M INIt.A [ t lilt1 II) 	 AR RILtA II. iNSIIH'S IN 

.od inoisturi Tension IClI 	 ((N I IN1 II1 I L ttH )I I) ZIN(-t ) (I NI S.il 
-
r 	

10Soi.% )p l-1 tW 
lio gain a better u ndCIlsandi g of' the tininral 

Rr r .. I.. ... r lrr~irg~~ t .. siriphases 	 priat ill ti e of /n.. 	 tharr i]ily he il ll controIl 
bt'(et r~o {)t!; I l Te[ so'rI ltlions ol' Zn-dt-fic'cl soils, I Ilahoraltory 

(1c1 OCTNv q F() Ma,Y r Il o 

.S. Ra;infllil, silactN I (fill iliii CXr liricil wai cW:diicteil uingI 1 1a clay loamunhrolgy, a[it] soil ,liloi,,tolC tenionlll 

the grrwir' p irlodof rainiled ric" alie ','CCdillc liporarionrr ('typic I lydltaqune tl) fir r t tie RRI Zi screening 
IRRI, t986. F -lriring. lay, I.ilguna. 'I Ills soil is tiotcalealcots with• 	 site in 
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Table 15. The affect of amount of weed incorporated and rate of N on tillering and vigor at 30 d after flooding, planti
height at harvest, and number of panicles/mn on 2 cultivars. Solana, Cag~yan, Philippines, 1985 WS.
 

I illers (rio.) 30 d Plant vigor1) 
Plant heilht (cm) Particles 

after floof 30 d 9tter flood 2at harvest (0o.i )
 
Trea mienti -------


IR26724- WarqrVa F26724- Wagwag 
 IH26724- Wagwar IR26724- Wagwag
246-3-3-2 Fine 246.3-3-2 F in 246-3-3-2 Fino 246-3-3-2 Fino 

WO NO 5.3 7.3 5.3 6.7 70 80 133 118
WO N30 4.3 7.3 5.7 4.7 64 91 158 116
WI NO 	 1035.7 4.6 5.0 71 	 16984 140 
WI N30 4.3 10.0 5.0 5.0 67 01 154 173
WI N60 6.7 8.0 '4.0 5.0 81 96 183 176
W? NO 7.0 13.7 4.7 4.7 78 18989 	 169
W2 N30 9.0 10.3 4.0 3.7 82 93 186 190
W3 N0 	 11.0 13.3 1.7 2.3 	 10589 	 209 219 

.VVO - od tio r5ass rerovrwd, W1 tIaso aioui nt (22 tCha), VV?1 n11OMIntdotble3 the avinri.rt, VV3 - arnount 5 times the 
(,-v, rJO m N, N 30 knj N/h,, N60 60 kg N/ha. b -b e trj vicorows, 91 - oor. 

Table 16. Effect of supplementary N fertilizer" source on 
grain yield of IR64. 	 IRRI, 1986. 

Grain yieldb lt/ha)
IC-. N S0Lurcrr 	 ---] ,-y season Wet season 

/ho 	 (8th crop) (9th crop) 
08 	 . 

No fertilizer N (control) . 5 f 2.8 e 
Sinig/le so urces 

:; PU, BS 	 5.5 bcd 3.9 abcOf, USG 	 6.3 a 4.2 a 
- Fresh azolla, soil incornor ated 5.0 de 4.1 a 

Fresh nice straw, soil 4.7 e 3.5 cd 
5inicorpiorated 

lic'e straw compost, soil 5.1 cde 3.3 d 

Fieshsesbania, soil 5.4 bcd 4.0 ab 
incorporated 

c 
- Conhli)nwd sourcs5. .. 	 iFresh azolla I PU, B3S 5_5 bcd 3.6 bcd 

,) l] ( 	 ( . Fresh rice straw i PC, BS 5.7 abc 4.2 a
 
',','1, .,.ice 1',l''' straw comnpost t PU,
HAU 11 11 111H Ill 'I CC, I , It] 	 BS 5.4 bcd 4,0 abit-: Ld 011 tilt" Fresh azolla f USG G.2 a 3.5 cd 

PiJr MIhld0i 2 cltii. S;, i . ( . , ,,rI, I , Fresh rice straw f USG 6.0 A) 4.1 a 
%V' I,.I cck(.Cd Irit ll lMickle Ct- I 	 lahi I,, H ice straw compost t USG 5.9 'ib 3.6 bcd 

PU wi led urea, BS best split, USG - urea super
1ranules All tratnents applled at equal N rates: 116 kg

p1l 7.3. 3.61"t ilIliC (1. ().3' '-('5() N/h i DS anid at2/3 urea .aastbroadcast58 kg N/h In VVS For GS appllcatlon,and Incorporated (&l)111C1q If))0 V, 	 I() lFtF at plant8 too /1 kg, and Ig i O rl,d 1/3 toijitressed at 5.7 ibefore paricle ini ationl nZ . l sl Itt.t o ' (DBPI. In DS , soshainia was replaced by soyhea.r. CV :n .M/ ilil a h e 0I siFtl'1 ,0 1 irnD S a n d 7 /. in WS . C F o r co m b ine d ap p l a tlon s, 5 8 
piltCeL in 3-11i11 	 pt 1i Md Ft1MMICd Itt a Colt- k, N/ha in DS and 29 kg N/ha each of organic and Inor-
Iittualkl. ct ondit ion at 25 ! 2 0(. *1ICtiFICiIl, flat. : sokurces in WS. 

ctltlr 

(t soil: 300 liP soil I' as K I1I,T01, 50) tilt S as 
KS(.1 , 5 g li(trcsll\ plt-cipitalcd t')l1)., 1.5 v Z1SO... 

Wec a and lIc lol]viiFg, caci pct kilogan 

Samples for solltion analysis were 
f, csl prCC;Jpilatcd loCS. I) p lvdralod silica, and ohbained at 7, 23, 42. 71, and 87 d aft'r trCatlnClt. 
50g incl.\ divided ('at ) (calcit). lI treatllcill The F:c(()Ib, les silica, and talc atreatllnts 
were rcl.ated with and ,m'ilhitt 10 tng Z as had little or no ,flfccl )t Zn and ntost other soil 

http:avinri.rt


- - 

Table 17. Effect of supplementary N fertilizer source on 
grain yield of IR64. Victoria, Laguna, Philippines, 1916. 

N sourcd 

... .. . .. ... ... . .. . 

No fertilizer N (control) 
Single sources 
PU, B5 


USG 

Fresh a,,olla, soil 


incorporated 

Fresh rice straw, sort 


incorporated 

Rice straw compost, soil 


ircorprot ued 

Cornrhined Soirrc/sc2 

Fresh j.olla i 1'U, BS 
rlesh rice straw I lU, BS 
Rice straw co piposti PU, S 
Fresh azolla i USG; 
Fresh rice i;tlaw I tJS(; 
Rice S1;iow crtInost f US(. 

A IitrwatLllt >~lpliod it ( 

DS ,rid 58 kil N/ha ill WV. I 
was [W it planting rid 1,3 

Grain yieldb (t/ha) 
. 

Dry season Wet season 
(Sth crop) (9th crop). . ... .. . . . .th 

4.6 f 3.2 d 

6.7 abc 4.1 ab 
7.2 a 4.2 a 
0.7 abc 3.8 Oc 

5.3 tie 3.6 c 

5.6 e 3.6 c 

6.0 ode 4.1 at) 
6.4 hcd 4. 1 ab 
6. 6 rhc 3.9 abe 
6.8 ill) 4. iibh 
5.3 hcre 4.2 a 
6.1 arc 1.0 at) 

al N ,,jtc-s: 116i k tlN /hi in 

iwHIS ,iplication, 2/3 trei 
roljdrisd at 5-7 DlI. 

bCV is /, ill and , iF. WS. ol combined :lll~tcii) 

tions, 581krr N/Ia in D,1-3ani 29 k2 N/iha tla'cIi (A organic 

ari ril .... r..... iW"w<5. 


soltion .ollirrtUlit.lc.t,. Ire calcrrlale'd Iirin1cral 
solubilityv s:,tUlartirt Irdicecs, lo I.' Ksp (IA ) 
,on activit\ prruduct), lor day 42 ( Iable: 18). 
hosever. show that tlre silica treatmenl raise'd 
the silica cotiecrlltlrait I to cquilibrirn with 

Table 18. Saturation indices (log IAP/K P) Of CO-,' -, P(o 4 
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anorphous silica, and tie 1 1 13- addition increased 
the OVerS;ttriatiOll with respect to vivianitc and 

hydroxy-afratite. ['Ihe undersattlration with respect 
to calctc In the CaM_, treatment miray be a 
reflection of a small (0.1 unit) underestimation of 

e p tl. 

lIle addition of SO(' waes 
veiv sicitificant addition of K 

2 M 
the displacement of (ia , Mg 

acCoinllriled by a 
which rCsult(d in 

"
 
, and 

Na' roin the exchange complex, increasing the 
solitiot collceltrltlll Ol these ions. Ca2 aand 

vlg' ' icIonnl d for most o'the increase. After 42 
d, tlhe O,1 trCtiment still had Ca2 quCLtlalIo three 
tinies that of' lie other treattments. [he concetltra

tion of Fe2 dcrCICasCd much inrre rapidly and by 
da' 71 was the silic as iti the otiter treatments. 
Ho llto'CUSC mratter fresh toroanic was added, SO 4 

redlictirto to S2 was very slow, with about lalfof 
tre added S().i"- redtrced by dv 42. Fltere was 110 
I l sltsrablc additional aCC r ntrli oriOr Of S

2 ill the 

() trcitttrent. Ihe high degree 0loversaturation 
with respect to precipitation of P0 41, S> and 

stirne of tire () 1 iinerals (Table 18) appears to 
he traintained indcfiniltel. Lack of Crystallinity of 

tile nrirrcral pirases trlay Col1ribute to tile over
saturation with respect to well-crystalline solids, 
bilt blockage rrlcrystal growth sites by organic and 
other arriIts may also Contlribute to the over

satrtirn. The higlh ovcrsaturation with respect to 
ZnS (\wurtiite) trnVareflectcthe difficulty in forming 
a sepalate phase in a systeml low in total Zn. 

, and S inirieral phases and amorphous silica in a continu
ously flooded Zn-doticiont soil 42 d after treatmenst. Bay, Lagruna, Philippines, 1986. 

Saturation index 
Treatment ioi iI Calciti 

CaCO- I 

Sih ite 

FeCC)3 

r hods-

chiocite 
MrsCO 3 

Vivianrive 

Fe. 1I04)2.-8I20 

Control 6.87 
FO4 '  6.86 
PO, u - /n 6.80 
SO 4 

- (.84 
S04' 

-" 
ti 6.84 

Fe(OHl)(:r 7.13 
Fe(Ol) 3 I Zrr /.12 
FeS 6.95 
FeS f Zrr 7.01 
Silica 6.87 
Silica i Zn (3.99 
CrrCO 3 6.86 
CaCO 3 f Zn 6.78 

-.0.20 
-0.13 
-0.33 
0.13 
0.10 

-0.0 
-(.0G 
- 0.21 
-0.09 
-0.20 
-0.06 
-0.17 
-0.22 

1.0 
0.7 
0.,4 
1.1 
1.O 
1.2 
1.2 
0.9 
1.0 
1.0 
1.2 
1.0 
1.0 

0.4 
0.4 
0.2 
0.7 
0.6 
0.4 
0.6 
0.4 
0.4 
0.4 
0.6 
0.4 
0.4 

2.6 
4.0 
3.7 
2.3 
2.1 
2.4 
1.8 
2.4 
2.7 
2,8 
3.2 
2.3 
2.4 

Hydroxy- Troilite Wurtzite Amorphous 

apatise FeS ZrsS silica 
Ca,3Ol-lt0 SiO 2.nH4 )3 2 0 

4.04 1.2 4.2 -0.14 
7.98 0.8 3.6 -0.04 
7.78 0.3 3.5 -0.02 
4.8/ 1.3 4.3 -0.18 
4.79 1.0 4.0 -0.19 
3.79 1.4 4.5 -0.25 
3.70 1.1 4.5 -0.29 
4.20 1,2 4.4 -0.20 
4.51 1.1 4.4 -0.22 
4.38 1.1 4.3 -0.03 
4,89 1.2 4.5 -0,03 
3.90 1.1 4.1 -0.17 
3.43 0.9 4.2 -0.18 
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'Ihese results demonstrate that silica, CaCO., 
FeS, and Fe(OH)3 have little direct effect on soil 
soltltion Zi lnd Imost other soil solution ions. In 
conltinlUally flooded neuLtrall and alkaline soils. Zn is 
likely controlled by formation of a S2-phase 

possibly a mixcd phase with Fe2 . 

F I.IF(C (R(GANIC(F AM FIN NI FNIS (IN SOItl 

SoiA l)e(yartmc.. 

Theflect of, orgai ilic nallthldllets pore siAo 
patteri and soil watr retcliion as investigatedl ill 
lojle-ler't eX\pcrill li's the RJ-.at IRWR Ii'ikiiiii. terIllW aler
 
letcliioti Cill\CsdescFibIng
r the pe SI/C di trib..-

1ion1 of viliol[, chliiacteistic lihiippile "oils t"C
 
given in IFietnre 7. Straw amend tents ~ I 
 7- 1t97l3 

illa dry falosv - iicc - rice C(oppiiie ws;tlil i 
Block 13 incriaicd the axailabIL witer capacity 

v) )
oi v,,<> 

-.... 


6L--
 ,-v~:., 


\
50 


. .i " 


30 H, , 


2'0-I ' ', .
 

10 . 'IV11/.... ... 
 7', 1-113 v
 

. .-
 L .- A. 1 -.1-. 10 10 0 30 4o 

p 
7. ('iCiaclristic water rceltiii) clves o Philippine lice soils. 

Mter (vol%) 
70
 

60 
-

50
4 

20 - , , ,, o ov,, 

0 - - al el, ! I. ,h~ 

. 

0 1 r 

- .175 LL!50 O ..... i i 
2; 

-

L -.. l0
 

X. Ijlcjt ol ricesirais inftlrljt lolloillliter lIeteltinri'curvCS,il'pi, I RII t 3. 1986. 

f'roti 33.5 to 41.9 itin for the fi-st 25 c n of the 
profile (Fi. 8) 

Total p ro t.,y reached 71(, 17fr (.)M-treated 
soils, with itbulk delsity of 0.S4 g,em , while the
coitr()l had 65[7 (),'1O I .C9 getC1 3hulk (jellsitv.
Ihe increase alp, 4.2 light Iave been caused by 

colloidal origalliic inattel withstrhie 2,lidtl I"- high specificv. .- ho)liiig prlopert-ies. [he effetct of' 

bulk (Icilsity bccomiics evidcitt x hci expressing 

ehlusInWeightf 17 rathcr than sollic( 
ll
 
' "110) (I. • 1itilkdCisith , ., tlCli5i_ l 

[The clangc of 2.5 v'olumtc ( is ccluivalent to 12.7 

In t long-tlrlli cXlpCriicltit i llock .J 34, where 
upland crops follow icC, it) diflecrnccs in theIOand wlci the 

otfall rc,ici(a tcnctias wre' compared with thosel 

oftall [lollICs.di(Jt
l t s. 

The zitc'hi.iti'ni foi the diff'crCiit isults in 
Block s tJ 4 aiid I.3 still needs elucidation. 
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P-AI)SORFI1ON ISOTHERMS OF TIIRF, 
P-I)EFICIENT ACID SOIL.S 

Acidic and P-deficient surface soils (20 cm) were
collected From 3 sites in tihe Philippines -- Iloilo, 

Claveria, and Calirava and tested for P-adsorp
tion isothe rIns. The soil from lloil! was acid sulfate 
under lowland conditions. The two other soils were 
developed under upland conditions from volcanic 
ash. Sonic chemical and other characteristics of the 
soils are given in Table I. 

The Claveria soil needed 6 d to equilibrate with 
P added, while the Iloilo and ('alirava soils needed 
tip to 10 d (Fig. I). 

[here were large differences in P-sorption 
among the three soils (Fig. 2). Adsorption of P by 
Iloilo soil was lower thlan by (laveria and Caliraya 
soils, possibly because l,.ilo soil had the least clay 
and aclive 1-ccol!itls. [he soils studied had 
diflent 1) fixation capacitieS: medium for Iloilo, 
hiI for (Clavcria, and \ery high for Calilava. 

Table 1. Properties of 3 P-deficient, acid soils, Philippines. 

Soil property Iloilo Claveria Caliraya 

pH. 112 0 (1: 1) 3.90 3.92 4.62 
0.01 M CaCd2 3.54 3.76 3.98 

(1:1)
1N KCI 11:1) 3,46 373 3.70 

Organic C (%) 
Total N %)
C: N 

1.26 
0.098 

14.00 

2.02 
0.184 

11.00 

2.79 
0.269 

10.00 
Exchangeable 
bases (neq/ 100 g) 

Na 0.038 0.010 0.089 
K 0.079 0.132 0.162 
Mg 0.430 0.260 0.660 
Ca 0.910 0.650 0.650 

Total exchange. 1.457 1.052 1.561 
able bases (Ireq/ 

100 g3 
CEC (meq/100 g)a 6.0 11.0 20.0 
Total IP(ppm) 276 986 704 
Available P 

(pprn) 
Bita It
Olsen 

Active Fe 
14
10 
1.9 

9 
5%) 

4 
1 
1 

Active Mn 1%) 0.058 0.280 0.190 
Particle size 

ClaySilt 
%) 

3131 6561 7422 

Sand 36 4 4 
Soil taxonomy Typic Ultic Orthoxic 

Sijlfaguept laplorthox Palehurnult 

aAir-drled soil. 

Pinsolution (ppm) 
l00 

50f 

0 

05 -

Clavera 

0

005
calaoa 

________1 ______L10 2 ,1 0 3 10 12 140 a snaking 
Days after shaking 

I. [quilib,,.,mn time of Iloilo, Claveria, and C(iliraya soils. 
IR RI. I186. Ai ows indicate calibration time. 

At 0.07 pin 1P in solution, which is reportedly 

the external P requirement for rice, the P require
menit is68 kg/ha for Iloilo, 300 kg! ha for Claveria, 
and 575 kg/ha for Caliraya. 

Field verification is needed to determine the 
relative P application rates needed for sustained 
crop growth. 

PO IASSIIIM-ZIN( IN I FRACII(NS IN LOWILANI) 
RI(CI 

Trials were continued in l3ugallon and Manga
tarem, Pangasinan, Philippines, in 1986 to evaluate 
tile response to K and Zn of IR36 in the dry season 
()S) and I,62 in the wet season (WS). Table 2 lists 
the soil properties. 

On liugallon soil (pI 6.2), Zti application alone 

at any rate significantly increased yield in I)S
(Fig. 3). Applying 20 kg Zn/ha gave yields con
parable to the highest yield obtained. In WS, no 

significant response to Zn was recorded. K alone at 
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P odsorbed (/.g/g) 

2000 Cahroya
(very high) 

1600 Cloveria 
(high) *. 

1200 -

Ce. 

800 - -

Ililo400 400 .. ,' ,.s (medium) 

0--e 

001 001 i 10 

2. l1-adsorption isothcrns id Iloilh), ( Iavcria, ard (iliraya soils. IIR 1, 1986. 

100 kg! ha incieued yield by 1.7 t/ha. K at 300 Grain ,eki(IWo) 

60 kg Zni ha sigilificLntly increised
kg/ha with 

yield further. 4 

3. 
Table 2. Properties of soils for trials on K-Zn interaction, 
Bugallon'and Mangatarem, Pangasitran, Philippines, 1986. 

Soil property Bugallona Mangataremb 4 

pH:H 20 (1:1) 6.2 7.5 3 
Organic mattr 1%) 2. 6 2.1 
Total N 0.14 0.09 jill_'_ 

Available Olsen P (ppm) nil nil 2 
Exchangeable cations iL(meq/ 100 .q) , 

Na 0.17 0.28 1 

K 0.05 0.07 5 r-

Mg 13 25 /o V; (/


V . . . Ca 13 14 , ..' : . .:... , 

Ca:K 261 205 , 
Mg: K 264 362
 
Ca:Mg 0.99 0.57 3
 
(Ca+Mg): K 525 568
 

CEC (meq/100 g) 26 37 ,' 
Available Zn (ppm, Katyal 0 0 0 CO 100 200 300 

and Ponnamperuma) 0.15 0.06 
Texture Loam Silty clay Zn applied (kg/ed) K oppled (kg/ho) 

3. (irain vield ol lIR36 in I)S and IR62 in WS as atlctcd by K 
aFine loamy mixed isohypnrtherrnIc Typic Haplustoll. and Zr,, Irltili,/airn. hiuigahrrr and Malrgatarcm, lt ang;Lsinrirn. 

bFino mixed lohyperthermlc Aquic Haplustoll. lhilippitcs, 1986. 

http:MANAGEM.NF


356 RRI ANNUAL. RIIlOR I F(R 19S, 

At Mangataicn (p-i 7.5), Zn application did 
not increase yield (Fig. 3). K applied alone at 
100 kg/ha significantly Increased grain yield, but 
incrcasing the K rate to 30 	 kg ia significantly 
decreased yield. 

At both sites, yields did not significantly differ 

among all Zn application rates at the sane K levels. 
Only in Iugallon in )S were yield differences 
among Zn levels observed. likewise, application of 
K alone at any rate increased yield in both seasons. 

Response to Zn and K was due to ihe critical soil 
Zn (<1.0 ppm) and K (<.0.20 mq 100 g) levels. 
More Zn is needed if Mg levels are high ('a/ Mg 
<2.0) or if(Ca-Mg), K is high. [he results varied 
with site because of mi balanccs in Ihe soil niUtriclts. 

.( )NG-1 I(M IFR 11 Yi I RI .\l S 

long-terl fertility trials contiuel at IIRRI, at 
three Bureau of Plant Industry (111'1) experinment 
stlations, and in farmers' ficids. 

IRi.The 44th (l)S) and 45th (W';) consccutive 
crops were grown iirrigated plots using IR8, 
IR64, and IR29723-143-3-2-1. Rice virus diseases, 
however, dliaged I RN8 in hoth seasonls. 

N applicalion significanily hicrea.ed yield. 1)or 
K lirtili,er applied alone o)r with N gave no re
spouse. IR64 and IR29723-I13-3-2-1 gave highest 
yields withI NPK application. Wien rice straw 
compost was i partial N source, yields were con-
parable to those when the fertili/er soturce was 
inorganic (Table 3). "hus, after 45 succcssi\e high-
yieldin, rice crops, Maahas clay continues to 
provide adequate Pand K, although the nutricilts. 
particularly K, in the irrigation water may le 
contributory to the P1and K requlenients. 

Bureau of Plan hi(usrv statlions, Ill M aligaya, 
the grain yield in I)S hom, 'lots wilh applied N was 
significantly higher lhan that fromlr the control 
plots. There was strong P respotnse, with N-P 
interaction, but no K response (Table 4). 

Yields in WS were low because of heavy rains at 
he crop reproductive stage. 

In Bicol, IR8 was severely d;llllged bV virus 
disease in both seasons. All cultivars sufiered froml 
insulicient water supply froi tillering to early 
reproductive stages. N fertilization produced a 
significant yield response, but highest yields were 

Table 3. Effect of NPK fertilizer on yield of test rices in 
the long-term fertility trial. IRRI, 1986. 

Fertilizer Yieldb 

(kg/ha) (t/ha) 

NO P K IR64 	 IR29723- Mean 
143-3-2-1 

Dry season 
0 0 0 3.0 b 4.0 b 3.5 b140 0 0 6.0 a 6.8 a 6.4 a 
0 13 0 3.4 b 3.6 b 3.5 b 
0 0 25 3.3 b 3.7 b 3.5 b

140 13 0 6.2 a 7.1 a 6.6a140 0 25 5.9 a 	 6.7 a 6.3 a 
140 13 25 6.4 a 	 7.3 a 6.8 a 
140C 13 25 6.1 a 	 7.2 a 6.6 a 

Wet season 
0 0 0 2.5 c 2.0 c 2.2 d 

60 0 0 4.0 ab 3.7 ab 3.8 bc
0 13 0 2.8 c 2.2 c 2.6 d 
0 0 25 2.5 c 2.2 c 2.4 d 

60 13 0 4.3 a 4.2a 4.2 a 
60 0 25 3.5 b 3.8 ab 3.7 bc
60 13 25 4.3 a 3.7 ab 4.0 ab60c 13 25 3.7 b 3.5 1 3.6 c 

al ncludes topdressing at 5-7 d before _____panicle InitiationDBPI) of 40 kg N/ha In DS and 20 kg N/ho in WS.
nwithin a season, figures In a colunin followed by a corn
mon letter are not significantly different at the 5% lovelby Duncan's multiple range test (DMAT). CV = 9% for DSand 12% for VwS.C2 4 kg N/ha from ricei straw compost. 

obtained when NPK was applied (Table 5), in
dicating that both P and K are needed to maintain
 
high yields on this soil.
 

At the Visavas station in Iloilo, N and P but not
 
K gave responses (Fable 6).
 

Farmers' fields. The 20th (IDS) and 21st (WS) 
crops in Lttisiami, Laguna (Aquic ]roporthent), 
and the 17th (I)S) and I8th (WS) crops in Tanay, 
R,izal (Veltic Tropaquept), were grown in farmers' 
fields (Table 7, 8). IR64 and IR29723-143-3-2-1 
were used. 

In )S, IR29723-143-3-2-1 gave the highest N 
response(NPIK vs PK) of 3.1 t/ ha on Luisiana soil. 
In both seasons, P respunse (NPK vs NK) was 
more consistent in Imisiana thaii in Tanay. 
Response to K was obtained at both sites in WS 
only. 

-Iighest yields were frti NPK-treated plots. 
IR29723-143-3-2-1 gave the highest yield and 

outyielded IR64 in WS. 
In acid soil in Luisiana, tilte various NPK 

http:hicrea.ed
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Table 4. Effect of NPK fertilizer on yield of test rices in tho long-term fertility trial. Maligaya Rice Research and Training 
Center, Mufioz, Nueva Ecije, Philippines, 1986. 

Fertilizer (kg/ha) Yield h 
(t/hal 

Na P K IR8 IR64 IR29723-143-3-2-1 

Dry season
 
0 0 0 2.5 c 2.0 c 2.9 d
 

140 3 0 3.8 b 3.6 h 4.3 c
 
140 2' 0 6,4 a 6.9 a 7.1 b
 
140 
 0 50 3.7 b 3.6 1 3.8 cd
 
140 26 50 
 7.0a 6.8 a 7.8 ab
 
140 26 50+25 6.8 a 7.0 a 8.2 a
 

Wet season
 
0 0 0 2.4 b 2.3 tc 2.4 ab
 

70 0 0 2.5 b 1.9 c 2.1 b
 
70 26 0 2.4 b 3.0 ab 2.7 ab
 
70 0 50 2.0 b 2.4 bc 2.4 ab
 
70 26 50 2.8 at) 3.0 ab 3.1 a
 
70 26 50t25 3.3 a 3.4 a 2.9 aS
 

al ncludes topdressIng at 5-7 DBPI of 40 kg N/ha In DS and 30 kg N/ha in WS. bwithlin a season, figures Ii. a column fol
:owed by a cornmon letter are not signlficantly different at the 5% evel by DM RT. CV :- 12% for DS and 18% for WS. 

Table 5. Effect of NPK fertilizer on yield of test rices in Table 6. Effect of NPK fertilizer on yield of test rices in 
the long-term fertility trial. Bicol Experiment Station, the long-term fertility trial. Visayas Experiment Station, 
Pili, Camarines Sur, Philippines, 1986. Hamungaya, Iloilo City, Philippines, 1986. 

Fertilizer (kq/ha) Yieldb (t/hal) Fertilizer (kg/ha) Yieldb (t/ha) 

N
a 

NaP K 1164 IR29723-143-3-2-1 IP K I1R8 IR64 IR29723 143-3-2-1 

Dry season Dry season, 
0 0 0 2.2 d 2.6 d 0 0 0 1.9 b 2.6 c 2.0 c 

140 0 0 3.4 bc 4.0 c 140 0 0 3.6a 4.7 b 3.0 b 
140 26 0 4.1 abc 5.7 b 140 26 0 4.3 a 5.8 a 4.6 a 
140 0 50 3.2 c 4.0 c 140 0 50 2.7 b 4.2 b 3.1 1 
140 26 50 4.3 ab 6.8 a 140 26 50 4.5 a 5.9 a 4.9 a 
140 26 50+25 4.6 a 6.4 ab 140 26 5025 4.5 a 6.5 a 4.7 a 

Wet seasotl Wet season 
0 0 0 2.1 b 2.2 c 0 0 0 2.6 c 3.3 c 2.8 c
 

70 0 0 2.4 b 3.0 b 70 0 0 4.1 ab 3.8 bc 3.4 bc
 
70 26 0 3.3 a 3.8 a 70 26 0 4.4 a 5.3 a 5.3 a
 
70 0 50 2.0 b 2 .6 bc 70 0 50 3.5 
 1 4.3h 319 b
 
70 26 50 3.6 a 4.0 a 70 26 50 4.1 aS 5.3 a 5.3 a
 
70 26 50+25 3.8 a 3.9 a 70 26 50425 4.1 ab 5.4 c, 5.3 a
 

aIncludes topdressing at 5-7 DBPI of 40 kg N/ha In DS aIncludes topdressIng at 5-7 DBPI of 40 kg N/ha In DS 
and 30 ko N/h In WS. bWlthln a season, figures in a and 30 kg N/ha I, WS. bWithin a season, figures In a 
column followed by a cmnion letter are not significantly column followed by a common lctter are not significantly
different at the 5% level by DMIRT. CV = 13% for DS and different at the 5% level by DMRT. CV : 13% for DS and 
14% for WS. 10% for WS. 

fertilizer conihInations did not affect p I , total N, or alone increased the K content of the soil to alost 
exchangeable Ca (Fable 9). Plots that continuously twice the level in soil that did not receive K for the 
received P1for 20 croppings had asoil P content of past 20 croppings. Zn content is still sufficient 
2.6 ppm or higher than the control. K application irrespective of treatment. 
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Table 7. Effect of NPK on yield of IR64 and 1R29723-143-3.2.1 in the 20th (DS) and 21st (WS) consecutive crops. Long
term fertility trial, Luisiana, Laguna, Philippines, 1986. 

Yieldb (t/ha) 

Fertilizer DS WS 
treatmenta
 

IR64 IR29723-143-3-2.1 IR64 IR29723-143.3-2.1 

Control 2.9 cd 2.6 d 2.0 d 2.8 .c
 
N 4.6 b 
 5.4 b 3.8 a 3.7 b
 
P 3.3 c 3.2 c cd c
2.4 2.8 

K 2.9 cd 2.5 d c c
2.6 2.9 
NP 5.5 a 5.5 ab 3.7 ab 4.0 b
 
PK 3.2 c 2.9 cd 
 2.2 cd 3.1 c
 
NK 4.7 b 5.0 b b c
3.4 3.1 

NPK 5.8 a 
 6.0 a 4.1 a 4.6 a 

a120 kg N/ha for DS and 60 kg N/ha for WS; 17.5 kg P/ha and 33 kg K/ha In both seasons. bCV 9% for DS and 11% for 
v¢s. 

Table 8. Effeci of NPK on yield of IR64 and IR29723-143-3-2.1 in the 17th (DS) and 18th (WS) consecutive crops. Long
terni fertility trial, Tanay, Rizal, Philippines, 1986. 

Yieldlb 
(tha) 

Fertilizer DS WS 
treatrnent
 

IR64 IR29723-143-2-2-I IR64 
 IR29723-143-3-2-1 

Control 3.3 3.5d c 2.4 c 3.3 d
 
N 5.2 ab 4.7 b 
 3.5 a 3.5 d
 
P 3.7 c 
 3.8 c 2.5 c 3.9 bc

K 2.8 d 3.8 c 2.9 b 3.4 d
 
NP 5.3 ab 5.5 a 
 3.3 a 4.2 b
 
PK 3.3 cd 3.7 c 
 2.7 bc 3.9 bc
 
NK 5.3 ab 5.4 a 
 3.5 a 4.0 b
 
NPK 5.4 a 
 5.3 ab 3.6 a 4.7 a 

120 kg N/ha for DS and O kg N/ha for WS; 17.5 kg P/ha and 33 kg K/ha In both seasons. bcv 11% for DS and 7% for 
WS. 

TallP 9. SOI analyses during the 20th crop in thG long-term fertility trial. Luislana, Laguna, Philippines, 1986 DS. 

Soil character a 

Fertilizer (kg/ha) 
pH1 Total N Available P Exchangeable K Exchangeable Ca Available Zn 

N P K (1:1) (M) (ppm, Bray 2) (meq/100 g soil) (meq/100 g soil) (ppm, K & P) 

0 0 0 4.7 0.17 5.4 0.19 6 4.18
 
120 0 1) 4.6 
 0.18 5.5 0.19 5 4.57 

0 17 0 4.6 0.17 8.6 0.17 6 4.62
 
0 0 
 33 4.6 0.17 5.6 0.34 6 4.15
 

120 17 
 0 4.6 0.18 8.7 0.14 6 4.88
 
0 17 33 4.6 0.17 8.9 0.29 
 6 4.72 

120 0 33 4.6 0.18 5.9 0.26 5 4.60 
120 17 33 4.3 0.18 8.0 0.17 6 4.94 

aMean of 1 64 and IR29723-143.3-2.1. 
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In the high-pH soil in Tanay, P fertilization was Greenhouse. Three rates of S - 0, 20, and 
probably the most critical fertilizer requirement, as 40 kg/ ha--were evaluated for each of the soUrces. 
plots that did not receive Plfor the 17th cropping The chemical characteristics and texture of the 
were very deficient in P (<10ppm critical limit for soils used are presented in Table II. 

Olsen P analysit;), while those that received P Based on the average of 6 soils, the grain yield 
continuously had a P content 3 times higher than without S was only 21 g/pot (Table 12). NPK 
those without P)(Table 10). appliation increased yield by only 8 g/pot. The 

highest grain yield increase of 29 g/pot was 
as

FVAt ('AI ION 0I StIII.I Sot? S Fobtained 'rom plants receiving 40 kg S/ha 
urea S. Yields fron all S sources except S

LOWL.ANI) RI(I 
bentonite were statistically the same at 20 kg S/ha, 

The evaluation of five S fertilizers urea S, heyond which there was no significant increase in 

eleenltal S,(N Il.),SO.i, gypsum, and S bentonite yield. Gypsuin at 40 kg S,'ha prod uced even lower 

was continued dur-ing7 1986 WS in the recn- yield. The yield with S hentonitc did not signif
" 
house and in the field at thrce locatins using IR64. iciintly differ ftromthliose with N IT and the control, 

Table 10. Soil analyses during the 17th crop in the lung-term fertility trial. Tanay, Rizal, Philippines, 1986 DS. 

Soil character; 
Fertilizer (kq/ha) 

pit Total N Available P Exchanqeahle K Exchangeahle Ca Available Zn 
N P K 1: 1) %) (ppm, Olsen) (rmeq/1 00 g soil) (meq/100 g soil) (ppm, K & P) 

0 0 0 7.5 0.19 4.0 0.16 41 0.21 
120 0 0 7.4 0.20 3.2 0.15 40 0.31
 
0 17 0 7.2 0.20 124 0.14 39 0.44
 
0 0 33 7.5 0.20 4.3 0.20 41 0.16
 

120 17 0 7.1 0.21 10.3 0.15 38 0.41 
0 17 33 7.3 0.20 12.9 0.21 40 0.33
 

120 0 33 7.5 0.20 3.0 0.17 39 0.23
 
120 17 33 7.2 0.21 10.1 0.18 39 0.48
 

aMon of I 064 and 0..29723-143-3-2-1. 

Table 11. Chemical characteristics and texture of apparently S.deficient soils studied in the greenhouse and in the field. 
IRRI, 1986. 

Location pi CEC Organic C so,2 -S Total S Clay Soil texture 
(1:1) (meq/100 q) (%) (ppm) (ppm) (%) 

San Juan, 7,1 36 1.5 0.6 216 48 Silty clay 
Batangasa 

Santa Maria, 7.1 37 1.3 nil 198 48 Silty clay 
Pangasinan 

a 

Bacnotan, 6.1 14 0.5 4 135 15 Sandy loam 
La Urion 
Morcada, 7.0 33 1.2 nil 146 37 Silty clay loam 
Tarlac 
Aguilar, 6.5 23 1.6 14 265 21 Loam 
Pangaslnan 
Natividad, 5.8 13 0.5 nil - 18 Silty loam 
Pangasinan 
South Sulawesi, 6.2 25 1.2 1.7 200 30 Silty clay loam 

b
 
Indonesia
 

aSoils used In greenhouse end field trials. bSoll used In field trial only. 
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Table 12. Effects of 5 sources and 2 rates of applied S on 
grain yield and S uptake in grains of IR64. IRRI green-
house, 1986 WS. 

S source No S 20 kq S/ha 40 kq S/ha 

Grain yi(d a 
(g/por Meal 

Control 21 ( 21 
NPK 29 c 29 
(NH 4 )5 SO 4 44 at 45 at 45 
Elemental S 46 ah 47 a 47 
S bentonite 27 cd 27 cd 27 
Gypsum 46 at 39 b 43 
Urea S 46 ah 50 a 48 

S uptakeb (nra/pot) Mv;an 
Control 2 d 2 
NPK 1 d 4 
(Nl 41 ab4 ) , S O , '19t) ,45 
Elenental S 38 38 38hc bc 
S hentonite I (1 4 d 6 
Gypsum 51 c 42ab 33 
Urea S 53 a 43 abc 48 

. .. ...... . ... . 
dAv of f soils. Values fruozl all treattmerits followed I)y a 
t:oinnon letter notare 

t 5llilficantly different it the 5u',lvel 'y -)MvIR]. romnthe San Juan soil only. Values 
from all treatments followed hy a oiOni()on letter are rot 
significantly , "fere.nt at the 5, lerd 0V DMRT. 

indicatitng th;' S bettitCdid not rClCasC suflicicnt 
S to tile plants, triea S appeal.s to be the most 
effective. The highest t|1ltnber of tillers was also 
obtained lftni urea S at 40 kg S,,hi. Straw yields 
with (N ll.'S(40"., cletnettal S, gypsumt,and tmrea S 
t 2) kg Srhit did liol diffrtc. 

S uptake of grai wailderitined froill the 
plants growltt In the Sail .uatll soil only, where 
marked response to S wits obsrerved (Table 12). 1lhe 
highest S uptake (53 Ing, pot) was obtained frortt 

rea S at 20 kg S /ha. S uptake with (N 14)2S04 and 
elemental S did not increase beyond the rate of 
20 kg Si ha. S uptake w,as depressed with 40 kg 
S, ha from gypsu n and ti rca S it was lowest ill the 
S bentonite-treated plants and was tile samle its ill 
the NI'K treatment and the control. 

Field. In 1986 WS, two field trials were con-
ducted in latangas and Pallgasinlin., Philippines, 
illd one collaborativc field trial in Maros, South 

Sulawesi, Indonesia. 'lhe chemical characteristics 
and textures of the soils ill the lithee sites are 
presented in Table II. 

At the Iatangas site, grain yield ilcrcase over the 
control because of'S application ranged from 0.8 to 
2.9 1/ ha (Table 13). U rea S at 40 kg S/ ha prod uced 
the highest yield of 5.6 t/ha. No significant 
difference in yield at tillering was recorded between 

Table 13. Effect of 5 sources and 2 rates of applied S on 
the grain yield of IR64 from 2 Philippine field trials. 1986 
WS. 

Grain yield a 
(t/ha) 

S source 
No S 20 kq S/ha 40 kg S/ha Mean 

Batangas 
Control 2.6 d 2,6 
N13K 2.7 d 2.7 
(NH 4 ), SO 4 5.4 af 5.4 at 5.4 
Elemental S 5.1 at 5.2 at 5.2 
S bentonite 3.4 c 3.4 c 3.4 
Gypsum 4.9 1 5.4 ab 5.2 
Urea S 5.4 ab 5.6 a 5.5 

Pangasinan 
Control 2.0 d 2.0 
NPK 3.8 c 3.8 
(NH 4 ), SO4 4.2 abc 4.2 abc 4.2 
Elemental S 4.6 ah 4.5 at 4.6 
S bentonite 4.0 bc 4.3 abc 4.2
Gypsum 4.4 abc 4.1 abc 4.3 
Urea S 4.3 abc 4.8 a 4.6 

lithln a site, values from all treatments followed by a 
common letter are riot significantly different at tie 5% 
level by DMRT. 

the rates of 20 and 4) kg S/ ha. Without S, NPK 
gave no response. Urca S at 40 kg S/ha gave the 
highest straw yield, but it was not significantly 
different from elemental S. (NH[4)SO4, and 
gypsum il the same ratc. 

At the IPangasinan site, grail yield increase over 
the control because of S application ranged from 
2.2 to 2.6 t/ha (Table 13). Urea S at 40 kg S/ha 
produced tie highest yield of 4.8 ti ha, which wits 
significantly higher than that with NIK alone. All 
other sourCCs at both rates of S except for 
elemental S were not significantly different from 
NIPK. No significant difference in yield was 
recorded between the two rates for any source.
 
( ;raill yield increase because of NPK was 1.8 t/ ha.
 
[lie highest number of tillers wits obtained from 

(NIi)SO. at 20 kg SIha but was not significantly 
different from elemental S and gypsum at the same 
rate or elemental S, gypstm. ald urca S at 40 kg 
S ha. Straw yields with (N ll. 0SO4, CiemCntal S, 
aIld S bentonite were statistically the Sallelat 20 kg 
S/ hi, but no differences were recorded at 40 kg 
S+" ha. 

No significant difference in grain yield between 
the rates of 20 and 40 kg S/ha for any S source was 
observed at Maros. S bentonite gave an average 
grain yield of 2.8 t/ ha, which was not significantly 



different from the yields of the NPK treatment and 
the control. Withi the other sources, yield increases 
over the control ranged from 2.6 to 2.9 t/ hat. 

Straw vield wis highest with (Nt14)2SO4, fol
towed by gypstml elemental S, and urea S. 
1]owever, the sources did not significantly diffrr'. S 

hentonite yielded only 3 t straw ha. S uptake in 
grallsat both rates ofl(N 11.)S)0, elemental S, and 
utrcii S was statisticallV the situlc. S uptake in grais 
was highest with elemental S at 40 kg S ha (lahle 
14). 

Iloth greenlhuse aid hie ld trials indicated that alitl 
Ssoilures except S hentonitc v ere equally effecti, C 
for lowland rice. cspecially it the latintgas and 
Marus sites. wvlcrc 'S respontse was vety marked 
(Fig. 4 I he rate 01 20 kg S ha was adequate to 
Support tanolillll crop ot rice ;it the 3 field :,ites. 

IN I I I ) V \I I R~ M .N,\(1l %It NI ()N

S(l It ,"A\ 1 \ 1 .\11II MiN(k(.,
 

'Ihicc IAI/on Soils were shj ccted to thtcc types of 
water mlaaemll+elnlllt and two S levels in !le greell-
house to fer ne their influence ,, v 

ability. 1"R 64 was the test variety. The chemical 
properties and textues oft he soills are presented ill 
Table 11. 

With native S in the soil, grain yield was highest
With predrying, then alternate wetting and drying, 

for all soils except I.a I Inion soil. li this soil, yield
was att the salc level tilsignificanc wtl 

before continuous flooding ([able 15). 

With 30 ppm S, no significant diffCrencC in yield 


wats observed aittong the 3 types iuf water mlanage-


Table 14. Effect o! 5 sources and 2 rates of applied S 
S uptake of 1R64 grains in the field. Maros, South Sula-
wesi, Indonesia, 1986 WS. 

S olptaku (kg/ha)
S soorce 

No S 20 kg S/ha 40 kq S/ha Mean 

Control 1."?v 1.2 
NPK 1.8- 1.8 
(NH4 ) SO 3.1 a-d 3.4 a-c 3.3,
Elemental S 3.2 a-d 4.7 a 4.0 
S bentonite 2.0 h-e 1.6 die 1.8 
Gypsum 2.8 h-e 3.4 a-c 3.2 
Urea S 3.1 a-d 3.5 ah 3.3 

a......i. .nt.sa .a .eate followe. .. a_c;. non Iotter 
are not slgniu lcantly different at the 5% level by DMRT, 

SOI.ANI)CItOP MANA(il;Mt[Nf .161 

Yield increase t/ho) 

3 500 tA.S 

2 

o 
3,.--+- --- ________'____ 

2 

1r--"L____ 	 ______ 

NPI( Sbervtnde Urea S E'ernuuta S Gypusui (NH,) So, 

4. .Gial yicld icac tt 1104 o1k' th,: coitrol mith application 
it 	NPK and NIK I S lIiili/czs in 3 li.ld Itials in the 
hilippincs and I hittoicsa, I9 6 WS. 

ment in Santa Maria soil. However, significant 
differences were o.' ;erved in Batangas soil. In La
Union, grain yield in Soil subjected to contintous 

flooding Was not sigificantly different from that 
with the other types of water manaemeit. 

The ,.-,S content ofthe soil, Was measured at 
three growth stages: sCedlinig, allixilLmIl tilering, 
and panicle initiation (Fig. 5). 

The availability of S0. 2--S Was highest at 
naximun tillering in lBatangas and Santa Maria, 

With native and applied S it soils that Were 
sutbected to predrying, then litertille welting and 
dryit g. A sinillar trend was ocserved in l.a Union 

with only native S. 
In continuous flooding, SO.c -S comiten Was

highest at the secd)ling stage in all 3 soils with native 

and applied S. in predryirig followed by con
tinuouis flooding, availability of S04> -7S was 
highest at the seedling stage in latangas and Santa 
Maria soils widh 30 ppm S. With native S in soil, 

however, S0.--S c(ontent was highest at Illmumllitln
tillcring. In La IJn1iot, SO,,t -S content Was highest 
at tnaxinimnil tillering with applied S and at the 

seedling stage in soil with native S. 



362 IIR I \NNI Al lI ')i I I()R Ir, 

Table 15. Grain yield of IR64 grown in 3 soils under 3 types of water managementa and 2 S levels. IRRI greenhouse, 1986 
DS. 

Grain yildcjb (g/pot)
S oil.. S evel . . . . . . . . . . . . . . . . . . . 

(pr) M2M1 M3 

Sall JuAM, lanrias 0 0.7 i 12.4 g 0.9 i 
30 67.3 a '16.8 c 55.0 b 

Santa Mari, Pacnlasmilan 0 15.9 9 23.7 1 2.7 hi 
30 46.2 c .10.5 cl 46.5 c 

ILacnuitlan, La Union 0 2 ).7 1 29.6 1-f 9.0 911 
30 43.9 cd 31.1 of 37.3 (l/o 

M ,/1 i llqI, thin COllti/mo1 ls 11OO1i"(1, M2 )re ryinij, tl/ie ccatt/rltl1la w tltill anud (irying .orltilllloutls fooding.a- 3
b'Vccit 11,1 tm itsf llowed c letter ared icit signifiilintly diffirmrlt il the 5", Ievt0 by DMI1r., il trotill lt Trca y 1/d t/mlmol 

II'I 

I ' 5 C;9 -4+,,
.7 . .4 "AL . .. ;c 

1SL 'ii ft'll i/lI Ul I tt/111ll ii IllIdl tL C dl i./I I ll I/i/ili/d ctI I( it 0 I .01 ut£l'pci I i0 : 27 (1 lti sce'dirg 
(I )' l %' ,[ 'IIll'.- I') I ! -V', n!. m*ill 6 ; l p;i lI-C 111116 11111 IR I I 'lfl USC, 19;;6.111l1'.1111rlil~u . h 

VARII I \l M IIRA\ ( I I-( H1 I(M I , I Il 1 I (1ill 
Ir I R 54. hl/Wt\Vl, tie IIIIC IreId NVaIs not 

:o[ullrltil ricU cl/ltills kCle CSh;illill [,cdllheld 1,lH iln the ilretnliiusc. IR30. IRhO. 11,I3540

il So uth i ullv si, lh u ,lci;l,to d"t rillli,. tilil 56-3-2-1, and I R28222-)-222 vwcre relatively ol1
tolerance for l(om , ill "oils. lhe alle itcs s,, re ranIC uIll1ol ill tlItgieeli usl . I1(,,[',lilt ill lilt' hld . t 
growi oin ippqielllv ."-delieirit lHataltlpul l hi IRI.I4, I,,. l21,"r21)-I-.-2-2-., IlR3.I10 )2-48-2
the gleevIioi ise ;it IR R I h elh(ilrlieCll prerli,S 2-2., I. I 7-31-3-2. anid J1,32429-47-3-2-2 were 
illd t,",lllCle of lilC so0ils, u,'il ale reseultd ill eth.isstelli\ Ilore lcteralnt ill hoth leld aid green
l able I I. house,. lie illt/llsistel\ of 'esil-ls htweeli the 

Witih 1hC aplicaatiaol ol S, IS-., IRh,. aid mitd aid] L'rrilotsc t-lesls ilya have )CeII in-
IR29697-5-2-3-3 [tCl.'+(l yitId iIrest~v', of ll//IL. iltu 1 h I lie sitil volntiric used arid tlie differen
tlai I (0i lirh helld, SlIjgestirr2 lhit the.seC I ' ill 1oo1 dt:Clopllel of rices utnder low S ill tile 
are less tlIcralt of low viSi soils (able lo). iFxcllt soil. 
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Table 16. Grain yield response of some rice cultivars to applied S in S-deficiant soil in the field and in the greenhouse. 
IRAI, 1986. 

Field 	 Greenhouse 

Cultivar Yield (g/hill) 	 Yielda (g/hill) Increase or 
I..r..s......-----.----- - -eclecase 

No S 40 kg S/ha 	 No S 10 pln S %) 

IR30 15.3 22.7 48 11.2 a 15.8 a 41 
IR34 15.0 19.5 30 12.0 b 20.7 a 72 
1R36 13.7 21.7 58 5.2 b 15.7 a 202 
11854 11.0 24.0 118 5.2 b 17.8 a 242 
IR58 13.0 19.0 A6 9.9 a 15.5 a 56 
IR60 17.3 21.0 21 5.2 b 15.8 a 204 
IR64 10.7 24.0 124 11.1 ) 18.3a 65 
1R13540-56-3-2-1 17.0 28.0 65 6.7 b 19.0 a 183 
IH21820-154-3-2-2-3 11.3 19.0 68 5.5 a 8.8 a 60 
1128222-9-222 11.0 21.0 91 9.0 ) 31.8 a 253 
8i29697-65-2-3-3 9.5 21./ 128 15.0 b 23.2 a 55 

IR31802-48-2-2-2 14.3 24.0 68 17.3 a 19.6 a 13 
1131917-31-3-2 13.7 19.7 44 19.9 a 16.0 a --24 
IR32429-47-3-2-2 12.3 20.3 65 22.6 a 16.2 at) -40 

Jln i rov, ,Irm, rm t mnears I:)llo o,'d Ily u cill n lete tu Ir Ire ( Si(Illitif l tly ijitrrele t it thet 5"', hovrl thy DM RT, 

It) ( I I R I d, I-IIR 1I1 R, 111 11 ) I NIPI I, 1l\lF N I 
Ini l)S. all tt_'tmt ,t r,+ceivtteu N eav'e signit

'Il, ellects tll eointtluos application ot i0h c;illt viLld itcitass ovc the control lable 17). 

analyis lertili/mts (unrea. triple llpehlosphiatc. NPK alote resulted itn a siunificanttly lliher yield 

and K('I) on rice gro\\n it ;I lY ,0oil 'Ittlttuld to than NIPK i straw f Zn. %iorC ter. lie yield from 

he 'tudied at the IIR RI Larttt durIne 1)80 )S and NPK \vPu. comparablttllh)set NUK +/Znt.Nlott 
\VS ('tIt 4t1d )tl crops). S',/rlitl rrtovl~a il- NP1K 1-S. NIUK i volla f /t, NPK inZi i", 
corpoiated into the ,,oil at 45 l).AS,-was aICd Ps N 1) i Zn. N K f Zn, and N i in. he sume trends 
one ol thse tretrttsH (Ittrit1 the \ar. 	 had hen ohsr\d in previous yeats, indicating 

Table 17. Yield of 15 treatments in the long-term S fertility trial with irrigated IR64 rice. IRRI, 1986 DS and WS. 

Yieldb' (t/ha) 

Treat ent' 	 . 
Dry season Wet season Mean 

Control 4.2 c 3.3 ef 3.8
 
Zn alone 4.4 c 3.0 (ih 3.7
 
N 4 Zn 5.9 ah 3.8 abc 4.9
 
P I Zn 3.9 c 3.3 of 3.6
 
K f Zn 4.0 c 2.9 h1 3.4
 
NP 4 Zn 6.1 a) 4.0 a 5.0
 
NK I Zn 6.0 at 3.8 abc 1-9
 
PK I Zn 4.0 c 3.2 fg 3.6
 
NPK I Zn 6.2 ab 3.8 abc 5.0
 
NPK only 6.4 a 4.0 a 5.2
 
NPK i S 6.3 ab 3.5 c-f 4.9
 
NPK i Zn i S 6.2 ab 3.4 det 4.8
 
NPK f aiolla i Zn 6.3 ab 3.9 ah 5.1
 
NI'K r I Zn b 3.7 a-d 4.6
straw 	 5.6 
S. rmstrata incoiporated at 45 DAS 4.2 c 3.6 Sir 	 3.9 

aZn as root dip in 4% ZnO solution. S as urea S at 40 kg S/ha. bCV 7.8% in DS atid 5.6% in WS. 



364 IRRI ANNUAL REPORT FOR 1986 

that N remains limiting. Despite the continuous 
use of high analysis fertilizers containing almost no 
S, S deficiency is not yet apparent. 

In WS, yields were generally lower than in DS. 
The highest yield of 4.0 t/ha was obtained from 
both NPK alone and NP + Zn. There were no 
significant yield differences observed between Zn 
alone, Zn A-PK, and Zn + K, or between P + Zn 
and the control. Likewise, the yields with N + Zn, 

NK + Zn, and NPK + Zn were the same. The 
yields with Zn alone and PK + Zn were lower than 
that of the control. The yield increase of NPK 
alone was comparable to those of NPK + azolla + 
Zn and NPK A-straw + Zn. However, the yield 
with NI K alone was significantly higher than those 
obtained from NPK - Zn -+S, NPK - S, and 
S. rostrataincorporated at 45 I)AS. The applica
tion of S during WS appears to depress yield. 
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CONTINUOUS CROPPIN; 

A4gronomy )epartnent 

The 69th (dry season IDS 1) and 70th (wet season ...... 
[WS]) cropping,; in the continuous cropping, .5 t o -0
experiment were phantCd usin! 4 test varieties and 2 z 0 

promising bleeding lines. Yield responses of trans-
planted (TPR) and broadcast seeded (BR) rices 

.) 
TJ0 r" 

cc) 

o 

(L 
n (-

COc 
21D

0) cq 
Vece compared over four N rates. . + L tC D tCm 

In ), except Ior IRS, rices not receiving N E In, , -

fertilizer yielded 4.2-5.4 t ha ([Table I). Brown c , .C R Dto C N 

plhnthoppCr damage slightly reducCd the viCid ofE 
lRl. Ili BR lots rccuiving N. IIR64 at 
yielded the highest. \\il IPR, IR5 

1l5f kg N/Iha
and W0%4 at 

3 , 

10)0 kgN ha vieldk:! ',ie highest. C. 

TPR IR36, IR5X, and 11-,32429-47-3-2-2 rt _ 

15(0 kg Njha yiclcd significantly higher than BR. 
Yields of the other lest rices were coniparable in o2 D ( D C)(D 

(
D 

both crop establishment methods. f I 

In \VS, 'iClds Without N fertili/cr ranged fiomi 0 0 CD 
2.5 to 3.2 t h'a iii BR anrd lowi 2.7 to 3.5 t ha i7 .3 Wn N-C 

TIPR (lIable 2). licavv rains during the cplo- 0I."d 

ductive stage resulted ill low%vields. I.atc occur- > 'r o * EE 
IClCC Of" ttlnero rCdLcCd the yied of1 ,' . - ._ 

1:t1t)IN( R\It 	 ANI \IAII AN.\(tN IIN I IN . . II, .11 
t.UAt(* tSttt)ttOt) cuC U) It L0 LCD 


T " I m l r q CC) 

-Iironicmfh I )cpartme'ntu 

'lo evaltiate the effects of seeding rate and water t C0 D 0) D 

ianage ritenitt ti grain yied, prgernrinate sceeud oi -m0. 
"1R58, IR64, and IR29723-143-3-2-1 was tested at .0 

oseeding rates of 100, 150, and 200 kg/ ha artd 3 c cc I LOD 't 0
water litllegelliett IrcatttIII,- ii into L]r \Vinli BR 

CL c5 crn \ater Wi2 :: HR onto mud, irrigation at I . 
2 ( alter seeding MI)AS): Wil3 conventional M , rCD 

water manaertieut IR onto( mud, irrigatiot C X n 
ai 4 I),\,S. N fcitIiiI at 1)) k N ha \,w,: applicd ... 

following rCsearchcrs' split. Wcd aid insect 2 0. 
control were riairitained at optiIulIn levets. 6 > 

Uider Wni, all test riccs enterged:, however, 2 c3 
sotie seedlings subsequcently fHoated. A siinlar ' 
observation 	 was noted with Win2, but fewer 0E C ,.) 

,seedlings floated. 
Un der arty 	 water inatnagcitcit practice, )S a( . 0 0 IU C1 0 ,DU' 14 (1u)t~

grain yields of the test rices were ntot affccted by 0c C C CDN C') 

sceding rate. At 100 kg scedlha, IR58 gave high . >> - mr f 
yiclds Under Writ. Grain yields of IR64 and 



a) Cc 

S 0" 
0 

-
0 m 

o'K m C..m C' 

E "-In 

~O C') CE' -,,C 'mC-a!4,T 
, ~) C') C') C') ) 

.~ U) 
o o10 

I C' 

mc -... 

Q . ca mC-1 ) C) 

> (~
-'- r ) '.1 

2C , C, C' ' )CC- C- nC 

CDf . C CLB C)C-)D
''-Oc 

.2 .2 2: . ,.. 
- -'C'. <t .,-: : 

)) 7' 

C) > 
(I C 1 

o 
'C '+oapplied 

C c Cit...... 
- o0I. . , 

,, W' • o c ,- o c = 

S-internodes. 

M . C' ' ,. 
"a .....n. I 


.affect 


Sc, .. 

•I-.oe 

,
> c, 

3 C , co m ( eYield 
.. > - -,- T 

SOIl. ANt)('I1' %iANA(;I MtINI 367 

1IR29723-143-3-2-I did not significantly change 
with change in water management. 

Under Wm3, the appropriate seeding rate 
depended on tle cultivar used. For high tillering 
IR58, I00 kg seed/ha appeared to be high, as 
indicated hy a high .ield when crop stand was 
reduced tinder Winl . With medium tillering IR64 
and IR29723-143-3-2-1, 100 kg seed/ha was 
pproprite to obtain high yields. 

WS, pregermininatcd seed of M0P64 and 
IR29723-143-3-2-1 at secding rates of 50, 75, andeatrma a100 kg, ha was evaluatcd tinder 4 water nianage

inent practices: Win I BR onto mud, irrigation to 
5 em at 4 )AS: Wm2 BR o:itt) mud, irrigation to 

Cm at 4 I)AS; Wtm BR into 10 cin water, 
draining for 5 d stantiig at 10 I)AS: Win4 - BR 

into I1)cut water., draining 1ot I wk at naxilunliitt 
t 

tF WI(()I01I(iR(uV III RI ( I AIORS ()N H)) IN(G 

11 1( 1 

A 1986 I)S experinent examined the effect of 
growth regllahors on -alelodging of lodging-resistant
IIRX and IR,0 and moderately susceptible IR21820

154-3-2-2-3 and IP36. 
A foliar spray of planit growth regulator CCC 

(2-chlorocthyltrimnethyl I an11tu1)ilIllchloride), 

applied at 3,001) g ha at booting and h:ing, did 
it4t signtifieant l tedce lodging of the susceptible 

varieties. Hlowever, floe 78784 at 150 kg ali/ha 
to the f ,liagc of IR21820-154-3-2-2-3 only 

booting signitieantly redtLced lodging. This effect 
might be att ributcd to the lower stem elong ,tion in 

treated IM 21820-154-3-2-2-3 than in the control,-.,!iclh was significant f'romn the Ist to tile 5th 

(V'(C'"trcitilnent had ino effect on 
ilternode elonggation in all varictics. 

ITegrowth reguhlors did mot significantly 
the tiller number and leaf area of all test 

rices. However. plant height decreased in I8 
treated with (C at heading. Foliar application of 

78784 reduced stent weight, leaf weight, and 

root dry. weight InIR8, and decreased plant height 
in IR21820-154-3-2-2-3. 

components ouf IWS and IR21820-154-3-2
2-3 were likewise iot affected by CCC application, 

but IR0 straw dry weight, lP ;n;KI..et ripening 
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percentage, and 1R64 panicle length were reduced 
with Hoc 78784 applied at booting. 

The plant growth regulators did not significantly 
affect the panicle length, panicle number, and 100-
grain weight of the test varieties. CCC and Hoe 
78784 application did little to increase bending 
index. 

CANOPY PIHIOIISYNI IIESIS OF I)IRtCT SIMII)I) 
ANI) IRANSL.ANTFI) RIC' 

Agronomy-1)partment

• Dgrowth 

In a cooperative project with the University of 
Hamhurg, Iederal Republic of (icrnkany, canopy 
phoiosynthesis and respiration measurements wcrc 

Initial dry matter (27 DAS) 

Doily Ac (full lighl),1030 h 

Diurnal change
 

in Ac (max),
 
afternoon 
depression" 

Hourly Ac (max) 

yTHourly Ac 
raaio I 

Canopy light 
response patterns Cumulative daytime Ac 
(all stages) 

Net ay- aily okimulative 2gain 

Drg, nic matter at harvest 

used as diagnostic tools to modify cultural practices 
for increased rice yield. 

In 1986, research activities focused on direct 
seeded and lowland TPR 1R64. Wet seed dibbling 
at 20- X 20-cm hill spacing provided for the direct 
seeded treatment planting denisity equal to the 
TPR treatment. t'iiure I shows the modeling 
process relating canopy gas exchange to growth. 
Micrometeorological and agronomic growth 
parameters were recorded. 

The studies revealed marked differences in 
kinetics and plant development between 

the two stand establishmcnt techniques. In direct 
seeded IR64, canopy establishment was consider
ably fat. ':rthan in TPR, where growth was delayed 

Kinetics of Rc (nigh, 4 stages 

I nterpolation (daily) 

Daily Rc (mainte.iance) 

Daily Rc (night) 

I. 'ii modeling process rclatintg canopy gas .\change in IR46 to growth, IRRI, 1986. Ac = canopy net photosynthesis, RC = canopy
rcspiratint. DAS = days after sowing. 



by the physiological shock induced by trans-
planting. 

Inhibition of net photosynthesis per unit of leaf 
area during the initial 2 wk after transplanting 
(Fig. 2) led to a retardation in leaf area production 
and a 4- to 5-wk lag until canopy photosynthesis in 

TPR caught up with that in direct seeded rice. 

TPkinictics of crop growth rate, calculated from 
canopy gas exchange, were superior in direct 
seeded rice throughout the vegetative phase 
(Fig. 3). Peak growth rates occurred at the early 
reproductive phase and were identical in both 
treatments. 

Direct seeded IR64, therefore, produced 30% 

more biomass than TPR during the vegetative 
phase, increasing its biomass by 2.0 t / ha at maturity 
(Fig. 4). Growth duration was longer by 10-20 d in 
TPR, depending on the season. 

IR64 yielded 6.0 t/ha in DS and 4.0 t/ha in WS, 
regardless of planting method. Direct seeded IR64, 
therefore, did not achieve its superior vegetative 
growth, indicating limiting suboptimal panicle sink 

5IZC.20-

Ptolosyntthec fate (gmot/m2 
per 5) 

-0Napped 

F(3okg/ho) 
0 N 

j 

0 F(60 k 

30- -r MT ,F 


P1 
20 AC 

to / 

o 1--AI 

50H rN ompl,ed .9,,$0 le 
40 F(60. g/ho) 

40do"1 _Me 
0y.a.er eednied 

20 Fm R00 

2. Maximum mnidday canopy photosynthesis (Ac) and leaf
photosynthesis (Al) in transplated and direct sccded 1R64. 
IRRI, 1986 DS. DAS = days after seeding, S = seeding, IP = 

transplanting, Thn = thinning, MT= maximum tillering, PI = 
panicle initiation, MF = maximum flowering, H = harvest. 
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3. Meteorological data and crop growth rate as calculated from 

canopy gas exchange in transplanted and direct seeded IR64. 
IRRI, 1986 DS. 
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4. Biomass production in direct eeded and transplanted IR64 

as calcu;ated from a canopy gas exchange, specified for 3 
growth stages, IRRI, 1986 DS. 

120 



370 IRRI ANNUAL REI'ORT FOR 196 

In direct seeded rice, the reduced panicle sink 
size and spikelet number can be attributed to 
low tissue-N concentration (Fig. 5). Although total 
N uptake was identical in both planting methods, 
absorbed N underwent adilution effect in the fast
growing direct seeded plants, particularly at P1, 
unlike in TPR. Profuse tillering with subsequent 
tiller abortion may have also reduced production 
in direct seeded rice (Fig. 6). In contrast, TPR 
exhibited moderate tillring due to the inhibitory

ocionoftlhe taslnigsokacttransplanting shock. 

Toto5too, N IM 

I-......---------- -. 

5F - Teeden 
V)Dkg/ho TD) 

3- N ",e-J \l 

3 ,nCe
i 

1 (3 Fgh 

020 10 60 W- 00 20 

5. 1 t ,Ihoo t N %'.' ll ill ill dlilt '(I 'ce d cd a nd t a ns p la t 
IRW, IRRI, 1)8 I)- lilk' inc1polated.1 1I) loldrc .d. 

Tdk ;, ri 11) 

40 

2030-
',tT;4
 

10 _ 120-

4 

Char n,'J hW' r no (hIiIIl rw" full) 

\\~, M, ttlY-/ ! 

Oi 0 O 2 

0-I L0I I 

Doy2 trreeding 

6. Tiller nuinber and change in tiller number in direct seeded 
(I)SR) and transplanted (l P ) I R(A. IRRI, iv 6 D)S. 

Figure 7shows that careful timing of N applica
tion may determine optimum tiller management in 
direct seeded rice, particularly between 25 and 45 
DAS, which is a period of active N uptake. 

I.FR- OY ROW SPA(IN6 ON GROWTHl AND 

YlII. 01. UIJ'I.ANI) RICI 

Soil DeJvrime'nf 

Two row spacings 20and 40cm were tested in 
4 replications in a randomized complete block 
design using UPRi-5 in an acid upland soil iI 
Iloilo, Philippines. The seeds in both treatments 
were drilled at 3-cm depth and covered with soil. 
Both treatments were fertilized with 40 kg N/haand 13 kg P/ ha.w 

The 20-cm row spacing produced slightly taller 
plants and grain yield significantly higher by about 

Tdhers (no /nil) LAI 

5,JD). -

10
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0 L ~ 1 0z 
40 

9),3~N -hu 
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7. KineticsIaft64of tsingill 4 h ll leafl are.a index, (JIAI956 ) in directseeded imberhrtili/erl" regieng.1 WS. Urea 

application at 40 I)AS induced tillering while applicatiun at 50 
[)AS (lid not. I)otled areas indicate excessive tillering. 
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2100 g/m , mainly because of higher plant popula- better suited to an intercropping system. Colla
tion (Table 3). borative experiments were conducted in Thailand 

The roots in both cases were concentrated (95%) at both Huntra and Prachinburi. Rows were 20 cm 
in the immediate 125 cm2 soil in the furrow and apart, with 2 rows of DWR alternating with 3 rows 
were rarely more than 5 cm farther laterally from of early variety (EV) rice. Drought, bird damage, 
the furrow. Weed growth in the close row spacing and early flood affected EVs, and data in Table 4 
treatment was less. are for DWRs only. 

Under limited fertility, maintaining higher plant Four DWRs -- Iin Gacw 56, SPR7270-18, 
population by closer row spacing or intrarow LMNI II, and BKNFR76042-18-1-1 -- showed 
spacing is desirable for economic prcduction. equal or less than 10% decline in yield for Lhe 
Fertilizers should be applied close to the piants intercrop compared with monoculture. For these 
because under limited fertility the roots do not rices the yield per meter of row in the intercrop, 
grow much laterally, where there was a gap of 80 cm left after harvest of 

the EV, was more than double that from rows in 

INTTRCR()t'I'IN( FARt.AY MATURING ANI) the monoculture. 
[)II'WA] IllkI I For RDI9 and SPR'76 COM3-5-2, compensa-
Agronomy Department tion for the gap was much less, and consequently

fthe yield of DWR in the intercrop was only 60-70% 

Deepwater rices ()WIs) ef different plant types of .li,1iotoculture. These two DWRs are less 
were compared to deitermine whether some are likely to be -uccessful in intcicropping. 

Results of two experiments testing different row 
TAble 3. Effect of row spacing on the growth and yield of combinations are given 'n Table 5. Thc rows were 
o'oland rice in acid soils. loilo, Philippines, 1986. 20 cm apart, and the seeding rate was 120 kg/ha. 
------ At Huntra, alternating two rows of DWR PinPlant Ufle
 

lant Yitld Unfilled Gaew 56 with two
Ro s1cin hecmh (qm rains (D R2V rows of EV 11I22097-41-4-3
Row(sci h (g/re' %) (2DWR+2EV)gave the best total production,
 

------................ -............. even though EV had negligible yield because of
 
20 (drilleJ) 114.5 255.4 12.1 drought and bird damae. Al Prachinburi,

40 (drilled) 110.0 149.3 40 15.8td.EV IIt15429-268-1-2-1 had slightly better yields
 

l abhi 4 Yields, weiglt of grain/meter of row, and ratio of intercrop yielda to monoculture yield for 4 deepwater rices at 
Hui.ua (HTA)and Prachinburi (PCR), Thailand, 1985 WS. 

Ratio of DWR yield 
from intercrop to 

Yield (t/ha) Grain (g/m of row) mono,.rop 
Item 

HTA PCR HTA PCR HTA PCR 

Pin Gaew 56 in intorcrop 3.38 a 169 a 1.03 a 
Pin Gaew 56 monoculture 3.31 a 66 d 

SPR7270.18 in intercrop 3.30 a 165 a 0.92 a 
SPR7270-18 monoculture 3.60 3 72 d 

RD19 in intercrop 2.05 c 1.31 c 103 c 66 ab 0.64 b 0.62 a 
RD19 monoculture 3.21 a 2.18 ab 64 d 44 bc 

LMN 111 in intercrop 2.51 bc 1.14 c 126 b 57 bc 0.95 a 0.90 a 
LMN 111 monoculture 2.56 b 1.29 c 53 d 26 c 

SPR'76COM3.5-2 in intercrop 1.77 bc 88 a 0.70 a 
SPR'76COM3-5-2 monoculture 2.53 a 51 bc 

BKNFR76042.18-1-1 in intercrop 1.80 bc 90a 1.04 a 
BKNFR76042.18-1-1 monoculture 1.78 bc 36 bc 

a2 rows of deepwater rice (DWR)+ 3 rows of early rice. 

http:15.8td.EV
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Table 5. Grain yield of early maturing rices (EV), deepwater rice (DWR), and total production from intercrop row combi
nations at Huntra and Prachinburi, Thailand, 1985 WS. 

Treatment 

Ell 

2DWRt4EV 0.36 
2DWR+3EV 0.14 
2DWR+2EV 0.19 
Monoculture DWR -

Huntra 

DVVR 

b 
c 
c 

3.35 ab 
3.12 b 
3.90 a 
3.43 ab 

Monoculture EV 0.64 a -

Table 6. Grain weight per 1-m row, number of panicles per 

Grain yield (t/ha) 

Prachinburi 

Total EV DWR Total 

3.71 ah 0.66 b 1.19 c 1.85 a 
3.26 b 0.52 b 1.53 bc 2.01 a 
4.08 a 0.44 b 1.87 ab 2.30 a 
3.43 b - 2.22 a 2.22 a 
0.64 c 1.23 a - 1.22 b 

1-m row, and grain weight per panicle of deepwater rice from 

intercrop row combinations at Huntra and Prachinburi, Thailand, 1985 WS. 

Huntra (Pin Gaew 56) 

Treatment Grain Panicles 
weight (no/rn row) 

(g/rn row) 

2DWRf4EV 136.3 a 58.3 a 
2DWtR3EV 128.4 a 58.2 a 
2DVWR f2EV 107.9 a 52.7 a 
Monoculture DWR 64.5 b 39.7 b 

than at I-ttuntra, 1u, I)\VR RI)19 is shorter and 
more upright than Pin (;aew 56, and did not spread 
Out after harvest of the tV: thus, there was less 
compensation. Nevertheless, total yields of 
2DWR--3FYV and 21)WR-I-2EV werc similar to 
the monoculture. 

In D\VR, compensation occurred in both 
'mimber of panicles per meter of row and in weight 
of grain per panicle (Table 6). Both yield com-
ponents increased as the numbler o0 FV rows was 
increase,. 

lIntercrops with one to three rows of I)WR 
alte-rnating with two to four rows olan EV can give 
DWR component yields as high as that of a 
monocuultore (all rows DWR) because, after 
harvest of the EV, the remaining D)WR compen-
sates by its relatively bettcr survival of stems and its 
larger panicles than the utonoculture. 

)-EPWATIER RICE FOR IIERAAGE 

Plant PhYsiohgy Dc'parinet 

Rice herbage can be an important forage in crop-
livestock farming systems in DWR areas where rice 

Prachinburi (RD19) 

Grain Grain Panicles Grain 
weight weight (no./m row) weight 

(.g/panicle) (g/rn row) (g/panicle) 

2.35 a 71.5 a 48.8 1.52 ab 
2.19 a 76.8 a 49.8 1.62 a 
2.05 a 14 6 a a3.6 1.71 a 
1.62 b 44.3 b 46.5 0.98 b 

is the only crop grown during the monsoon and 
growth duration is long. Two field experiments 
studied plant growth and yield as affected by 
herbage removal in a 160-d rice breeding line 
134259-148-1-3-1-3. Herbage was harvested man
ually with scythes. Cutting heights and dates 
varicl. In the second experiment, 2 cuttings were 
made: first at 33, 40, or 50 d after transplanting 
(1)1), and again after 30 d. 

Single cutting. Herbage production. Cutting 
low, combined with cutting late, gave the greatest 
amount of forage (Table 7). Delaying herbage 
harvest until maximum tillcring (>80 DT)resulted 
in a sizable gain in forage yield. 

Pruning at the collar of the first or the third leaf 
eliminated the need forexact height measurements 
while ensuring that no growing points were 
severed. Pruning at 15 cm comes ta within 4 cm of 
the growing point at 80 DT and may damage it. 
Injury to the growing point affects tiller and particle 
development. 

Leaves comprised the major portion of the 
forage. Pruning at the collar of the first leaf gave
forage composed of 100% leaf tissue. Cutting lower 
gave moi,: culm tissue. 
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Table 7. Standing bioarass and forage yield of B4259-148-1-3.1-3. IRRI, 1985 WS. 

Forage yieldb (t/ha)Cutting Standing 
datea biomass Cut at Cut at Cut at Cut at 
(DT) (t/ha) 1st loaf c 

3d leafc 15 crud 30 cmd 

40 2.4 0.7 ghi 0.9 f-h 0.8 f-i 0.5 i 
50 3.5 0,8 f-i 1.2 de 1.4 d 0.6 hi 
60 4.8 1.1 def 1.4 d 1.8 c 1.0 efg 
70 6.1 1.4 d 1.7 c 2.6 b 1.3 d 
80 6.3 1.4 d 1.8 c 3.2 a 1.9 c 

aOT a days after transplanting. brorage yields followed by a common letter are riot significantly lifferent at the 5% level 
by DM RT. I Collar of 1st or 3d leaf. Distance from soil WLrfaice. 

The N content of rice foragc was comparable to phase when the large hulk of the forage ma'es up 
or even better than that of other forage crops. The fotr tile it,v cr rIude protein coltcnt. 

Crtuide pit ttCiII Of'it age wa.s 	 (;rui vhi'h.Citnt 0fIlt rice highest Primed plants suffcred 12-62,.yield 
during the early vegetative plhase ('Iable 8). Lcal N losses, depending largely on cutting date and to a 
was twice as high IS cuhn N and dCCl inCd with Iser extent on cuttill height (Table 9). Herbage 
Inatutrity tuch fastel (Fig. 8). The deterioratiot of 
forage quality ir terris of' Crttd proteir was rtdueas 
prirnmmilv to le maturation and sccondarily to 
increhasing tile proportion of CUill in the for'agc. F-
The hest titrme to harvest herbage for max iiltir -

Crude protcin vield is dtiring the late VegetatiVC 

Table B. Crude protein of rice herbago. IRRI, 1985 VVS. 

Crude protiin (%) 
C utting- ----------------. . . . ... . . . 
date' Cut at Cut at Cut at Cut at 
(DT) 1st leaf 3d leaf 15 cM 30 cm 

40 17.63 16.13 15.94 19.81
 
50 14.81 13.19 13.50 15.19
 
60 11.63 11.00 9.31 12.38 - -- L I
 
70 11.19 10.56 9.81 12.00 10 50 60 70 80 
80 11.30 10.56 9.31 10.94 Days after transplanting 

a .. .	 . . . X. i ictrdf ii Icalfaid rlm N c nileit ol 134259 at the w cral: ' aDT = (lays after tranrsrrhirltrllt . pIt;hac. IR RI, 19 f. 

Table 9. Grain yield of B4259-148-1-3-1-3 cut for herbage during the vegetative phase. IRRI, 1985 VVS. 

Cutting Grain yieldb (t/ha)d ate" ... . -- .... .. . . -.. .. .......... . . .......... 	 . . .... 


(DT) 	 Uncut Cut at 1st leaf Cut at 3d leaf Cut at 11- -'m Cut at 30 cm 
check 

40 	 4.8 a 4.0 bc 3.8 cd 3.7 cde 4.0 bc 
50 	 3.7 cde 4.2 h 3.9 bed 4.0 bc 
60 	 3.6 def 3.6 def 3.3 fg 3.6 def 
70 	 3.3 fr 3.0 (it) 2.6 ij 3.4 ef 
80 	 2.9 hi 2.4 jk 1.8 I 2.2 k 

aDT - dnys after transplanting. bTreatinent means having a commlon letter are not slgn;flcantly different at the 5% level by 

DMO-T. 
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removal during the early vegetative phase had little 
adverse effect on grain yield. Treatments Cut early 
showed yield losses ranging from 0.8 to 1.1 t/ha 
and acceptable grain yields of"3.7-4.2 t/ ha. Given a 
ligher market value for herbage or for the resulting 
animal product, pruning can be profitable and can 
compensate for the loss in grain yield. 

Although pruning improved tiller production 
and increased the number of panicles per m2 

, tile 
differences in number of panicles were small and 
were not observed to increase yield. Pruning only 
slightly affected spikelet fertility, and changes in 
1,000-grain weight showed no particular pattern. 

The number of spikelets was mainly responsible 
for differences in grain yield resulting from cutting. 
This yield component was associated with time 
rather than height of cutting and declined pro-
gressively with lateness of cutting, following a trend 
similar to grain yield. 

Dt ',matcrprudtwctio. Ilerbage harvesting did 
not improve total biomass (herbage + grain + 
straw + roots) ptoduction (Tlablc 10). Early 
pruning was not detrimental to total dry matter 
production. Hlowever, plant dry matter at harvest 
was reduced by is much as 38(' in one treatment as 
comnpared with the intact plants, the decline in 
plant weight occurring mostly in the cuhms. 

Early removal of herhage increased the econo-
rnically useful fraction of the rice crop. At late 
cutting, greater herbage renoval gave low grain 
yield, resulting in lower harvest index. A rice crop 
could be cut or grazed to dcrive fccd and later on 
still produce grain. 

Double cutting. th'rhageprodhi'tion.The herb-
age yield of rice when cut 33, 40, or 50 DT and 
subsequently cut again after 30 d trged from 1.6 
to 4.0 t dry weight/ ha (Table II). The maximun 

forage from 2 cuts was obtained from a 15-cm 
pruning at 50+80 DT. The highest forage yield 
under a single pruning came from late cutting and 
short cutting height. A double cut at 40+70 DT or 
50+80 DT can provide the equivalent amount of 
herbage harvested from a single cut at either 60 or 
70 DT. 

Two cuts can spread herbage harvest through
out the crop season. It is possible to divide the 
herbage harvest by a 30-d interval depending on 
the need for grecn biomass. This practice would be 
applicable where the crop duration is more than 
150 d. 

Grain yiehl. Removal of leaves by 2cuts reduced 
grain yield, and late double pruning - 50+80 DT 

caused the greatest yield loss (Table 12). 
DIouble pruning significantly reduced the 

number of spikelets per panicle. 'he number of 
panicles per in2, filled spikelet percentage, and 
1,000-grain weight vere generally not affected by 
pruning. 

Dir maiter prolihtion. Growth was set back 
more severely by two cuts rather than by a single 
cut, and the total amount of plant material 
produced was generally lower with pruning than 
without (Table 13). The total plant dry weight 
decreased as a result of double pruning. Lower 
total plant weight was associated with lower leaf 
and -i m weights following pruning: 25-70% 
ied, tian in the weight of leaves and 5-35% 
red, -tion in the weight of ctilms. 

Economics. The economic feasibility of utilizing 
rice herbage for forage will have to be studied 
further to derive a range of management options. 
Diverse and nonconventional use ofrice such as for 
forage may increase economic gains. A dual
purpose crop can increase tile profitability of rice 

Tjblo 10. Total biomass (herbage + grain + straw + root-) production of 84259-148-1-3-1-3 cut for herbage during the 
vegetative phase. IR 81, 1985 WVS. 

Cutting datea (DT) 
Total biomas~b (t/ha) 

Uncut check Cut at 1st lear Cut at 3d le,-f Cut at 15 cm Cut at 30 cm 

40 13.2 abe 12.9 a-d 11.9 bcd 12.5 a-d 13.0 a-d 
50 11.9 bcd 13.8 a 13.4 ab 13.8 a 
60 13.4 ab 13.7 a 12.9 a-d 13.0 a-d 
70 13.3 ab 11.8 b-e 12.4 a-d 12.9 a-d 
80 12.3 a-d 11.4 do 11.4 cde 10.2 0 

aDT = days after transPlanting. b Trnatmen' moans having a common letter are not significantly different at the 59( tnvkI by 
DMRT. 
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Table 11. Standing biornass and forage yield under double Lnd single cutting of B4259-148-1-3-1-3. IRRI, 1986. 

Standing Forage yieldb (t/ha) 
Cutting date a (DT) biornass
 

It/ha) Cut at 1st leaf Cut at 3d leaf Cut at 15 cm Cut at 30 cm
 

First cut 
33 2.1 0.6 ii 0.8 hi 0.8 hi 0.3 
40 4.0 1.0 ghi 1.2 fgh 1.3 efg 0.6 ii 
50 5.2 1.3 efg 1.7 d 2.4 bc 1.5 def 
60 6.1 1.6 do 1.7 d 2.7 b 1.7 d 
70 7.1 1.7 d 2.1 c 3.4 a 2.5 b 

Second cut 
63 4.0 1.1 of 1.4 bc 1.5 a 1.3 bcd 
70 3.8 1.1 de 1.2 r-f 1.6 a 1.2 c-f 
80 6.5 1.0 c-f 1.3 cde 1.7 a 1.6 a 

First cut +second cut 
33+63 1.7 hij 2.2 fgh 2.4 efg 1.6 ij 
40l70 2.1 f-i 2.4 efg 2.9 cd 1.9 g.j 
50 .80 2.4 efg 3.0 bc 4.0 a 3.1 bc 

60 1.5 j 1.7 hij 2.7 cde 1.7 hij 
70 1.7 hiJ 2.1 f. 3.4 b 2.5 def 

aDT - (lays after transplanting. hWlithin each order of cut, forage yields havin g a common latter are riot significantly differ

ant at the 5% level by DMRT. 

Table 12. Grain yield of B4259-148-1.3.1-3 under double and single cutting. IRRI, 1985 WS. 

Grain yieldb (/ha) 
Cutting cat e (D T) ---------

Uncut check Cut at 1st leaf Cut at 3d leaf Cut at 15 cm Cut at 30 cm 

33+63 4.8 a 3.6 cd 3.3 c-f 3.2 clef 3.7 bcd 
40170 3.3 c-f 3.3 c-f 2.6 g-i 3.6 cd 
50.80) 2.9 fgh 2.5 Iri 1.8 ) 2.5 hi 

60 4.1 h Z.5 cde 3.0 efg 3.7 bcd 
70 3.5 cde 3.3 c-f 2,2 ii 3.0 efg 

aDT = days after transplanting. hTreatmnt moans having a cormon lettr are not significantly different atthe 5% level by 
DMRT. 

Table 13. Total biomass (herbage + grain + straw + roots) production uf B4259-148-1-3-1-3 under double and single cutting. 
IRRI, 1985 WS. 

Biornassb (t/ha)Cutting datea 
(DT) Uncut check Cut at 1st leaf Cut at 3d leaf Cut at 15 cm Cut at 30 cm 

33163 13.3 ab 11.2 cde 11.2 cde 11.b cde 12.4 abc 
40170 11.5 cde 11.8 cde 12.0 ccl 11.6 cde 
50f80 10.5 e 10.7 cle 11.5 cde 11.3 cde 

60 12.0 bcd 13.5 a 12.3 abc 13.3 ab 
70 12.3 abc 10.6 de 11.2 cdo 12.5 abc 

DT t cays after transplanting. Treatmrrnt rmans hevig a corrmron letter are not significantly different at the 5'N level by 
DMRT,
 

farming, depending on the combined prices of Varieties with longer growth duration such as in 
grain and animal products. I)WR areas will have more time to recover from 

Two clltiings to obtain more herbage are pruning. Pruning rice crops in such areas may have 
possible. Although inore labor is needed, two fewer adverse eftects on grain yield or may evn be 
cuttilgs can provide the fecdi.g interval needed for beneficial. 
a better spread of the available herbage and labor. 
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Soils, Water lawqtmgenwt, and trriuhural 
Engiterhu'i, I)cpartntl.u 

Puddling, soil aggregates, anl water percolation. 
For rototiller puddling using minimal energy, 
water percolation is affected hv the quantity of 
water applied inmucdiatcly before cultivation 
(Annual report for 1985). Using the same soil 
as in 1985 (Vertic "lropaquept, 431., clay and 39(% 
silt in0-15 cm depth), we studied the effects of 5 
precultivation watering regimes on pcrcolation arid 
on related soil physical propertics. lhe regimes 
variously applied totals of 100, 2110), aid 300 ruin of 
watcr by ll1)-rmapplicationsdirngth 3d precCding 
puddling and On the day itself. Puddling was donC 
at / k ,in2 fol'ground area with a floating rototiller. 
To simulate lon-tcrm effects, tire puiddlings and 
associated water regimes were imposed.l times at 
4-\wk intervals. with soil siibmerged thrughout, 
except for the 4 d iniritediately prior to0 each 
puddling and for some unavoidablC drying betwcni 
the third and fourth plddlings. 

WatCi-,lispersiblC silt-plus-clay, which ineasuires 
how effectively puddling creates suspended 
material that canl sirbSClUiCitly settle into poles aiI(1 
thus lessen percolation, was Vi:;priour to puldlinig, 
19% after I puddling, and 31 '7after 2 or more 
puddlings. It was unaffected by water Iratrienrtt 
Bulk density at 0-5 cm ulepth was progressively 
dlecreased by the first 3 puddlings frotm 0.9102 
to 0.75±0.02 tIoi it as decreased rio futher b\ 
the fourth puddling. 

Averaged ,wer all watering treatments. the 
depth of easily removed soft irurd, which was 
initially zero, wa, aboul 6 Ct after I puddling, 
and 7.5 cm after 4 puddlings. After the fourth 
puddling, treatnents for which I00Mrnun o water 
was applied on the day of puddling hut none 
on the preceding day had a soft nuld dlerth )f 
6.2±0.2 cm, regardless of whether 0, 100, or 
200 rntn additional water had been applied on 
earlier days. In contrast, soff itd depth was 
7.8±0.3 cm when 21) nmmof water was app 5jid 
Is100 mm on the day of the puddling and 
100 mm on the preceding day; it was 8.2±0.3 c 
when 300 rin was applied during 3 suIcccssivC 
days. Corresponding values (after the fourth 

puddling) for the depth of soil weaker than 
0.4 M'a penetrometer resistance - - at which 

rice root extension is inhibited -- were 8.5, 8.8, 
an! 9.7 cm, all ±:0.7 cm. Thus, waste of land
soaking water by (rainage is manilest as a 
shallower depth of soft, weakened soil. 

'lie mass of soil aggregates ofdiauetcr'>2 run 
hat survived 3 puddligus. as determined by wet 

sievingand avcra, cd over all water treatuclrits, was 
121 g-100 ml ofsoiit was IT:H g beforcthe first 
puddling. The first puddling also decreased the 
mass of aggregates i8 nin hmon 12± I to 7± I 
r. I110ml and caused corresponding increases of 
aggrecgates of 2--1aid 4-8 rmin. These latter 
increases sgCetl_tlit rio arcggreatcs ill the smaller 
si/c clases,, wr dcstroyed, arid the ptrddling 
cicr gy was uscd mainly to cut and break the larger 

Irrgregatcs.and third pttddling,.slightlyIhe sCcond 
lessened the mass of aggregates in all site classes. 
After tire foulrth puddling, however, aggregates 
-8 mii incricscd by 4:.12 g 01iml, probably 

ildicating soil icaggregatiori caused by unavoid
able welting and drying cycles between the third 
and fourthIi pitddlirlgs. Ihis hypothesis was silp
ported by observations on aggregates subiected to 
alternate wetting and (trying in the laboratory. 

When 1()0 ruin of water was applied on the day 
of ptrddlirig, but n1-IC Ol the preceding day, 9FI g 
aggregates -.2 rtnii 100 mi soil survived 4 pud
dlings. For ticatictits where f'(reach puddlling 200 
Or 3W num was imposed in I1-raum applications 
on 2 or 3 successive days, aggrepates >2 mm 
aum ted to WA 2 g 100 ml. 

Water percolation was affeTctcd by both pud
iling energy iripui (as (fcterminred by the number of 
puddlings)ari d piddrlii',watert reatmenrt. Pcrcola
tinon
rate, as r,:asiC(I by (lodouble-ring infiltroieter 
throughout 3 wk 'ollowiing each puddling and 
iuimnerically corrected to standard conditions of the 
water table at ground level, was on average 
30 rn!/d much higher than that with normal 
farmer practice. Such a rate is inethelcss corn
parable to rates previously recorded on the IRRI 
farm, where drainage hydrology creates large 
hydranlic gradients. P'ercolatioin would have been 
less ill these experiments had there been a growing 
rice criup whose roots ani associated micro
organisms would have blockcd some water
traInmitting pores. lhfore the first puddliing, 

http:0.75�0.02
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percolation was 40±10 nn/d. Puddling energy of Table 1. Effects of puddling implements on water perco
214 kJ!n (tile input of 2 puddlings) lessened lotion, wood dry mass, and hoight and yield of IR60.
 

percolation to 23±5 mm/d. There was no further DIRt, 1986 DS.
 

decrease for cumulative energile; of 21 or 28 Percolationb Weed Plant Grain
 

U mI2 . Thus, 14 k Jm 2 may have been sufficient to implement 3 {mm/d) massc height yield
 

Day , Night (U/M2 (cm) Iha)break all the easily breakable bonds between soil 

aggregates. Eveni aflter 4 puddlings, tie percolation SRT 25 3 45 60 3,6 
10 36 56 2.8 

rate was 40± 10 nnm! d (the same asfr nonpuddled FRT 37 

soil) for treatments of 100 or 200 inin, whether or P i H 16 2 39 59 3.0 

iotl in tie itter there was as I-d interval between the SED 20 5 13 2 0.3 

two 100-ii applications. [or 300-rnin water aSRT 1 skid-supportud rototilpkr, FRT - floating rote

application, percolat ion was 24-f7 nni,'d when tiller, P t H = plow and harrow. Corractod for water table 
lie re v'as I d btw\ee ii a p icat ioins, arid at ground surface; geometric flean of 2 replications, CAt( Ither belk~ellWa pplcatinsand 50 d aiter transplanting. 

146 inn d when tile three 100-ruin watcrings 
werc iiade on the day of puddling and (iin tile 2 

preceoun days. ILcssening ift percolation by pud- between daytime and nighttiel percolation were 

diling iaV Ihcreore be illrc iT,'c'tixe if watelr is observed in other experiuents aid are larger than 
maintained hetween the soil agerc ales durin tile call be explained by tenperature effects ol water 
days bef ore puddling. Research needs to determine viscositv. They possibly indicate day-night dif
whether 21)111rn or lCss of p1uddlinIL watCr applied 'erices in drainage hydrology resulting from 
in 11orC freqiuCil but SiinallCr alpplieatliiis call (lyiil irrigation of'surrounding areas. 
dececase percolation to less thani I0 ni1i, d. Such lhese tffcCIs of drainage hydrology were in
research has relevance also ol- puiddlili ot raiiffed vesiigatCd usiring double-tiibe infiltrorneters with 
lowlands, where accretions of land-preparation long inner tubes of 30 ciu dliamicter, extending 
water inav he sall aind spasiliodic. F-our roto- 25 cn into and 125 cn above the soil to allow 
rillings of a pie\iously lonitiidled I. RI rairifed iOicasilrenue f l'cOlatiollUnder a large 
soil, uim llIriltr, lCssenCd pCIiclatill I'OIll hydraulicgradicnt. IllfIltratiori I/(rnm/ () depended 
2,000 to 7 111111, cxponentially oil tle stm / (cm) of pressure head 

PIhddling inipeini lrtsand diurinal percolation I walcr table"depth: 

patterns. In a sipaaic experinent ill the s'aiin field I I c .01) 
that was vsed for the stldy of precultivatioi lr .l,1 27. 0ly ind night n! cr'aihuas COlilhinedf 

pudd liig irlpler lCits Were 
watering reginies, thce 

compared for their effects ()It water percolation This ecquation should also desclib changes in 
aind or IR6tgrxvtwli. Iiein iliile ri s a floating percolation caieused by any subsurface changes in 
rototiller, a skid-supported iototl,;c r, and it plow lydraulic potential. 
and harrow were individuallyxIscd i'or such Srpporting obscrvation sli( ved .that infiltro
tihncs that each transferred about 7 k:n " of mletCrs in winch tle inncrtubes extend <25 crn into 
ground area to soil that, when neirl-SairLIatCd tile soil and the otier tubes -K20cn are likely to 
by rain, had a It0-1nin1 application of' land- ovelcstiinlc pcrcohltion. 

preparation water. rinds indil percolation. Ii nonpuddled soil 
I)aytimc aid nightirine p;colrtliolls were each alongside and beneath bunds, percolation may be 

fastest ol plots puddlcd by tle floating rototller more rapid than in puddled soil (Annual report f'or 
(Table I). However, both rice priduction and weed 1985). A 1986 experiment tested this hypothesis by 
production were rio less ol tiese plots than oil neiastiring percolation phis deep lateral seepage 
plots with iimurch ilower irfiltration resulting fron (P+I)5S) and percolation plus total lateral seepage 
plowing -i- harrowing, although rc production (IN TS) onl a 2 X 2 group off otr 4.5- X 5.5-rn field 
was possibly higher following skild-s pported roto- plots following rup;uddling immediately after 

tillage. III strpporting experinents, veed mass was reloving the internal bunds. Renoving tile bunds 
higher with floating rototillage. large differences increased the area-to-perimeter ratio of the 
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enclosed land from 1.2 to 2.6 n,2 / m. For corn-
parison, ieasorlmCnts had been made before 
removal of tihe blnds. Two adjacent 4.5- < 5.5-rn 
plots were repuddled at the same time, but their 
bunds were leftUnchanged; 6 nearby control plots 
were left intact (they were needed partic ularlN to 
correct for cfifects on percolation and deep seepage
of variations in water table depth). All 12 plots 
were initially puIddled, individually ani under 
standing water, using rototiller energy of 5 kL m2 

of ground aica, about 2 mo before biud removal 
and repuddling, also at 5 k.l m2. P+DS and P '.s 
could thus be compared aniong the groulS f2, 4, 
and 6 plots for periods both before and after huid 
rcmoval and rcpuddling. 

After repuddling the 2 plots, dalftii.* Pf IS., 
when co! rtctcl for changes in t he 6 contro-l plots 
and whcn standardilcd to 10 cot water table (lp)il, 
decreased to 0.45:f0.15 of its prepuddling valuc, 
)i the 4 plots, imoval tf the internal bUinrs Midl 

subsCeL;elt iC'pudrllii- causedl essentially the samle 
decrcase to 0.52)).1I o1f the prepuddling valNie. 
Correspr)nding ratios lfor daytime and nighttiic 
P-I)S werc 0.32 ).12 and 0.33-0. 10 for the 2 
plots, and 0.17tl.08 and 0.11 0.05 for tile 4 plots.
Thilus, whcc bunds were removed and tilecxposerL 

soil repulddlcd (4 plots), ti'crca:,cs in P 1)DS were 

larger than for rcpurddling alilie (2 plots) 

consistent with the hypothesis that percolatiii was 

more rapid throurgh the notnpuddled zone. The 

hypothesis is further supportrlcd by analysis of the 

datimlc percolation ratios: P-1 'I'S ratios were 

larger than ) 1)S ratios, iiidicating thai reptuddling, as expecterd, lessened 11)5 more than TIS.Adlditionally the fractionales alie for" daytlime. 

conlditions oflP -l)S ratio)/ (1)--'TS ratio) forthc4 
plots (0.17/0.52 - 0.33±-0.20) was much smialler 
than for tile 2 plots (0.33/ 0.45 --0.73±0.30), 
contfinr ing that deelp seepage was cons ldcrably
lessened by puddling the noptidd lerd soil heneath 
bonds. 

If water is indeed to seep rapll. dhown till
puddled soil bcneath bulnds, two rqCtLiitcnents 
must be met: (lhe saturated vertical hyrdratilic 
conductivity of soil beneath blinds should be larger 
than that of' puddled soil inside the plots;anrl 

within the surface soil insire tileplots, ti:e 
horizontal saturatcd conductivity should exceed 
tile vertical so that water vi!!
,no-,e pr-fcrenti-lly 


toward the nonpuddled zone. These requirements 
were met in part; laboratory measurements showed 
that, for vertical flow, soil beneath the bunds was 
considerably more permeable than soil within 
plots: bit within plots, horizontal :onductivity 
exceeded vertical c nld onlytic Iiv:t, at dtepths 
below 30 cm (Table 2). 

Soil tests for choosing wetland preparation. Soil 
aggregate stability against dispersion inwater has 
been evaluated as a prdcictor of the suitability of 
various rice soils for iionpuddling land prepara
lions to lessen percolation. Stability of aggregates 
was mcasured for surface soils from previously 
puddlCd ficlds in Sikamiandi (Indonesia), in 
('aivilt and (;iuiinba (lPhilippines), and at IRRI, 
and from ailO11pLiddlICl siRt at Ik RI. Puddlcd and 
tloulpuddled soils l'OllIRRI nd plddlcd soil 
ro111 (iIiba were classified as suitable for 

lessening of pcrco!ltiort through compaction and 
smearing at ficld-Clapacity moisture using a duck
foot cultivator. ()ii the previously puddled IRRI 
soil, the force needed to pull the culivator through 
fieId-capacity soil was too large for a hand tractor. 
CulItivat ion was therefore made unnder wetter 
conditions, on soil that initially had a nighttime
percolation rate ol 21-1- 12 mmai/d; 2 successive 
duckfoot operations Ic;sCnCL percolation to 7±3 
ni1e1
L. and 2 successive plowings 31rd harrowings 
to2--I mm,rid. On tilenotpuddied IRRI soil. 
pcrcolatlio oif' 900 1-200 iln/d decreased towas 
2±1 rm dniby the dlul.kfoot andito 3±1 Irnid by 
plowing and harrowing. 

Table 2. Vertical and' horizontal saturated hydraulic conductivity at various depths within puddled plots and from
nonpuddled soil beneath bunds separating those plots.a
 

IRRI, 1986. 
Saturated hydraulic conductivity (rto/d) 

Depth ............. ..............
 

(cn) Beneath brind Within plot
 
Vertical b 

VarticalC Horizontalb
 

0-10 600 
 101
 
10-20 1200 
 50 1
 
20-30 900 60 5 
30-40 800 30 50 
40-50 200 300 400 

SE t20% t20% ±20% 

"Laboratory determinations on undisturbed soil cores of 
70 rnil Ig0th and diameter; geometric means of replicafions.. replilcations. rG replIcatioms,. 

http:0.73�0.30
http:0.33�-0.20
http:0.17/0.52
http:0.45:f0.15
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Table 3. Effects of tillage on the specific moisture desorption partition and pore size distribution of 2 soils. IRRI, 1985 WS 
and 1906 DS. 

Matric potential Spicific 
Tillage treatment limits (A desorption 

(MPal (/MPa) 

Silty clay (Typic Argiudoll),
Zero tillage 0 to -0.064 

-0.064 to -0.229 
-0.229 to -0.373 
-0.373 to -0.732 
-0.732 to -1.500 
1-1,50

Dry plowing 0 to -0.062 
-0.062 to -0.826 
-0.826 to -1.500 
<-1.50 

Puddling 	 0 1o -0.068 
-0.068 o -1.500 
<-1.50 

Zero tillage 0 to -0.02 
-0.02 to -1.50 
<-1.50 

Puddling 0 to -0.02 
-0.02 to -1.50 
<-1.50 

ILOWLAN) RI(EF Itl SI'i )NSI. 1 1111 A(;Ii 

Agrotiom' l)Dparitmen 

The effects of soil tyvpc an moisture regime on 
lowland rice response to wet and dry tillage were 
tested in grcenhousc id ficld experiments. 

(reenhouse studies. Traditional puddling was 
tested against conventional dr tillage and /ero 
tillage ltdler si innfated rainfed condit ions on a silty 
clay soil (Typic Argiudoll) withs lR20 as tihe test 

crop. 
Puddling ilcrcased total soil moisture retention 

capicitv ([able 3) aind pMIC[eliitraill resistance 

during tile drying cycle. )ry tillage had contrarv 

effects, but it nc\'crthlccss increascd plant available 
soil moisture. IUder alternate wetting and drying, 
root length density decreased drastically II 

r r 
pl(dled tihal ill irny-plowed plots because of 
increased penetration resistance (Table 4). 

In all treatminents, root growt, %\,as al'f cted more 
by differential moisture desorption tan by low 
matric potential per se. Tillage also aftected the 
rela:ion of plant water status to root density 
(Fig. I). The rooting requirement for high leaf 
water potential varied from 14 ni/hill in zero-

0.404 

0.340 
0.062 
0.021 
0.033 

0.410 
0.108 
0.080 

0.082 
0.086 

Pore size distribution 

Rnge Relative volume 
(x 10 ' m) in % total porosity 

1985 VS 
>2.27 37 

2.27-0.63 8 
0.63-0.39 2 
0.39-0.20 3 
0.20-0.10 16 

<.0.10 	 34 
>2.34 45 
2.34-0.18 14 
0.18-0.10 	 10 

<0.10 	 31 
>2.14 18 

2.14-0.10 33 
<0.10 	 49 

Clay (Andaqueptic Haplaouoll), 1986 DS 
>7.26 12 

7.26-0.10 22 
<0.10 	 66 
>7.26 	 12 

7.26-0.10 22 
<0.10 	 66 

tillage plots to 12 rn/ hill in puddled and 26 In! hill 

in 	 dry-plowed plots. l)espite their contrasting 
effects on soil physical conditions and root growth,
tillage treatments did not significantly affect grain 
yield, which was very low. 

Field studies. Puddling was compared with zero 
tillage in a clay soil (Andaqu,cptic Haplaquoll) 
under transient irrigation in 1986 dry season (DS). 
The effects of variable intensities of wet and dry 
tillage on lowland rice (I20) wcre studied in a 

Table 4. Effect of tillage on root growth of IR20 in a silty 
clay soil (Typic Argiudoll). IRR I, 1986 WS. 

Soil Root length density0 (cm/cm3 ) 
depth 
loc Zero Puddling(cm) Dry 

tillage plowing 
-

0-10 3.10 a 1.39 b 1.32 b 
10-20 0.73 a 0.78 a 0.38 b20-30 0.27 a 0.28 a 0.14 b 
30.40 0.17 a 0.09 b 0.05 c 
40.50 	 0.10 a 0.08 a 0.04 b 

x 0.87 a 0.53 b 0.38 c 
In a row, treatment means followed by a common letter 

are not significantly different nt the 5% level by DMRT. 

http:7.26-0.10
http:7.26-0.10
http:2.14-0.10
http:0.18-0.10
http:2.34-0.18
http:0.20-0.10
http:0.39-0.20
http:0.63-0.39
http:2.27-0.63
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Leo' woter polantial 
(OIsoiute va/Le) (MPn)
 
14 "
 

e,o 1il/oge Dry plowing Puddling
 

20
 

% \ 011 •t 94 

o ," i'P(004 
I 0 009x) 

06- *• -0 4 7* 

2
r 0 391
 

0Y=2-/Lp (oo77

0V y-exp M233-009,Y) 

Io2L 17' 
2
Ir :027 * •
 

0 10 ,10 60 80 0 20 40 0 20 4 . 

Root length (m/hill) 
I. l4tfcct, l tillage on the rcLit In' iip hcit,,ccn iroit length and leal \kater potential of I 20. 
IRM 985 WS. 

silt' clay soil under 2 viiater regin es (MO = 3 
Irrigations vk at 5cn abov surfac for4 h. M I 
2irrig:.tions wk at 5cn; above surface for 4 h1). Wet 
tillage techniques consisted of traditional and 
shallo, puddling (5-7 cm deep by pinovr weder). 
D;-" tillage methods consisted of one and three 
8t-iCn-dcep rototI loIgs fllowV'ed b1stu.bmergence. 

VIe tillago in silty clay soil increased moisture 
retenZnit at mairic potential < -0.033 MIPa 
(Tabl,: 3). Increasing tillage intensitv did not 
significantl'.' improve soil water rcteiitivitv. Tillage 
did not affect tile ,oil moi,tlirc chrII.icteristics of 
the clay soiil. At hoth sites, tillage favored fast 
moisUre depletion ,.0:ir the soil sourfice during tie 
drying cycles because of cracking, \ihc]; increased 
with clay cow 'nt and tillage intensity. !hc profile 

average watcr shtess was, illwcver, less severe ii 
tilled than in ontilled soil. It was milder under 
traditional puddling 011d shallow puddl:-g than 
Under dry rototilling treatmelts (Fl;. 2;. IPuddling 
incrcaseil peletration resistance of, tlie siltv clay oil 
under severe nioisture st ress. ()n tLe other hand, all 
tillage methlods lowered soil strength where only 
miId stress occurrec2 . Il hCvy-textured Soil, 
however, even mihl drought spells increased 
penetration resistance, more dramatically ill 
poddled than in untillcd soil. Within textural types, 

the responsiveness of soil penetration resistance to 
changing mIoisture stat us varied with soil dis
pers'bility, which increased with tillage intensity. 
The thrtoihold saturation deficit for significant 
increrse in soil strength was lower with puddling 
than with other treatments (Fi,. 3,l. Critical 
moisture status was more va,'a:h aiimong tillage 
tnctl'ods with clay than with silty clay soil. 

In medium-texturcd soil, Tillage did not affect 
rice ro.:'t growth under at' ade<late moisture 
regile. Under stress, however, high intensity 
tillagc Tihthoos increased root length density, 
Nvlhc'e;ezro tillagc and one rototilling produced 
the c.oitrar- effect (Table 5). 'File root length 
density and grain yield of IR20 , uffered significant
decases at sil penetratiom resistance >0.75 and 

> 1).MIPa, re.spectively, as the soil niosture stress 
at 15 cm depth fluctuated between 1.14 and 2.44 
i Pa dutrig the growing season. Plant growth and 

vield were lnot correlated with soil strength when 
the soil water stress varied bet ween 0.75 and 
I. I(; MPa (Fig. 4). F_xcept for root hngth density, 
whicI was signifiicaiily higher in puddlI'd soil than 
in untilled control (Table 6, 7), IR20 did not 
respond to tillage in heavy-textured soil, although 
tie soil strength profile contrasted in the puddling 
and no-puddling treatnicnts. 
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Relative frequency (%) 

Moisture regimne MO Moisture regim'e M1 
so
 

Sonlventional pudding 

0 ShaIuoov ddh, gVIrotoh!h1 60 

V 3 rtohl'ngs 

Zero 1:1uge 

-40 

-8 (3-00 -0 -40 -0 0 

0 r.(C f!, tenfil (KPaj 

in ,oiI 1 tCnt c t 
cyclcs, IRRI. 19)85 D .S. %10 nk 5 cm N 

2. Elfccts i6 liwn mtalic p ]I(N diStribution in sihy :ay'vsoiillriv, ring 
3 irria mi ;it aho'c ,,refacc for 4 h " 2 

irrigptions vwk at 5 cm ahosc oII'ticc e' , h. 

eoii penetrtion resistance !MPi) Grain yield (t/ha) 

Zero ti/lage r 
100
 

Low woter stress I High water stress(0 75-116 MPo d) (114-2 44 MPoid) 

018 - 2.1 

06- ". . . . 1 I Shtoflcpudihng 
Seno1 8 V1 I roto rling 

04, 0 Zo~ug -----0 --

.J___;a . I5 

12 

Thorough puddling T 

0 

* 06 ,~O ~ -0 

0@0 3 

02 
-Senstive doinn--

- ~2 85-2 T31<+0.74X
2 

0 a,* 
Criticali0. I 5 6 

0 L4 1 1 112 0 
0 37, 40 Wi 60) 70 80 DO 0 02 04 06 08 OjOGO, 06 10 12 14 16 

Soil moisture content tG i)jSoil penetration resistance (MPo) 

3. Ff'fct ot' puddling on the ilatiimlip belssccn moktilte 4. Iiffccts of' soil sli ngth onl the grain Yield ofl IR20 under 2 
content and pi'Itelration rcsiitiancc (IfCliL,WoilIRRI, l986DIS. moisture reiuimes in a siltv clav suil. IRRR1, 1986 DS. 
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Table 5. Effects of tillage and moisture regime on growth of IR20 in a silty clay soil (Typic Argiudoll). IRRI, 1986 DS. 

Root !ength densitya (cm/cm3 
)


Soil
 
depth Irrigation at 3-d intervals 	 Irrigation at 6-d intervals 
(rrn)
 

ZT R1 R3 SH PU ZT R1 
 R3 SH PU 

0-10 0.59 ab 0.89 a 0.42 b 0.40 b 0.85 a 0.34 c 0.60 c 1.06 b 1.04 b 1.73 a
10-23 0.07 a 0.16 a 0.11 a 0.06 a 0.00 a 0.07 a 0.13 a 0.07 a 0.1F a 0.16a 
20-30 0.03 a 0.07 a 0.05 a 0.05 a 0.05 a 0.05 a 0.04 a 0.03 a 0.07 a 0.04 a 
30-40 0.03 a 0.07 a 0.03 a 0.04 a 0.05 a 0.02 a 0.04 a 0.04 a 0.03 a 0.01 a 

X 0.18,- 0.30 a 0.15 a 0.14 a 0.25 a 0.12 c 0.20 bc 0.30 ab 0.32 ab 0.49a 

aWithin a water regime, and in ai row, treatment means followed by a common letter are not significantly different at the
5% level by DMRT.ZT = zero tillage, R1 = one rototilling, R3 :=3 rototilllngs, SH = shallow puddling, PU = traditional 
puddling. 

(11 1[VA [I(N (I N lI)lI.I) SOIL FOR RAINFI) 

1.1I MULS 


.Soi/s U/I .1,1rictutura/ I"ngineCring [)epartmCtS 

For l)S ILnugbean grown on previously puddled 
soil and using soil water remaining after harvest of 

Irrigated rice, experimerts in 1985 suggested that 
1igh nutrient uptake and yield might he achieved 
by combining deep and conventional tillage
(Annual report for 1985). Those experiments also 

showed that, although mtnghcan growth benefits 
from seeding soon after rice harvest by utilizing 
seed zone moisture, it also is inhibited bv 
chemically reduced soil conditions that persist after 

rice harves!. 
Research in 1986 ut I lR I and in farmers' fields 

measured the effects of deep (35 cm) winged-tine 
strip cultivation followed by conventional plowing 

10 cuII) and harrowing on the icld and rooting of' 
CFS Id-2 I mungbean, and Measured the yield loss 
caused by reduced soil conditions. Supporting 
studies sought to caluatc the benefits to mung-
bean of seed dressings Of calcitum peroxide, 
fungicide, and rhizobia ilI puddled soil, and to 
measure the effect of the progressive drying of the 
compact layer in puddled soil on soil strenglh and 
mungbean growth. 

The adverse effects of the compact layer migh, 
be avoided by relay-planting legunes into drained 
soil between rice rows at 5 d before rice harvest. 
Rice transplanted at a nonuniform row spacing 
that facilitated relay planting gave yield equal to 
that from uniform spacing, and relay-planted 
mungbean achieved high emergence and suffered 

Table 6. Effect of tillage on root growth of IR20 in a clay 
soil (Andaqueptic Haplaquoll) at 2 growing stages. IRRI, 
1986 DS.
 
-


Root length densitya (cm/cm') 
Soil 

depth Vegetative stage, 30 DT Flowering stage 

(cm)Zero tillage 

0-1010-20 
20-30 

30-40 
x 

aWithin
followed 

0.96 a 
0,01 a 

0.03 
- b 

0.33 a 

Puddling 

0.77 b 
0.01 	a 

-
0.31 a0.14 

a 
a growth stage end Inby a common letter 

forent at the b% level by OMRT. 

Zero tillage Puddling 

2.56 a 3.25 a 
0.19 b 0.31 q 

0.11 b 0.21 a 
0.82 b 1.13 

a row, treatment meansare 0.42not significantly dlf
b 

0.75 

Table 7. "ffeet of tillage and moisture reime on grainyield of IR20 in a silty clay. lRRI, 1986 DS. 

Tillage 

Zero tillage 
1 rototilling
3 rototillings 
Shallow puddling 

Grain yield It/ha}
 
Moisture regime A Moisture regime B
 
(2irrigations/wk) (1 irrigation/wk)
 

1.34 b 0.57 c 
1.84 a 0.78 bc1.42 b 0,77 bc 
2.04 a 1.23 a 

Traditional puddling 1.08 a 1.08 a 

no damage during rice harvest (Annual report for 
1985). Trials in 1986 DS compared production 
from relay-planted soybean and from soybean 
planted soon after rice harvest into zero-tilled and 
deep-tilled soil. 
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Plant height (cm) 

35 

30 
D.:lay inplanting 1/31

fer fieldanin-growig 

- 8 d25 - V 14 d 

0 21 d 
* 31 

1 
15 

10 I 

/c 
," 

/ /o 
Rain 

5-- / 

o0 
0 

S40 +oFor 
eii]ys after sowini+ 

5. Elect SISnungheaigrovthtiidr ,lugiitipct I~xer in 
preVituIsly puddl c'l/i I miiopaquept ch.v lam soil. IR R. , 
19S6.Ding elected b\dcliA in 
seed (in en. 

Cone index o! scil qtrenqth (MPn) 

21 

3-. 

Limitation of legume growth by the compact 
layer and chemically reduced seed zone in puddled 
soil. Into I Vertic Tropaquept clay loam soil that 
was puddled and then drained, 7-d-old ('ES ld-21 
mungbean seedlings wcve placed at I. 8, 14.21, and

d after dranijye I)AI)). [he seedlings were 
in moist soil in 5-em-diameter X10-cm

high nonrigid plastic tubes. The tubes were placed 
into i 0-cm-deep holes with 5 cm diameter made b 
auger. The tuhes had openings in the base to allow 
the roots to emerge and eceounter the drying, 
strengtihening soil at 10-cm depth and below. Plant 
heiht, rootingI depth, and soil strength were 
neasuredlr wcckl: depth to water table daily; and 
grain mass per plant It harvcst. Plant heights 
S(ig. 5)wcr siilar for placemetits at 1,8,alnd 14 
IDAI). (Irowth was markedlv less for placemenr at 
2i )AI). hut it was sllbS(cquntlylrestorcd by 

40 nin raiu. \Vith placcmntmat 31 )AID all plants 
died beceaUSC thCir roots could !ot pMnCtrate the 
soil, which b\ 38 I)AI) had attai led a strength of 
'>3.7 \11'a at 25 cm depth, ihere tile moisture 
CotMtet was 0.35 kg kg; s+,ctngth below 30 cm may 
have been less, as shown b cmr cs for 1,5, 17, and 
24 DAD (Fig. 6). 

rflacnictms at i, 8, and !4 I)AD, depth and 
iaSS of tots at aeon i parablc n iml mtof days after 

seeding (I )AS) werc cqual: root mass for the 21 
IAI) placemeti t as less, athhough depth of 
las equal to that for earliet placements,tootig ',as 

--------- -.---- __ ---------

!IDA 
I . I- I-I. ... ...."/--- -- - DAD 

1DAD) 

0 10 20 30 40 50 60 
Soil depth (cm) 

6. Cone index of sod strength at variots depths at various days alter draining I I)A 1) il prCViously puddled Vertic Iropaquept clay 
hloalm sO. IR RI, 19AO DtS. 
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probably because of rain and a water table 
occasionally as shallow as 50 cm. There were no 
roots for placement at 31 DAD. Grain mass per 
plant was constant for I,8,and 14 DAI), and was 
less by half for 21 DA I) (Fig. 7). 

Alter rice harvest Irom previotisly s bnicrged 
soil, the seed Zone for uccc diilg legumes is 
chemically r,:dictd. Seeding too soon Into such 
soil can lessen seedling grovt h, bi delaving too 
long ca,cs ,oil drying and decreased encieencc . 
CES Id-21 n tirgbean was sown it0,3,7,12, 18, 
and 25 DAD in a long-submerged Vertic 
Tropaqiiept clay loan soil. Manual seedings into 
nontilled (TO) and hoed (lI) topsoil were 
Comipared. 

For so,.wirgs at 0 arnu 3 I)A I). rnerene 
percentage was 83±3 fbo10, and 72:i3 for El for 
12 and 25 I)A I), percentages fr both TO and TI 
were equal, at 25±2 and 2±2. Plants at conparable 
I)AS were highest %Inert planted at 71).' I) into soil 
of -1-600 mV 111.but were about 711 shorter for G 
and 3 DAD when Flih between andwas -100 
+200 mV. Plants kwrt? 15 and 55,(7 shorter for 
plantings at 12 arid IS I)A I), respectively, because 
of seed -one dryinit and perhaps shading by older 
plants. (On replicate plots that staved sct longer 
because they were-adjaetnt to a fHooded riccficId, a 
larger dccreas- inheight \as CaLsCd by redureed 
conditions, but tlher wats less dcrease because of 
dryiing. 

Grc;,
m moss (q/plant) 

.
 
6 r 

2-


0 --------
0 to 20 30 40 

Days ofdeloy in planing 

)mDS ngtiibcan ofn in7. Ifct l grain ot drying t p'CtIl lmr 

previously puddlt'd V'eric I ropaqupt cly loai soil, IRRI,
1986. )rying was clfccted by dclav in Iransplanrinlg of Iloicd 
seedlines. 

Machine-seeding of mungbean using a Massey
 
University-lRRI inverted-T seeder was evaluated
 
for factorial combinations of previously sub
merged (chenically reduced) and nonsubmerged
 
(reoxidized) soils (each rewetted to 0 4-0.5
 
volumetric water content) and of tilled and iron
tilled seed zones cleared of stubble. For all 4
 
treatmcn. combinations, tip: eelllrgCncC percentage 
swas 7'S5: itwas highest (94±3) on submerged tilled 
soil. possibly because submerged soil dried more 
slowly. Ilh left sectors iolrowsmachliile somc 

unplantcd: the total length of iuplanted -C'tors
 
was about twice as laitc onl nontilled than oi tilled
 
SCil In a triil insoil of only about 0.3 volumetric
 
Moisture content, tile percentage
ctiergence \Nas 
only 22+11 iti tilled and 8-4 in nontilled soil. 

In soil of 0.42 volumeitric moisture content, 
rurgbean rachire-plaited about 4 c from ross, 
of rice stubble had I percCnlage ofan e'mergeCnce 
59--3; that planted inidway between rCIows, at 8 cI 
rioni the stubble, Iho 54+3. lhe stubble lessened 

erniergence (as compared to stubble-frec soil) by 
nIechaiieil dlisturbainec of the sIed-metCring 
mechanism. 

Supporting growth-chanber studies at 30 20( ' 
dav ight tenmperaturc shmcd that dressings ef 
calciumn pcroxil (-a(,) did rot increase gerrlina
tior percentage or seedling heigeht of rningbean 
sown into preioirsly subnrlteed soil. I e direct 
contact of C'a)2 with tlie seed nl\ay have been 
Unfavorable forI tLngbean, as it is known to be 
with sovbeall. (ireCnihtoLSC studieCs illsoil tanks 
G nquantified the benefits for (ES Id-21 iungbean of 
hernornVl fungiciJal seed dr,1ssing (I.) and ofrhizobial i1culation (I), and of their coniniatiori 
(IF1:). II )Al),ciergcincc perceitagelor soving at 

was 60+2 for tiletrmreiated (('), ard 70:-72 for F, I, 
and IF-. t[or 3 I)A), the corresponding percent
ages were 87--f-2 and 93--2. Emnergence was about 
I d lltCr for untrartd seeds. l)a11ping-offaffccted 
all plants, but C"plants tine moSt. PlalntS ,rc 
highest Oil I11and lo\cst ol C treatinenits. At 
lnaxilnl heiCt., the differences were about IV; 

and were greater for I than for 3 DA). (Irailn yield 
was 1.5-1.2 t,ha for IF,and 1.3 J10. 1 t ha for C. 

Effects on rainfed mnunglbean of preceding sub
mergence, cultivition, and fertilizaiot llof luddled 

soil. Using C.S Id-21 itingbeain as tIe test crop,
field-scale operations ill 1986 )S investigated the 
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effects of precedin sribnIergence and, in factorial 
combination, threecultivation treatments and two 
N treattnircts. u)rr! thw precodin wet Sealso i, 
two slicC'.-,\ C, hItl irrh!,tcd lice crops wcre 
rowVll t tre \'irt i Io li,t c1layIl fieldC1 rtl 

site: the lrric over the A hole field, the cond on h 
the tic l i ii i.rindned bhllck with ,I\ 
colipliCtlitlm hhloc, rpliddlcd but then kept 
allo\\ aill ',tdcrruc,..Icr hrsest of tIre 
sond Ic. t1i . all I blMocks ,tcrebrile 
rello le ldto Iqlt the rarltlollliedrli/C 1otisiturc. ihl 
block dtesiei there \vcre 3 tilII_, trttrttt": ro 
tiulane I0), c'i tl i l l), l iilll.l lwor a"d Jih ii 
H 1), ;arid coi lirtio lil itihw-c pict tdeo deep 

,strip tillaige to 35-cm de+'pth :it iV1i1,te35--cnn 
1 (1) trill ci,, epo t lta p-\irleCd hIrerI\ii_. i;nl 


:985). () e h til oii'-hli1l lr'cicd
lai subplot. 
30 kLiN hi, th' olie itt Ilhl lin ir. I (,llMo ckh,,,;i i 
of pinr uukrilv ,,illiicrl. i. caltr-i e \ -Iinnd. 
ihiisiitlliirticd:tt ltci-lllts\ (A l1pi t irin;ii-
1iill\ sed'ctt dill ir'2-3 f-b. \ 1.te al') ki tlasd 
secodiri Illtnlrcrll;iiiliirc lNock. intil II I0 - o 
all rlratillits, spachli, 'A <, 3c cii betaween"i tnlot, 
aind 4.5 clii ctsseCll pilits. All seeds ricised ht h 
Ii u IL ci cd C i io 1 clii ct11) .ii!cer 
arid ririld'cre ',e[ .\crcotlor ollcd tv ianpropli;ir,, 

ini '\\ce(fs b\ I hLrnd wee1dir, it l)-tS. Ih.Jluc 
%'kisriO iriciloil ;alter ec' . -\ltli r tiho re I )" 
rar ila Ilol 4-1111111 , rirll llc, tire clops\as suillsln 
relied Iliaiirs o tirlfil r ilo o ,oilditllirirtl. 
iCrilli litlc cil liil,-,ilig IIie hitc) odr tlir siiicitilrt d 

end-of-rice-season conditions. The water table was 
maintained under 2.0 nitbv nrin.
 

lmrcneice percetntage was ,X or more for all
 
treattents., kas not affected by preceding sub

tItmere n. , d '\as slightly lower for T6. A
 
(lldilfCencc ii itroh htrce AnlR,\ plots was
ard .1: 
Cvi(Ictit as eal ac 7iI)A . whMen Al: plants 
( i\ner a , oe"itll tilliqu) \viee 13.5 imhigh, and AR 
plats , 9' ciii. At fliaturhv. lcights were 61 cim for 
.\I-aid +14ci ir AR. ( 'rrspormdinc'ly, maX
1itm l'iCI :irca i Cie.II AI ;i);, 3.4 0. 1 or Al
allid 25+ 0[I lt AR. [ oltl1di. :Itter vicld 
I I )MN it 11ar1\ si (IIaleC i) v.ai5.0 10.I t ha for 
\l" rIri .1 ) I Ia tot .\R. 

d\citl pit hili'l rioi t ,lI h,-m J iiiniieant
 
ic'poin, to cithi tletili i or till-, hlbut II)M Y
 
arid Iresl, \icl but rlotIodl erll \\Cre tltrrillv 
i!' hii_'h
nil-ic' itik ',I I0 pilu ,II able 8). 1 eat

iieit 11mii;tiu,m ot ;riti yield v.cre Lftiiiritrhu.l. With 
.cti\hlili ituciilrn the\ slimucd 16 had the 
1iinriielca;ll. hilhet bit a suficientield, [it h\ 

iii Il h l tl (fecel) The 
'ild di!lIc 

rmaill is vi lielt111 el'h tillanIe. 
leit: bete\,cll RRind A.\iaerageofall 

till~ihel '! iilluhl$ ,lcilicnit it ).35 '(0.05 t hia. 
AR,plot p,,lpirt lIc,0i a,t i nliiritv tits410 cill 

'Ai ,cilinic dcl:ncd 7 d by the 3 Feb',is, Ion 
iairillal. il 47 cirlillploiill •plilted plots. Iti 
\ ll', ;ii', stc 47 ciii illlc dclaved plints, 
alld (7 cll illpilliilit lv planted plit". (tr spon

n:iiii t icild \tki rae tolAR alt A - alld of 
,
A thai \\itliuilh I sts (.1() 1 01)04 t ha les, pl-tiflt 

Table 8. Harvest yields of tctal dry matter, friesh fodder, anrigrain of CES ld-21 mtingbeai as affected by tillageand by
preceding cropping,' IRRI, 1986 DS. 

Grafin Yie~ld (t/hla) 

h
I iIlhql; Total iry maitter'' Frish llodd P'ltici 6 (1ifir Plirte) 13 (1 aftulrIt u /h ( la tdrnuiirnq dh ujfljlrq 

At At: A R AF Ali AF AR AF 

None ITO) 3.7 4.8 6.2 8.0 1.80 2.12 1.53 1.75C-invnt iond I 11) 3.7 4.9 6.0 8.6 1.79 2.17 1.47 1.76 
Deep-wll i,'dtine 1 4.1 5.1 6.3 9.3 1.84 2.20 1.35 1.67 
conlvfentoil~ l (-T6) 

SF 0.2 0.2 0.3 0.5 0.05 0.05 0.06 0.10 

M ,,an 3.8 0.0 6.2 8.6 1.81 2.16 1.45 1.73 
SE 0.1 0.1 0.1 0.4 0.02 0.04 0.05 0.04 

A aflter rice, AF after iallow. Frornp irimng it 6 d ngafter irailnilir, andAeX Itfiu J iots iocated-oil lhnreprilserhtatively 
shallow soil. 
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planting. Nioreter. he.ans, ol ditficulties as-
sociated \kitIh tillage e or dlav.,pcritIit.i [Is, yields 
plantilu wcrc lowest fo l ItI lbl 1. h \eld 
a.'aiitag (a+.agacc ol all tillal,) Ior promllplt 
lianltinlg ,,\ a-, cOiipIar.d ,.' hdill aseLc laN1tittild 
AR "as 2.1W-1.45 0.71 -. 07 t1hi. iidjeatinig,, a 
potetitial Itor itiprosln it ot tlltill'hcaitl .icIds 
foll ie-iritiitetl or rOFaitld loland ,icet 

(.71 I.45 .11 i. Such an itlproetiietit niieht he' 
;ttn;i hle tihtiI libreedite!• ,oil I llaa 'cillttiI and 

Ilic'thL'lt i u c %, IUel edslitinitc e tic sttL,i i the 
Lid\ Mauerepi de d s I-, Lt'lltiiittLed ltolot Col 

Itesii' tttli I at 

:11l~i111pL~I1I la I~c , t 1i;tItuh<'cII 

tll1th tII>- t t 'd ai:idlt ItieItIeliOl 

, ' a<+ u u.Cl, (-t ic'ic'ic", 

( i u "111 p),I) i .tt .ti hell 01\ it le tIcaI I l

I i , (II,I I , I i I)II IllItiti2 1 )A 

,tII lIeIIncC.IiI tliet iltt I ,Iiho)tit . 0 h[li;t\,,se i. 


, 
. -lihl hI !tti , ; I ' , limILter AR plt t . 

eLarstthcir ttllC't 

li cct i Pt iii ii i( theli leat. hci i 

'ssi h Is ClAalra rI 'litdiit Hla 

- .! 

it tadi;itc , lie 'tietlnirten- \CI( ,eitl;i to thos
I 

IL'+,Lt.'I ' L'l "]m+~'Lli+IIt+lI i\,timilclitall 

Riec) tillIIt-s iHutt'l tI ',tos\sItl tll u kip d .oil. 

(haitiicld It l(aioc llc \kili lie
lacd -rttels 

,La ili'> t tl] a K., i l d ' \Wl.(\ I tIll cii bittelld 
,if. ix , t, 


anlolt A Rl m'I \]" cokltillwll 

lk.tults Ii I)N l i' tt pl ii t"llipc."(d 

;id +P;I'c' 

itc iil st rtil . Itil.l 1>i i ill~ ci tt\liit i 

t- titl5 theIl I ill i)",. ) ilii, _lhltcliie 
tLpth tl -.. i , ;i lloli/\ .s. tal 
h(-2(1 L il "ilepll. and I ,,it.u, l Is Clfli clati ll ill 


ItJ~! i +,',l'ly IVCJc;u (, liIC lt.'h !hC dilit I+MtItCI 


ii tilltiiC i i tltiLil ilI pldlit t . il I h,11I )s ad 
thI Cl IItLn t , h adtIl ,', : td ilA l t C'MI,>ittflikt l l ,f l 

(1 -.li -llce l 98(\til I le c/tii li Ia,'eree .,ian 

-t'il (i,'l liCilIll ..I 5i IS 2 i 21 a ntl
Ihc ,'I ,,iWJI h (]I ;it (J.)-t) (ilI I11(1 Ill IhI' ,CI)'l 

,. l s I, n. u , l th ' ; i<-, AI\1 11h1111ah IhI l l _ t i 'W l l l il l all I II 
l ,I, C li t< l.\ R p++ h t+ , \ 1 \' ll,t t il~c d \t(.Ic,a t l l l ll ,-

0)-1 0l 1) V h ,. ahil' .0 . 1 tli ll [ ( 11 %okhi i c'tric 
ni lmI,.l : c q< l l t.( h k, i kli; l t iil .I ti lc., ( ", ; Hlt 

Illc'l i olu;in1 lc' ,', M,c' c ic ,li l lc l lt \ 1 i l d A R\, At.\ 
' CH(Vo t+l i lI li. ( *d iti !, al I "plvc'ilik 1lisitilic Ma u'ic 

, li khtlli s, -,li n t. lam 1<t, 5 , l+ i s,il ,]kl It. lh ia nt i Ih ch ldtIil 
ai i,.cust l tihe 2 Hoic[\ (.Hill:,-,putld lhl-,. B011th II andi<. 
I f till ai!,CIll I Q), td C u ,+.t i.dl~c l A R, aiiiL'a C 

AI . ()-2(0 CI.' ) rlin 14+2 to 121+2 kl~a. andit 

decreased tan 4) from 0.6S-40.04 to 0.03 W1.02. At 
I0-35 cm depth. C and , wer c\pectedlv Icss for 
10 inl both Al- ind AR plots. 

Ihough soil strcnth was hiuher ill A' plots,. 
hulk diisitv aild i lrC .ctelt at 0-2( cm depthtLoi+, 

w"ie Cach Ioi tihu tha l oil \I, plots dining 

-301)IAS. lth total aLd airhilled porosity M.ere 
c0ilcCLiteuitlv hIhglii ot Ail thIan oitAR plots and 

it ,.,itllstalidilte hlth ,o'il 'tetiutlh ilotttedt 
It i c \teiti\e twttilq2 ;I, tit Hitcdli I pinhoard 
-\posnrc at2.3, . (i Ii. iiid 1I %.. ialtirsc ding 
\ AS). Ilie"S.hiom <tdstr.I,.n,; :t : tI i t11 of "onsroot 

ii-li ,iiI l it ., \V \S t tle. -5 
;liItd 5-11),+:Il ,It I Ii, a' s,. at l ;it I \'i, A\.-- lI I()0-20 ,.c.m : 
imasis s ith pilled 

11 i i% %\' liC 

h 1ro ross I\t IC(1.'ll htoalrds aiI,,(
 

iac,'I.' )slt 'S il l .i, t iieC\ bhre..actise 

11 \kOH Idh C\ pe)le( 

-. lto "d that to.tal o i) Illa " t l-Il ile h depth, 

iseaCeto alltilhla,Vl t liaa \C ,tsa>, ah'ut (.4 t hi 

o iA plots,. ald ,hUt ). , t lia oti :\ pRlts: 
l)I'tCi \ l. to. t I l t>10-I()() em (i.e.. c.,.el itII 

thethick piitaliti sahot ii .2t haton : 
plt-,, cotm lcttd \k, lh 0.0 I l io .\ pit~t>,, lhtl AR 

Ilati\c ltrot l tth loitd C',relate sii lic tltly 
and itciitiscls siili the ctte inde.x ofsiil strelgth 
it (-2(0 cL a;itd ittih tiehhitt c i tieseasoit. 

NtiCthlI -,s[tiit ttlas, , ti C d lo lls. \\i Clte slightlyv 
i, tihu,' p< ,-ihkl h~c'c'iUm , I9M," I). ri et l i e 

;0' til l 5t+'h rc l rait. \ LI . . 

iLilOiciL +i tliv.th !!raIi l iuld )i(i ;i i ik:llitgl sttl it S itilte ht h le 
, ,,li. ,blld " tsL i-ifmiR 

0 neIt l t.' t l ili.t(tgsIi 


it h.lli %%an' ill 11101 ihrilli\ \C l C lI. lIIlC ,Cal'., , ]li!'hCu ). O I),~ itC' lIill 12)l~lii" IaC'k til 

l ic1) i,5)5t ltetill_tkl in 9 n, .ll nt l ic ts
d i dtI) I<\ Id u d IrCCl C\id IItC, l~d C ,\1 it , _ SiIll C,, t . - t 

liller ' 

0alol ledh stlp ti'lhl d ith el C"- \ iCd il 

Itig('d ll1I l ):Sint. pl usCe II-iCl thi sil 

IWOV, W) it) ,-,mii ilc' l[mo di,,tiltiton (lto 0 CI()(u 
ali l '-h c l l '.+lciiC .'Mll ( 1 0 4 0 I() ). [Ih e I i t > M. krc" 

",l +''luCLi i tL- I' ; C . t l , c es c'tli t l1 ' k liiilc dt h~ Ma~t otl Co mpa., 
,. i ct . l l MI ) S. il c, ail l pl iiii , \ , i t i ll)o (It l ,.~l l i g b: 
C",,t ht i l l ,.W h, d l. t i ii,, ' nClIu 'l ;',C Wi i l c; n 
( 1 0() 111) h i y,2hl u ;i t Ih l, pfi i ,li', I m (c~l im, t d plan t in g s. 

ill thoth \1 ali(l .\;,' l )'l<i,thi C1,CuC(cll '' l %% iCH uC 

Ic." fi mltupio p l alln h e 
.Ini 198.5 D)S, thcu p'takc: ol, N. 1) midt K \,%,is

h ig h a' d r h j, ()-2 ,S I ).\ 5 <,oil th a n in soilmu i n~pl ot,,cd 

Ldc2u-till,..' a~longl strips, oniv; dturin, 28 -57 I) ,,\ 

http:0.6S-40.04
http:2.1W-1.45
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uptake was higher with deep-strip tillage. In 1986, 
uptake of N. 1, and K from AF plots was highest in 
T6 during 0-22 ind 43-58 1)AS, and was eq ual (0r 
all tillagCeduring 22-43 [)AS: uptake from \R plots 
was at all stages "inil',r tor all tillage, and was 

SOIl, AN I) ('ROI' %,\t/(iI I-NI 3119 

aboul one-fourth lower than from AI: plots, but 
was nonetheless mich higher than in 1985. 

Grain yields (Table 9) and niutrient uptake were 
largei in 1986 than in 1985 because of seed 
inoculation, better control of leaffolders, and 

Table 9. Grain yield of DS CES ld-21 mungbean for various years and sites as affected by tillage and duration of possible 
reoxidation of the previously submerged rice soils. 1984-86. 

Tillage 

NJone 
Conventional 

Nanow tine and tractor 
Narrow tIme and winch 
Deep-winged tine 
Deep i shallow tines 
Deep-winged 4 conventional 

IRRI, 1984 IRR1, 

AF AR 

406 20 

1,9 1.2 
1.9 
2,1 

1.3 
1.3 

1985 a 
IRRI, 1986 a b Santa Rosa, 1986 

. 

AF ARhc AFb AR 

Days of possible reoxidarion 
70 16 

Grain yieldc (0/a) 
1.8 

1.4 18 

1.5 
1.5 

1.8 

Rainfall (nm) 

146 7 

2.1 0.9 
2.2 0.7 

0.4 

2.2 

33 47 64 nad 

aExcluding plots located on unrepresentativly shallow soil. AF - after fallow. AH after rice. bFor plantings at 6 d after 
draining. CF ron 2 pimings; standard error of differences - 0.1 t/ha. drNot available. 

Table 10. Effects of relay planting and through-the-crop tillaga on emergence, survival, growth, and yirnd of UPL SJ2 soy
bean in previously puddled clay loam soil (Vertic Tropaqueptl.a 

IRRI, 1986 DS. 

Plant Root extension Root-mass Shoot growth Ma;-immil GrainEmergence rate at 0 DAS- qnowth rate at rate at plant vielddeaths 48 DAD 0 DAS-harvest 0 DAS-41 DAD height {t/ha) 
(cn nlepth/d) (kg/hdl- (cm/d) (cm) hula) 

Relay planti 1- 52 9 1.8 2.4 0.96 48 1.09 
at 12 DAD, 
no tillange (RTO) 

Relay planting at 52 11 1.5 3.3 0.86 42 0.78
 
12 DAD, deep
 
tillage at 14 DAS 
(RTC14) 

Relay planting 52 9 1.6 4.5 0.79 37 0.63 
at 12 DAD, deep 
tillage at 21 DAS 
(RTC21) 

Planting 18 DAD, 70 8 2.2 6.0 1.05 48 1.11 
no tillage (T0) 

Planting 18 DAD, 65 7 2.0 6.6 1.14 52 1.25 
conventional + 
deep wingless tine 
jT6) 

S E 2 2 0.2 0.5 0.04 2 0.10 

aDAD -- clays after draining. 
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\\CIeS. more rail ftall, afd Io' r gro,,wil t .sea 
Yields '%,ire a o high in 1984. M,,lien both raillifall 
and potential c\apmirtio .. rt.lower than ii1985 

lbll9). Iabll lso neiitdesditl or ti leean 
ltos\k. Iie lt,,'ul In a Philip-Itltit:diatel\, alte'r 

pinc ttrtllii, Hl-Id and ,I t I itih:l 0iol ' 
c',,1l Itii (d 50l llh(i AhFtti fli It l at &ll ,iL I l 
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liiCti, \\cielC I 'itid 10, 

%\[iIItiI&'C MRad seeding, at 18 I)AI). 
Luncirgene was lower for relay planting, aid(1 

IC'14 and ('21 killed lo m1ore Plants thaln died 
nitturall\ on other trieatments (lable 10). Shoots 
tl)lioOt, ere latest oil 1 and TO: plants 
tihbi 'cltd to tllrotu'uh-th,'-Crltp till ge sho!\\Cl 

t tt",l iiIt '' 0: 

clcld ls tlL.til 
tid ,\;i-t"IIc, . I 11c 

+1til.al thit Ior 
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VARIETAL RESPONSES TO CLIMATIC STRESSES IN 
IRITP TRIA1.S 

hiterationalRice 7istiti Program 

The 1985-86 tnultilocation trials of the Interna-
tional Rice Testing Program (IIRTP) identified 
several breeding lines and varieties tolerant of 
variots climatic stresses. Complete results are 

published separately in the annual turSe-y reports 
ofII TP. Soie of the entries that perlormeld well 
across Iocations 
folIows: 

• IDroiht r,,' ,, 
Iholn rAmneld 

hotskiod ooweriecs 

From upland 
nurseries 

I-loil deepwaler 
nurseries 


ianrst \MinLIS stresses are as 

11112, IIKN672i-5-74 lRtill 1-448-
1-4, IIR1132-75-. I 1134-74-3. 
(1:1771142--4K-2S, IRI3259-133-
51-112 3. I 335-I -3-2, IR2 58,6
P.-31-1, IV,67T 


MR(U4S 7. 

I(VA I7 S I 

1136221-1-1 

6-122- 3, IR12672.1

1,144.RI NQ0-4,
S0 4 

-4. IR 160-B-4-8-
ItRK I" 1-arto\ 2?)8,I"iroxINIAI1415, IRA IIII. 102,IR,\l140, 

IRATI711, IAIM6, M55, I(O.75-
NIIII-NK I-I.S3-WI, 1()X906-67-
I-I 
ItKN6986-1, IIKN FR7(124-1()0-1
5-1, IKNIR76026-3-2-2-3 
IiKNF:(7035-112-1 tlKN-R7Wo4S-
85. IK N :R 7 0155- -60,-4. I ,I))W( tI114Il-I-I- I4- 1156-I. I )WCV i 
I-2-0i-1,
1 I , A 3-,I 1 
1-2-01 ,-UIJ% 1-,110- 1- 13-0,
•I Il;5-K -- ldanana. Ka19 

ioh~ra,~ 
B K N I"R "0 0t2 6,-"1- - -11 

I1KN1-R76042-Is--I. (NSii-1-17
2-. R I ,K 1)0.\ t~ll85-Ro'riell 

IR I 5-KRR--.2,It! t11103-77-
I 2 1-5- 1-I I 7370-I K23- 1 
SPR72t35 53-2 1-3. 1ilukachaii 

sIttemperture toleramt 

conducted in Santo Tomas, Batangas, Philippines,
where severe moisture stress occurred during the 
reproductive phase. The yields obtained in that 
trial were negatively correlated with the drought
tolera:nce score or, in other words, positively 
associated with the level of tolerance for drought 
(Fig. I). The local check l)inalaga and IRAT144 
produced the highest yields of l.3 and l.1t' ha, and 
most entries vieldeu less than 0.5 t/ ha. The IRTP 
Rainfed Lowland Yield Nursery conducted in 
Phitsarilok, Thailand, showed a similar relation
ship between yield performance and level of 
varietal tolerance for submergence (Fig. 2). The 
trial was completely submerged in wate-r exceeding 
1 i1 deptlhduring hootingand flowering. Themean 
yield was 2.1) t/ha. The tolerant varieties R P1057-

Yield Wo/n) 

1 2 -,
 

Y 1121-OlK 
*
 

O84 - :-071 * 

0 0 

0 0 

040 

0[ t .
1 r.--...-...
0 1 2 3 .1 5 6 7 8 9 

Drot. . t tolerance scaoe 
I. Regression ot'grain yield on drought tolerance score (0most tolerant. 9 -- most susceptible) in the 1985 InternationalRice lesting rogranm ( 1 1TP1)upland yield nursey conducted 
In Saulo Iflas, Ilatangas., Philippines. 

(I/ha) 

3
 

Baikat. ('hcok ll 29, ( ht'l fixeoll 
31. (hc lleoti 32, C'hina 1031)3 
I)iaounte-lri Iein-cluff-/c-lhll,96,-I-I - I-2: .K133, K335. K39

Queli-Ihia, Reinci. Sttjaice 45, Ia-
Mtli- Fat,Vasetoranlcl hi 

brouif' , i le 

H36119c- Ib-8- 1-4
 

The inportance od varietal toleranec 
 o r drought 
der upaid coditios is well illustra-ted by the 

results from the IRIP Upland Rice Yield Nursery 

2
 

= 9-j?
 

1 -- 092
 

.0
 
"
 0 to I I1 I l
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Submergence tolerance score 
2. Regression of grain yield on submergence tolerance score 
w(0-: ost tolerant, 9 -=most susceptible)railed lowland yield f0rserv conducted ininthe 1985 IRTPPhitsanulok, 

Thailand.
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184-5-3-2 and Mat Candu produced yields of more Yield (t/ho) 
than 3.0 t/ ha, and the susceptible lines IR 19431-72- 4 

2 and IR 14753-86-2 yielded less than 1.0 t/ha. / 
Regression analysis of the varietal yields on the BG367-4(b=1.I5)-// // 

site means in the 1RT3 upland yield trials con- / , 
ducted at 16 sites representing various degrees of 
moisture stress showed stable performance by the / 

/ , 

drought-tolerant variety IRAT144 (stability index / / / 

0.65). Hlowever, 13(;367-4 fiou' Sri Lanka / ,' 

outyiclded 1RAT 144 at all site mean levels (Fig. 3). 
In the IRTP lIternational Rice Cold Tolerance 2// 

,/ ," 
/ 

Nursery, a comparison of the flowering durations// •/, -IRA-44 (b:65) 

of entries at selected sites in tropical, subtropical, 
and temperate regions and at different elevations 
showed that the brced ing line K335 has a remark-
able dcerec of stability in duration to flowering 
(Table 1). 

SIMIU.AlI('N 0 'lOII:NIIAI RIC iPROI)tlCIION 
UNDER DIF'FIN1 \WVA I IIFR Ct)NI )IIIONS 

USING 1.(),,1('I 

Mltiple (roplfitig l)'p)artment 

A simulation model, I.()RICE, developed by the 
Centre for Agrobiological Research, The Nether
lands, was used to calculate I otential rice produc-
tion under different weather conditions. The model 
assumes optir'm conditions of water and 

nutrients and negligible influence of pests and 
diseases. The only variables affecting crop per-
fornance are weather, crop inaltagellelt, aild the 

/ 
/
 

/ /
 

NDR-6O (b-138) 

O - -... L__. 
0 05 10 15 2.0 2 5 30 

Site mean (/ho) 

3. Regression of yield of 3 selected varieties on site means 
(23 varieties, 16 sites). IRTI' upland yield trials, 1985. 

characteristics of the cultivar; these factors 
comprise the input data requirements of the model.
The model considers the processes affecting the 

growth and development of the crop, such as 
photosynthesis, respiration, partitioning of assimi
lates to organs, translocaion of reserves, loss,s and 

Table 1. Varietal diffe,ences in stability of days to flowering, IRTP International flice Cold Tolerance Nursery. 

Variety Temperate 

(I) (2) 

Stejaree 45 138 110 
Ching-shi 5 149 118 
Barkat 131 96 
K335 116 88 

China 1039 138 110 

Nontolerant entry 
tR 19746-26-2-3-3 NF NF 96 

Days to flowering at different sitesa 

Subtropical Tropical 

High 
altitude 
(3) 


Tolerant entries 
95 
94 
88 
80 
85 


Plain High Plain 
altitude 

(4) (5) (6) 

90 98 75 
93 108 71 
39 96 78 
77 84 73 
88 96 69 

94 105 73 

a1 = Szarvas, Hungary (latitude 47 0 N, elevation 85 m), 2 Vercelli, Italy (450N, 132 m), 3 Wangdlphodrang, Bi utan 

(37'N, 1500 m), 4 - Changshe, China (37'N, 30 m), 5 -8anaue, Philippines (17 0 N, 1200 m), end 6 - Joydebpur, Bangla
dosh (23°N, 8 m). NF - did not flower. 
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Leaf weight (t/ha) Stem weight (t/'a) Leaf weiyht Wlho)
25 - 5 -- 20 

2.0 4  •
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05 ~ ~ F M10-------........~---................Root weight (t/ha) Panicle + grain weight (t/ho) 
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D05 after ttansplanting 
4. SiMulatcd Mid actual distribution ol tital dry 
(iffeient plant organs of IR36, Plant Ihvsiolog, ) 
I RRI, 1986 )S. F -z flowtc-irig, NJ- niaturity. 

Total dry matter (/ha) 
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~00 
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Days after transplanting 

5. Simulated and actual total dry niatter of IR36. Modcl 
parameters from PIt. Physiology )epartmnitnt, R RI, 1980 
DS; actual data froni the International Rice Weather Yield 
Nursery. IRRI, Nov 1984. 
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Stem + panicle + grain weight (t/na) 
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- Stimuloted}8 -I----'°-I--° 0 

0 Actual dat8
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Days after iransplanting 

6. Simulatedand actual distribution iltotal dry matter to plant 
4 tparanicters from 1986 1)S experiment,tgans of IR36. Model 
Plant Physiology F)cpDartnient, IRRI actual data f om Nov 
1984 International Rice Weather Yield Nursery, IRRI. 



reallocations of carbohydrates from dying organs, 
increase in leaf area, and sink limitation, 

When the model was adapted to a dry season 

(DS) experiment of IRRI's Plant Physiology 
Department on the growth characteristics of IR36, 
there was 
h)ctween 
(Fig. 4). 
estilttatcd 

good agreeimctlt in trend and alilolit 
the sin ulated an' i actual dYrvciight, 
Hlowever, the yieldlirain %\;I,over-
because ot the highcr lcaf arta ilidex 

(I.Al) estimiated h the model. Ihe I Al acttiilly: 
nicastired was loet because of a high ritc of lCal 

sclescClice, whiCl waI apparetitl a ofthC0tetion 
high tcltIratUr( , CxPirItleed in \Ia' 196. Iligh
teiper-ature efets oi [voi rita wcrc not inco-

porated i tihe inodel, 
[hc moIdcl wls \alidatcd tiihlg the 1)84 )S 

International Rice Weather Yield Nursery at IRRI. 
Initial Conditions in the expcrhitemut wrc enltered, 

and ,t change w%%itsmade itt the initial pai titionitg ot 
the ;Issiniilaitcs to the leaves and Stemn'. Results of 
the validation are goM n ill igtrcs 5 and 0. The 

Grair yed 10wi) 

100 --

10 0 1-.. 

to - - - - - - - - - - - - - - - -
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model overestimated the total dry matter from 20 d 
after transplanting to llowei ing (Fig. 5). After this 
period, it generally approximated the actual values. 
Overestimation of the total dry weight before 

flowering was caused primarily by an overestima
tlion of stem and anicle weight (Fig. 6). The grain 
yields predicted by the model were close to the 
lctUal yields, and the harvest indcxcs were aLout 
the same. 

[le model was used to estimate grain yield for 
different planting dates in 1979-84 (Fig 7). The 
yields Of rice crops planted in January and 

:0bruarV werer estillalCd to be the highest during
th( year. Such plantings enable the crop to be at the 

rep rodctive phase during periods of high solar 
radiation anhighdiurnaltemperatureralge. The 
actual yields from the Rice (iarden experiments of 
1979-84 followed a Simiiar trend, although they 
were often lower than the estimated yield (Fig. 7). 

hc variability of the model yields over time was 
how. \viereas the variability in the actual yields was 

r- 0-1 

]1 --....- -...- - ;_--....--...-. __ ... - __l- .. _ L . 
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7. Sinuuutcd :ird ,ictualt tn;~nyield In ccki.v tIansptllgs IR3t) seedlhings. M'odel pdancters fromn 954 1)5':cxp,:rinmct, PlantIJ 
Phylxsiology De~partmecnt, IRRI;tactual data from Rice (idrdcn cxpecriments, Training and tlctuhnotgy "IransterDecpartnment, IRRI. 
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high. Some nov.;, cather factor (or factors) in-
fluencing yieid was responsible for the variability in 
actual yields, 

Model predictions corresponded well with 
actual grain yields f 24 trials in the International 
Rice Weather Project covering 13 sites iii 9 
countries (Fig. 8): 21% of tie trials werc close to the 
1:i yield correspondcnc,. line. 1i)iffrcric.s iII 
simulated and actual yields may have been caiised 
by inaccuiacy in the estimation of the initial 
weights of the seedlings, among other factors. It 
was only in one trial at IRRI that data on the hiitial 
weight at transplanting and periodic mcasuremlcnls 
were aval!4ble: the initial weights at transplanting 
for tic oth,.-r trials were ilterpolated rising the 
IRRI data. Also., solpe nollnweather and wcather 
,;tresse:s and nionoptiinal tianagenllt c(,nditltonS 
reported in tictrials were responsible tot Oil-
ferences in tileestimated and .icttal gritin vichi, 

A higher total accumnlation of riadiatioi dtiig 
the postflowcriIng phase was generallN Associated 
'Vith higher Vield , in tf tile model ad e.peri-
menital rcsut's. The model overcstilatce d all wet 
season (WS ) plantintigs. The adverse effects of 

:wlrlleld q~om ,.kltt
( ,hQ
 

2 ...... . .. .... . .......... .... 
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24 04 e/
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intense rain ---- such as lodging, pest and disease 
incidence, and other physiclogical effects --may 
have caused the actual yields to be lower. 

The model was tested fo- sensitivity to changes
in some of its variables. Changes in the initial 
Weight of the crop and the initial development 
Sille were foutld to affect grain yield significantly. 
le !Widcl is also senshtive to changes in soome of 
thc parameters of maximum specific leaf s'%eighl, 
reference specific leaf wkeight during the time of 
maulnun leiaf photosynthesis. and maximurn leaf 
photosynthesis. Runs of Zie mlodel 0it different 
:rsstinjlatc partittoihig tacles indicated That vare
lics hii e1_ patterns.uniquc partitioning Manage-
Illent plaetiees ill;tz'so cillsc (fiflerencos in the 
patiioninglariltel-Also, the actual temnperal tire, 

s1ililtonl IraInspliflititie to flo scrinig is a better 
pIreictor of phtiolo, different locitions than aiat 


cotistal tcinpeattir- suil. 
ih i model as a whole rcason-ably estimated 

actual viclds. Improverlic ntsican be made if mote 
accurate (ftal on 'au-iabhles that significantly affect 
yield 'irc availahle and if low or hizhlitemperature 
';!re< t't,c; are inclrporated in tle (lodel. 

IO ' ')I111 MFf' WA 'II i ,,IA\N(' SOH, 

st."; {It'tN('I-.,
YIF Il)S, ANI)SIM(t.AiIONS FOR
 
1qPLANID tz (F
 

a 

For upland rice grown along a gently sloping hiil 
toposequericc. 19NX3-85 WS experimentsninied deterthe coudihhits uinder which uptake of' 

hlo roliw ircnincrease growth andslialow grtindwtandc 
They also id icated that hydro 2ical effects 

may inr;art be iedf iated chenicall,,as by Fe:M n
balance,or holog ically. as Ihrough weeds and rice 

-,,/i/,,°/'/""finidings aind Ito,/,,'.~ blast. Rescatch in 19S6 \WS sought to confirm theseevaluate ;inumerical Simulation 

-

7, 


I 7 

2 6 

Aclual grain yield(1ho) 


8. Simulated arid actuil grain vicd for24 trials at 13 ocatiors, 
International Rice Weathe Prloject, 1986. R = 0.66.IRRI,
Numbers represent individual trials. 

PRICF1)U(1 for growth , yield, and water relations of 
/uplindrice o)i a top)osequence. Otne component ofUPRI!CY sinlilates irradiatice interception and 

photosyntlesis by rice leaves. The defoliation 
of rice, as by yellow stein boer. rind its effect 
inon photosytlt;hesis and yield may therefore he 

simulated by i variant of UIPR ICT coded 
UPRIPE. Til,.1986 WS experilfie tis tested 
UI)I bv iniiat mug stem horldamage through
nechani.il defoliation (detillering) of' chosell 

http:nechani.il


proportions of rice plants on designated plots at 
specific growth stages. 

In the field of-lypic Hapludoll soil that was used 
in 1985 WS,measurements in1986 were made at 3 
Clevationls along the topOscciuieiicc. From 1985 
results, avera,,e depths to the water table wer!e 
predicted to differ by ahout 30 cm between lower 
and intermediate and between intermediatc mnd 
tipper elevations. At each elevation there were 5 
replicate 9-X II-m plots, illeach of which wcr' 
monit ored the soi! and crop (IR36) variables that 
are needed to operate and CvalatC the I t 
simulalio'i. The variables incltided plant height: 
leaf'area: root density: dIv nattcr, straw, and grain 
yields: soii-w'er contelt and presreC ;hydraultic 
conductivyt\: v.ater-retcnlio characteristics lite 
soil hori,on in 0-1.0 in depth: ittd depth to 
grotlndwatcr. Intercepcd pllo sytllhbet cally 
active radiance (PAR) was tonmc;tsorUed selecc 
plots by tube sIlarict1,s t nd rdijme nd a eilo-
ineeortoloical recotdiitc, wer mc id;tt a nearb\ 
observatory, 

For the I PRI 1 evalhmtion, )additional I' 
Il-in p'ots.,\rc establisl;cd, all at the saulc (lower) 
elevation so that tC,eftCIs of dCuliation would 
riot be Colf'trufcd hv variations in depth to 
i.round' tier. In these 9 pitls, defoliation ol IR36 
at 3 gomth sagces hit.kini tillLring, particle 
initiation, ard ,grainfilling) at each of 3 icrstsities 
itvo'ed cutting at i.t above timnd level 0.!i. 
arnd 301 of the tillersin1.0-1i stul~IiC sibpits. 
The IPRIPI plots \ere loeated ;lllolltit|td 


alongside the lowev-elevition FPRI(F plot; i) 
such amanier that itthis lower clcvatMi 10 llthts 
were available fort,:altating I PR I(T. The plots 
serc arranged in 2 blocks of 5 replications, witl 

Table 2. Hydrological features, IRRI wet seasors. 

Season's Season's 
Year and total number of clays 

crop s,,ason rainfall of rain >1 mm 
(mm (d) 

1983, 1 Jun-30 Sep 1158 64 
1984, 1 Jun-30 Sap 910 72 
1985, IJ,.-31 Oct 1616 68 
1986, 18 Jul-3 Nov 1689 73 
1975, 1Jul-31 Oct 894 60 
1960-84, 1Jun-30 Sep i034 67 

m~'olt asulrn.. 

C.IMAHCI ENVIRONMEN AND 397A)RICE 

average soil-surface elevation differing within 
blocks by <3 cm and between blocks by only 12 
cm. The lower blocks were designated IA and IB, 
and the blocks at the intermediate and tipper 
elevations as 2 and 3.All plots at all elevations 
received appropriate fertiliiation and were reg
ulrl*y monitored for plant health and incidence of 
weleds and insects. 

The hydrology of 1986 WS was similar to that of 
1984 \VS: rainfall of 5 mm or more occurred on 
55 d, and rainfall of I Mill Omorc ol nearly two
thirds of the griowing season days, with no rainless 
period longer than 2 d. 'total WS rainfall 
(1.089 mam) v\as 0(5( higher than the long-term 
mean (Table 2). li conscquenc of this ,otal 
amontnl and distrn,btion1 of rainfall, soil drying at 
0-26( cm proceeded only to -0.02 iPa and did 
not affect rice growth, and maxllillll depth to 
e-roundwatcr attained during 8-10 wk after 
seeding (WAS) arid again .ust before harvest 
(1ig. 9) was nto larger than 70 cm at the lower 
elevation airnd120 Cr at the Lipper. Conclusionls 
r- the 1983-85 experiments :ndicate that suchfrom 

hydrological conditions should not cause it rice 
Vie Iresporse to elevationtalong the toposequerce, 
and 1986icasrrencntsofhigh precision(Fig. 10, 
lower ctrrvct confirmn that yield variation along the 
toposeqlltiuce was not caused by variation in depth 
to water table. The tippercutrve in Figure it0shows 
that 1985 yield dependence onl topost-quence 
posuiton is very similar to that of 1986. [oth 
curves shiw lower production at the intermediate 
elevation, in part becaIse of less favorable profiles 
Of soil strength'I. At allelevations, these profiles 
contained itt m 2 horizons olincreasedtheir top I.) 
soil strength -* the first rather weakly devcloped, 

Season's 
number of days 

Driest soil-water petential 
at 0-20 am depth 

of rain >5 mm WMpt 
(d) 

39 -0.10 
48 -0.06 
48 -0.10 
55 -0.02 
38 _a 
42 _a 
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the second more strongly. For plots at elevations 
IA, ! B, and 3.grain yield Y (t, ha) related to depth 
), (cm) to the first (shallower) strong horizon as: 

)'--:I2.37J0.Ih)-T(00)5:L0.X)4)/f),
(r(x .32, -- 15 )5 )1-1 c(1)1 ,-'55 

Waterabe depth (cmr 

4s 
4, 1 1 

dless 

/Y 


..... ... 

,I.v(to, C,,ti'x70. C I 

0T 

Sincrease 

-. -. ... 

Co 2 , 2 14 

'¢;el, s<), 
so,,n
I
9. Scasonal proprcssion at depth to1water table at4 topo-

sequenc tls IRRI. t(186W .IItics. 
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Ups,<pe dxs,0nce (cm) 

10. (irait, yield of upland IR36 at 4 upslope distances along a 
toposequence, ItRI 1985 and 1986 WS.Bars indicate I-SN. 

The coe~ficient (0.005±0.004), though non
significant, isuseful for subsequent comparison. At 
elevation 2,depth ),varied little between replicate 
plots; it generally was shallower than at otherelevations, as was depth 1)2 to the second strong 

horizon. Yield at elevation 2 did not conform to 
eq. I but did rt HAc to /),through: 

)'x (0.214)22)( i(0.026 (0010)/)., 
(r 0.84, n 5;W) cm -. ,-85 cm) (2) 

related to 1), rather than to1)-
trog hoi.on was less developed and the 

vertical separation )2-1)1 of strong horizons much 
at elevation 2 than elsewhere. 

or elevations IA, I I, and 3,as for elevation 2, 

_)is because the first 

\"corrclared witi 1), more significantly than 
with 0): 

Y (1.06 0) 5) 

it ()6?,T 

Eq. I, 2,and 
with depth of root-exploitable soil; the 

highly significant eq. 3 is cnsistent with our 1985
findings for inungbear)oil i neighboring upland 
soil.
 

Rice yields were lower in 1986 than in 1985 

(Fig. 10) partly bcause the 1986 season's total 

solar irradiance was lcs and ILAI was lower-
2.7±0.3 at 8 WAS in !980 compared with 3.3±0.2 
in 1985. The photosyntlietic efficiency with which 
the yields were prodIuced was dletermine(! from 
Mneasurenments if the seasonal progros,;ion of planta (iass iecrein:nt and of' total and absorbed PAR. 

For 1980, efficienicy of- usc of IPA R averaged oveir 
thle growin season was 2.7"1. For eck.vations (IA,
IIM, 3) with approxinmately equal yields, Figure II 
shows that the t'erilodynamic eficiency of using 

absorbed PAR was roughly constant (-3.5%) 
during 0-60 d after seeding (I)A 5), and declined 

ter 60 I)AS to ahout 1.5('( at 109 I)AS. These
efficincies are generally less than, and their 

seastonal progressions different from, those in 1985, 
possibly necause of differeoces in leal concentra
tions of N and other elements. 
W ithin ridividual plots in 1986, variation in rice 

growth had hoth hydrological and chemical causes. 
The intense and persistent 1986 rainfall during 0-8 

WAS resulted in several days' sutlbmergence of the 
soil immediately upsOpc of the terrace boards. 

i ((0.010(1 ()(N.MI)
10t llI tI "I (3)Si
If.11) Cot1" 5 CIII) (3)4), 


3 each indicate that rice yield 
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Thermodynamic efficiency (%) Height difference (cm) 
5 
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7 
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Days after seeding 

II. Sca:.mi i l thermod ynamiccl %ol?0()ic 60al IrsCsiu Ir ic I 0 80
 
upland 113 if] ahorhed 
raidiance. Fls ,,t I 1ll, 3. I RRI,1i)5( WS. Menupkmt height 0e 

us+inii photosyntietil activ. 
(cm) 

12. I)ilerCn.e within plots in tipland 1I136 height between 
plants near upper and lowr plot boundary hoards as related tow'as: lt- lowlatdAlthot i l R 36 bfrcd conditions, mean plant hight, WAS, and whether plots wee subtstantially 

tils SItbibtlcnig IcssenCsSCSh al'(sIwe deter- Su blnerged (S)or not su bie rged (0)iler prolMoged heavy rain, 
tllieCd by collipatintt heights of ptints near the IRRI. I)M WS. Dl)ata Points ill indicate that plais were taller 

n;illthe upper hiutdars; hits indicateJ SF:.upper (less subCrgCd) tlowCr subatnd Itnhtlc 

merged) boLtIdaries withIin itdlividtutl pt s,IId by

classifying all plots aCeording lo thc proportiotI Of samplings at 6 WAS were by chance neat lower
 
their areas thal dtllting daytinic in 0-2 WAS plot houndaries and showed that plant ntass Il 
rem aited suunttrgCd for 4-S h alter 3- or 4-d moresibincrged plots was22:+- 12i(.5±0.8 t/ha)
rainfall totals ',51mni. Figure 12 shows the lower th ,tinlCss suthtlerged plots.
 
average dilicrcnce, ,ititt plots, iti height ifplatts Shoot concentrations of nutrients and poten
nearIlite upper aInd lower boutndariCs inl relatiot tt tialiv toxic elements were also 
 Conpared for 
mean plant height, WAS, and whether plots werc regions within Individual plots that showed con
substantially stutbrnerged (S) or not (0). Diff'erttccs trasts of poor and good growth. Stich contrasting 
were apparent its Carly as 2 WAS following heavy regiorts tIstlally bti not always coincided with 
rain durintg germination and ernergence at 0-5 submerged and noltsubmerge<l regions. Concen-
I)AS; they increased until 4 WAS, ind thereafter trations (as total for each element) differed most 
\were constiIatnt untilcrop mttuliv. I ml 4 WAS, for Al, Fe, tid Mn. Table 3 shows that the 
plants near the tIppcr boundaries ot) S-plots were concentration of Al in poor growth regions ti 
higher than lowet-btndary plants by 3.3 cm. elevation 2 was toxic, and that in good growth
Norcover, altlng tileS-plots, Ilifferences were regions was highest at clevation 2,where yield was 
larger, though not significantly so, for plots with lowcst For Mn and Fe, concentrations in regions 
tlore cxtensiv, or pholottged sublmergcnec. FIor of hoth good and poor growthI were within toler
(-plots, mean difflerence after 4 WAS was 2.I en, able limits, although Fe in poor growth regions at 
consistent ly less than for S-plots. However, the fact elevation 2 wis nearly toxic. But the Fe-to-Mn 
that for 0-plots the aerage was significantly ralos varied more: in good growth regions they 
pe :itive suggests that Il-plots ittay also have were all below the growth-litfititg lower limit of 
sutilfered some tobsCrved (perhaps nighttime) 1.5, and itt poor growth regions at elevation 2 they 
stmergence that lessened seedling and plant \etc mark edly higher than the upper limit of 2.5. 
growth near the lower boundaries. Aboveground ]ccattsc tihe total ele ntal concentrition of'Fe 
dry matterconfirmed this effect ofstimergence is nil a good indicator of' Fe available for plant 
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Table 3. Plant concentrations of potentially toxic ele- Table 4. Leaf concentration and accimulated shoot con
ments in poor and good growth regions of IR36 upland tent of Fe+ 2 in upland IR36 at 27, 56, and 70 DAS and 
rice on a toposaquence hill slope at 77 DAS.a IRRI, 198i at various elevations along a toposequence. IRRI, 1986 
WS. WS. 

Elevation Good growth Poo; growth Fe+ 2 concnntration Fe+ 2 total shoot 
code region region b 

Elevation (ppm) at content Ig/ha) at 
.... . ... .... ............. ... ... c od e .. .......... - _ . .... ... . .. ..... .. . . ..
 

AI (ppm) 27 56 70 27 56 70 
1A 115 - DAS DAS DAS DAS DAS DAS 
16 115 
2 170 362 1A 60 32 37 12 76 126 
3 158 172 1B 66 33 39 16 99 145 

Mn (pptn) 2 62 31 37 13 64 125 
1A 106 3 58 35 36 13 79 148 
1B 103 - SE 3 2 2 2 12 16 
2 220 65 
3 233 62 

Fe (ppm) 
1A 107 was 2.4-4.3 tiha. The average yield inthe fertilized 
1B 104 area was ha obtained for- thus larger than the 2.5 t,/
2 172 2693 158 127 fertilized IR36 in the toposequenlce study (>lg. 10), 

Fe:Mn where individual plot yields ranged less widely ( 1.9
1A 1.0 _ 2.9 t: ha). For the new areas, the higher variability 
1B 1.0 - of,growth was confirmed hy the measured coeffi
2 0.8 4.3 clents of variation for plot yield along3 0,7 2.0 50-rn 

b transects. The patterns of variation across the new 
DAS w,days after ,owing. Poor growth regions occurred 

only atelevations 2 and 3. aeas were coinll x and were not related to the 
equIallv complex variatiosli iIldepth to glotlnld

water and indrainage hydrology (as in the topo
growth, measurenents were alsoimade inl 1986 of sequence studyV, rice Wa:; not expected to benefit 
active iron Fe 2 1,cat siatples were taken oilall from grotlundwatcr uptake in1 1986 WS). Soil 

'-pllots at 27, 56, and 70 I)AS, and Fc was profiles to 100 ci depth at 22 locations oil the 
extracted with 1.5(:( orthophenanthroline solution larger of the new areas each contined I layer of 
at pF1- 3. ('oncentrations were above tIe deficiency high strength, at depths between 20 and 35 cm. The 
linilt of 45 ppm at 27 )AS, but below that at 56 hoposequenec fICld generally had 2 strong layers in 
and 70 1)AS (Iable ,4.The concentration was () 0-1(8) cm.T he smaller of the new areas has not yet 
less at elevationi 2,whecre grain yield was lower. The been surveved. For the larger area, grain yield 
accu niulal ion of Fe' in ahovCground plant tissue correlated (P - 0.10) with soil depth above the 
(Table 4) was about 13 g_ha at 27 DAS, 80 g' ha at strong layer: 
56 I)AS, and 130 gl/ha al 70 I)A ,. which was 
probably sufficient for rice growth. The lm yields ' t i4) (' 
in 1986 were not caused by lack ofl - nactive Fe. (r 0.21),45: 2) cm. 1), .35 cm) 

The spatial variability in growth and yield of Within the large uncertainties, the paramneters of 
upland 1163 in 1986 WS was determined on two eq. 4 are consisttent with those of cq. I. If the 
areas of newlv cleared land adjacent to the IRRI yield-depth relation isreal, increased availability of 
upland farm. 'he areas were roughly rectangular soil-water deriving fron extra soil depth is not 
(45 X 100 and 50 XK130 in) and hamd a 2('i likely to have been the reason, because surface soilslope. The 
smaller area received no fertili/er, and the average staved persistently moist in 1986 WS. Whether the 
yield from 26 harvest plots of 2.0 X 2.5 Ii was mechanism is nutritional through increase of' 
2.2 t/ha, with a range of 1.2-3.4 t/ ha. The larger cation exchange sites Or physical through 
area had 90-30-30 kg NPKj ha. The average yield improved aeration or another process - isyet to 
from 45 harvest plots was 3.3 t/ha, and the range be determined. 



CI MArI(' INVIR ONt.N .\NI RICE 401 

SIMULATIONS FOR IROWI'l AN) I)IFOI.IATION toposequlenLces. Comparisons of simulated and-OF tII ANI) RIC measured yields (Table 5) show that, at. upper and 
.Soily um/ Ihwttj /O .y /)paritmets lower elevations, the measured mean yields were 

much less than simulated values, indicating
A verage toposq tuenct- vields differed between perhaps that aclual vields welC colst rained by
1985 and 19086 in part hct-iisc of solar irradiance processes not includCd in thC simulations. If theFig. I0)). lotals of WS itradiaince also explained Sevcerity of the influence of such processes was 
some of the IR36 yield variation during 1983-86
 
(Fig. 13). I-lowever, corrlations such as in Figure
 
13 cannot explain the absolute aimgnitudes either ( peld (I/ho)
 

of the grain vieds or of the rcgrCssionu c CfHIeiCnl, ---

1 cq. I-1.. PIrcdictions or .!rahi yiclds in differelt
 
years and onl different soils should lhwiclor.che 1985
 
soughLt inI dctcrtnuinslc crop-gross th xintu['athot;,1983
 

such as the I RRI-(.littrc loi A,g ohiolhwicil 186
 

Research (i4eCtherllands)I I'I(., Mlhicl svnthe
si/c the interact ix,. lfchct 0i \,ethr still,and
 
physioloicial pri)cesscs. / 4 


This mndl l.s lseil to. suilulate IR 36 gritlt t ll 

upper alnd h,\l,+_'l clc\iltitu otl thttce IR R I ll o
Se(lUticus ill ,)83,. 985. and 19W6I lccip-shater
 
balaic' componclt ol the silt1itatiort requires //

\Vt:.'I ltc2llolll mid \V1V lilli"ll~lhtl t.lialfaI- S 

, 

tcristieS an.I tnci.suicld ilnitial soil-w;llr c<ltnteIt lot I" 
the distlct s"oil La\ts witlhin crop looting depth, ;Is .
 
well as dailt\ rIcasutd v'alites depth t water
alo 
table itlld V,_atllet aiaie,, \\,atcl ltetio iid I - -, 
trallslissisolt cilt lacteltcl" 'S rltas s.lIcillics ie Y 
estnilCd tllroUch CotlcltiotI, ,\%ith soil texture: o1 

-

5 20 
ho eer. the chtractcristics ofl IRR I, VolcielII Soills ,i,: lc (GJ/1n)l. 

aC beyond tile valid tIlL ()I these L-orte.illtIlls 13. Nict luk-d Ileiln tIItll iCIt01 mIId 1106 ill rlitioni it 
and InCd therIOre to hC ICilstlrML Ilo t le Ik I ,S IWt,,solal ilialkc t RI 1l,'3-s WS. 

Table 5. Sirmtlated and measured IR36 graii yield ill upland rice WS tot-msequence experiments at IRRI fields UO1 (1983),
UQ2 (1985 and 1986), and RF34 (1986). 

yield (t/ha)
 
Year xit field ... Irradiance 

Measured mean Measuired lrilest SiMUlated (GJ/m ) 

i ower vlevit a io i 
1983 UOt 3.3 3.tG 4.5a 1.79
 
1981i U02 3.6 4.2 4.7 b 


1.86 
1986 U02 2.6 2.9 4.91) 1.64
 
1986 RF34 3.2 3.9 4. 9 a 1.64
 

Upper elevation 
1983 U01 1.8 2.3 3 .9a 1.79
 
1935 U02 2.4 3.3 

1986 U02 2.5 2.8 

4 
4.9 

.8 b 
b 

1.86 
1.64


1986 RF34 3.3 4.2 4.9 a 

1.64 

a Estimated soils data. bMeasured soils data. 
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random across sites, then sonic individual 
measured plot yields might approach simulated 
values more closely, as indeed occurred (Table 5, 
"measured largest"). In 1996, the measured mean 
and largest yields were lower (and further froin 
simulated yields) for the longer-used field UQ2 
than for the newly cleared R F34, possibly because 
of nutritional factors as suggested in Table 3. 
Moreover, 1985 UQ2 predictions indicate a need 
for modifications in the simulations of initial 
growth and of ripening-phase phenology. 

However, the simulations of soil-water processes 
were acceptably close to reality. Measured and 
predicted soil-water contents for various 1JQ2 soil 
layers during the dry period witbin 1985 WS 
usually agreed to within 0.05 unit of volumetric 
water content. 

Simulations by t IRI 'E of rice growth under 
conditions of mechanical defoliation must await 
tile of UPRICE. The effectsfurther dcvelopm,_'nt 
on IR36 yield of' mechanical defoliation (detiller-
ing) in 1986 WS are shown in Table 6. Yield was 
hardly affected by defoliation at maximum tiller-
ing. With defoliation at panicle initiation or at 
grain filling, perccnta e yicld loss was equal to the 
percentage ( 15 or 30) of tillers removed, 

MIAStIEIMI NTO1 S(il.-,XAIFR RI FNT'ION 
ClIARAI RISTIS(5 

Soils !Deprtint 

Simulation f upland rice growth requires water 
retention characteristics for the distinct soil layers 
at each specific field plot. Within-plot variability of 

-tiese characteristics requires that replicate samples 
be measured, usually on a pressure-plate extractor 
using vertical cylindrical samples. Ilowever, eachsamplereiresc mn dcaystace wv equilcru 
sample Iequires any days to achieve etluilibrillu 
at the driest (-1500 kPa) water potential. Because 
tile
time to altain equilibrium is proportional to the 
square of sample height, tests were made to 
dctermine whether for IRRI upland soil valid 
water-retention data can be obtained if the 

equilibrium tie isshortened by decrasinrig sam ple

height 'rom 5 to 3 or 2 cm. l.essening of sample 
height also allows more samples to be equilibrated 
concurrently in one pressure extractor chamber, 

because more layers of extractor plates and 

Table 6. Decrease of upland IR3S grain yield resulting 
from mechanical defoliation (detillaring). IRRI, 1986 
INS.
 

Grain yield decreases for 

defoliation intensity of 

Time of defoliation 15% 30% 

t/ha % t/ha % 
Maximum tillering 0.19 7 0.06 2 
Panicle initiation 0.35 13 0.74 28 
Grain filling 0.43 16 0.74 28 

SE 0.12 5 0.12 5 
aGralnyield with no defoliation 2.62 r 0.04 t/ha. 

samples can be accommodated. Measurements on 
3-cm- and 2-cln-'ilgh samples of 5 cm diameter 
were made for 5 depths in 0-50 cm on 5 plots of 
field UQ2. Water retention curves showed no 
systematic bias among sample sizes and showed 
variation due to sample size comparable to that 
between replications. Values for tie quantity of 
water retained (between -3 and -300 kPa as 
calculated from tie retention curves) were in close 
agreement at all soil deptlhs (Table 7). We conclude 
that valid data may be derived from the 2-cm cores, 
but at least 3 replications should be measured. 
From such 2-cm-high samples, we determined 
(Table 7) that tileplant-available water-holding 
capacity (-3 to -1500 kPa) was almost constant at 
I I mm water,'I0 cm soil for all depths in 0-50 cm. 

Table 7. Effect of sample height on moisture retention asmeasured by pressure extractor for various depths onIRRI Typic Hapludoll upland soil.0 1986. 

Retained waterb) (mini Available water
Soil laver per layer from samples holding capacityc

depth of indicated height (mim)per layer 
(cm) from 2-cm-high 

3 cm 2cm samples 

0-10 7.0 1 0.3 6.4 ±0.6 11.6 ± 1.2 
10-20 6.7 t 0.5 10.2 ±5.4 ± 0.5 1.9 
20-30 6,5 ± 0.9 7.0 t 0.8 10.7 ± 0.8 
30.40 5.7 _ 0.1 6.4 ± 0.4 11.6 ± 0.7 
40.50 6.6 ± 0.3 6.3 ± 0.4 10.9 ± 0.8 

0.50 32,5 ± 1.1 31.5 ± 1.2 55.0 ± 2.6 

Avragoe of 5 plots dispersed among 3 elevations, field 
UQ2. Botwean -3 and -300 kPa. CBotwoen -3 and-1500 kPa 
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MACHIN--SEE!)ING OF RIC', MIAIZI-. AND the inverted-T seeder i. previously puddled soils is 
MUN(;IFAN INTO1ILANI) SOIl, reported in the section on Tillage and Management 

Soids 1tul Ag'ricuttural Ltrginecrin, ielartmnts of Soil Physical Conditions.) 
Seed zone temperature also was affected by soil 

Initial trials fur upland rice of tile Massey structure. Midday temperature at 3-5 cm depth was 
University I R RI iver ted- 'seeder were promising 35 'C on nontilled machine-seeded plots and 34 'C 
(Annual report for 1985). Trials in 1986 showed on manually sown tilled plots. Interactions 
that machine planting of larger-seeded (IIRlAT13) of temperature with soil-water potential are 
and stmaller-seeded (N22) varieties gave acceptably also important for legume germination Growth 
high rates ofenrergence (lt hough lower than with chamber studies of' sIch interactions, using 7-cm
manual seeding), provided that tle voltimetric Soil- deep beds of 2 mm sterilized upland soil crumbs, 
water content exceeded 0.30. lhe machine was less were Made for soybean varieties 1.JPI S.J2 and 
effective in planting the larger-seeded varict., t IPl SY2. The optimal temperature was 30 'C, at 
despite the tact that tile distribution of soil which both varieties achieved 70% eriergence 
aggregate si/cs should favor tile germination of (Table 8) in soil between -3 and -40 kPa. The 
larger seeds. \VC studied til effect of aggregate 
sIes on seed emergence for manually planted N22 
seeds oil\. EImiergence increased with the propor- Lmergence 1%)
 

tion of ,geg-ca;ltes that were small in relation to
 
seed width and thickiress ( lie. 14).
 

Inverted-I seeding into upland soil was also 90 
evaluated for unie *rdnurrngie~r. In a sandy clay F 
loani, machine seeding into titillCd or coriven
tiorally tilled soil gave crncrgence rates of 1.7 80 
(rri],i/c) and 4.))(trllgbean )times higher than for 
manual seeding into tilled soil, With marmnal 
Sow\ing, n1ri1' seed-(ts did not gerrmiate, despite the 110-L 
\cttcr seed /one soil (-I I KPa pitertial) at sowing j4ul...........L 	 

than in ie uirchirr-seceded plots (- 14 k Pa for tilled 0,40 4 50 55 60 

aind - 19 kPa 'll noli iled plots). lhe so Ist rurtr re Percintage by m ss of aggregates < 2mm diameter 

created hv t Ie cr w is betterIble R of 	 hand-sownic ac lilln's so I I)pe h I 	 14. o telatipercerage noergcnce of N22 
,phind Itic, to percentage I v -;ass of seed ionc soil aggregatessced han tire 2til ctcr. 

IrIIIIrIIlV cleated (lireHCte.per rli[ cc of rI%,,iouniit c \atci cmt,:itt (132-0.35, IRRI. 19S6. 

to sliply \\iter for irnbihitior en ,millet rthatn tYp)ic Ilapttdo llsiltyctayloam 

Table 8. Maximurn prtrcenrtatia of emergrj ,ic arrd range of soil-water potential within which emergence exceeds one-half 
maximum for 2 soybean varieties at 1 tem)eratures.a IRRI, 1986. 

tJPL SJ2 UPLSY2 

Maxintuti Water potential limits Maximum Water potential limits 
Tenperature intrlience itr halt ,lairimilro emergence tot half maximum 

rate ntl erlcV rate ernrence 
( C) (%) .%) .. 

Low;r Upper Lower Upper 
(kPa) (La) (kPa) (kPa) 

20 35 nd -2 60 tid nd 
25 45 -300 -2 65 -300 -1 
30 70 -300 -3 70 -300 -3 
35 55 -O0 -1 50 -100 -1 

aSeeds were sown dry into beds of MMni rumts of tR RI upland soil Growth chamber tad j0%relative huinidit'. nd = 

not determined. 

http:132-0.35
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ranges of soil-water potential suitable for soy'bean 
emergence were less easil' determined than for 
mungbean (Annual report for 1985), but Table 8 
does indicate interaction of' temperature with the 0 O -T (D N N W o 

-j 0 0 0r 0 drv and wet potentials corresponding to one'-half (3 > C- o- N 

of" lixiIllill 'ilergence.[I' decline olciii gcnICe Mil N"tso m ,-1 03 ,,1.(t)N, Min wet soil was caused by " stlerili a t ion tret m ltilal attacks despite E p LOon o 0ntls. ,"t2 0)and 25 OC ' t1) . S Y 2 E, ..E oIL . 

ucriminated nurc elfectihev than [I SJ2. "0 

C,0
." ()10 'rl- )\-IFS ,.*-(rt)I.( \V tNl I I' )I .\ it t.I(Y aN tt~~t otA 

- 0l)(,N 
CI.C O- -. 

)iI'IIll )(DIM(l ('2 N 

At the tipper lUitt\atio f the to pol,ClierIce fiCld, 
'0 

"0 t r )w o a)ou (N 

iitiighca n (FS 1d-21 and so eanh Il l. 1".1 ;c v -

e",ich '.l n aI\llt I ree ioM\, 5 cin p during 1986 1)S c 
inaCullahorati C\pCc' l ciet \\]itllite 

,fl kcadnlw, I-1iLpll. thle Intern-ilOnll Fe~tilli/tI 
I )c',A poent (enter. md the nltrnwilonal Ilnsll-

>:i~est 

T 
. 

__J cq cC)C - . LI (q Ci q 

lute td 
25, 5(0. 
ofi 

I Iol .ieIl .\LuI icoltitre. Thu row s aeine.s, Ut 
,mtd 5 cm ,Cn ritcd plaint p ptilatiutluS 
t (a.h0 . ',mid (.2 million plants ha,. 

u -o--r
0 

t 

-i I 80,< )o (N 0 

respect iV'l . l:11tUee Mii sed lin culnel 'icewteet \\ji 0: 0 c 
aclhieved hv i 20miild ,'l(VCNll illt, iL-L rintion . [heInl l ughal l ~lCb'i\cd 51mad 5-1 iini tit' rllh -IC 0 

> CD 
1 <, 

C )C 
z im~() 

D
(D 

( 0'(
N s O (N 

btstlleuM i 1 9 N
t 

'larl (etmdi( l .aI mit l cit pt..cti\c harvestsIliltl 1) A pI~l. 
1)()Iclltl~ll IranspliraItitu l 

0 . <I 
m 

a\eraged 3 11111 d, and depth to water t:blc vaihed 
6 C 

between 1.) and 2.01 in. lIv 45 I)AS, oil-aIscu 0 
potential tllrtighout the (-St 
(llore negiltive I thi -50 k 

cln deplth \%%w)lessh.<(N(
a friir 2.. -cml ti\ , . ..- o - 0 ( C4 

spaeilg iu. less than -It) klPa for 75-cm spacing. or - S 
From 6(0 1)?\S, o' -sit;icctiroj d (o1eaiildr i edtloe 

'oil t 0-Cil depth to pitentials behlN a.\ i nulu i totit l dry im t e r mi v -3(0 klPa.o ra t ~c'yield " 
- E" -. I u 

C CC 

([able 9) w lc hiuh rerfor Ilitl ill \%V filch1 73 ra C' CO - 0 (Nc! 
ctcuml llte i l l tie l tillI l Illiati r it % th an f or -. . -m-0 C) (N(N - 0 

sovhnill. liccalise of \Vlhcl tless ;Ind Ical sclees- a m 
celc., stlvbe ill ictihllllated little I)et\e ll 0 1 1)AS 
and ill uitv at 8) i)AS. Maxim u niLAI was 0 >s 
hih0 cl r1 hsybCan, andgrail vicds(avc rApl over -PC'+A 0. L C. o CI ( 
IM%Spacines) \%ee ClJIal. AllhInough 1l'gel 1int 'u nD 0 
poptlmluitils increasid illaxillitill dry ilatter, the' 0 c 0 
did il1t caise CnISCettiCnlt inIcriases ill glainll yield o -j16 6 1 No ,ar-lable 9). C.on~ 0LOM,C7 E n (Lf ) 

The sealsoml5 aver;ic exti 'ictiomlCe llicient for I
absorption ohltotal s ar irradinice w('as higher lk)i 
illilgCiln (0.,67i(.03 il 2 n lil for soybeaiIll. ) 

http:0.,67i(.03
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(0.51+0.02 i i 2 i). Totals of absorbed PAR cal- Shoot concentrations of N. P, and K were 
cuilated from these coefficients for 0-61 I)AS were similar for soybean andImungbean at all growth
similar for mungbean MId soyhCan, and increased stages and for all population densities. Grain N 
with plant potlation dtnsity, although less culncentration was higher i soy.bean (6.0%) tIhan in 
rapidly beyond 0.3 million plants ha (lable 9). illuilighcan (41.), Is was total of harvcsted grain N 
The therm)dynamiic cfIc,:ncYv of usii absoibed ( t-eraie i'Mi wide,and narrow row spacings) at 57 
PAR dillri 0-61 I)A was, as expectcd, the saeillo eOiipaild io44 kg N hla. However, the seasonal 
for all lahilt )puhilion densiics (Table 9) it was, avcace ljilv rate of accuimulation of grain N was 
ho,'evel, a significant 16(' lower or Soye'all 1h1: sallc for holh speie,: 0.6- kg N hd for 
(2. -10. I"1I thall fr ii'hman (2.S1! ). , ). I ie ,Oiihuan and 0).65 kg N liad for iiungbean. 
contrat 'as 1.relater for .easol al '\iraigc c!li- Soil N accuulatioii eiieith thesc legimecrops 
citencies. iiis higlcr growinr! eason, So\ hemiii is,d,,sribCd on Manage mclii2n olfSoilil Ihe scCtim ilo 
absii rhel ioilc PAR tli nihill FIt hill e'Call, ic l, cil ili/er Nililo ii.
 
it \ el stess ftcl 01 I ).\S. i1c,
easnal aserane [oli th spcci. rools in sOliC"ipl)is extendCd It)

i'lIcicIn' I 1 hneI :\t" aR Oinls' halfl 1h;1 o. I i. In lll in,,eci\in dept :lts. , th II liMilltlill 
IILtneeAti- 1.3( conpirld sit h 2.31. lic dlepthi of Ir iin-I \ , coi tiAiined hN the deeper of
 

tniiebe~n efiicicites was sililar to that recodced 
 the Iv,o i) i/oilv of hieh soil ,ltrengh. Fol hoth 
ill1)5 cxpelillnclits oilprcviouslh piiddled sail. scies, thl reillato oflgrain ,iId to dept /),to 
N1tlinb1can itt ilned limller eflicicls because its te secondlld s hto li/Oi 5\ as cnsisteit With eq. 5 
shorltCr rsin laii lloseld it to sc,,le svcere cilmbiniit , 
w tvlrt S oIros'enil as jn ; )millim plaits [IM: 

deibd 's ,1 d;Ila and norinlliiing to 
sii-ess>d 1:01) 6l I)., 

dcspil la in nlots ;it0.8 Il depth close to the 
,;itel l' c . illc;lkclati ons " i fic lml lh a t 1ie LIlta ( 0 6.'i i u 0l.0i( 5/i,0 1 * 
n/crasllud sosbcll imit dcli iis hclow 0.7 Ii as ip li. Is, 7 cm /), 12)0 (5)Ci11 
toil smill tuikc up ilicic'l ,i l to silishi 
ptetliltial i finipi io. KI1. 5 has statistical i'niificuicc at the l0 ;,level 

\VWailr mstres hs c been lihe reasoll tlthai alnd iS imilar to rClatiois fouild for nimighean inii ;1 
in hoth spCciC . llI O ; i l liia'lan tiue -at ml.or previous )s eXperiments in both upland and 
\ASl. it 3,5. oitslic ihe.e (1.5-2.5) puddled soils. 

oplillil for ciulnic gi ,tll. 

http:0.51+0.02
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MANAA 1-NI I ('ONSIRAI NTS 
n!
lgrfmoi Departintr 

Yield coistraints on direct seeded irrigated rice in 
dry season [lit relative ttincrihutions of lrtilicir, 
\kCd control, aild insect control to the 'ekld gap 
between ia:mers' d res'ercher' inpUtslit'1l we're: 

MIeasled oils tl Iills ech ill\NlcVcl lcijla and 

(ailariilcs Sill, l~hilipp incs. Yijel dt 
lloll lo 
fill's it Nucs ia %ciiaillnoietItl hcciti 

t ont 

w 
ol signilicint farll hiclion. YilCIdi-lteari 

1espoble "n IappicdN. Pand Kand lof()u i
tnc 
conltrol ieves. c iklo Ilicitslred. In -I scp,t:ii 
c.speriIntn, tilt 'TIllikllii sCeedinw rlt for irctl 
scdcled IT Wa> (It-icr i [teiielldcr iitr N and its, 

scerd corn ii Icit i s\1 li. 

Soil oinaks s' of Itt it,. ;lit. ii ii fud 


lahIN I. All ites %oteLC p)ctiCoIM rtailsk la. lit 

Nticr\ aI cijr. allsilcs had kom til!;-imic'i llitl md 
\%vI' dcfwicitt in N ailld ,i\i",\ti/i elc dilicinli 
IIIP, and filv coiitalaincd idectalte K. InI ( "irn,iirt, 
SIr, tirehare t , aL nl l\. lth in soMil,t l oN aNid Kbt 
deficient ii1 arid 1;1is% of st'L ite! had pli 
sa'ilntsx b l tttlie hnt.cii 

Frmenrs' N ratts ii Ntc\;t I ciji; as iodt 

10")ikl" i. ahoutl 6W it lM\iith ,- ;Ipplitd rlnl 
17 ii 3.' d altr cediintt I I )i\,:-and IheicIlest i 
3 !-55 I ),\S. IhcfI irlt!, ( aliil;iiil-r Sir ppi d 
75 kg ?N lia,alo ili., split dose: 2-l k ;aftl 
sedin7lndt rdthe- 400l5Palmtric'it -41 1)\. ill 

both areas used herbicides, particularly liquid
hut achlor, to control weeds, and foliar insecticides 
to conti ol insects. Table 2 sU.nmaitzcs input levels 
tistd by the farners and researchters. 

Yields with flrrltrs' inputs across 12 sites 
averaged 5.()t ha; restarchters' inputs raised tile 

farther b1 0.7l ha. InuIove.td feArtilizer 
iIaellti-et: nll accounted for 62(- ol the yield gap, 
inpi oved insect control for 25'q,aiid weed:ontflrol 
lot .for l \irniog the thic factors studied, int. 
cificient fertilier lialagclinet was ihe lliaor 
colniil-ain( to high .Vild iII both Stldv Irc:as, 
lolo\ed bY poor weed control iliNueva Fcija and 
it htiectC titl'ol in 
InN'i-ila [ci ja in 

tCspw,,c I applied N 
()I K ,<as sigliic;ilit. 

(atillairi s Sur. 
the dr seasoll (l)DS), yield 
0 kg lii) withi or without 1) 
'Iicids with N aseragcd 

0.3 ti. inliku Itoycilds with NP> and NPIK 
Nheeropshowed 

n,P or /n i/ficitics \ despit. 

Iabl: 3). Iltnce.\ \sis liitinti.c 

lllplwl, low levcs 
tl liiw oil itlniicl2 nI il i. II (.aiiarinc,st. i't hM 
S. Itesponse (h) '.t,!, N hi \NI:rws;intificanl 
:iltitouinih th IC ttes s\c ilCei in soil ..Applying 
II kL I' ha inlcoinhitation with N irircicacd the 

titi furlticr hut Oit addiitio f1 K (id riot. 
i!idcitiallf Ihit thI lieC;u r luitt:-only N mtid 11 
ipplicatitt ii incres MICid. 

I ho rrttIgralcd ptsI Illiatil.,Cllltiit (11M )concept 
aid ;Icosi-cfficictit pct rillacllent system 
dceitni,.d to gi\" ls h tilhit-to-cost ratio 

Table 1. Soil characteristics of txpetirme tialsites iii 2 thilippino pro ilntroS, 1986 DS. 

Soil property 


pH 
Organic C ,' 

Total N (%) 

Olsen P (roj/kgi 

Exchangeablt K (rrTeq/100 g) 

Available Zn (ig/kql) 


pHi 

Chranic C P%) 

Total N (%) 

Olsn P trnq/kg) 

Exchangeable K (meq/100 g) 

Available Zor (mg/kt) 

aOttinmi range. bOu tSitt optimun range, 

RMnle Wiln 

Nueva Ecija (7 sites) 
5.1 -7.2 6.0 
0.8 -1.4 1.1 
0.07-0.12 0.1 
1.7 -9.8 4.3 
0.12-0.27 0.2 
0.2 -0.9 0.4 

CamarinesSur (7 sites)
4.9 -5.9 5.3 
1.8 -2.7 2.2 
0.15-0.29 0.2 
3.A -5.6 4.7 
0.12-0.53 0.2 
0.3 -1.2 0.5 

Sites (no.) 

Critical limit below 
critical limit 

5.5 -6.5d 41)
2.0 7 
0.2 7 
5.0 6 
0.2 2 
1.0 7 

5.5-6.5 5b 

2.0 1 
0.2 0 
5.0 4 
0.2 2 
1.0 6 

http:0.12-0.53
http:0.15-0.29
http:0.12-0.27
http:0.07-0.12
http:InuIove.td
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Table 2. 	 Input levels in yield constraints experiments on OuLtyieided the farmers' method by 0.4 t ha, dup
direct seeded, irrigated rice farms in 2 Philippine pro- licating previous t!dillgs.

vinces, 1986 DS.
. .. 	 . -Yield..es,198.. S... . . . .. . .	 constraints on transplanted rice. lrr4iated 

Fertilizer Weed Insect .iWS ill T SOIN011. }' (.)t l pliation methodsInputlevelI kqr/ ha) e nel cntrolb A i rI A O i o tppIiati( eh d 
Input lv involving prili::d urea (P1) and urea snpergrantiles 
N I' K M C F G (USG;(i) oVcee compared on four farms in Nueva 

/Vuov, F-cija (5 sio-) Ecilim and eight jans in ('am',aincs Sm. In Nueva
 
Farmers' 108 10 0 ( 1,4 :., 0.2 Fei*:m. the rcsc.i'rcicir,' split-applied PI at 58 kg
 

esear s' 0 13 29 .0 10 3 1 20 N ha wis as efficient ;Isdeep hiand-placcd I ISG
 

cal,?n'nes sur (7.s.ite's)

F-arrmers' 15 1 1 4 	 ti deep- placed Pt iby pltngel-amber but Lprlct1t .- 1,3 1.6 0 r 

25 -oe'9 1,; 0. . 2.1 [todcll-pCd..IISG by pies wedge (Table 4): the 
a 	 . .. ... esearlchers split was alo slperiol to the farmers'
 

ph, itI, , ,v . I... at 58 or 87 ke N ha, In ('unarirl
cill,(C j, . , , t I. t . .iht 	 s,SIr. deep 
cro topihIw-, .hi pyril 1I,i . ...... i ndI-pll tUS(G w;is a, efficient as the re.; I.1', ,1,, 2tc I r,mlr ced 

so-i-euis spit Sulli,, 1-,-	 buint t lh,_tl application 

itin d>: the rcc;r'hcrs sptl ittlelded tile 
tilnelrs, Iethod h\ 0).- Iha. but t1le yield

11%C.L'+LII i lld c',iIr=pllc'd%kitho'1lllclll ,,lIlh.'rCnICC11ol i i .o.Ik 	 : \\;it, r 


kiriiltcl,' 	 ai lshhlthC,,iitit,!hotil "Nit \''[: ii, 'ih.crnii, lci &',l In III tiootlW ti;itl\ Se, I d aitertic 
't1hi\ ;llci'a, ti ,.'nl \'M i ,It Ilst httill;..rl silt)V th t the l tlllerS11) sili lh' '11 ''ilI' 	 'ipiicatioin ud Ilt 

Imutdl ;tm oll/Hth ' Ititi incotl cl H! 1 	 I,. 11'c. hInllltd N1t1 ' tile hi1L cstt,,tal N 'oncelltrationl
 
0
SLggCSmlil! thtI le hi 'h dio','c' ;ml u , '15.5 IS. kg hit). ioliowcd h\ I .('Ilep-pliCneeid h
 

insecticide tpplicaition ctult'll, h"li..h'. pie,-weds(II 1.3 kg hal);ld Itt deep-placed 1v
 
rescirlthr, do not alWeCt Vi hd. ptiller-anter (7.4 ki ha). lhc researechers' split-

An ,.prinent inio M!- I ,ccdlln it Ill' - i0), appliedtP tild hand plac.t'd I S( I plots Contained 

,
150, ilrtd 20(I 1;1), 2 S,_CLJ C' lt 01llI s c\l,, to l lhwd\,iitt i N c'lem'i 

0


D g sc'c,	 lt0Cu tlations at I-5 d 
.1, I-.N le\Cls !%5 D l) s repeated inl I 1")5 ; Cl p iucii OHn Itall plot." with otherit 	 )il,)l56 )-i 

o[ at fin 	 ltlc'i :nli-lical I1irnI1 Nnelt Fcliia. All swedii , l lnltiiH'l,. ic qtolin ihodwat'r N concetn
~lihuinl yiels-c',jlnttlc< Sil ttitol. .9Hl butlr t~ll miei~ 	 'veedtolliol oi ( li;llil',t 'ec I l\\cr, the 

itrIl N 15co . !ilw optillilltnl \iid was obtain/'d at piIltcll1 lllar tolm>t iNTicSi ,in tu b in N,,tca i::.a 
0t)1e N imit itI i, rIr ll u.'r' l',,_111itn'ritIt ,'tl:if,_,. I). lI ta ll ls alcr N tIclnCCttrtinOis hrtln1 

\steed collrt] I'emcir/s' Cto]. Co(ilmltd Ieraniili lcarcm~rs ii1(larlTnris" splits after topdressing 
bi ll.rh A L.L ai ialppt d at I d ,\-rc siti:lir alld ,,CeI Saltrel 1.0 helore hil the pattern.
 
,Cedi I p n c( I i I "-5 rcful of silt.
1i- \S)I :! %% -	 scs,, 

P,at andi irrigated farms in 3 ,roas inllTabhi.'3. Yihtd reslJnrts ns In N, K onIainler 	 the Philippines, 1986, 

s ite 	 ]tp 'rMd /hal
tCl 

~l'OVillto (no.t)) V I ! !lll! iStablishn w nt . .. .. . . . . . . .
 

niethod No ferti.iei N NP NPK 

Ntiv;i FCijOi 5 l ii6lated seed d 	 6.3 a 6.5 a 6.5 aI)Irec1 3.9 1) 
Cilnial lle!; 7 Irrigated )itcict 5)1(, 3.3 c 4.7 1 5.2 a 5.2 aStir 

4',''',sc
i 

Tailac 7 tairted Vran';jllanted 3.6 ) 4.8 a 4.8 a 5.0 a 
Camarines Stir 3 lHainfe:i Transplanted 4.1 b 5.2 a 5 6 a 5.5 a 
Nueva Ecija 2 Irrigated Transl arnted 4.5 b 5.5 a 5.6 a 5.8 a 
Canariri-- Siji 3 hriqated Tiansplanted 3.9 b 5.0 a 5.1 a 5.1 a 

In i row, liltnislls follwoII by a collir ll ltti are ilot signiif iti tly difforent at the lovei by M was5' DMRT,F ortilier lveol 
90-13.25 ke NF'IK/ha in [1S, andtl 60- 13-25 1,.NPK/ia in WS. 

http:90-13.25
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Table 4. Effect of N source and application method on grain yield of transplanted irrigated rice at high levels of cultural 
practices in 2 areas in the Philippines, 1986 DS. 

Yield t/ha)
a


N sour e ApplNcation method applied Nueva Ecija(kg/ha) Camarines Sur 

(4 sites) (3 sites) 

0 4.2 g 3.8 e
PU Farnirrs' plItb 58 5.3 ef 5.1 bc

PU Researchrs' sphtc 58 
 5.8 bc 53 ah
 
PU Plunr augerd 58 
 5.6 cd 4.8 d
 
USG Deep poitit place nentO 58 
 6 0 ah E.4 a
 
LISG Press wedged 

5.2 f 4.9 cd
59 

h
PU Fxrmers' Sf)!it 87 5.5 do-


PU lhr ?urchrp; spliC 87 
 6 2 a 

F'U -. ii,;, LJS( iro:iWrIid .,rrorulaniler. !N applied at 15 d after tra splintir g(DT)and after panicleinitiation (PI)
Ii Nor,-I E daCIIICI Are 15 11411 1-dr iI Camariries Sur. -2/3 basal broadcist aid iricorporated without standing water 4 1/3

at 5-7 rnefore orinni., rnititior . 4lfM chi'laplirrene n at 2-4 DT. l10 12 -" in i; dopth, hand-placod at 2-4 DT. 

A parFa'c pr-it1 on three faIm ins lings hcln picked with every sroke of' the 
, tile suitabilitv Otc( l lilra ,+1ks'td I the trad;- iriisplailref. 

titn3 ll plif)l, aid ,iigh ( rdiD f c -e-;iiiolt //rz iIie IIIi W(I T he gap.Aite.t i ; .SAotl. yield 
methods ft(I Iniee_';;1ia l'.- between filrer' And rescarclrs' inputs wasthe IRR-dCsirm-d 
planter. M antaiil and rneeli i ialtlr uIplantiig, nits:;imSUid UP .'e i drought-pro C (arfts in Tarlac 
.,s-ill, rot-wk ashither the lupiaJ or method of and cihi it! ('aiuarinCs SLr. lariac farmers' N 
seedling preparation, had no definite advanta;., ratsC, werC slubsti;ltiallv highCr ta11 those oto ver d irect seed ing ( aH be5 ). Flie perf r mnloncc ( ilil iari n SS a r nl l-:;tl t Cirs illthose 0' ro .reC 

tile eluchalical tlisllarilter dCended iLhOwl\Vth: bloth tudy irc;a.s (liable 0).
sccdllil,'s wre pcparcd. The d..sity ol tie s edling Yields with researchers' inputs avcraged 5.0 t 'ha 
nat f6r the plap inithlod d -l:rniined the Iulmbcr in Tarlac and 5.1 ,'hain (ainarines SiL. Farminrs 
of secd li, piaricd p( i I.. In the root-washris yields at both sites averaged 4.2 ,ha. The fertilizer 
niethod, tangled roots rc,., contribution to the yMid gap was the highest - ited inexcessive seed-

50C;; in Tarlac and 78 .(i i Canarines Stir. I n 
'Iarlic, improved insect control contributed 30%, 

%.'nfke,,i..:,,, ,1/hi,"l and improved weed control 20(% . In Cam arines 
16 

-tr,- Su.... insect control and weo, control each con

12 V-X/ l i l - I1% . suggest that.... .ributed Results the Tarlac 
I -) aers'-i lractice of applyin ,N fertilizer was 

' P''. ' i iieflficient. InCliarines Stir, the farmers' N rate 
* U ', ' i. I v d 

lo.)0 - yTable 5. Grain yields with direct seeding and different 
S,,ways of preparing seedlings for manual and mechanical 

(Iyof form transplanting. Camarines S r,Philippins, 1986 DS.4 i-r "i.Yield 

iha)
 

2 - . - -f ~Sabater Boreta Falabi Mean 

• 
 Direct seeded 5.1 a 4.5 b 3.6 b 4.4 
0 I 2 3 5 0 1 2 3 5 Transplanted 

Do,o ufter finr oIlccSivm Manual, root wash 4,6 h 4.9 ab 4.2 a 4.6 
Manual, lap/ap1. foal floodwaeii N (Nl[ - -i'i isa-N) 4.9 at 5.5 a 3.7 b 4.7co ncntra i ; ;it Mechanical, root-wash 4.9 a) 4.8 ri 3.5 b 4.4 

1400 h with various N application inctiodson ir gatcd farlu il Mechanical, laplap 4.8 ab 4.8 ab 3.4 b ,3 
2 Philippine provinces, t9l6 DS. 
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should be increased and applied With IPto increase tolerance for drought stress wa'Isnot tested because 
rice Yield. of adequate raifall evenly distributed in the wet 

Ill- promising drought--toleralit breedIng lin1e seasonr (\V). 
I1,32307-107-3.2-2 with growth ditiii sioimilar to In1 a separate e.crirct, five other promising 
those of larmers' dom1ina1nt ,varietics(R60) and ca;riv-ni iatiiting and droughl-tolerant breeding 
IR64 in Tarlac, 1136, IRO6), ard I1(64 in (aCam- llnes werc ICested tOndCr farmers' ald rCSea~rchcrs' 
1in1eS Sin) \wis tested on1(Iroiuglt-jroinc fa;nms. I11C culturlrM practiccs. (;ieIIr~all. the test rices per
test rice Signiicant)' iitvicldcd Ihe farierClS,' loimcd better ,,ith researchcrs'lhali with fartmer's 
v'aricties in both stud' arceas (Iable 7). hiii Its prtiIt1'cs (lablC S). III both areas. IRI 3210-1(,8-2-

Table 6. Inp ut levels in yield ConStrairnts experiments on transplanted rice in 3 areas in the Philippines, 1986 WS. 

Sites Fertilieer (kq/h ) Weerd ioerel') Insect controlb 
Province (no.) Input level 

N p K Ni C F G 

.
lai fed sites 
Tarlac 7 Farmers' 8 0 0.4 1.374 10 0.1 
Tarlac 7 Resoaechers' 60 13 25 1.0 1.0 4.3 1.0 
Camarines Sur 8 Farrmers' 19 0 0 0.5 1.4 2.8 0 
Camarines Stir 8 Resarchers' 30 13 25 1.5 1.3 4.6 1.0 

Irrftated sites 
Nueva Ecija 2 Farmers' 81 18 13 0 1.0 2.5 0 
Nueva Ecija 2 Researchers' 13 1.0 1.0 4.060 25 1.0 
Camarines Su 3 Farmers' 15 0 0 C.4 1.5 2.7 0 
Carnarines Su- 3 Researchers' 30 13 25 1.5 1.2 4.9 1.0 
aAv no. of m echanical (M ) wen loleRe hry l ild aend che mrlr:,il(C) alpnllcatiloe s. ')Av eo. of foller (F) srtays ( mrnoocrotophos 

chlorpyrifo%,azlnpl'cs-othyl, ritc.) arid tirrnrlar (G) applicartionrrs Ic:arhofora , diazlnoro , etc.) to floodwatrr. 

Table 7. Yields of faimrners' varieties and tose varietcs of transplanted rice at researchers' levois on rainrfed and irrigated 
farms in 3 aroeas inthe Pltiippines, 1986 WS. 

Yield it/ra)
Sites . .. ... . ---Province Site, ieq mer .c Farmers'variety rest variety Difference 

Tarlac 7 Hai(Ir fed 5.0 5.4 0.4*
 
Camarines Stir 8 Ocainfed 5.1 
 5.8 0.7* 
Nueva Ecija 2 lIiqated 5.8 6.0 0.2ns
 

n s
Carnarines Stir 3 Irrigated 47 4.5 -0.2

Dominant fremeors' viietiis I d I1 64 ile I064were i([ Tnrlac, and I Nutva Ecija. InCamarines Stir, farmers' varieties 

were 11"136, IR60, and IRli4 mi r:dri.,. fires nid IF064 on Irrigated farm s. Test varieties were IF132307-107.3-2-2 for rain
fed farms rnd IR,16Icr ierti(lo f,,c,, 


Table 8. Yields of dreruglt.rtoeree promi.ing breeding lines at farmers' (FCP) and researchers' (RCP) cultural pracoices on 
rainfed farms in2 areas inthe Philippines, 1986 WS. 

Yield (i/ha) 

D ur a tio n . . . . . . . .. . . . . . .. . . . .-
Breeding line (d) Tarlac ('1 sites) Camarines Sur (3 sites) 

FCP RCP FCP RCP 

IR11418-15-2 109 4.3 b 5.1 ) 2.7ab 4.1 b 
IR21015-80-3-3-1-2 114 3.6 c 4.9 c 2.5 3.5b c 
IR 13240-108-2-2.3 109 4.6 a 5.7 a 3.0 a 4.7 a 
IR21567.18-3-1 117 b4.3 5.6a 2.5 b 3.4 c 
IR26894.37-2.1-3 107 2.8 d ' 2.6 d 2.8 ab 4.1 b 
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2-3 yielded the highest regardless of cultural 
practice. In Tarlac, however, the 5.6 t yield,' ha of 
I R2 1567-18-3-1 with rescarchers' practices did not 
signilicantly ditrfrom that ofIR 13240-10-2-2-3. 
IR 11418-15-2 also performed weill inboth areas. 
IR26894-37-2-1-3 performed well in ('ama rines 
Siur but yielded the lowest in larlac bccasc of its 
Lusceptibility to brown spot and neck blasl. S'heat h 

blight (ShB) and bacterial Icaf sltcak infe1Ctions Ot 
IR2 10 15-80-3-3-1-2 and IR2 15(7-1 -3-1 11i(ama-
ins SUr also caused low yields. 
Yield responses to applied N,P,and K in -al~ic 

and ('iamarines Str wcr: similar tI able 3 
Application oI( kg N ha sig_'nificantl incea.cd 
icid. I lomsCvCr, aNplving P or PK inaiddtit;!n toN 

did n1Illlt-lrcr inlcrcase \cld. [hi, -,iict. 
li\ N Is.sncc ssI.t.to obtain hi!lh \ild ;ittle tct 
ites,. "iClds with applied /it avhrIcd 5. I I in1 
lriat and .t Ita i1 ('amnarine Sun. 't jld, ith 
11o /I1\Cie. .1 t hatlo\cr in olII areas. 

In1 both stud, aieas, the cost-.ellceiCt pest 
tWIltnac2cnImt system and IPM insect control ICcls 
v asitrc ffeclive as the f.l-lllcs" and rcscarticr" 
tIsect Coinrol. Whorl maggot, case worlm, lf-

Tabfe 9. Effect ! fur ,icidtonigrain yield of transplan ted rice on rainfed and irrigated farms in 3 areas in the Philippines, 
i986I WS. 

SiProvince Sites
([.) 

Tarlac 7 Rairnfet 
Camarinies Sti 
 8 Hairfed 
Nueva Ecija 2 trI iqlated 
Camarines Sur 3 tIri!ated 

3Propicn.n-zc!e was applied as folar ,pis- s 

gated sites In Camarines Sur, wirlitin t I,irea 

tYield t(0h3l 
Yiterld/ha)
W ithout funicide W ith fungicidal1 Difference 

5.0 5.1 0.1 ns 
5.1 5.3 0 .2 ns 
5.8 5.9 0.1 n, 
4.7 5.2 0.5 

, ,
earltOotrig and early heading or soft dough stagles at 250 g at/ha. At trri-
Itw:; made during the clotlh stage. 

areas in the Phippines, 1986 VVS. 

SieProvince t l; , emljiliCno.)IWithout 

Tarlac 7 Painfed 
Camarines Sur 8 Rainfed 
Nueva Ecija 2 Irrigated 
Camarines Sur 3 Irrigated 

folder, and stein borer were prevalent in rainfed 
rice in Tarlac and Camarines Stir. 

The effect of fungicide was tested at high input 
level. Foliar spraying with a broad-spectrum 
sstcrnic fungicide, propicon'tiole, at 250 g at/ ha 
during the early booting , soAt dough stages did 
not siVnilicantly increase N'!.':dover the uttlltcd 
chccl: (lale 9). Rice was Infected with Shl, brown 
spot, bacterial cal blight, and leaf streak in Tarlac, 
and b ivclnitinlospOritlmn lCaf spot and cercospora 
leaf streak in (:miarincs Su. 

Soil incorporation of1 dried chicken manure 
(3 ha) Cl irtransplanting, in addition to 90-13
25 kg NI'K ha, sienificantlv rcduced the yield in 

arlac because ol severe ldying Application of' 
90) ke. N hitas PIi appeared exccs.ivc. With 
reduccd N rate (60 kgi ha), chicken mnure 
application 0S IarmS in (aMIrines,Suincreased 
yield 1h)0.4 t ha over the check pl t(Table 10). 

NMLItlods of apply'ing I'll and IJSG wecre 
evalhated on fic Ilarits in Ntieva 'ciia and four 
falrms itt ('amarines Stir. IniNuea Fcijia. yields 
with researchers'spiit-npplicd Pt. andtdee hand
placed USG werecoiurpara'le, regardlcss of'N rate. 

Table 10. Gra, iield as influ:nced by apilicution of 3 tchicken manure/ha to rainfed and irrigated transplanted rice in 3 

chicken 

manure 


5.0 
5.b 

5,4 
5.1 

Chickein Manure was soilincorporated before transplaniting In addition to 90 kg N/ha as 
Nueva Ectia and Taria. sites. In Carnarines Sur, N rate from PU was 60 kg/ha. 

Yi, J t/ha) 
-i
 With chicken Difference 

manurea
 

4.4 -0." 
5.9 C4 
4.5 -0.9* 
5.2 0.1 ns 

researchers' split-applied PU ui 

http:incea.cd
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Both application methods were superior to deep- (I R(A,from IlRI) and farmers' varieties produced 
placed PU by plunger-auger and deep-placed USG similar yields rega rdless ol site (Table 7). suggesting 
by press wedge. Compared vith ihe farmers' that the farmers obtained their seeds from a reliable 
Method, deep hand-placed (iS(: c ,I!nuificantlv source. 
higher yields at both N rates, wvhi ie cseehers' Yields with NPK iveraged 5.N tCha in Nuevar.ht_ 
split was superior only at 58 kgNI(Table 11). IIn Icija and 5.1 t hitinCanarines Sur, similar to 
Calarines Snr. the researchers' split PI; and deep icld, with N alone or Nil. In both areas, yields 
hi.d-placed s( igave similhar, vied at both 29 responded sit,nilikarritlv only to applied N (rable 3). 
an 58 kg N/ha. Bot h methods were superior to the Yi elis with aod vithout applied Zn weyre similar: 
farmers' mcthod. '[he researchers' method w\as also 5.4 t I iniNucva Fcii and 5.1 t/ha in (iamarines 
more efficicirt than deep-placed I IS( I1irs;lichiir'.j. Si. 

/rri'atidAiWs in wit .eason. The N rate, used hK ."V,ii '"tiitcdrice. viclds from fourr insect control 
the 2 coolerating fIrmiters itIN i :rci level>i,,alc i ,d Icst.d 0,1 irrieitCd rice verc comparable.
 
88 kg ha, tii:hcr thai lie searchers" rate. In 
 Iv, foliir ;pry i,\\titungicidegaveart additional
 
(ialrtincs Stir, larrirr> N ::: , is ill\ !;.tll h \wlId 
 )I 0S I hitin aimiritis S1ur, while no
 
resC'ache'+rSItirc. ,,eicclilt,';rr ci ,\;r'obscrved in Ntrva i Ecija
he 

I,sctrelrers' \ i, Nr) i s c ;,' Il',chic
i]d i ed 'l1u. in NtiCi\st I-clj;r. soil incol Ioiratiotl of 3
 

5.8'c c:i,,'e~ ha.
r hi, richer byr t. l.(tha t t l.e \ cl. cuhic'Li inIlcmtu. in addition to 90 kg Nilia,
 
Imlproved irslcct conrtrol rid w<cd cotlrlol l'a\c hinsClCl et
Cl lod_irnlt at ripCnrey, which resul.ted
 
cqtdl contriihttiors t37.5"' ito thc icid ia.s, ile ill ,trhrtrrrr ,icil 
 reduction. E:xorimelnts in
 
iliprocdrecrtili,cr Illll l 'ciir lt ;iccotllncd forl C';tlllinrc,, Srra Also showed no benefit from
 

tIr.,.i'rinn', \IIMII avctacd251. In Cari'irr ld> 'hiCk, lt;tllile applieation (able i)10). Further 
4.0 ha. lowcr bv 0.7 t ha than thLe rcclrers' te"t, 1iihinltii N fetilicr irandchicken nuanurc
 
\iel d. lmproecd pplrcrtiirn (fli.t-l-3-25 i: rate' alrc needed.
 
N PK, Ia ;iccntIt lor (i.0 

1 , of the 0.7 t vield In I trial 
 Il N re,i,\[t Feija, rcscarchers' split and
 
gap'hrr. \\hlr';is ilipiosed i;,ct (,ortiol Cortlli- dccp irld-lplkic(i tSUi yiclded 4.7 t/ ha at "9kg


tted 27' lsw:ced ctltrol ) l ! the
N ha, ,inril iir" iehr tha,,i ielt.k I-roill 
A\icooperatirtL, filmcls irrl Nitca Icija rird decp-placed 1T and is(i 1by nlachine (Table I I).
 

('arrinc Stir planted iR64. hIe test _aricI\ .odgingdriripimgsi'-nificant reduced the
 

Table 11. Effect of N source arnd application method on grain yield of transplanled rice on ainfed and irrigated farms at 
researchers' lete of ct'tural practices in 2 areas in the Philippines, 1986 VVS. 

Yield (0ha)

N SO~~e N appltied.............................'..........................._
Aplicaion mthodN SOtUiCe Application me~thod Naple 

(kp/hat ftainifed Irrigtated 

Nueva Ecija Cainaim;s Sr Nueva Ecija Canarines Sur 
(5sites) (4 sires) (3 sites) (3 sites) 

0 3.9 0 4.0 U 3.7 d 4.2 e
PU Farmers' split0 

29 4.9 cd ,1.6 d 4.5 he 5.1 d1" 
PU Researchers' sPlit 29 5.1 hc 5.1 h 4.7 ah 5.2 cd 
PU Plurm1er-aug rc 29 4.7 d 5.1 ) 4.2 c 5.2 cd 
USG Deep point placement 1 

29 5.2 a1 4.9 hc 4.7 ab 5.2 cd 
USG Press wedqec 29 4.8 d 4.7 cd 4.2 c 4.8 d 
PU Farmers' split 58 5.0 C 4.8 i:d 4.6 bc 5.2 cd 
PU Olisearchers' splith 58 5.3 i1 5.6 a 5.1 a 5.7 bc 
USG Deep point placexn,ortd 58 5.4 a 5.6 a 4.6 bc 5f ab
PU Researchers' split1 87 5.4 a 5.6 a 4.7 ab 6.2 a 

aNoplied at 15 d after transplanting (DIT ) and past pan-le initiation in Nueva Ectia and at 15 and 50 DT in Carnarines 

Sur. bN applied as 2/3 basal broadcast and incorporated withmOit standing water i 1/3 at 5-7 d before panicle initiation.cMachine piaLenreit at 2-4 Dr. 10 12 cm soiH Cepth, hand-laced at 2-4 DT. 



414 WRIl ANNU! RI-'P(R I)-Olt 19x 

yield with tJSG hand-placed at ahigher N rate than In CuLenca, Iarmers' I'rtilizer rates averaged 
the researchers' split. 'lhe researchers' split also 22 kg N/ha. No farmer applied I) or K. Mecha
outVicldcd the f'armers' method at both N rates. nical wed control was donc twice and hand 
But at low N ratc, its advantage was not significant. wceding once. No lM: in, r LIsCd herbicide. A\l 
Ini Camarincs Sur., all a1pplication Methods ga'e !'armers planted ihe traditional upland variety 
simliar yields at 29 k, N ht, [h rescariclers' split Kinandang IPaton. 
was also as cl icinit as deep-placed I JS(i at 58 kg ( icnral Iriats Ila:Helrs' tertiliter rates averaged 
N 'hat, hut the latter x as superior to the larmcrs' 77 kg N Ica. No flrmcrppdl', P ct K. Mcchanical 
method, weed control was done twice Illd hand wCCding_, 

Yield constraints on upland rice. [he \ield "ip it oncC. Iwo cl three t'lcruis plntcd traditional 
unland rice in a ol\WS \us dt.itcliiltd fCaillts upland \alictics.
 
ill SaM+nto ltils lad tlhic mtt ill (uenca~. Yild \\ ill 
 fat lite,' inputs wals lohest ill Citcnca 
Batntisas. nld oni three larms, inl (LCrll Iria.,. (Ji. 3) 'v crc lertili/er ;ppiicd avc:aged 

,Antlhc\pCleriilCit on( Aavje. the same trms 22 k' N hiu anld SM ! reached 58 Ch twice durin,g
Cvaluatcd live iit11t Illiilag llICiiiI pCkil2-,t', of the seasoll dlidh il',t in (jeic1,l1 Irias, Where 
tcitili,. sseed control, and Insect cotllt iin. lcrilicr apphecd acrilcd 77 he' N ha an'. SM"T 
farllictl and iicdciit \;trciolieti..:\ s.etrIteC xpiI- rCiICicd 0iifh' 17 ch. In Sat to I o11miIS, icC \arictv 
Illnt evaluatcd thte pCr-tcrittaniti of SiX riCe elecotiintl or1 lIost tile ClitiC yiel gap ol, 
cultivlrs growti w'ith and(1 \5ithocit s\ced mntirol. 1.8 t ha on 2 litcs lie. +. In (Iiciica, hcrtili/cr. 

Table 12 lists the soil Ilcitics oflthe test sites, rice variety, adild sccd Ctro110l iICCoUIItCd eqluallV 
Ihe rain:cll d tributloit ill Sanlto Ioritas and Ir tle yield !apI)! o It.f i, on 2 arilis. Il Gncral 
(icncral Iris 'vas fiIlvc.I, wht ich rsCulited int loss I rias, variel accounted lfr tiich of the (.9 t ha
soil Iloisttie tension (S I I) at the test sihes vId gap. 

( 2) Ill nitlca, ,,r\ lo. , rainkitfll aftcr sccdinl,1 I'cr/w,1WHICC' I/ imcmuiac'm ,cukcage,.. Al
raiscd S l I 58 Cb twice, rcsttiiie ill poor Crop other expcrinlicit cut the salmc litslls shosed iltat 
cstillishiiteio ctlt itelt.'ti\ e Licitic~il weed ito ariat the 1h.- :i.atIois applied iitseeticides
 
cccii c
10. ( Ilble 13). TreatInct teI1t 5 cave the highest av :rage

Sa:tto I icutta Tirlers' fCrtilieCr ra|tes averaicd graltn yield: NI I ;utd M4 prodtced cmptrablc 
73-3-3 kt, NPK hi. \Vccd control was (lotte twice ,iclds (l'able H). M2 procduced low _rain yield 
with tle utse. ,ofa|Iitiil-drawvn fait iTplciltctts and bciuse cf pool Weed Lctlnt tO. 
twice by haindI. ()ite of fie\C falrmiters used herbicide. Pcti)rm c, o/ r' i/c'ivar.s. A separate 
All frttleCrs planted traditiicnal uplaid Varetics. experimentilai Iarm ii Santc lomas showed 

Table 12. Chemical properties of 3 Cuenca 5 Santo Tornas, and 3 General Trias soils where yield constraints trials in up
land rice were conducted. Batanq1as and Cavite, Philippines, 1986 WS.
 

Hanqe Meatn
 
Soil characteristic 

Sant1o Tornas Cil{mnca Gmne(ral Sainto Toacllcs Cuen1cca General 
-rr ias Trias 

t)H 4.9- 5.9 5.6 ,.7 5.1 -5.5 5.4 5.6 5.3
Organic C (F,) 0.6 - 1.1 0.8 - 0.9 0.9 - 1.0 0.80.8 0.9 
Total N %) 0.07- 0.11 0.09- 0.10 0.09- 0.1 1 0.09 0.10 0.10 
Exchanlieal)le K (meq/100g) 0.82- 1.28 1.06- 1.38 0.81- 1.80 1.05 1.26 1.33
Exchangeable Mg (meq/100 9) .0 - 5.5 5.5 - 6.7 - 1.1 5.2 6.35.7 6.2 
Exchangeable Ca (ineq/100 (1) 11 -13 13 11 i4 -19 12 17 16 
CEC (meq/100 g) 23 -24 25 -3(1 27 -31 23 28 30 
Olsen P (mg/kg) 27 -49 6 -17 1, -56 35 12 27 
Active Fe (%) 2.67- 3,22 2.30- 2.4t9 2.64- 2.69 2.86 2.39 2.66 
Active Mn ('.) 0.17- 0.18 0.13- 0.11t 0.24- 0.25 0.17 0.15 0.24 
Exchacigable acidity 0.06- 0.86 0.19- 0.24 0.10- 0.62 0.36 0.21 0.35 

(meq/100 g)
Exchangeable At (rneq/I00 q) 0.04. 0.68 0.14. 0.18 .. 0.46 0.28 0.17____ .2__5_ 
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Rainfall (mm /week) SMT (cb)
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Table 13. Farmers' inputs and 4 input management package levels. Batangas and Cavite, Philippines, 1986 VS. 

Sites Package Fertil;zer N3 Weed controlb (no.) Insect control c 
(no,) level (kg/ha) FC M HW 

Santo Tomas 5 M1 77 0.2 2.4 1.6 U
 
Cuenca 3 M1 22 0 2.3 
 1.0 0
 
General Trias 3 
 M1 77 0 2.3 1 0 

All 11 M2 20 0 2 0 0 
M3 40 1 0 0 0 
M4 60 0 1 1 02 
M5 80 1 -- 1 1 2 

a No P or K application except for 1 kg F' and 1 kg K per hectare at Santo Tomas, atangas. bC = chemical, M mechanical, 
HW hand weeding. CF !- follar. No grannhir insecticide was applied. 

Table 14. Average yields of farmers' and 2 modern varieties with 5 input management packages in farmers' fields. Batangas 
and Cavite, Philippines, 1986 VS. 

Graj, yld'10 It/ha) 

Package Santo Tornis (5sites) Couenca (3 sites) (;eneal Trias (3 sites) 
level . . . . .... 
 . . . . . 

Farmers' IR43 UPIR-5 Av Far lers' M1143 UPLU -S5 \v Farners' If143 UPLRi-5 Av 
variety variety valiety 

Ml 1.6 h 2.5 1) 1.7 c 2. 0.8 1.1 1.5 1.1 3.0 2.9 3.3 3.1 
M2 0.8 c 0.8 d 1.1 e 0.0 0.2 0 0.2 0.1 1.0 0.A 0.8 0.7 
M3 1.5 h 2.0 c 2.1 d 1.9 0.2 0 0.1 O.1 1.6 2.0 2.8 2.1 
M4 1.8 ab 3.1 a 3.1 h 2.7 1.1 2.2 2.3 1.2 3.0 3.3 3.7 3.3 
M5 2.0 a 3.2 a 3.7 a 3.0 2.0 2.7 2.0 2.6 2.9 4.2 4.0 3.7 
aNo DMHI vahju0s
for Cuenca anl Gonral I riasLec:use of site-to-site variability. 

a
Table 15. Yield performance of rice cultivars with and without weed control in upland farmers' i .Batangas and 
Cavite, Philippines, 1986 WS. 

Yield (t/ha) 

Variety or lin- Santo Tornas General Triasb 

With weec control Without weed control Difference With weed control 

IR43 4.3 a 0.7 bc 3.6 4.1 a
 
UPLRi.5 3.7 a 2.7 a 1.0 
 3.5 a
 
IR12979-24-1 3.6 a 2.3 a 1.3 4.3 a
 
IR9782.111-1 2.9 b 0.2 
 c 2.7 2.3 b
 
IR36 2.4 bc 0 c 2.4 
 1.9 Ia
 
Farmer'sc 1.9 
 c 1.2 I) 0.7 4.0 a 

aOne chemical spray (butachlo- Tor Santo Tomas and pendimethalin for General Trias), 1 mechaniCal method, and 1 hand 
weeding. tWfthout wood c -ntrol, no cultivar produced any yield. CKInandang Patong for Santo Toreas, C22 for General 
Tris. 

SO'IOIC ON)OMI("O(N"IR AINIS (-'arines Stir in DS5 111difupland ('avitC in WS, 

.IgriculturalEconm'mics DeparmntII where the increasc illthe value of tihe out put was 
not sufficient to c(,.cr added Cosis. 

Farmers' and researchers' technologies. The corn- The weak profitability of' the researchers' tcch
parativc profitability of' the researchers' praclice nologyas dc to ,oic costly Components: tile
a'id that used by farmers was evalutated, using separate prolitabilitics of I'rtilizers and insect, 
partial budgeting of costs aid reltuls. The weed, and disease control were therefore analzed 
researchers' technology package ,vas inarginally (Table 16). The rcsearers'lhrilijir practice was 
p ofitable in most areas* exceptions were irrigated economically viable at all locations, with increased 



Table 16. Economic performance of high levels of inputs and farmers' curront practicesa 
in 4 Philippine provinces, 1986. 

Fertilzerb Insect conitrol Weed controlg D~sease controlh 

IPM
e f 

Location, water Sites Package Profitc MBCR High d Intermediate Profit MBCR Profit MBCR 

regime, season (no.) profit (S ha) (S/ha) (S/ha) 
(S/ha) Prof:t MECR Profit MlBCH Profit MBCR 

(S ha) (S.,ha) (SIha) 

Camarines Sur 
Irrigated, WS 3 4 24 1.6 -3 0.92 15 0.24 16 0.32 2 1.45 44 3.5 
Rainfed, WS 2. 24 42 2.18 -28 0.36 -4 1.23 -3 1.14 11 3.26 11 1.61 
Irrigated, DS "7 -77 28 2.55 -93 C.25 7 -0.9 28 n.e. 7.7 n.e. n.e. n.e. 

Nueva Ecija 
Irrigated, WS *2 48 43 n.e. -2 C.96 18 0 -2 1.13 32 4.72 -- 10 0.45 
Rainfed, WS 7 12 90 9.8 -25 C.53 2 1.17 26 3.59 12 1.79 5 1.29 
Irrigated, DS 5 83 69 10.58 -13 0.67 26 n.e. 3.85 0.43 42 n.e. n.e. n.e. 

Batangas 
Upland, WS 8 65 21 3.75 44 3.02 n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e. 

Cavite 
Upland, WS 3 -43 38 40.13 -81 -1.93 n.e. n.e. n.e. n.e. n.e. n.e. n.e. n.e. 

an.e. = not estimated because the negative MBCR ow.'ino to dec:rease in cost is misleading. bResearchers' fertilizer levels in WS were :30-30-30 kg NPKiha in 
Camarines Sur, 60-30-30 kg NPK/ha in Nueva Ecija. In DS, :hey -vtre SI-30-30 kg NPK/ha in! Nueva Ecija and Camarines Sur, ard 80-0-0 kg NP.K iha in 
Batangas and Cavite. CAt rough rice price of S165/t in Nuava Ecija and S150/t in Ca-,arines Sur, Batangas, and Cavite. dRescarchers" cost of insect 
control were S70/ha in WS in Nueva Ecija and S59/ha in DS, and $85/ha in WS in Camarines Sur and $151/ha in DS. elPM = integrated pest management. 
Researchers' costs were S 19/ha in WS in Nueva Ecija and S13/ha *n DS, and 526/ha in VS in Camarines Sur and S24/ha in DS. fResearchers' costs were 
$12/ha in WS in Nueva Ecilja and S13/ha in DS, and S21/ha in Camarines Sur in WS and S17/h.3 in DS. gResearchers' costs were S20/ha In Nueva Ecija in 
"IS and S15/ha in CS, S23/ha in Camarines Sur in NS and S15/ha in DS, and $57/ha in Batanga, and Cavite. hResearchers" cost was $18/ha. 



418 IRRI ANNIA. Rll'()R I ()R 1986 

profits ranging from $21 to $90/ha and generally The researchers' weed control practice suffi
acceptable marginal benefit-cost ratios (M [CR). ciently increased profits in rainfed Caniarines Sur
In general, [he increase in revenue from the during WS and in irrigated Nueva Ecija during
researchers' instect control (high) was not sufficient both seasons. "[he researchers' disease control 
to cover the increased costs of insecticide.,,. The technology was profitable only in irrigated Cania-
IPMX practice and the intermediate level yielded rines Sir during WS, increasing profits by $44/ha.
margiual improvements in profits that arc prob- Profitability of soil nutrients. Fertilizer N
ibly not sufficient to attract fairmers to Adopt thCll. ,1pplicatio l was profitable up to 90 kg; ha at the 

Table 17. Profitability of N, P, K, Zn. and chicken manure application in farmers' fields. Philippines, 1986. 

Marginal benefit-cost ratioaLoc at io n, w a t e r-- - - - - - - - - - - - -. . . . . . . . . . . . . . . . ....-. . . . . . .
regime, Feason N at P at K at Zn at Chicken manure 

90 kg/ha 30 kg/ha 30 kg/ha 20 kg/ha at 3 t/ha 

Camarines SUr
 
Irrigated, WS 6.95 
 0.47 -1.29 -1.29 0.2Rained,WS 6.67 1.84 -1.18 -1.18 0.41Irrioated, DS 5.71 2.42 n.J. n.i.i.. 

Nueva Ecija

Irrigated, WS 2.52 
 1.23 4.35 -0.43 1.15[Rainfed, WS 7.17 0 1.76 0.44 0.76Irtigated, DS 13.61 1.11 n.i. n.i. n.i. 

not0n., ifuICIded. 

CAM4RINES SUR
htanfed -... ... ,WS ..... .... I ------ - Irrrgatea - I Irr gated, DSWS ......... . .----


Net Benefits (I./ho)
 

530-------------------1

5400-560 

520- 370 . 

480  3 -

?90-,400
S / 

-- -l 
=#!* S' i- 'J 36o0 

-

250 

NUFVA ECIJ4 
[
,-,¢ t .. 530 . .. 
 . .. .......
,)0 St 

680-

Il o 490 -- 640V•i'"t 450 560... 

370V-
 44015-
()--_ -A -- -: - -_o ___0 29 59 97 0 29 59 97 0 5929 97 

N level (kg/ha) 
5. !!a -!flalilyit iiiv %,i iis N loris and ntcilhods ot applicatiun couiparcd with Jil mcls' practices, Philippines, 1980 WS and )S. ]Il 
plillcd '1t-a, PA -plungcr-atger, RS - researchers' split, I-S -- larllrs' split. 
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Table 18. Profitability of farmers' and researchers' management packages in upland rice production. Philippines, 1986 WS, 

Management 
a
package 1

V a rie ty . . . ... ... . .. 

Net benefit B:C 

{S/ha) 

Farmers' 198 5.G 
1F143 192 b.0 
U PLFI I-5 237 6.0 

Farmers' 499 12.1 
IR43 305 7.8 
UPLRi-5 355 8.9 
a 

Management Management 
C
package 211 package 3

... . .. . . . . . ......... 

Net benfit B:C Net benefit B: C 
(S/ha) (S/ha) 

Ttarifngas 
70 3,8 113 3.2 
26 2.1 83 2.6 
52 3.1 100 2.9 

Ca vite 
159 7.4 230 5.6 
25 2.0 186 4.7 

245 10.9 290 6.8 

Management 
package 411 

. ... . . . . . .. 


Net benefit B:C 

(S/ha) 

219 6.0 
221 6.1 
294 7.6 

505 14.5 
362 10.7 
410 12.2 

Management 
package 5 e 
. . . .
 

Net benefit B: C 
(S/ha) 

209 2.5 
229 2.7 
283 3.1 

383 3.8 
372 3.8 
347 3.6 

Farmers' luvel of fertHizer, insect, and weed control. 1,20 kg N, 2 m'chranical weedings (MW) by kahnot/lithao, no Insect 
control (IC), C4 0 kJ N, 1 chemical wenwlig (CW).IuelMit cost considerationl (BC)for IC. dko kg N, 1 MW, 1 hand weeding 
(HW), 0.4 X IC "00 k g N, 1 CW, 1 MW, 1 t W 2 I'. 

irrisiatcd and rainiicd sites h silrtest Inl iilatarincs 

aitld Nucva 1all,[.ciia during hoth scasnris ( 7). 
Ih ippliication f3) kP P hit~a,pir,.lh iblc o Rl 

in rarifcrd ('amill'uics S.i i, andlill \\-.Ss irrigated 
ail'as dutinigl I).S. ,,\p)ljealion ,Of 31) kLeK hliI as 
prolitablc only in irriszatcd Nu'ii a tcila duil 

W'S. Ihere ,,,iS hrLrI u tHO/1. 1hIOI.101ni e liI / 

output \;itlte (101n itpplicittioi ofl chicken anlitire 

\%'is [tlt CthOItli 10 dre\Cr tile increae,.'d crst Of fle 

Iinpit. 

Forms '-ind ap))liC~lion tethods of urea. The 

\I I \11()N (I ()\-t(\ R 

RICI INSIN).I'.\IKI.s
IAN
 
.1 rIcui ur,/ I: r'C)llm .s 

"lie I ,okri Rice Rcsearch 
l1 akit;in. it collaboration 

ctultural RII (oe'Iilcseire 

ANA(IltrN I ilF 

qI)('/o?lrtil 

Institute (1)IR RI), Sind, 
ith he Pakistan Apri

),l tPARC) IRRIanid an 
Ceeoiolljst, colpald the plroductivity and prolit

ability 0) IrctInnitcndlcd iice ptductiotn practices; 
.10) thosC ol faIrt SiMd. ('t:op manliLs In III)peu 


tilecirit lactors 'Cililincrd v.v.c fertilizer rate,
..

L'gcWizhcr netrcscatlerss'plit OI '1 lCol.is.tcnltlti)htic ievel., ccd1:lg Inaui.tgc nlclt (seedling age 

cnclAits than ithelIuiicrs' placticC ilhothi 2N aind 

5X' kg N ,.luring ht th ttll siltsI! I cis.Is acios iII 
(iannariICs SI ind Niut\ata Cit (hi'. 5). US(;
,lICCl+-lflacctd b\ 'i+and 01- hW nIl.inlI (pro-s>, w,:d'c) 

and I'l;dt'ep-pliceul hv nIchine (pln'gcr-anttct) 

were(Inot ats CHlicintas tlie Ic"Calurs split. 
Management )ackage's. ['able IX givcs the 

eCtmIoIIIe t'\ itltltliotlithe lotillOl input packages 
ctot.,p.lled \%'ill tile latrincrs* inpttlit 11 upl nd~ 

ani In lataiL'a's, 

pitkaple (NiIP)'4 aind MI5 wc both solin lilt 

IiIore l1rolitiblC, while NI12 and N 1P3 wcre l'ss 

Iatanla,L.Is (,itt. inIll,'l,'ilitI 

proflitahlt than tie laritcis' lirttia cs, tIPI.I-5 
y'icdCd highr net henclits tian theit,. arietyItrier 
(Kinandiing ilaototi) 'and IR43 with airIt'cis' 

IriIctices(%XI and Ni i5). In ('avite. ,I,1 vicldcd 
Csnsistentlv higlic tltnlit.,on tht;\craveth:an 
flaliicrs' prctites, 5,bilc NiP5 had highcr lt't 

' ICntiIts thlli lll-lCis i praetice \,th IR.13 oilv. In 
general. NII14 vieldcd B:('s thatl ctcccLCd lilt 
generill accepltcOlLesl oI 2.5:1 lor pland 
conldit ions. 

;lt tr;t:.splanitinIg dctislty), ani/(d
/iIapplication.
 

Rcsuilts from11 42 oun-tatt trials c(nductcd over 3 
,,cst (I ,-,)3-,5) werc consislctnt. Th adoption 1 
rVCOclnntcndLd I)iuCtic'cs IincreIsed 11,1-11yields I)y 

2.5 t hatol tile .'c;ge. from1aisitnnlated f-lnrcI's 

v o.'ltl6.2 to atvicd of 8.7 tha with0l 1hat 
rccoi1In1wtICdld practiet's. The factors that con
triltutcd most Is)tle vielt dlicrence wle fertili/er
ilid (illage level. 

ItOHO IIi I tl I S SIM tha.tt it as Ftofitable 

tomiIl',t lit' itctoiilntIliti ls iII itseqtiential 
liitcr tirs tilt' lov-tostI practIces Of Z1 and 

scotlinig, lllaila lli atid the costlyltlcit. thLill more 
FU tiitc(IC,OfiihiIC Iertili1cr rate aid tillage level. 
I illaieC and fcrtilizer \e'C liilly complemIenntary, 

ilk. hClis (I Ote ftcttor heine cornditital on the 
Otlor. S',tsifvitv all\'sis sttggcsts that these 
1indings are stalc tcr the ralgt of prices laiurers 
are liktly It face inthe short-im 1tUiipper Sind. 
see tile stlit out (o'opmrative ('onuntrv ItroICcts 
hin details. 

http:1hIOI.10
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)IFHTRNTIAL IMPACI O: ITCHINICAI. (II.,\N(i 

IN FAV()RAIiI *J ANt) 'NIAVOR.\I 1: ARFAS 


ACCuiilaited evICIide ncC indticatC th lili in .i/c. 
IctiMitrt'. ald 0th'r s'i l aii1d ill itiun al elil'tolli 
hlZI\C ilot IIl\iignili''illc'ctd Ilk dilnltiomi rtle lt 
iMttodci arictics (I \',. Becausel,of jiliperlect 
credi mla tit aldtihe Ii clUC;tle TClitlemenls ole s.ieC 
t I c'\ clr i i idnC"V i' hl l ci h g ic > , a dlo wlt o n l aw "'h .\ ' l r 

s\ltc-l tl dit .liii h.iv,.,huc ('tii hit1allk illue 
m',tpid ili ais Mwtu ihcli d mIiitjoii 0 intIh 
OM55riCihip is hielly skCs\cd. Il illill\ li,, htv-
CC.thiW 00 iitisVis , n1n II Il 1) \o rnieuCt credit 

priuiiiii. lhh the int ehimTilkiuig t cirsli t ilt output 
liiaikCet. Incl,1 IoCri (l le cot 0t emelit to 

~iteli.s,. 

Fnxiroiiuiienil;icu,, 'pcCiall_ the dcL'FC 
oh watlr elii l, aie' cilc'ial hi Cxplaminine, ihe 

ditecnuial doption (iil nesi teluhnol..\Ari-
cuiluinll UItiio0loci c c ili l hea:t(i..l pcilie. 
lld lilt Scope b t'il i II\I, iil' is 1closi5 

il'eigo, i, thwll iihcrcntlv linuiel :, iiuchi il,(II) 
oh 11h rie c;i i) Sontll ;tild Soilthti,,i Via wai 
still plaintet to irailitiiiiil 5liitics II V") in the 
cam ll I9)5fl 

liillrcullnir) ,Oiparion, .11. k aml eneint'i-
M011111 Cou'i/iOnx. liIcrcoIiilrs dillC'.iCc', Ii 
adoptioii late arc elcal\ rllat i Othe,pliet purltn 
of iareia ihigcated, as ,hos ill I ahle I. ( ouili ic.1, 
\\itl los% adoptiol riC, aC ihio'.c MCluC Ic', ihlii 
3)' of the ice ae;lu il iriLimtd. III lllhil;llii and 

anelahides h. i'c isenltiaitd in! largee dla, ea,,i: 
where Ot l tlopin, ! ellctlico,; t ch e wmicr 

,C0oirol sYstecm is iih. In Nepal. a siniilicalit part 
otf the rice lca i, i it IIill> niid Millu iouisih.l, 

regions: even in the tMrai (lowland areas) only 30% 
of the rice aiea 1,; irritled. Both Thailand and 

Nepal have tr;idition;illv cx [itrted rice owing to 
thCir Rit ll\cl\ hiih lild-iMaIn ratios andTnatural 
coliliptir~lti'c II' iin(\,liijiiOhllC gp rice relative 
to otlIci ciOPl 

(Coivl, 'i'(uinlItra 
those l'lk' !Ih,'C', 

lc ' - a n t i q c h ( l i t '~; 

\% ihi.Ih idopti n ailics 
I ri alitil is re ilively 
l l 1 ) l I ;Il 'ttdi l 'il t o to a l 

dlila is hii'r. "C'i IhC I)liiliI thuc,,s. where the 
piopolt I iriiicsl area is coi ilto that 
oIl haiisii luch ratc ol MoV adoptionhis a 11iehcr 
hecleiu a aia. p:eii of PhIippilmmhc railte(I land is 

chiiictei/C'd h\ lais trale lowland conditions, 
\ci tC' t NI \ also hIa\veilt 'l-ituieil a yield 
;isJ\ lt. In liunia. theme ale Celatively more 
ruinled ,iCas that either have deep water con
tiMdC-.,i 1 ;oi e Irouht -proC, aiil whereC MVs 
lilm little ll allltx over IVs. 

,IutriSt proltiuctioni ald 
nancllet ;imon tlme six Asialliconntries wvith varing 

I( l M fl \'ield per'or

rate' olir rigation ald NIV dotIpIion is also sIhoVn 
ill Tahle 1. Ili Iluilaud, Nepal, and B3angladesh 
wherlc \IVs had tlI lowest adoption rates' 

ro\\'ssh perlormance in rice production and yields 
dtcCliiICd illill.dly' alter 1965. Yields stagnated as 
rice cultivation wzs extlided into tile niarginal 
aica., ectl in Bangladesh. where horo scaso 
ciop bencfited rom n olern ltechnolog. 

In counll'CS whe I 'Vadoption was, rea'htis'Cely 
huh India. 1indomiesa, and til Philippines 
i ow\lb ili vid and productioti aWcclcatcd during 

tile past tsso decades. Yicid ii:critss iccoullted for 
nioic llaii W('( o1' oultpul growth compared with 
less than 40(1 dLiring1 the previous period. Until 

Table 1. Adoption rates of irrigatiori and modrn varijwiw., and growth rates of rice production, area, and yield in 6 Asian 
countries, 105b-8 5. a 

Growth rates (%) 

Auta (t jnder 1955-65 1965-85 

Irrigation MV; 'rocItCIion Area Yield itIduction Area Yield 

BanqiL, 'sh 13 25 
India 42 53 
Indonesia 64 64 
Nepal 23 36 
Philippines ,54 135 
T nailand 2b 13 

a asic ilatl frn I R WWorld rice statistics, 1985. 

3.1 1.2 1.9 2.0 0.6 1.4 
2,1 1.2 0.9 3.0 0.8 2.2 
1.2 1.0 0.2 5.6 1.5 4.1 
6.3 1.9 8.2 1.3 1.2 0.1 
2.2 1.4 0.8 3.7 0.2 3.5 
5.4 2.2 3.2 2.5 2.0 0.5 
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recently. the deceleration of growth inrice produc- Yield (tho) 

lion in Thailand (lid not adverseiy affect rural ,4F.,,
 

incomecs, since the nonrice agricultural and imdLuS- 3 ~ '~
 

tria sectors grew rapidly. InBang ladesh and Nepal, -,--

the vcry limited productivitv growth in the rice :-,
 
sectr,wnich provides livelihood to the lnaiority of '",. . v

the populiuori. is an important re.son fr the o..,......" ....' . ..... 

stagnation (fltheir ecunornies. , ,, , 
FigIIres I a d ..2S; the historical trends of M V 

adoption and rice yields hv environmental con- ./ ...,. 

di ion within the cou ntries. The categories differ by 2 1- f.," .o" ,
2
 

Thodand 3 " + .i 

vI 0 1 --4 

G60 64 68 72 76 80 8460 'i 6_8 0 76 80 84 

2. 1rends in rough rc \iclk by cnvirtnmn ntalcondition. 
20 , - It1960-84. 

lii I tiJi I",L _L.i II LL.L 

10O .. .. - . countrv because data are not available for a 
I/ndio c)rn moni classification. In Indonesia, provinces are 

80r -- ,o g:ouped by prop ) rt ion of irrigated area in lowland...... / 


Ice ai0d of1 
COy'mt'" Rice da inBangladesh are classified by season: 

AW"'od Cl-frlto, horo ie presents tl irrigated aicas, and a(is and 
,0 - - .. Y ainan the tinirrieatcd areas. In Ilhailand and 

II prpt)t0io upland to total rice area. 

.." Nepal. it is assumed that \,IV adoption is limited to 

20 h iTrigated areas and to the te ra. 
lV./ 
 The importance of environmental conditions in 

o 1-1LIZLLI I I 11 i i I1_1i .I I I t understanding the variability of adoption rates of 
10O , MVs across I. High--------.. areas is illstrated by Figure 

ndont'P"I aLIoption rates in Indii ave been confined to the 

2tf,. \ irrigaited but account for oi1lV about (flue
6- -I H No,;tI' folumth of the total rice area. Incontrast, eastern 

I°l-- india, which has lic.avy rains during the growing 
40, season and poorly developed water control, has the 

lowest adoption rate. 

- in aid 
reflects the degree to which tile environment is 

) .!7iI t I I I I 1.IA LLLL!AILLL unfavorable to the NIVs. Inthe Philippines, where 

-po," u lie gap optI oil rates bt tween categories 

68 72 76 80) 8,4 L.B 72 /6 80 S4 
68 C 77 8 82 70 7 7 8 82 Ni Vs 'crc adop "-diiore rapidly tllii in .anyother 

Yeat country, the (Iiftleienc iii adoption rate is protably 

I. IIclidsit,ItciccntagC I alca plmincd ht mnodeml varietics least marked. M ucl of the rainled lowland area is 

(%IV,) h'Vcnvirm menuil condition. 1967-84. favorable, since the degree of water control is not 
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greatly different from that in irrigated areas luring 
the wet season (WS). The introduction of :thort
(11t-t!ioil 311d itIote- (lr it'lt-iCSjStaltnt ViloittjS inl 
the m id-19 7 0(.push,d th e I V ad o p tio n rat ,sinthe 
rainll!d lwlaldS Coser t0 tloSe egtd alSa it i 

bv the eatrly I9s.I pIrid ,i-e areas aii Ican to 


h e pl n;,,:lv itlh tile./1 1i (//)ro,(/lM V ; ill f)X~k.i . I )ilteic lijl tdoititm ofl 

M\I"shtW> widened tILe ,I..ttitV ill yield hett een
 
ilit latl. adt tlllilliated r iol, l i he Id[ Ill 

IQl% s (Fi. \V vicMk d2) il F, IC l hciIII eSW [ntiilly . t,ItIni att t l:1 i: t c ull i ;.,,., areas.ti I l i h: 

-itveragelei:, e i.K'l.d . ( llo lli1l lhll i 

trritzated treas of ,ill the cottni',, e'eept Nepal. 
,+there 'ields iilntiletcitr.,tlC.d - latiltlt bit 
decline d ill th e [1lnfas, t( ;th lc at .',c:+, t.tItI at iln,; rice 

spriad into Illirginl aro. . Ill n ontesial there s",, 
ia tmt est i nIc r easC in I cW U ll o t i li lce ',ijlisin tile ; i\' 
ille",cm itaorahlc pro incc> bctttlsu of rl i 
iri ial,0 ile sttltnt,s if t(' Oultu islani., ine tile" 
n,+iti- t7 ils tie'. htlflhcmit 'h!cla,!oevy hlllt.toic l, 

shifted tileCo )llpilIt 'i\ ;ldd llailot: of [)l0 lCidll_' 3. ItciiIl iicrdl pii.c )t tice inl5icA"ill fal\iol'offirri tlcd all'ells Ijcoilitlll' ;ille], mlikvt. 1061-81. 1964-6 1W8.t ithill 


ic(TiSiciuttlititcs. ill fit\c ofl tIlos, .\.ll ,t hilio et 
p/lpo tioll ilrigatcd /it,.'.of 


l ,i(vId% Irie '
r,'i) 
 ii pice of rice 

declines as s ie tl,,s in iai';tcl aweay xmhere 

i1od.1t techholuly spica(-,, the nl,'llles (flric. 
pro!ducrs" ill i-l;t/\iltbhe ,las wulciL htells 
have not ititeea,;ed lt,\ decline, although t(

welfae 
 f ealrl\ adopters aill te'e ttIIsIinrs is 
enhauced. Alie f'ar has ben "Adcv e.\xpressed tliat 
modern lice tchl hfi not\ oilx tceltitatCs 

neotne disp'arities betwenl fal ratble anld 
 tl:ltylr-

able areas tit lsW osens ihe absolute ponrerty of 
fIUtanets in tfavolahle a/eis. 

I )tiri t lie first decade 0f the (irccn Rc ;ilit. 
vicld incleascx "_iclrillx led to hi_'.her larn, itllcs 
becut:,c the ltal price oIf rice \ias Itaitlittcd atnd 
eWUn ncCte d fo(iloWitc xold price Imends during 
this period. (it.t in1 rice ptouction, was 

substititillt, tor rice ii rt, illComttlries where
M, werc wielr ado".Y 

teal ptiCc- of IiCC had duelitied In cltiltries \here 
prodctix'ity ains were tILt r rIAidI and sell-
sufficience was achieved India, ite Philippines. 
and, t it lsser .\texet, Illdonl.it, i. 3 

(ioveCltcl policies ha\c had a Crucial role ilt 
bafancing plMucr aind etllStllllCintcrsts. In 

Index 
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o ,tintrit, ind illth,korld
 

Indonesia,. the decline has been relatively slight, 
tnd rice faritelS h:,vc ltfilcd frol output price1%v 

supports, less dislortionarV rnacroOpolicies-, andheat\' inptit pree subsidies. MoIst of the prodic
tIViv gains ill the Philippines aind India, however, 
iWteeried to cotillsters, as the rell price of rice 
declined bltt 40; (Philipines) arnd 30(7 
(Ilndia) over tife last decade. 
The domestic prices of rice ill Ihailand, a major 

rice exporter, and in liaiiadesll, at rice importer. 
have no(,t followed virld price trends itS a result of 
t-adc and cltiuiclrCial policies. The Thai G overn
nlttert ]lowever. a,;istiot able to protect rice farirters 
ftoit) tilerecetit sharp drop illwrld prices. 

eThecase oIfNepal is interesting. Being a snall, 
landlocked ecotllVonIv xxit h1long. open borders wilh 
India, NCpal' dollestic rice price is Stlontly

l.ed they tl t'- ltlu ti,.-l70,,intflt eicld b" fle declininl- price tlends ii Itidia, 
btut witholt 1it[t1.i betnefit torn1 new rice tech
nolo;ic-. [he fallling real plice of tice is a major
Caise if the stainlaion of the rice sector in Nepal. a 

nIt'Ih
co.ri). ita effccti\ely in I unavotable a'el 
within the Inliat subeoritincnt. lie direct elkielt of 
the decliling ptice trend is t reduce incentiVeCs to 

http:Illdonl.it
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grow rice and reduce the incomres of rice producers technical change on the livelihood of the people .... 
ainlnand landless htlos.:holds alike in both farm and landless households particularly


unf,vorable areas. which fliln lack alltcrnati\ e In the unfavorable areas bypassed 
 'ON,new tech
elploylent opporittlitiCs, no(),ics. IhCse indircct effects inflence the
 

lFre acc.lcralted n.wthIn rice piLodUtcIi\' ili distribtionlal Impact of n l, clmnoloiy, initially
 
tire cjlioil hil/s t ma10jor builltl
b Oitl te II(. throavh mar kct pi., cil'cs ild subsejtl'cltly
 
decline ill world rice i e ill ':l tors,. ('t +Hpard ltrs10r . In labor, land,
i tllr'otrrih l'letr,. irar1;llket 

to te 1%r,,. the' .'l'rlg rea'tl 5,ord pric Ii r I') 011(iothcr milrkcts.
 
to k r b%1lW" itt' urnI ti h
IQ)8, \,. . orl. t snla hi'thirl'I'r / '1111r -;I/riI'lli . Il ILTis of the
 
world price in 75 weit
1)7.1- c'xcludcd, h\ 1W) !ibtor lket, iarer employment opportullitre..
 
(Fig. .).Tle sharp drop Inlir 
 L!lita plicCs il 0lld incourn ilarcas where technrology has been 
recent yCalS CoLild be irtl\ a tlcciir oit hort- aldopted 111,\ idrucc perrmanert arnd icasonal
 
terll trough drre to tire lim ir 
 *iIi11m, migration hror rnfrvor;blh to favorahle areas,
 
Iion illthe late I()0s rid the loll in oil pri.':., redrcing tiletergional inrolie dispa'irt ii

ulnlpiing (l ralil 
 ulllhcs rsiliilrc tlrrn 1i',iin11 tialN createld b tire differential adoption of
 
.lgnietllilliil p)slteCrli 
 iu,1'1:\ Cp'd Coliultrits riodcli rice tceblioloet!c. %1(1drrlireehniolo.ty corld
 
hlr,C.Nactilic"d the dcclic il (\(11dric- prcc M rIo irnrCtilSe tire labor 
 llppiyirr faI.orrhl-e iaIs, 
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technology has mitigatingeffects on labor demand 
in the nonfarm sector, Through intersectoral 
growth linkage effects, rapid growth in larnt 
income will have strong growth and multiplier 
effects on the rest of the ccooniv. since tie bulk of 
expenditucs iIntile rural sector are spent on food 
and l:bor-intensive industrial goods. Noreover, 
since rice is a basic staple, cheaper rice will lower 
the price of labor relative to capital and raise the 
competitive positioti of the labor-iltensive indus-
trial sector vis-i-v'is tiletest of the world, increasing 

total employtent in the whole Cecoonly. 


TIhere have been many case studies ott the 

differential rates of aIdoption and tileimpact of 
IMVs, but most have bcCn conducted in progressive 
areas where modern rice technologies wete widely 
adopted. No rigorous statistical analss have been 
tmade with respect to the factor use bias of nodern 
rice technology. Stilcient data are not available to 
characterize the socioeconomic conditions and tile 
impact of new technology on tile incomes of people
in tiifavorblc areas. Neither are they sufficient to 
broIdl\ identify in tile as howregioti a whole 
serious the environruenital fIactors are relative to the 
social antd institutional factors ill coistrainling the 
adoption of, as well as efficient use of, modern rice 
technology. Moreover, wc arc essentially ignorant 
of adjistnments in resou1rce allocations i1 response 
to modern technology within and among areas 
with different eivirontiental counditions, arid 
theref'ore of the ultihate impact -ifnev tcchnology 
on non-adoptors. We have also ignored the 
inportance of intrahouseho ld diflcrinces in labor 
allocation, access to resouirces, an(l hence tlie 
distribution of the benefits of new technology 
between men and womle Inithe society. 

Asian collaborative research. 1lie Agrieltural 
Economlics Dcpartment is cmbiarking on a cillh,-
borative research study atnong six Asian colintries 

BIangladesh, India. Nepal, Indonesia, Thailand, 
andithe Philippincs to shed light ott the 
pieceding issues. The uIt iiiate purpose is to driw 
policy implications for the allocation of rice 
research expenditures ,veivironiletal condition 
at both tho national aid international research 
institution level. 

The Philippine ctmponent was initiated in 1985 
to serve as the prototype study for tle Asia-wide 

project. It is based on an intensive survey of five 
villages representing different production envi
ron merits. Three levels of data collection covering
hoth farm and landless households were tider
t,iken. First was a census of all households to 
determine demographic characteristics, history of 
migration. land tenure patterns, and selected farm 
characteristics. [his alsko served as a basis for 
choosing the 381 sample houscholds intensively 
surveyed to obtain information on inputs, outputs, 
factor prices, and all sou rces of income. Finally, 
a time allocation survey instrtlment was admill
istered to 60 hoiuseholds tsubsample for the 
survey. 

This report is imnited t,)the analysis of the 
factors affecting adoption of the new technology 
and the direct eff'cts of the new technology on 
prodtctlvi'. Full analysis of tileiidirect effects 
through tilelabor, land, and credit market adjust
mtats, and 1he ,mverall impact on income distribu
tion, is in progrss. 
Two villages (Maragol and (Gabaloh )inNuteva 

eijaand threes illigs( Pindli, liial, and Signe) 
in Iloilo. Philippities, were selected. These prov
inces are the top two riee-grov ing provihces in the 
country. Soils ill the five villages range 'ron clay 
loam to Clav. Annual erican raiifall is higher and 
the rainfall distribution more skewed ii Nueva 
FCija. Ii Iloilo the climnite is tidt, mean rtinfall 
lower, and rainfall more evenly distributed. 
M"iaragol and Ilandan represent favorable areas, as 
both arc lilly irrigated bv national gravity systems 
and have a flat landscape. MaragolIfarmners plant 
two consecutive rice crops. Cropping intensity is 
even higher in Pandan,where half of the rice area is 
planted to three rice crops throughout tileyear and 
thc other half to two crops. 

(iahaldon is ,sernifavorable area because its 
production and input structure are very similar to 
those of tie favorable villages. It is primarily a 
rarifnd village. with I6': of the rice area irrigated 
b,, pumnps tonpermit ;asecond rice crop. Otherwise, 
the donlinanit Ctopping pattern is rice - fallow. 

Rii/al and Sige are classified as unfavorable 
areas. [hc are prinarily rainfed. and the topo
graphy raies from moderately sloping to moon
tainoits: hut all rice is planted on bonded plots. 
Blecause of the more even rainftall distribution in 
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Rizal, only 12% of the crop area lies fallow during relatively high. The 20% of rice area planted to TVs 
the dry season IS). as sufficient moisture is in Rizal is located further away from the main 
retained even within the dry months. The intro- road, and transporting of modern inputs is 
duction of short-duration MVs together with difficult. The TV areas are also in the higher 
associated cultural practices such as direct seeding portion of the village, where water is less assured, 
and mechanical threshing in the mid-1970s induced particularly during DS. The use of MVs in Signe is 
the higher cropping 'ntensity on many farms in1 concentrated in the lowland areas, where water is 
Rizal. Twenty-eight percent of the rice area is plentiful. During DS. nearly all rice areas in the 
planted I two crops of rice, and half of this is still unfiavorable sites use MVs, because either only 
planted to a third crop of vegetahles. Mtunghean irrigated ,t-eas are cultivated during DS, as in

nd] other upland crops are planted isfie second Signe, or a short-duration variety is critical to get 

crop in 40)j( of t lie crop area. any harvest at all, as in the rainfed village of Rizal. 
Signe also has a \aried ,'opping system. The Nueva Fciia farnis generally used more 

Although only 201 1ofthe rice area is irrigated. 38"1 fertilizer than the Iloilo farms. Fertilizer applica
is planted to 2 ricC clops bcalie somie lowland lion in 1 was higher because of the greater solar 
arcas are closc to the creek an, an underground energy, which raises fertili/er productivity. Within 

spring. In the iolitainot:s ptt of the vill'ge, Nureva Ecija, fertilizer use in the unfavorable 
11a 1tnIetriumcs are the sccond crop for more ienvironments was below that in the favorable; 'he 
than liall of, the culis attd area. ard the rest lies only exception was the higher level of fertilizer 
htov application in G(abaldon than in Maragol in DS, 

A(IoPjtioi ratC Of new tcchmlog. lahle 2 whbich could be explained by the much smaller 
presents the levels of adoption rates of iloderr plots cultivated during this season in Gahaldon. 
biological technology du-ing WS and )S. lhc lhe proportions of rice area using insecticides 
adoption of MriVs and fertilizer was virturally uad herbicides are also relatively high, at 63 and 
coriplete i ithe ttidy vill1ges as early as !975. I'ven 99(71. respectively. Adoption rate: of these inputs 
ilr Irc tifaorablu villages, adtoptior rates are were higher in the Nucva Fcija viliages than in 

Tabla 2. Adoption rates of modern biological technology in 5 Philippine villages, 1985 WS and DS. a 

Farms Area under Fertilizer use Insecticide use Herbicide use 
Site (no.) M V s (1%) .. . . . . . . 

' 
. .. ... . ................ 

Area (%t{, P'l~ha k N/ha kq P/ha kg K/ha Area %) P/ha Area tf P/ha 

W4ot season 
Favorable 

Maragol 92 100 100 1383 /0 32 9 97 324 84 153 
Pandan 37 100 100 827 54 12 1 86 220 80 120 

Semifavorable 
Gabaldon 54 i00 100 1161 59 25 16 93 185 73 71 

Unfavorable 
Rizal 63 79 100 961 59 19 16 98 183 83 120 
Signe 50 59 79 685 54 4 1 63 45 18 9 

Dry season 
Favorable 

Maraqol 92 100 100 1600 84 33 9 98 353 92 159 
Pandan 35 100 100 1134 65 14 1 99 236 92 117 

Senifavorable 
Gabaldon 24 100 100 2219 109 42 28 75 165 97 155 

Unfavorable 
Rizal 40 95 99 1110 57 20 3 95 170 83 50 
Signe 22 100 89 1052 76 10 0 89 82 9 16 

a$1 - F 18.6 1. 



428 IRRI ANNUAL R-PORT FOR 19f6 

the Iloio villages, and higher in irrigated areas than 
in rainfed areas within each province. But the gap
in use of the agricultural chemicals was significantiy 
wider than that in fertilizer application across tile 
environmental conditions. 

To discern the relationship between production 
environment and technology adoption across 
farme is,a MV adoption and a fcrtilizcr demand 
function were econometrically estimated (Table 
3,4).The estimated fertilizer demand function had 
a much better fit (R'--O0.2) than the adoption
function (R2=0.42). Irrigation and village dummy 
variables were all highly significant factors affect-

Table 3. Adoption function of modern varieties (MVs) 
based on a farm survey of 5 villages in the Philippines, 
1985 ws.a 

Itern 
 Coefficient t-value. --.. . . . .
 
irrigation (( of area) 

Village 1 Maragol) 

Village 2 (Gabaldon) 

Village 3 (Pandan) 

Village 4 (Rizal) 

Tenure I (owner-operator) 

Tenure 2 (leasehold/Ct.T)h 
Farm size 
Age of farmer 
Education of farmer (yr) 
Intercept 

R= 


0,1 39, 2.401 
34.718' 5.313 
47.973" 9.242
35.190 5.337 
33.492"" 7.156 

-11.361 -2.817 
-1.636 -0.405 
-0.447 -0.386 
0.106 0.974 
0.964' 2.021 

44.026 5.949 
0.42 

aDependent variable is percent of area planted to MVs.beLT =certificate of land transfer. .- ,ilr,' 

Table 4. Estimates of fertilizer demand function based on 
farm survey data in 5 villages in the Philippines, 1985 WS. a 

Itern 

Fertilizer price (P/kg NPK) 
Rice price (P/kg) 
Area under MV (%)
Irrigatior 

Farm size 

Village 2 

Village 3 
Village 1 
Tenure 1 
Tenure 2 


R2 


Coefficient t-value 
.......-Ecija were higher than in Iloilo, and higher in the
-0.585'' -5.240 

0.072 0.385 
0.006"" 5.098 
0.002 1.952 

0.9551 
 31.677 

0.202 2.194 

-0.371 --3.301 
0.128 0.159 
0.120 1.720 
0.073 1.064 
0.818 

Dependent variatle Is kg of NPK nutrients. Specification 
Isdouble-log, 

ing MV adoption. Despite the low level or absence 
of irrigation, adoption rates of MVs in Gabaldon 
and Rizal were significantly higher than in Signe, 
the reference village. All farms in Gabaldon planted 
MVs because they have favorable rainfed condi
'ions that do not differ much from the irrigated 
villages during WS. Rizal, on the other hand, has a 
relatively even rainfall distribution that allows a 
secord rice ciop when short-duration rice varieties 
and .tiher associated time-saving technologies are 
available. The le el of education of farmers 
appears to be a more important attribute than 
age. Telure and farm size appear to be of 
minor imprortance in determining NIV adoption. 
Althoudi one of the tenure variables is significant, 

tilenegative coefficient for owrncr-:lperat,, , i' 
counter-intuitive alnd nay be capturing the effects
of other variables correlated within farm owner
ship.

Fert li/er price and the var;ables shifting the 
fertilizer response functions (irrigation and MVs)
arethe Ilportat explanatory variables affecting 

fertilizer use across farms (Table 4). Rice price is 
insignificant because it is fairly uniform across the

observa lols. The significant unitary coefficient of
 

fairn size simply indicates that there is no difference
in fertilier application per hectare between small 
;and lltrge farmh.' Tenure does not significantly
Affct the rate of It use 

c . ertiller use. 
Impact on producivity. Table 5 reports thevarious measuresF of rice productivity across thestudy villages. F'xcept for the typhoons that 

affected the WS har'e:,t in Maragol and Gabaldon, 
weather conditions in 1985 in both regions were on
the whole normal. Production in the 2 villages
dropped at least 20"'6,below normal levels because 

of bad weather. Despite this, the yields in Nueva 

favorble environments than in the unfavorable 

environments within and across the provinces. As
expected, yield differences were much lower during 
WS than during )S. l-xcept for Rizal, all tievillages had significantly higher rates of fertilizer 
application during DS. In Maragoi and Gabaldon, 

Yields were higher in DS than in WS even after 
considering the 20(7 drop in production. This was 
not generally true in the Iloilo villages, as DS yields 
were bower. I Paridan. average yields for the third 
season crop were also lower (2.9 t / ha). 
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Table 5. Measures ot rice productivity in 5 Philippine villages, 1985 WS and DS.a 

I abor productivityYield (t/ha) (kg/d) Net value addedb Net returnc(thousand P/ha) (thousand P/ha) 

Site
 
WS DS WS 


Favorable
 
Maragol 3.5 6.0 41 

Pandan 4.0 3.3 
 46 

Serrifavorable 
Gabaldon 3.3 4.8 41 

Unfavorable
 
Rizal 3.2 2.6 
 52 
Signe 1.9 1.9 20 

a$1 -- f18.61. bNot value added gross value vf outium t 

added - paid out lan rental ind hired labor. 

'I h pattell of labor prodlclivilv closely 
Ioilowed vield '-iffercliccs. labor productivity was 

lowest in ign, which had hw lowcst vi\hlds and tl
lowest level off filecli,'llalia l oll b l rlill:w .t 

higher in Pandan and Ri/al in V.% because of. 
widcspread direct sccdinL. Because ofttic ery high 
yields in Maragol and (iabaldot (111ririg )S. labor, 

productivity was also high 


Yields and labor productivity arc partial 
measures of productivity, )ecause itamt other 

costs of inputs are lfio t;tkcn into account. lie cost 

of other inputs is considered hy cslintIlini lit 
value added per heclare, dcfinud as gross revenue 
ninus costs, of curreIt inputs and fixed capital. 
Although costs of cturient inputs and fixed capital 
arc generally higlcr in favorable areas, the net 
Value added of rice production is also bigber 
because of' its yield advantage. If the yields in 
Maragol and (abaldon are assumed to be 20)1 
higher in WS, the average WS and 1)-; net value 
added per hectare is highest in the irrigatLed areas 

Maragol and Gaaldon -and lowest in Signe, the 
most Unfavorable aica with the lowest adopiion 
rate o)t' modern rice tcchio gy. Ihe inocoInc 
derived from rice, however, depends on the 
proportion of labor that is supplied by the lamily 
and the tenure relationship. In terms of iet return 
to the farm household, the differtence between 
favorable and unfavorablc areas widens because of 
the greater proportion of share-tenants in ithe 
utn favorable areas. 

Differences in the iproductivity measures 
observed across villages are itillucticed not only by 

DS WS DS WS DS 

77 5.5 12.7 2.0 8.0 
42 7.6 7.5 3.5 3.5 

61 5.5 8.4 2.9 6.7 

43 6.9 5.8 4.1 3.7 
24 3.4 4.3 0.5 1.0 

cot of current inputs and fixed capital. CNet return net value 

Table 6. Estimate of Cobb-Douglas production function 
based on farm survey of 5 villages in the Philippines, '985 

a 
ws. 

Item 

.. . .. 

Labor (rnpri-days)
Land (ha) 
Fertilizer (kg NPK) 
Fixed cdpital (P)
Area under MV (%) 
Irrigation 

Village 1 
Village 2 
Villacje 3 
Villace 4 

Intercept 
1? 
5 
Dependent variable 

Isdouble-log. 

Coefficlefnt t-value 

. . .. . . 
0.4310.392" 5.9074.992 
0.522-' 2.847 
0.142 * 4.039 
0.004 * 2.896 
0.115 1.379 
0.383"* 3.832 

0.469' * 5.005 
0.626" 
0.690"" 

5.941 
7.739 

4.087 
0.876 

Is kg of NPK nutrients. Spec lfl,;'.tton 

production environment and technology but also 
by other factors. In Table 6, a Cobb-Douglas
production functiun is estiuated to distinguish the 

CfIects of teCltno1gy anld production environment 
from the other inputs on production across 
hIsample l'arlns. The goodness of fit is high 

(12=0.876), and the estimated coefficients are all 
poSitive and tatistically significant. The suM of the 
coelfcits for labor, land. fertilizct, and fixed 
capital is close to ultity, indicating constant returns 
to scale. Adoption of MVs appears to be more 
statistically significanl than irrigation. The effect of 
irrigation is somewhat confounded by the village 
dturlnlt variables, which are all significantly 
differen, from Signe, the control village. The lower 



Table 7. Input use of MVs and traditional varieties (TVs) in Rizal and Signe, Iloio, Philippine, 1985 WS.a > 

Elemental Z 
Site and fertilizer 
rice type (kg'ha) Expenditures (FIiha) for Labor Area (%) using Labor 

productivity
Fertilizer Insecticide Herbicide (d/ha) Hand tractors Direct seeding Herbicide Mechanical thresher lkg/d) 

Rizal 
MV 61 21 2 1013 208 47 59 
 38 89 
 74 100 55
TV 50 12 0.4 746 76 12 
 73 30 
 43 22 
 99 43
 

Signe
MV 84 6 1 1051 73 14 80 
 0 68 24 90 
 30
TV 12 2 0.1 168 5 
 1 112 0 
 0 
 1 82 11
 

as1 = F18.61. 

Table 8. Cropping intensity, labor use, and productivity of MVs and TVs in Rizal and Signe, Iloilo, Philippines, 1985 WS and DS. 
Farms 

Site and (no.) Rice Multiple Yield It/ha) Net value added (t/ha) Net return It/ha) Net return (t/ha) onrice type Lropping cropping 
rice and nonrice cropWS DS index index WS DS Whole year WS DS Whole year WS DS Whole year -WS DSWS DS Whole year 

Rizal 
MV 62 40 1.4 1.8 3.2 2.6 4.2 2.3 1.8 3.0 1.5 1.3 2.0 1.6 !'5 2.1TV 18 - 1.0 1.5 3.2 - 3.2 2.4 - 2.4 1.7 - 1.7 1.7 - 1.7

Signe
MV 35 22 1.4 1.9 2.4 1.9 3.1 1.6 1.2 2.0 0.5 0.5 0.7 1.1 0.8 1.1
TV 30 - 1.0 1.6 1.2 
 1.2 0.8 - 0.8 0.3 - 0.3 0.5 - 0.5 



coeficient for the Nueva Ecija villages is duie to the 
typhoon experienced late in the grmwing season, 

This analysis relates production environment, 
technology, and productivity within il scason. 
Howevcr, nolcrn rice tcchnoloti, incriasc, th..: 
productivity of the land per _car t hrouugh cr-op 
intensification. I he input se., crOppite nteitsitv, 
-ind econioic return for NI\',s ard l 'scrc 

collpalrcd !i Ri/al 'and 'Signi. where I \'s are still 
planted. Rial. iln palrtftiar, illustrates tile impact 
of shott-dIl ation ,ariCtiCS and assirlttd tcch-
nologeis, which sa\C %\itlr hy reducing tini;trlIOTse 
time, Oi crop iitiiicatioii in ranifed htmllaiid. 

[ablc 7 the of ucitpoiim levels inpini and 
acdoptioi of llthor-stvimiiz tefilnltl. o ftdrater, 
using N V, anld I Vs ill Iitt and SieniC. lIhlI 
of fertihixer, itisWctice int n hlicie applicition 
\%Cie tirir NI \K. I he dilflnce \\,:t mnt , 
iicitt ill Ri,al r, ill Siic. h calUe ilie taitl:lll 

flatti'lls ItIMIidCd 1t11t oIt LinC il the sciud 
sCasoll alid the1tel iIll is nllk Illoitl ; slolutt 
It fhact. the IV plalted in Ri,;ul \J, actuaI atn 
inprosCd local variCty (1[1 3). I tho uC pci 
hecntruelfr \VS< ,x,. as tove Io I V, thia lfor l 0Vs i 
botth villages. prinllrily hCCausC of ltlre direct 
seed inc. 

()NS NI I 'i O . NI V, IIC t'lNOL'Gt y 4.1 

[able 8 show.s Ohe cffccts of modern rice tech
nhrmv through crop intccsification. The rice 
crgping indcX forufrmers usintg MVs was 1.4 
c0onparcd with 1.0 ortoly I crop ofrice for farms 
u,in IVV. I-arms using MVs planted nonrice 
crops ii ille scond iCas01n, antd also as a third crop. 
Ilcnce, the rate of cLrop( irtrnisification mensured hy 
t e nuiltiplc c oppinie index was also higher for 
MVs. 

Wfhan the \%hioh Cal is cMsidrtd, the labor us,.." 
per Icctarc was higher otil %IV arns even if labor 
(1w for other Clops is considered. lhe yield of[Vs 
in Riial was slightly lower than the yield of MVs, 
hut the net \luc :tid,cd per hectare and net retur. 

%aCl higher hecausc of the lowr cost of inputs. 
Io\ c a,r when the po.,sibility of hat ing a scond 

crop of IicC is Co nstdeCrd, the net \.aice added alld 
net rturnlper huectal prcpa wCer fvtchighcr forN, Vs 
thIln fo1r IV's1. In Si,,nc, the advantagee ill yield and 

J, ecoMtilltiic etliri of NIVS o IVs waslmclh' 
,reatet bcauselC (f1the poorer .irowin ConditionS 
\Mtc' IV', , planted. Even in WS alone, the 
tsratec ,icld of %,IV., was ahout double that of 
I V's. 



Cropping systems program 

Analysis of the physical and biological 
environment 
Multiple ('rrppinK, Plant Patho1n4 I. :'tomologi", and Agronomy Departments 
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Interdisciplinary cropping systems research is 
currently being conducted in two Philippine rice 
environments. Identification of crop technologies 
to Increase and sustain vield in upland sysiems on 
acid infertile soils is conducted in ('laveria, 
Misamis Oriental. l)evelopment of' more produc-
tive cropping patterns in parti~dly iTigatCd lowIMlnd 
systems is condLctCd in Ginimba, Nueva Fcia./\ 
general description of physical and biological 
characteristics of these envi ro nneits was given 
previously (Annual reports for 1984-86). 

AN tl'PtANt) IVAtP0 I RANSI'tR..I ION MO. F 

J /1Ii,h( rol)t, /)(artm l(lf" 

Ali evapotranspirltioii m1odel that provides stand-
aid indices ll waicil availability wis adapted to 
upland rice. Thec cro) and soil paramtctrs wcrc 
estimated lor the vaiycty 'P1.Ri-5 i a, 19n 
expetiunct at IRRI in which six arietis \c 
plaInCd On sevenl dates arid irricatkd \ith a line 

VUIJ fr C mrOlTWAre Conlterll ("M,) 
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source sprinkler system. The model calculates for 
each day the infiltration oi water into the soil. 
Potential crop evapotranspiratiol (PET) is Corn
puted from a measure of evaporative demand a 
growth :;tage panMI itctor and is adjusted for 
seasonal ef'ects. A soil depth of 45 cm was the 
resCvoir from which roots could Cxtiact water. 
lAvapotranspiration reductions, CausCd by soil 
water limitations, were obtained by multiplying 
evapolraitspIiltion by a lunctiondependent on the 
water available in the root zone. 

The plot of actual and simnulated water Content 
showCd good agCement CxcCpt foran tinder
estimation ill the dricst regi me (Fig. I). This may 
imply that thli rooting habit o)f Ri-5 when the 
soil is dry is diflt ui¢ trorr1 that desri'ibed in the 
iiiodel. It is liso likely that CVaporatlln directly 
tromli the soil surface '.ias gerctcr than simuI, lated 
because the canopy was not \scll developed. When 
the actual g-ian yieId was regressed on a model
derived evapotianspirattio index, the summation 
of evapotriunspiration values foi' the last 44 d of 

o[a- b 

------ J~L 
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growth (STET44) best explained the actual yield 
variations. Comparison of 4 alternative estimates 
of evaporative demand used with the model 
showed that estimated PIT . 1.34 was the best, 
although the results 1rom the model using daily 

PFT X 1.34 were not very different (Fig. 2). The 
factor 1.34 refers to Ilie ratio f csti,,!ted 'ClassA 
pan evaporation liall ald estimated ll lall. 

These estimated ncans were the means for May to 
November 1979-85. iJsing estimated IPFT X 1.34 ill 
tie model, -vapotranspiration levels wcre used to 
define the water adequacy for upland rice (lFig. 3). 
Levels of' S F. 144 between 11.5 and 19. cm eive 

moderate yields', values greater than 19.A ci 
Correspond to high yields. 
To evaluate the availability of water for diffelreit 

planting dales iI (.laveria, daiy rainfall was 
gelerlated for 20 wct seasons usilig records froin 
M.lanolo Fortich. a station locatcd 35 kmtsouth of 
Claveia. I ipuic 4 shows thiat upland rice plantings 
between I and 20 MIay are to be preferred, and 

Yield (t/hol 
6 . .. 

5 Daily PT1, 34 ac 

y2: 0 78 
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2. Icgicssiis l upland rice gianl yield on nmdel-deliked 
evaptlllilNlstpiratllln (Sr 1F 4-1). -m tihe \katie-IRRI. 1083 \VS. 
balance nudel, daily I' F"" 1.34 and eslinatd ITII 1.34) 
wele tIheiipi) %aiiablhr alnralic demand.[m 
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3.Quantities olS]I.T4 required for 2.0 and 3.5 t'ha upland 

iLcyielhs RI, 1983.using regression line 1 in Figure 2.IH? 
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plaIings between I ,un and 15 Jul arc to he exchangeable AI l00 g soil, in contrast withavoided. Since Manolh) Fortich receives slightly lPatrocinio's reddish brown and 0.I mcq exchange
less rainfaIll than Claveria, the Cstinated values ire able Al, 100 g. The (avinti soil had 7.3 neq
likclY to be conservative. IHowever, tilescasonalitv exchangeable Al 100 g and was yellowish brown. 
lould hc corlct. Tl nutrient treatments were applied (Table 2). 

The numbcr of tillers at 01 d alter cicergence 
ASSIS.tl - \IlN I () I R( \ I 1-1 ltt l N(; \l 

varied across the 3 soils (Fig. 5). On the averagc,IR1N IS Bangonban on had the most (3.0 tillers) and
IN IW \('II)I I A\\t)1 S h1ivinti Icast (2.2 tillers). Withdrawing.*1tiltiph/' (ro/,)Iin' cile ' frot

I)Cj)I/iinit the copll)etC trcatilent drastically affeted tiller 

IWO o1 IRRI',, outicach sites the cropping productt. lhi. was ~ident in t. respons, of TIsy,,t,:nis ( 'lalvria (Ivisani, ( )riental. and "7. which produced the lowest tiller counts in}resecarch site iin 
all three Soilk. I hIeetctnortherli nln th nnthscr'ed I \%.ISioet drasticallyon (avini than (t ( 'laverioi soils (Fig. 5).

sitc in ( 'a\inti. laguna tie. locatcd on acid 
il'laill sol'",. Ilics, ')oils ( IltiN.i],,) hlU c 1.t!(od 
, icailItllt p'rop erties b tlip s<s ,,c_'.i a eenic'm 'alphsluI:t lrst, 'hp it l ads lto'1kit 
' dict l Table 2. Descriptionl tl 

experiment using acid
of the treatments used in the potIh_ ( "I\iInli "(il lha,;Ihilher c:tllt n ",clug Claveria, Philippines, 1986.

upland soilsfrom Cavinti and 

ci r il ((.'I(' hul ctutii, apprecl,, Imb .l------------......
alllttollunt,
I hases.thnllltle ( lacli a soilsh (I ahlc . Treitnent Composilion' Remarks
 
l \cht; tite ihlc .. is itt ( atiti tiI-(l t0
\ hih 


[H r lt t!ittilI t)tI v sil thtrn in ( la 3 uIqc 100 TrI Control 
Soil), rctiltini, iii a sside dilcitns iII .l at llitln T2 N I p - K I lime Complete

oftc I( l( hC\etIe' lite2 ,oils. 
 (0.8 LR) F-Mo +

I1,ltICI(CIllllillCIh .IL: i laIIll,;1',),"o- B3 f S I Co-t rt\% I lt-,h/ f Z
 
cIss leleittitm tie Ctli Is-li nt itt tc'.
t u~i -,Fe t Mn 4 Mgcitted tst it xp oti tl w s T3 N IP -f KcOtndiicctkl .fMg -f Minus mnicronutrientsoil
iII the ilt ',oin or l ((0-2(0 lime (0.8 LEI) 

iii) 'clecte.d rolll the 2 site ,lt set fro t -14 N f 11 f K IM 9 . Lower lime, minus
('alii). itid Onl' ch l ill1the ( lielrj %(lacesCsit lime (0.4 LR) - Fe, Mn
 
l lto lhiltgomi anld IPatrtocitii ). l Il' al!ott- Mo f B i Zn f
 
1 ,'"i ll\u, tla ,hrO\\ iliJh pris h . S + Cu 

T5 I"- P -i K iMg -i Minus lime, Fe, Mn 
Mo -f B i-Zn S 

Table 1. Some chemical characteristics of Cavinti and 
+ Cu 

T6 N + P -f Mg f lino Minus K, Fe, Mn
Claveria acid upland soils (0.20 cm), Philippines. 
 (0.8 LI)I Mo I. 

B f.Zn-f S t Cu 
Chracteristic C vI niI, Claveria,

Chaaceriti lisa'lnl T7; P
N -FK 4 Mg f Iine Minus ',Fe, Mn 
Orinmtai (0.8 LB) F Mo F 

B F Zn -FS F CupH 1:1 1120 4.0- 4.5 4.5- 5.4 T8 P-f K -F Mg -i Lower N, minus Fe,Exchangeable bases 1 - 2 2 - 4 lime (0.8 LEI) i Mn 
(tneq/100 g) M e -B fZn i 

Cation exchange capacity 19 -24 6 -12 S I C
(macl' 100 l)a

Base satuirationi (%l -12 20 -30 T9 N - P + K -Flime Minus Mg, Fe, MnExchangealh Al IFOFq/ 100 it 6.8-10./ 0.5- 3.0 (0.8 LR)t f Mo
Al saltmtion (11,) 25 -40 nil to 20 f [3# Zti1 S -FCuAvailable I' (tr,iy21 (ill) 4 - 9 4 - 8 T10 N FPP I K -iMg Lower P, minus Fe,Exchangeable K (meq/100g(1) 0.2- 0.4 0.4. 0.5 -flite (0.8 LR) Mn
Organic C%• 2 1 - 2 - Mo - B I ZnTotal N It 0.2- 0.3 0.1- 0.2 1 S F Cu 

ori aA m ftlfyiIi}tate n irc:ti(clr mtghod. aLR r-,Inifn inireUi I,oer en 

http:ASSIS.tl
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Leaf ond stem weight (g) 

P10111 

:a: SD1t 09In1-

8 -. , Ioc0.@o 
U° I '; H',sttllliln 

i 5d 

I I 

,it 

rz~ ,_. .. .. . , ,-

5. ( mil t ili 
10 illclltlali'i,111111ild~Jtt~'tliluc 

cltidlurl, l 

1',,:.... n, 

l 1I , i i nl 
ll" cdu lu 

St. t u itlIclit dti'l nii.iNw't lh!c 2. 

Reducinrig the lime rtle v 5ff 114) or witl-
drawing it entirl' (15) Itirn the coliplele tieal-

mneit (12) did ntot sigicicuntl.\ aflect tile giolwlh ()f 
1IPIRi-5. Amno2 tile nutrieit elcilielts, I)hIdcri
vatiol priuced the growh-iiiitiggreitet o'l1'1 

effect. This siieeests that the ctlihnlleiticell of 

available P i these ietid upland soills is a critical 

activitv iI I tuaiiun tlcint for sustaitted crop 

prodtuit t Oi. 

1)1DI \1SItRVI'1,1 

]Iai;,t l'atho/io1 I)HCut'm 

Surve,,s \\re corntinued in crop ycar ('Y) 1986-87 
to determinle prevalentdiseascs a theClicria site 

alld tIhose that could have influenced crop estab
lishment and production. In the cowpea - maize 

ulCtiga crOppinlg pattern, cowpea was infected 
with ciiwpca little Iclf, a viris disease producing 

u arid iiottled, wrinkled, or curled and 

mfe!;)(" lenI iof*1 f icIds inl 3 \,illages were 

h;lo illikxtion ;is 11i11 as -4 , hut yotulgcr plants 
h d (I l 

IlI -1 f 
It I "11s 

oMdead. 
Iu itro i 

I1it Lli la 
I[ii111t 

' o ilss. 
1Il 1eiids surv'e ed. ',pCl infcctcdct wVas 
ilin, iid the pllits '\cic either wilting 
[lie waece20;I a lield inwas in 

o a1id less, iht,l 5 01' in fields in .\ne-i an d 

iu.
 
c i cropping pitte ri,
linghean 

alo ilfetedIIT'R 1-5, thle uII .epilt it lea Ir co i mllenddf9c71. il ioti 1't Vt, 1had 

• Itnfectio n I plit withle rtili/afr but was 

i ccanue).cal lll~~~ r ~ ,! ~ ~,+ ~~ T1 '.,+('T[uI5~~~i lal. 
%\I 

,hud 
I11C'ti/L 1H2HS 

ao i in 

i.t[ llpll d ic'hd 

Il ICI etlm p a e a\ s ni)t severI in Hitplanan.
c i lt'\' ithnI 3 lots tile c 

t i it . Il anoth i frtiiere 

l1) ttu ity. Cottllr lot Incidence 

tanged Iroo 2 to 34( , aitd tieck 1I1 had a severity 
,coic i ! (.J--.q.5. ']-',ia h rt Incidenlce ranilged flroml 

-2to but se ritv was fron 13 to 181,' . 

Few lallers,' fields had tllaiIC It the mid-whorl 
stige during thle surcy, and only oile had downy 

mildew (5(7 itcidencef. 
No ulisCeae strvC wa.s coniductcd in the second 

or third crop. 

.l*\t \ 'Nt iit* t NI)) i\IVIRRIIIZ.AI 

NI+ IN 1.11 t 1 ,\IN I.I I )It ANt) RIlt 

[lie ruiriber'; of infectiolns propagurles of iridi

gellotis \sicilal-atrbuscullar illycolrhi/al (VAM) 
11ng, were deteriincd al differcnlt stages of the 

hlolnd nec - rntinghean 
in ii rainifiecd lihlin , itil 
pines, [ ilesls \erc 
irrigatcd ricfields ill 

- illtiieCeroppiig pattern 

eOll,ianl ili lliti. PhIlilp
shiilar to those fron1 

(iuIil ha, Ntleva leCla 
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(Annual report for 1985. Ile VAM popliltions 
were. high at the atnuritv of the upland crops in 
Fa:rngasinan, as they had heen in Nueva Fci~ia. A 
notable difference was that, while the endon;-
cot~rhial population in th1e irrieatteN( (uitninha rie-
fiilds decreCased Or dtlrilt rie'reminredlh( itc 
gro\\ in, WastiM th.ltiep pularitior ili t1rC Iri lued 
l';tttesitarii lii increaxlsed fro-46 inhtctic,V'\ANI 
Irop~teoles Il() t soil at tIh i It()3 atecdiit2 sIlk'e 
rnlatttrint.po tilcr ti:lO,., sa, tinrciIlie tlttion 
to\\ er inl ' tnasinhi (ilnitibat, frich Itnaii uL ii 

he e.\pititie h, te ptcsetnc: hii("witrh;i oed ini 

hich thre .\NI lururei s1tl\i\Cd di inl alht s, Ili 
l'gr;tsjhlan, tIhre ;trirlr plt\.cd [ilde[ the ',(iI 
\"(..d. and tuhhlc so'ru,, hrarset. destrovitn.tlt,. 


raCJ l ills t,ta tin r Itueb'h eCtic'ie thAe trite 

liadpt nd on plai t olt or1 lt i,, 


/i:,',bm,,,u, lju'tmtrt 

tari ln i ss\ 

sts,ll (\\ t)tit 
lc~,, ',ildct(ItrtdA 

u ntc'ieti,.e ilit, thre ,t et+ 

'tpratic lie i klac,,Icriofrict 
',racti,.!'c.,Iach t I' untit~m .cl 
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ti i 

\ti e icc (tie ( (ol )'>n. ui'( dcithtenl (lS te;t-
healt "(')0. tit .).hird,"I Itt)., tfahidl (4.0) 
.-;itshich~id (3.). 5,hit i, , .'t-
ItM u II i i .31. tst carii!i tihicks, in tire 
tist stilts n) -ptuitlinit . Iiftis' GI lii tiei 

. 'if). hirl, (20',).\hille rribs,, 0 t
I I,', I. ind 

aphlils 
planit". 
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ik72';IandtCsilIll, tlilht(itis' 

t t tirIgIC, t ,.itI Cttltsinte Ili, tr ictit"s. r e 
trit, nitir t hli li \striis 

I '\ ictI (38' ; iand tastc (27 
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irketI fieiic-i 0 '," 1 iss iritt tiCre llttt 

m annltil (27,+ I',anit~ \ \it-itI.?.2,j I K a t~in 

ranked highest (33%)of the43 upland rices named 
as resistant to pests. Mechanisms of pest resistance 
mentioned \ere hard stem (25%), antifeedant 
component (S,';), hard seed coat (against hirds) 
(8';), and Iong awns (against birds) (5'0 i ). Twenty-
Cildht percmnt of the arniers believed that pest 
s.usctplibility cl;itin s with tinie because of 
rCpeaiatcd plaltin , o a rietv.tire sa(eIC 


("la\Cria far e.rs plrac'ic l a Ilrgc ntunber of
 
cuiltal pcst Control inrehods. In an open-ended 
iuestion, thc \tcrc asked to describe their in
digcritms practiccs. -Most freiqucntly mentioned 

ec rnrael tier ls (.5' iarro ifrsclaborated 23 
practices), sinltiging(221; IbIrirned ru+er tr grass 
to t+pel rite bogs) ;rtl scirtrws (X7 ).A nuri er 
of thceni :: iurhiCIMt .'ulf ing Itrud tt spirits, 
tcrenI orial killin tire pes-,t to Scarc f'thers I\Va', 

olrsaying pirtt'rs 1o aplIese spirits or to ask 

yis t list 
prar "m irt' they controulled pests 

helplt rt (I,. Vht+'r rlr of indigertous 
Hcticls ,tid 

through llcring planting (fatcs (971j), priying 
(9),)sanitatiun (951. ciop rotatio (85('j), 
tillec (85' ,,srlin(fging(77'ifchtitsingtotljlintat 

air ;tp tprirtc phase of tile iltloit litew iloton 
'
\\ i)n (7.,L and ,"n" with n cihh tn(r t.I t l ct'rittiul(d)(7 2 ). s; 

Most , Ital+\i lillt-r edl etrlchreates as tnatural 
hI (72.unlic -,tsI ,,: 7irds cats for rat cortrol) 

(22+ ,chiickuns2NPi &f. trol)and snatesfftrra t 
0r I.,intl sI,and none named 

or-l i.tthogenuas.rsitcs 
Nitist farnllcrS had experin ented with insecli

tides, Iut ntne used them regularly. Seed treat

lrlsi-mInn.,j It' l++0e.
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ment rather than spraying was common. Farmers 
used mostly DDT (23%), kerosene (W('), or ash 

(5%). 1iglty-filc percent of the larmur,s aek Iovl-
edged that IlItutilll ciletlies wCrc poisoicd bV 
insecticides. IIl Spite ol I kom tile ofl aloltion, 
farmers w\re silt pimilv C 

sa.fety practi ees ,t lieu aiprl\%1)g ieticiids. 'I he ilost 
Co [1t11 Ith1V mtte ntiottd Sale practics \Llc Co\eringi 

the nlos while qpraying (75 ()spi iitg ItIit thc 

witt (52 ('), wartig lott e ,,,',,.s (5().';), atd 
bathingi after spraitng (37'). 

lA,\RtMt CROPPING 11\ I : ANt) \WI 1t)t I l" 


(NilI RItR ( W1( 


.,'roll 0)1' Ih)Ollliew'l~l 

[he cr-p)titt paitterns, usd hY six farternlslitt 

(Oimbllh, Nuea leiaitti585-8( i llustrated itn 
Figure (). 

Weed gowthv %;I,,prili c lvt trdiluga the hC 

ft thte ralittv seasl inl ,\ntl [ tid the startl of' Itd 


ptcparatii I l e.t 	 , ltitt i It thte tllit . 
weI Seed In(] cttire 

diuritng laitd lJlcptlitiol1. 

d1isSclllimi d ItlroiLl the 

Ilaxhilitini inllo% hcine 

It tratllsplatei ric'( 	 P 

l'trto , to soil2tlieL the 
,\,ccdseed \Vtlc lso 

II ltioll ler, \'. it 

ohsts'd iiiiii lit -------d-------------------

. sspcies %Wt
recorded in I98,<W'S atid 2' ill itc IOtdl-v itolldry 
(1)5). F~actors iiflhtetnhg tile sset conirnclt~ics In

D Si)' Fc t ord 1 1 ,1c l i+c ;il q - e \\til~it,d C11 l lk il tic oI l 
eat-It field ssere littdSCe11)C p)OSItIot, little spettlt cd 

1.lnd ptlpilritiont, ittolliltt tiimc of lcrtili/Cr 
appliCiiiott, water(l iltraol tChrhi-CidC llllied, 

tlid e-tttll of hitltld weedhliti. 
Falllalrs\C' pliacticcs i IIlR in I),eCottnrol 

\C'et Ito \ettCeing. illjflieiC titti (11hiillilctur i"IilC',ratiles 
lct thillti rccotttttuCetRcld, inl iict ihtlittl oc t 

huitacthhor and hIand ceCting. l\ doing 2 hitat 
wetdittgs dtirit Ithe critical p'ritotcotlltttitiot, 
Iti yields could he inCu'rCeteud hy 14-751 (Iailc 3). 

('It()l'I\(i " SI I\MS PRt()(i, AM 4.3 

Table 3. Grain yield of transplanted rice as affected bi 
weed control practices. Guimba, Nueva Ecija, Philippines, 

1986 DS. 

Lacdscape Grain Yield 

position Cultivar Weed control a 
yield increase 

and farmer (t/ha) (%) 

Turod 3 R10 VVeded chuck 3.5 7 
No veedip; 2.0 

Lunjog 1 1R21015 Weeded check ' 1 

(u tchio ti/ha 2.3(0.29 kgI , 

at 4 DT' hami 
weed iolt 
23 Dr 

Lungog 2 IR60 	 Weeded check 5.0 14 

[utachlor 4.4 
i0.25 k(I ai/ha) 
at 3 DT 

DT (I after tranrslwanting. 

Table 4. Grain yield oi soybean as affected by weed 
Inanagemefnt and tillage practices in the turod 1 farmer'sfield. Guimba, Nueva Eciia, Philippines, 1986 DS. 
. ............ . ........... . ... 

Grain yield ha Yield inclease 

Tillage Weedd 

chec:k 

Low 0.94 

High 1.12 


" I ll ti le s ol l 
t h osbot 

USe 1:low, \%lhilC 
rototilling. and 
rototillittg a 

Fccroar 1%) due 
practice to weeding 

... ... 
0.45 109 
0.80 40 

l h eld , iw o l vIs\¢o f ,tilla ge. w er eil. s'clvl o iaewr 
con)sitstCd of1'0one lon'Ittg itld orte 
tigh, hilch had in additional 

We d elntcirgettce.w SCeLItt1 
(' i') , cndl(l ,/Impredoniiatcd itt the low-tillage 

illdFlL/itocthlo> 'o/m/OIll it tthe ltigh-tillag 
il t i. Thrtec hind Wc'ed iis no tite c'itical 
lpCriidtlof cotllpetititt rctultc(I it a 40-1091,'i yield 
iiecu.se ovCr the Iltlter's, practice of noct \ceditg 
( able 4), 

http:iiecu.se
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Since 1985 IR RI and thle Philippine Ministry of 
Aricultte and Foi have een ondutng cAgusan 
p~ine sys,tcm, rCsearch , d CIO[) crt)j)ilppg pattetrnso 
adalpted to the upland areas of lnortlhCrn nill-
danujO. I:coitOnie rcsch \kias coHiUI(it On thle 
rClationllshi) ofthe ongoing rlcSrcl 10 tel I'iCcnlutl 
f'ar11 cVononj,. NothCrn Nlinludiuaio\,L'urrent dcri-

cultural pro~ductiu e m n ll its filitL ation ,ith itcnilicd crop lradiuction \ 

eine, -Alslla~S iet
a sti~ll iltipll rodUisr-
Ica'tioti and crorppitw itteii. 

Soils. lh,. soils ot northern Nh\iitu a lthiehl\v 
Suile: h,>SveISe, iOlitltt;,i , l,I .;ithl ntishcils 


I rcptis ,. 1'lt. isol. o\Iti,lls. au, I- i6rl ptsov .. 


l)stropcpts pie ilinic.I lihe soils ac itodcrtt 
to \,l dtainCd and slilsuitCd t1 the pro)ductionl 1. 

nutai/c, L-OCO111rci aiud I lolttd I'
it and 

C itlitl" tpland clops. 


('oc iitt is, d\lv crosi tin Lti~,t h, u thuCOasl nets \aidCkis m ote ll utl Irin til

oils!al illiN ti/t.s110ClR 


A lliso Is. ItiC ptiCl s ,. an d N ollisOls itH thle Ito lau ds 

ld t1flahIxS. Soils s.icl 


SIpie lCliudCrts, a IiO l I l. ,it'd,,clas \'ertisl. 

mAi 

attiritim ( I l:ttrop lt-, .
 

(',assaa is is,tallk cro sols "\itlikih hase 
l 


('li lat,. Ilte clittit ' is characteri/cd by 

(' ttull, I \ cs II ati Ii I .p, II has tll dI\ scasoll 
hut il>usa ",civ prtilotitn.cd tuaiilttiti taitifall 

per hoil Irt tl N t ,\ r to .la n t l I its roC,1U ', pC t 
prontouttnted sc, solls anid is reClati\ly ',N i V floilffr 

Noveniir to April and wet Luritil' lile rst of the 
yvar. Ilie reciotn ht la\ murahle rainfed los lid nd 

(Ir\'land C Mtiit91ittnelts: \itli carlul tii;tta C lictnlI 
and its t its teilt. seti inthL rins is tt l t oitc, 
su ssi\ Ccrlop's Clil tsils he Io , it it ia veil oil 
the il.ilnw la td . 

('ro t)ic'trctlic in the rtgiolu is closelv related 
to climate. ('ocrmitit prcdtinatc i tinder ,Clittiate 
Typ' 1I. nmaui/' titdl lypC B: upland rice is of' low 

OCetiirmicH tm(fr I";,C I I bit r1C\ lh.it tider Type 
B. In Cotttrltas .i, luttl rice is ,I \mi imiost ls ttder 

u m<>,I iI,:uidisi~se.t , luic imlt~rt~lt c~r)i
land usn e.t isthe titos Kittipo ttn Crip itt 

tie elgioln, actouliti gi lot 10 moItiec total hitn 
aI Mao1' ab iit 90(6 ,000h ht.t. Nl ti/C is sUited ti fthe 
\svc t.rn pli \inc s of N'I isaniis ( )ricntul, Aitl- dcl 

Sur, and IBukidnon, and is planted in 40-63% of the 
total farm area. Coconut is concmtrated in 5 

col'astal provinces from 38'i off the farm area inl 
dcl Norte to X2'i in Camiguin. Rice ranks 

a distant third, occupying I'. 
Iarms all( farm size. ()ver the period 1971-80. 

tile rL'gi n's tottal ntumber of flams increased bw 
58' .ianu fam are.a hy 23'7. While total farm area 
regiStCrld :an iVut'aC gowt v ratile Of ovcri 2, 

average lanm si/c dt.'Wicascd -1.3 it 3.7 ha 
14i;. indicuatine that tie increL s in farm ipila

t\lion outstripped the suppl, of nwVlurNmland. 
Iarmn si/c distrihtition was positivel skewed, 
ilnodeof2.tha. [heajority ofthe farmsin 

withdu r smllwgl, 50'7 ha"iittMcuultivguted 
' s f 3 hit or less (Fig. It: howcv r., they 

accountcd for otlv\ ahout 3)7 of the total area 
2). ()nl\ 71, of the farints \wCre larger than 

Ia)hu, hut thes ,ccottitcdL for almost 2()'7 of the 
totill i ll llar . Ihere aipealsi' to be a more 
L'uitable distrihution of lice and uiai.' lands than 
of "coctllill ifils. 

ice farming syst ems. Iour rice flitii i systemsl the , w m I r a u l mgi st in d 
o the deree (i Vter co)ntroll eis, in the 

region irrigated. riinlted lowland multiple ciop. 
:atlnfd hovhtlnd single crop. aind ulad single 
ctii)..ic" lhiC tiaoritv of the rice trlIs were rainf'd.
 
accounting Ii..rtlt ofthe total rice area. Onlv
l (; 

1)11Cimeruir 
 perai centage of landholders
 
. -o .. ... .... ... .. 

0 

.0 

I ;-- -fm'__J 

,to 

; 
/ 

'o -............................. J..........--.o.. >-t
. ..... 
'0-
 --- 10 

Srz,of opteratonal holding (ia) 

,tiqiiS i i i U iati ,al h lhililts mit 3 ii ol 'l ops 

ill n ithic l Mindin o, I'idiipimin's, 1)80. 
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CROPPING SYS] EMS PROGRA.1 443 

Cumulative pecentcge cfarea Sixty-seven percent of the irrigated area was 
o00 planted to a second rice crop. The multiple crop

ping intensity of rainfed lowland rice was 122%. 
830 i / Under upland conditions, land is usually left idle 

Rice - after a single rice crop; naize - maize is the 
60,.predominant cropping pattern. 

60

"
 O('I~(()N()I(" I'F'IF("tIVEtF PIAND(I TII 
0-/ - / '/-- -, ,~, RI'I SII'IIN (I.AVI:P IA 

/ At the Ministrv of Agriculture and Food-IRRI 
// acid upland rice on-farm research site in Claveria, 

20- / ,,in-Iigrat ion has meant increasing populations and 

,.I .,0 the conversion ol fragile tropical forest ecosystems 
<; ~ ~ ~ ~ ~ t~ ~__"_.~....~ t Use. These ,'groeCc0systemls,Inturn,!....J.... _Iagl'C.triclrl 


100 evolved to perma,ohave I'ronl sh.ting cultivation 
CUMuk1tiue.. r,.,ntoge of vie volde,.hunt ceirIilcrop pitg of questionable sustainability. 

2.lA n ctjr'c ihittiitu of landlhiiines fur 3 [thnohistory and cropping patterns. Dataindiclaint( list 
In0aior1ctopiill tutllnl tindana.I iP'll lipplnLe lXO. gathered through intensive infornal interviews, 

supplemented with secondary material, show that 
Cklaiveria's agricultural system underwent several 

IV(; of the rice area was irrigated. U.pland rice chungc,. The original Higao-nons or Bukidnons 
arcas rcprcscnt,:d slightl.Vover 20W oftthe lotal rice practiced shifting cultivation. With migration from 
area. the Visayas beginning in the 1920s, land was 

Multiple cropping systems. Over 50f of the divided into large holdings for cattle ranching and 
farls in the region practiced successive cropping, logging, and snmallholdings for sedentary agri
tnd 2511 reptrted intlrpitnting ('Fable I). Inter- culture. VariMs commercial enterprises e.g., 
planting was mlo,t colltllnoll itprovinces with abaea growing and a silkworm industry -were 
coconut as the prcdomintialn crop and was highest begun btut were short-!ived. 
in.Surigaodel Norte, involing43(i of the Iarmers. At present, most Claveria farmers manage 
This implies that nitich of the interpllalnting was several crops. Traditional maize (and the maize 
(lone under coconlut trees. Sutcccssivc planting ... maie pattern) is predtominant. Rice is planted in 
more coinmt,- in provinces with maize or rice as limited areas and is a desired crop, but its longer 
the dolinant crop. cropping period (allowing only one crop a year) 

Table 1. Multiple cropping by province, northern Mindanao, Philippines.' 

Interplanting Successive planting 

Province Farms Percent of Farms Percent of 
(no.) total units (no.) total units 

Agusan o(!l 4,115 15.4 11,310 42.5Norte 

Agusan del Sur 2,932 10.3 18,508 64.9 
Bukidnon 13,175 18.0 51,344 70.1 
Caniguin 2,025 30.7 1,837 27.8 
Misamis Occidental 10,327 29.4 15,272 43.4 
Misarnis Oriental 17,063 33.2 24,311 47.3 
Suripao dot Norte 16,460 43.1 13,560 35.5 

Northern Mindanao 66,097 25.4 136,142 52.4 

Source: 1980 Census of agriculture, National Census and Statistics Office. 



arid grteatr lahor r'quiremenits contrihute to the 
preferenc or ntialc. Coffee arid Cacao are grown
in irox, plalt.d thro0iliit1 the ar' atstsoItrct 
of rrllt',ie. loliat production i" gaining poptl-

'
Larity hcjti'Sc d It, lrrlit;ulilirlohuthosc with 
CUtlitl IMr) id111(1 i+,tlll MtrtreLrslc;Ir , of tihe-
hnlitci, triotll alterP sciluet- hlrtili,';itiri v,ith 
ch .'CIIeIII1irir
U. i',;I\ait1,f h iillIpoltall t eCL olt',C(d' I+ 
strott . ,tahlc i t. ti drieLd CaSa,;t lip,: 
ecuLseit rtliiru, lihtle I'labor: trldI)+'iIi.. like 
rice. itIIWc,n1t Went-dUpletCd soils. litkt"illdL M Lio 
illciu+ul tI rii;ii/e P( ICi ltl tollieI L or 'CiiSS ,iN. 

S~ir+,t;linubri,\ is a| publlm. Mal;u\11 riinr-
I t_e ,sellal i ,.,.iil p!;icV, iIIthe r'e-iior+, 
uriitt~itirrtrpete_'l itthIrwlice tIuclirririIp
ciii 

Siclh,. Nui,,. ilio,,t ill te TIrt1It Mid
dutliriI,- iand 

r ic li heCI)Ie iis 
 1';I)001 i(L.iiitir111ttL lCICv,tinnrII 
dhc Iretoitllitui. Clopp1ilg arl mut cl,011. 

Fanrmers' soil jltilrieni mananrngelnltiit practices. ,\ 
ke's ct iir%'oh lcirmine ,,\ll. i r.s',;irli is;al;uiicl 

fctr-. Inpri ticC. pceUtions ol 


clls ard solnitionis ILL:plo rsh tr'rdIl\ Il)t;istii
2ht,, 

5V05', tI iiL thl rc,;irch 11nIeics ,;I,i" dcirablu. III 

reportedly decrasing. The farmers recognizcd soil 
Crosion from rainf'all runoff and soil nutrient 
depletiot frorm conlitoUS Croppime as maljor 
prohleils in tile lmotctilllocal hirmin" system. 
liev kri.%, ahout the pot.itiail henits of fallow
i n ti ltricrrt reocr'err;tii-ri hut hild colrctlv 

secn fe+w such hlr+lit,. I ieCl rrluts vterC 
s rmc\ hat iII ia+nel itnt rc urldigl plait i,lici ,tors
of I'rtilitv. Shpc., ofIN-301) eCll-iretri/c most of, 
tie arahle. aid. I'lrrcrs'e \_r, keenl ;i\\+are of soil 

' 11dilisIuisdct controlarid ersion MIsIuS 
such iv,contouclll i titi)Ii, \eC' dV blUlfer strips 
bt',ccn plots, dlsersIOI .tld dra.irl+oe Canals, 
hatluania gros III hiiiLs"e, rtlol lhlcl,tiriy, of
 
Crnniiiils on slopes ;itmiII lidlId
lr-tiliagcp noutlets, 

hls, to /cr tilluc tlnti+him,+ r sttel plots. 
I loss r.-c1 )wii c ittIl pr,itcticc hlgged hu lid 

k rowledge. Itic coi (iiI 1l),s%ugwas riot
 
hserscd, aindI rlost fain. coulul rnot fallow or 

phlirit
PIrrlriials' tM sloping pltS bcau'sU 
 0'
f illn
d0lcVt\urnr
iLItlerlC ;rid iC,urir,.'.s. lrtcrs. \NeleCescltIrice 

tli ticolfilcontour ,I.
lrlliuii lid Cs.'arch wa's

beinill th)lrit hiit anltIull itirl ;ptltioil of,


(lusric 
 Iher
m I tar hers,' s,,,il ilirs inri;u,,nrt.Cr tlthiitjiir.t rhilc 
pr"IiKte, ;ihd IpMCept Ionireineill(.ai, rellltLp1;1 '. 
I ll .,,es;iln arid illtoimIrlulaliilre ,ibjecti ',s 

il reste potentil;II
,dutom,', Siihlurv. 1arimer, 
itei rIsIILl ill Ire .siliaton I Iecearch 
,nudltsainl ilthidel[filu ,is'ibiniiitit
1c11 , 
toIicienu Itai iitIill I)[ uiiLtis itv. Itear IdsAlurici , 

I,;isiru"t
l that nitdulhti-tnlin l;IIIr: ccs
LtIur
,'I'u-pI) 

ssill help 1to inikc des, hlotinnt itind l.stirle ,I 
tcchnicill Ili\os tioll1s i nu lrricr-;ipIuriirc i ll 
part )\iridicur itiIssui d in\,hicl ares Lill1crcut 
sets ofItrlcrs-, ',ieIC-;iditd't 'spcific 
chai:es 

la-rIrrs, prlcticL, Mid pIC t,tir related 
to soils. ld, lent ili.Ir. 
hindica"tor spec'ie., intil, 
and C\aIrninetfd..lie atio 
res"Or aiCC sIl ms lld 


ssceds, lfallow, wCed 
erosion weIe elitdc'd 
lluidsettlhinnciut. laudltrogriti 

Ippiru,arid elI 

th mt,."sI c' \C d"sor tinicl. " lvcstil2ilttta 
\tu n
Muitkll.;illd
iirillit u sI\,,ttim )[Is-
tatuibidit ;111(1sIt,,bIehuenisUiil
lIM) \%.T+'L tool
,idulr-cs.. 

/ur,,,,,r un ouri+ i,/I ,/.I i lirlriters descr-iled 
theirstuih itsti hei1r trlrlisrdinh;lit(] picrurdtrk anod 
richer. I hudtpI i (dtilctop liver oldirktr snil wa.,s 

AAll.ri'm r'ci-/iti'. I ier klr owledge of 
nutrient reevelitr iVIil rll such &s CollIp st Irig,t ods 

mrhiliiii. g.een rnariruririg,
iridillicolportitii of
 
crop01, 
 IC"ulI s \rialI hut HiC'Isiir Al w'e 

dor01ios +tili!P,'.pchcIulv rice mind tna,1 
l",idue" aild ainllill illitilMorc. \kl'ucieucOr
por;trIg' crIo I'd estlS.liIbrO e iacon-Ierrimud 

strillt to( cmolpo'stnig jurrd
ircorporatiouri. F'armiir
 
knosshdge of puirchiascd lertili/ers 
 rlid lime was 
dCj uaitC sited to lcl Cilrditurns arnd ilrter
 

cirrircullstirc',. I'crtili/cr aurd lhillertcritapplied
 
to tridiriolhi mi/. Mid nice. ald 
 \Cre nut up plied
 
th)',uibItillat 
 doping plots hcatuse of poteritial 
er)io' lo'scs. I\hIrild nliua,' wvS plikted using 
1in1 c orIIIL .CiCiulriliIcrs.lIen;agovlrrliuit 

lanu'ided eldt for input, hnrt hi\'hrid 
rIiai/c iiadohitiorn wus )tllc\ isevcr\ lirniteudf, scxet 
onIflields !Irc\otsl. grown to Itulittocs. 

+,uiit tr pipiilg s.is Icing uthupte.d, and this 
bIMVhi V ,gii\i i !Il .iir ilstnls kirg with
 
'., 


ilipur mc, nttrient 1uMUCit 


lirinneto irrplrtts 'sterlui siNtallia ility vii 
runnt. Id1ittit rI+uduLiC

ti for u 1 Matit'tlitn.ruket iitrf't's its,stem of 
rmads,,triisp n-t. hrlrmomtin. irid capi. Outside 

http:ineill(.ai
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and local entrepr'eneur..S finance tilnuts (lime, Table 2. Reasons for not expanding the cowpea area, 
fer-tilizer, chicken nure1t.1C) ind market tie crop; Claveria cropping systems site, Misamis Oriental, Philip
small farmers proide land and labor, and recive I pinos, 1986. 

share of the prl'oits. Flftnreprencirs and ftmllllels Farmers 
were breaking evcn at tile worst, ind oftei did well. Reason reporting 
More importantly, however, I) farmitirs were able (%)
 
to plant up to threC I.Iiic crop, (the first a hybrid) Limited number of buyers 26
 
on land planted to tomato witholt furLher fertil- I nadequate labor 19
 

Limited amount of capital 19
ier: and 2) many farme:rs throughout the area saw Inadequate seed availability 10 
ill iced tomato teile." of Limited land areaaid sttbsqlCllt Use 10
 

fcrtili,'cr lesldljc , isthe desired ltlethod of soil Unstable price 
 7 
rehabilitation. No response 9 

Total 100 

I\IARKFI IN(i - I IIS) k\IN (l II\ 

Marke:t studies, initiated in (laveria concentrated The potential Constraints imposed by available 
initially on ide:itiit\,'ii- tile markets for cowpca, lahor, power, cash, credit, input and output 
which is an ilt odlicud Crop. sveii.v-eight percen Imarkcts, aind tenure on the adoption of improved 
of the com pea prodiiced in (Clveria conies rom tecliiologic, were examined at the site. Liahor use 
the croppino patte'ri field, (1,0(00 Il falr liland pov,'cr use illClot Ctlslant thloLneilotlt the 
coopcriitoi ) and the balance loin farllers \vho yeill however. farners reported labor scarcity 
planted it on their o\ lniniali\c. ihe si/e of the ,:orresponding to lahor peaks for tillage, weeding, 
farnter-inamiacd plts, iarimtcd front 250 in2 to and harvest. 1I like tillage and wceding labor, a 
3.0 ha. si/able atiount of labor for harlvestinlg' is con

Sevelty-ivc percent flthe produCtiot Cnterled iribntf hy nmiariiii1t1 ltoiholds, manty of 
the active covwpca alllkct. timeI )Cpcntlding on tile whMoit are tigrant lablorer,. Therefore, Ie.\' tefi
of disposal., Ceowela coltllllalidcd()S0.30-S0.59 kg nolo.ics that would abruptly increase tillage, 
(av $().40). f'armers who har\sted and di-poscd of m-c.'din., or harvesting labor way eneouter some 
CeOWtpea early (.Septcnltbher) obltaitend higher prices. liffienlty iii adoption. 

"he tta.or outlet for co\'pcea was the ('aevnm ide Farm family income at ihe site was estimated at 
Ori ('itv inarket: itabsoried 7011 of the total less than S340 yr. When food expenditures ate 
disposable cowpea beans ol the farllers ill the area. subt lacted froitlltotal ieontelle, there is little cash left 
The (ilaveria market absor'bCd 2.2'7 tf ihe prodtc- for ivestntett in the production system. The 
tion. and the hilkince was sold dircctlk to Cit- limited C1ltoutlav in the traditional maize - ritize 
StlictS by tile ta1rte1Crs thctsel,, es. tecltnolog (S; I hal)reflects tie scarcity of capital 

[lhe (aCavani di (I triadCis oii aiind0i pas.Cd the credit in die arca. New crop technologies 
cOIIIImiodity ntostlv G,i I to comistir rs and tie requiring icrcaisCs illca'.h investnlent will have 
re, to nmarket vcndors or Iakeslhop;. ('owpea was little cltance of success without expanded credit 
a s1tall portion Of tile traders' total portfolio of support. 
Co0itmtoditicS. Farmers generate cash inlCollc by selling litited 

FIillIlll,' sources of infolrtllatioll about prices iilotUlItS of fo'todgr1inlItS rice andI maize and 
varied cotisidcrablV. 'ltirty-it\i n percent obtainted cash citops, notablv coffee, cassava, baitiia, and 
their pirice inortiliti I'rmin the nierchant when vegetables. Sales take place inia number of ways:
selling lie crop, 32"i from the merchant before I) traders who come to itle fIari, 2) in the local 
selling, and I0( Ioil other fiartnmers. mir,1et, tid 3) in tile ('agayan de Oro Cily market. 

The extent of tilearea grown to cowpea ill Poor roads, limited transport, arid a lack of local 
('laveria has been stagnant. Table 2 Suiitatlllil.s demand for these cotinoditics contributc to the 
the reasons. farmers' weak inarket posititt. 

http:S0.30-S0.59
http:nure1t.1C
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"oq hI.l iatll ;11c n)t accessible to s1mall deIraded Soils, arnd insufnll'itt land. Most say that
fIar tcis: lai I m, ,casaic not beinlg cultivated bcansCe of orsllicient land. they cannot give upbecauste of I ) l;c aeas hldI h absentee m%, nt s' land tot lallowin to improve the sustainabiliy of
2, p I.ttttii\Lstr'IL ,' lands, Or 3)n CdiiiI itell tho: local fairminig systeitt.I ) Renters and tenants say 
plopirt its Icalt-caetas. lhi .ll't t cannot Make loIlL'I'-tIUI'II, ni-c pe.mancnt
I;aI e' .. 11m it,\ 4)1fll;illl s m\kihes, Il ls., iIl r0t\ lIIIilts h C ,ats tthe landt does riot belong 0aid tclrrarits comiiJlal (ol l eliidciingie elI , lihim. 



Cropping systems program 

Pest control in rice-based cropping systems 
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IIISI \. 1, Table 2. Efficiency of fungicides available at the cropping 
a
systems site in the control of diseases of upland riceP/I/a P otli//oi. )('/r1t1'01 UPLRi-5 in Hinaplanan village, Claveria, Misamis Oriertal, 

Philippines, 1986.
C hlem ical cotnlro l. Ili (;uliolm . lo:1'i --.. . .. ...N tiova , ... .... . ... ..... . 

Incidence M% 
Illilitinti ilc., Ila\ .tic \ t l, ud "v,t li , itahlk II 
it este Funqicid and Blast incidence l"!0 of
 

oII.Ilicii .'lC,.ti\CnCs, tip2 it.Ldiii II concentlation---------------------.
III C(It I 0ll _c;tN 


IR04 d lill c . 1% - liCt .t (tWiliter of 1-12)) Collar rot Nuck rot Sheath Sheath
 
. .. Irot blight 

,t1'l ;l,tlititl~t|It_, ill cl L t l* (\ ,);lllI t 11 , Copper(1.53 oxychloride 18.3 a 6.6 ab 7.6 0.6 
(1)


Illlt'lIi kit",.,. tl (I)S), N, liit 1t0(i .IC'.hilld. Chlorothalorli 29.7 Ic 8.6 b 8.9 0.3
 
ilIto h hI ttoIe\ ))tCILC tI ctiCc (0.95 (1)
I,11)pCItI(dI I\C, th"C 


"I 111 le.ll 1 t11CICmd I Ih]('u lMancozel ;l
v,,,l I I. IIls tt id (1.6 22.1iidifdfiphos (O.b nl ab 6,0 a) 8.2 0.212.8 a 2.5 a 8.4 0.8 
he dtL't I IC llCltClI . \ICIlIt)( h1"112 cotilillt.edt Un1treated 34.4 c 8.4 b 6.7 0.6

he.ledt",heith',lnit t ihictipper .tiitiutil
~l. v,hee--- ---- ---..... ... .......... _____
 ..\,1 li. tICA d \11\ llls..1-, -II lIll 1\tt0 j ei \",Jilth A% tirt rikecropiown on ? Jun 1980. bAppliud as toliarI SI~rioIIt 20 (1 jft.ir 5owiriq andy at booting to hoading.

hcl~~ (Shi), ,,,,vilt .rt pit'-,t. Both copiet

0\\ruhh.ili I S. (tb;.titqit\I51,.11' t t Ieu
 

(Ii I( h ',.'I :\ -l+'~ lttII i ,, tu i i 

I,.ii \ .l ill e (i \%,Ci t L(.it We]d ,t:ic'. v,iI tool stanid. it I 


I ;t. I l ' .'Ii 1 , I'hlliptl lt, ,Ii k pi , dilailtv ,i!itilimc tilt atil 
itlehk" t a,,-<,e'd IM li plati intiCCt o
 

cl'ue';,riL .,;W (te ill t'!ll ijoc,i'e. Rl-. I th, Ilk ts.ci sililia1,i [+c tII _ stitc WI bittl

I 1L-1111ll+1hW, \\'+, lllW-, CtlCC'lP.t.-;I,',llls't COIlI IsItolu Mla,,d Iflfll+,hsI l_t l luW'CICMh'l tilhdltot_ 1121 t0ile:; tt,,t ij_( h s tlt t I t 1.illI I 2).tt ohlt 1 (1 . o4.0 Hi icl l (dIChitt a rcVd0l 't tllt ~ I 1)1,111[) ilh n IIl to, 

,111o] hlk ,%, I, Ihe O t iti I) hitl,di,,ea-,. phil.s(2.2 in t.ictit lltt ).NAtt, Wiltl1t111.lstItid 

ii((ci1i 6 1ed"ci , s\I i. til tl(ic ei ll\O hic +ril ,\fi 111to \lhci\\,as, plantst l 1c1.ith ungicido: 


,
{)l,I lt l++ K u,, ol ile.' tii' l tll with t ;t1, 101( 'tc,' t itit mtIthi iiutoiclic iti pliit uiii stan1d. hilt Ilol
 
that ,ttceit-si tu' t, it)l I i itth. I.: phitl,
s\itl r sltand. It I"hcncivial to appl\ 

.\t l RI. t11 tl ICtCtL', td hte'tLtI c itil 0l 1t12tL'ic pilr ,a ,plit Ispltnaalist (ctci sl . ill -

Cct (piit;Ill IlititlIh)CMi plIlt, t ilt.ic ii heill)1t ic Ii
l 'pi11)t hcan Ll\\c i icds w ,cic flec Crop is
 

IWC_illrClil0tII otrlol) d .\Cl ilptictit \vii,.tl idI. \,ci1C.,ihlislici .
 
I )isC;isC. cr1iv \%;is,iilil ic'titl\ (i tCICiit hctvcct 
 In.i corrhiza
Ilfect of iool h'igus oi disease 

lhitits 
stIl (l-i1. I). In plants \sith iiiId 

,ta\cd id tlmllIiracud iCaildhcs, ill c.1i1ottlrol. ;'h. ltimircorrhi]: l l ungu:+s (;Iomu.s sp., 
, cI i,;1

d( tichticc Itin,.ti,,,, scii iitNpi-lid ,cs. 

talld. lhi ioletd I itI-t i 1i ii aluan.tt.Ialta+siltn l. 
sc\ rit\ hIItI P'hilippit %',tsus,. () hcl;illcig tle. paill gtel 

Table 1. Efficiency of fungicides available at the cropping systems site in the control of 2 diseases of first rice crop (IR64)
in lingog and turod tandforrns, Guimba, Nueva Ecija, Philippines, 1986. 

Lti io(i Ttir(lr 
1i:lliICiiiI6
J, iiit -

CO)cU11itiltlUii 
 Stern rot Grain Shea:lth blight irncidence (,%) Giain 
((I militler illcideloi 1120) 
 -cec yield -- ------ yield 

It/ha)0%) Based on hill Based on tiller it/ha) 

MI:cr,.'it.32) 46.3 Sc 5.9 a 1/.5 ) 4.5 h 4.8 a 
llfnoiiyl ((05 ) 10.9 a 6.1 a 5.5 a 0.7 a 4.8 a 

Copper oxychilo tde(1.53) 55.9 1 5.7 a 4.3 a 0.5 a 4.4 a
Phenazin oxide (0.12) 45.5 bc 6.0 a 18.3 5 4.9 b 4.4 a 
Kasuiiamyctn (0.02) 48.5 cd 6.0 a 17.2 1 3.3 b 4.2 a 
Untreated 39.2 b 5.9 a 21.6 1) 4.2 1 4.5 a 

D IData were taken at 41arvosi. biiApplied ias foliar spray at :30 i alter trawlnlrntifirl and at booting to heading. CInfection was 
confined to the loa sheatih, leaving the stalk unaffected. 

http:MI:cr,.'it.32
http:cotilillt.ed


( ROPI'ING SYSII I'R ( RA.\ 449S) 

Rhi'ociiaio. lilciction in the Ical sheaths of mal/c INSI ( I S
 

Ifll lrIom 6.6 to 33.3'7 in stcamcd soil and Iron 33 --,loi.I.
epa.-1l1c'll
 
o X.31( in natural licid ,.)it (1'ig. 2). I)iSClseI
 
,Wc CHS\\ .Itt, itIs iilt l\Iirhiz Sprayed and effects.
ilt td lal plints mispray(d in(erplot The 
(lIiCS,. 3-5). conliguriltion of yield loss plots in normally 

(i/Onoi, >p. tad Ho C cI .,'Ii'I)Im/k.. inlCCliol 

j ! Ifr Ie 
p itll. 

fM.'oclvnmO (Ally 

VAM fuIgus and Rhzoc/ond 

S,)J I O 

:

rl i ,i.'J I I _m _ 

.l .il t " 111.11/vr at.-- iic CM lv 

bcm.1 11El U 

G SSl 

I jnr lailm twll~t Yieldll e 

U i•spi I y (I 51.3l 0.8i 

Sp I 

Din it 0 iai0 

1120si myi 21. natq!,1)r 0.fe68eteieW~ryld 

,

I.ijuimi siieilili stage. ":Philns t re stoi teu with c .loro- 3. N iii i I lu'd 111.i1/. I'lii X, lil //ido' Iia iiiitii. 

tic nt e lEfives tIecats of soil rotlet s. IIl. 19"1a 
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I AIHWI' hChOL' HIC 111 L'OlOdc mlol (d 111C licillud 

'11CA 'tTk-1, 111,tvl , limil lit.-mcd pkit" ml %IL-ld 10Y, 

t Iimt)l hc 111t 11 li' 11'd 111C CIILTI Ol 

111'WO Mid 

11,011kil L'11CII1% ilMlithliki, III klildlt [)k)k ill 50, 

0 )(H) 11111k \ Cit, (,1 (11) 111 a 

1,11 11It, I It It I II I 

Ii L i'MIII)I( 

Hit, k klt-wii cc[A\ illph, moi), ill I k 
I I ( It Ik d 11 1 ( II'l kl111 11 1 11L \ CT I A l I% c ;I lid 

I w l I I I 1 1, I't IIt .1 11 1It I It\ II 
I I I % I I C IL I L 

1A 

\1\, mhi".d 

,1, '11 All 

Rh/ 

11i'mill 

tl ili. lRR 1. 

'111dCIII%%i'llildll L'tkI)Cfpcildi'll1,11to Ilicpk)t 
bit I I C I fit 111 I W T 1,11, cd 11 tlld I Ill (im-11 I 11C 

CcIll L'I i d it I 1"pi ;1\ -d ph lic 

P ;111 1111k %k(,'It- ',J 1IjI)ICd ;11 IIIICI 11', (0 -. ).() 111 

almit, (IcIvildili !, (ill pkii I/i. W ht)[I Ilial-- ,uw s 

R W \1 (IL'It lhillol :it d lc tl It ildt-.1 I I %kC[C 

C 

4). 

11A'h t 1."ll'i 1111c, 1R R hiil ill iii'll/c ill J)''I L'\Ill 111111111 I'Nt I Ch Ill IIVIII I Ill11HIJIL-11'A1111 ',I' t111110 111N(1/1"Ill, I1111U/11 -, , 1,mw t q , I -, PI 
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samplcd hasdc oil the pcrcc ntagc of dainagcd wcek later (lable,4). (i rir/imds is a key prcdator 
lcai'ic from cach pair ol' hills. lloppurs and ol(I.l. ih clutcts ofplot Ni/crondctoliatorsalid 

, I )-Votnudup Icr 
pair lf hills cncloscd ill t lrainkc harriet. lruditot. shto\,,Cd no0 tutild and wic sIIIl1Cant 

fi le )ructT.' o0I aUl idjit'Lit iti"ctiCIIc-tlrCitucd (MlN on onie \itljiiti datc., not for the ocrall 
,tl >Nigsttl. dcptl.,,cl IM \ . dcloli;tto r,, I.. and \cri ,.'c. 
(I I(ohills /11I<dipe/lNIIs Ill11Id p[c'dit of ahlrlipI thu \Vu coicludc that thu cllcct ofcitlsCcticide oin an 
milLoditc hoidult olf t1iitratld plot" (I ihlc 4). ititluitlcd plo act otnl witltII 3.1 l.f a ,pri.'cId 
l,)\\Cil ]hl ilithrti trc 3 1111 i11 horlci.l plot ,i/c I1) il' of larcur will not 

pratotr :rcV .t1 ii .fru,',veliadot/ la,,I ai,/an 'iala,a vei id hopper 

l 1-cul-.111ttl c itild ol 
trluitCd bhdurl( ic.). IliccIos.u ltolh l'rodcir. thu cLuNu itCIrphit IrtturlcrLc'ilCi , plridd no drift 
l'CItci \iI',thc' ullct. I hr alfu tud rroh'hl,%t+.cul, OCtils, 

hIdi tdu a suclits liIIt; thuIItC.tudtl ai .tIi. htssuiciti ci ee(l Ireatnit. Scud illd cudlhinIrid tI 
ti\U itll cotact.IU, Icni,' ,t'll hC Vc It)() ixctut Iattack uplan'd cLc,11;IiaCI, aId u\'tpcI 

ti Ihl 
ct'ul'iiiuui, C;ill C i', ll diil i1is 

1lIttipltdi pu't Scucd inc tiwiclit . /id."icoi a,'riu atl;icks hotth 
t. 11 'cit k i )iplu'l I tlu tril, nt ill I 1;1\,cl it. \lit', ptilci tlutu to rice or uto\\[s u. 

i-t)5. ullin it and ailui/u' ;111t1 1n tllre li giitll)oil 
I tlilllt lus cilhic ll. ct 5 i 1tl l Ct1 coliu u:itsaIICcNmllc0ics>iiii \ii/cich 'itliit b%\tillcrinc. 

('I#Iirlii S %% ;littl I;uIill~l ('M\ipci thu 2 itiuer,s ;it k ltiiin- illtd the is d ItCial iuIdin lrst \vk 
Nliblck1ic.1i1 itllurikc in c1c1ii luailhlppci ( II I) a CliclctiucC b.\ hcuitlh ()u/t.mlia puwiuoli aitd 

Table 4. Artiroitod auiudjarce averageid from sainles tiakeni alongipertpendicular transects in untreated plots from insecti
cide-sprayed borders ot A plot sizes with irriait ed transpiltiri]ed irce., ZularJoza, N'ueva Eciia, Philippines, 1983 DS. 

-. irilpliitj Artill opolts (rIo.) F-test 
Art hropod tc . 

(W v1h 5.-0itC 100 Ill* 3b0 ho 1000 In' Piot sie Distance from 
border 

Whorll iaq!Iot 2,11/1 31.4 ai 29.9 il 33.0 a 30.8 a [is 
(", raml(ia leahivo~s)
 

Diefoliators 2 17,9 at) 10.6 ll 21.1 a 15.4 b 
(1%)ilalniqil leaves) 4 7.7 a 8.7 a 9.0 ia 8,3 a [is 

Leafloider 6 2,2 a 2.8 a 2.5 a 3.4 a ns 
("d,dIrilited lisvurs) 

Brown pilatoliiper 4, 5, 6
h 12.3 a 14.3 a 13.1 a 14.2 a ns ns 

(no.i2 hills) 

VVhitiia:kt!d lr!,inthopller 4, 5, 6/ 29.3 a 33.2 a 26.2 a 31.9 a ns ns 
(no./2 ills) 

Groin eafh un l 6 28.7 a 2T0 a1 20.9 at) 19.9 b * ns 
h(rio./? hills) 4 , 5 , 6 ) 25,1 a 22.0 a 18.8 a 20.3 :I Its ns 

Zi/,iq lelahiopjwi 4, 5, 6h 22.0 a 20.8 i 17.5 a 17.7 a nsns 
(no./2 hills) 

Cyrtorhinus. 5 13.7 h 2,4.2 al) 29.2 a 27.7 a " ns 
(no.!? hills) 4, 5, 6 h 12.4 a 14.8 18.6 t 17.4 a ns 

Miurovolh.o 5 11.0 I) 11.9 at) 22.2 a 8.5 b ns 
(no./2 hills) 4, 5,6 h 

11.6ta 11.0,a 15.6 a 9.1 a ns ns 

Stider s 4, 5, 6/' 11.5 11.8 a 12.8 a 13.3 a is 1ns 
(no./2 hills) 

''Av if 3 roplIlc tiorsi. In a tow, rii;rliis folilwelr l hy a ;olrrIurr I(rtiler are riot significantly if errint at the 5% level by 
DM131. hwJ werks after trri iinrr 'A pair of Iills sanrllhi 1,1.,, 2, 2.5, and :t in flor ede to citer alonig N, S, E, 
V' orihlirllr . I/A iitr of hills sapIt lei I 2, :2, 4, and !, m i i iige to center alori N, S, E, W ordinies. 'A pair of hills 
siiliiirud 1, 2, 3, 4, !,, 7, arrd 0 rir frormi chic ito citrer aioiloo N, S, E. iV oiraits. f l ir of hills saorpled 1, 2, 3, 4, 5, G. 7, 
9, 11, 13, arn( 15 in Irorit edge to cirrter along N, S, E, W ordinates, gRivula atimeta, Narairgaa anesc.ns, arid Nytnphula 
depunctaiis, hrAvereged for Inclosivu samplh toiates. 

http:anesc.ns
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purple dye of carbosulfan is no deterrent to the 

prelminlar% trials, chickens avOided seed 
treated with po ,dered lime. \ replicated exper
merit on three farms coilmpred several seed coating 

i.tetlhtds v,ith Cassava fitmr and limeU two 
iitxptsmi% , lcalh a\ )ihleitatctials. No i secti
cide 	 was used iII the X.pCllnrecltts. A paste made 
Ilrol i iturcassiaia (10 L')addcd to 9 t1l of hot 

serwate edasiaSeed coating material either alonec 
t kil powdercd lill.' 	 olour.dus,,t 	 Or d1\ cSI\il
('atedo.....seuds. oF ihc. runl/c. 'aid cow'+pea.wecre 
(0tCISCI 1ICIllC l~ Ok)lC
mixed \ith Cl.:t)ittc(eedI, arld spraild Oltfoturlertili,cr sacks, iaindoill placed, per farn. 

_lickc n,%% ll II imre..ntalralh ,, d t , I 

.
 

" 
' A ,....... 


........ __-.-_ _. ....
. .++. ......
 

- --- < 

I,. , ott.i 

6. r\htht . c 0, Iti' Itt1Ct'i JtW'I N ,t(i 11iC tttlli. tlt.llcise, 
thunt atpCr'uCndiLtilt ttttcct t11 n1 thtuMtct hcitM(Tt

lnlcIclLIc Itc Iittc1uh t'd ittf
-Itl'a1 ,itd I)I Ill.' t40I(i phutr.I1

/, l , NIlt'%,iI k11,1. I 11llIlC,+ 1983 D S M U) 1(1'an ,. I .
 .l.ltO 
 N, 
W rtalst',., Il dfitf, t I itm,ltlul m ' I ,t.'ck,,,,t tllcr 

tIvthlttalIflill 

thrips lhraL i. m ('titmttllirig these pcsts,,b\ 
Ittliar spray's itt ttrtl is laltiritus ri,amlanding ttf 
scalcC \watcr. and ,\prsi'.u. hut w trks ptorl. iMi 
raiM crt,irt tnticii n\ pi,.il tI ( 'la\eria. 


Insecticide sed tatiicli \wttilinl 
 iniratc ritsr 
of the cited etih..in, S II ) (Seedu l (;Irtlt)stllltil 
tlratilcnt duStd flltlimllittim, applied ituplqlandIrice 
anid Iai/c in1t;il rIL-"ricls i: )85, ,re iICd illtIe 
death Of itmnrilm t0l chickens. ( 'ickcrls rtilll I1cc 
arid dig up sCe., heltre eitergce. tri(,!ttllIhinln 

seed 	 lurrows aind ciltririg Itt,. ttf' land. IlIte rd-

area for 31d.All the IIiCroatCd inaJie and rice seeds 
\rce consunmecd, hilt tileo1lY 18tl' co\Vpea seed. 
('Ihickeis prcleered cow,,pca seeds coated ,iti 
ca\ ai paste and pecked up 30'( Of themlfromt the 
fielshc. '-wed" c ,i;I!C'l\%itl tC , patc, then%% a \ 
dr\ as.i\ lhur. wee least picrcd hy chickens. 

hil,\ Cxptosd ,.cds in this tiial allo\,ed for 

10. ltCr eCd ht t0han wll,t cul if the seed were 
sown if) soil. ( alse-s Of dead ehiel n wer fwInh
1080I), trills where 	 werehurarlostillan-trcated seeds 


co~ated. ('oating trleated seeds.b w,ithm
Cassava lour or 

lime ptofdCr is also safer forfrlar rs who sow seed 
b han-d. 

A )-;seed treatlniit trial showed excellent 
Ctittr'd Of 'seedig Illilgot Onf Upland ricc aid 
:,,,,h
lfoil ctmpc,, lTable 5). Increased plant stand
 
in rie'aI. e frot seedlMing nmaggot control. The
 
scedling llaggot populaltIOil Wis Ilothigh Cnough

to Iteasire d lrCctl]
tr llrailh , but seed tIreatilllen t 

plirs 	 ctatilt ig ';lea.cd Illai/c ard cowplca plant

th IIO c ar I rlnrimt ilortC. ihe
HIM 	tseed 

cOiating had ]tt rlicasuilable benciti On the small,_r
'edcdarid linre deelv sim,i,rice. Sccd treatrirent 
(lid lttctilrofl ilrip, tOrc wpca. 

llr\ tttoxicitv ttcttwl.l anid rni/c was noted ill 
carhtsullair treatinnts with caissal\val ptel coadting. 
It
le seeds werCe treated ahead tf' time and strred ii1 
,Calcd plastic bags for seeal daYs. We shtired 
cassava paste-ctated upland rice, rrai/C, aLd 
ettw pca sc(d for' -12 d illsCaled plastic bags aid did 
IOt ohscrvc phytotoxicity. It is best to treat thre seed 
ointire diY Of plantting, but if seed will he treated 
arid storcd, it should be allhwed to air-dry ill the 
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Table 6. Yield losses from insect pests on mungbean and cowpea in the Philippines, 1976-86. 

Yield (t lla) Yield loss 

Province Year FildIci
(no.) Protected Untreated Total Relative 

/ha1 Preflowering (%) Postflowerino %) 

Mungbeani, early nmonsoon 
Ca( ayan 1981 5 1.22 1.08 0.14 11 0 100 

1982 4 0.91 0.61 0.30 33 45 55 

X 1.07 0.8b 0.22 22 23 77 

South Cotabato 1985 5 
Munqbeao, 

1.38 
late monsoon 

0.52 0.86 62 27 73 
1986 4 1.31 0.20 1.11 85 43 57 

X 1.35 0.36 0.99 74 35 65 
Noeva Ecija 1984 5 1.36 0.57 0.79 58 56 44 

191,6 5 1.11 0.67 0.44 40 17 83 

X 1.24 0.62 0.62 49 37 63 
Pantlasinan 1976 6 0.69 0.19 0.50 72 23 77 

1977 7 1.37 0.08 1.29 54 17 83 
1978 4 1.41 0.32 1.09 77 62 38 
1979 4 1.22 0M8 0.74 61 41 59 
1980 4 1.25 0.43 0.82 66 31 69 
1982 6 1.31 0.51 0.80 61 43 57 

- 1.21 0.34 0.87 72 36 64 
Late ronortr averawe X 1.27 0.44 0.83 65 36 64 

Misarnis Oiental 1985 5 
CoWp/e?), 

1.63 
oti/t' 0)OIISOOo 
0.98 0.65 40 43 57 

1986 5 1.21 0.64 0.57 47 46 54 
x 1.42 0.81 0.61 43 44 56 

Iloilo 1978 4 
CowLpWi3 , /attOmlons0oOft 

0.12 0.07 0.35 83 2 98 
1979 4 0.80 0.22 0.58 73 14 86 

X  0.61 0.15 0.47 78 8 92 
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Table 7. Weed weight, grain yield, and cost and return analysis of weed control practices in IPB Var. 1 maize, Ane-i, Claveria, Misamis Oriental, Philip
pines, 1986 WS. 3 

Dry weed Gran Cost (P/ha) Return Rate of return 
weight - (R ha) (Ii)

Weed control practice ' (g/m) I t ha) Mn Man- oayield "an Mn Total _ _BCge B~ 
at 45 DE animal Gross Netc Man Man

animal 

IRC - hoe weedine iCP) 19.5 abc 4.7 a 192 150 342 9091 8749 47 59 6.1
HW 
 9.2 a 4.7 a 402 - 402 9036 8634 22 - 5.1
 
L:thao - HW & 1RC - HW (DMPI 11.0 abc 4.7 a 306 
 113 .19 8993 8574 29 77 4.7

Lithao - noe weeding & IRC 19.9 abc 4.6 a 
 209 113 322 8920 8598 42 77 6.0 

hoe weeding (CP) 
IRC + HW (CP) 13.0 abc 4.5 a 280 150 430 8552 8122 30 55 3.6IRC + hoe weeding (DMP) 24.7 bcd 4.3 ab 188 150 338 8335 7997 44 54 3.9
 
Lithao + hoe weeding & IRC 29.2 cd 4.3 ab 
 184 113 297 8308 8011 45 72 4.4 

+ hoe weeding (DMP) 
Lithac + HW & IRC + HW (CP) 14.4 abc 4.3 ab 340 113 453 8273 7820 24 70 2.8IRC - HVV (DMP) 30.1 bcd 4.1 ab 190 150 340 7939 7599 41 52 2.8
IRC (DMP) 99.1 ef 4.1 ab - 150 150 7843 7693 - 52 5.6Lizhao + IRC (CP) 92.9 efg 4.1 ab - 113 1.3 7776 7663  69 5.8IRC fCP) 56.1 de 3.6 ab - 150 150 7004 6854 - 47 -
Lithao+ IRC(DMP) 148.0 fg 3.2 b - 113 113 6232 6119 - 55 -No weeding 170.8 g 3.2 b -  - 6228 6228 - 

a USS1 = F20.00, bAll weeding practices were applied at 14 and 28 d after emergence. IRC = interrow cultivation, CP = conventional plow. HW =hand weeding, CMP = double moldboard plow. CNet return = gross return - total variable cost. dRate of return: man = gross return (R) - man-animal
( ) -I- man (12): man-animal = gross return (12)- man (P ) - man-animal (P). 
eMarginal benefit-cost ratio (MBCR) = gross return of treatment - gross return of farmer's weed control practice

total variable cost of treatment 



Table 8. Weed weight, grain yield, and cost and return analysis of pendimethalin application combined with other weed control methods in DMR-2 
maize. Patrocinio, Claveria, Misamis Oriental, Philippines, 1986 WS.a 

Dry weed Cost (R/hal Return Rate of returnd 

weight Grain (P/ha) (F/P) 
Weed control practiceb g,/m

2 ) yield Labor and Material Total MBCRe 

at 45 DE (t/ha) power Gross Netc Labor and Material 
power 

Pendimethalin (1.0) & IRC (DMP) 6.1 abc 2.5 a 131 342 473 5302 4829 38 15 37 
+ hoe weeding, Piz & 28 DE 

IRC (CP) + HW, 14 & 28 DE 5.5 ab 2.5 ab 299 - 299 5252 4953 18 - 5.6 
Pendimetha'in (1.0) & hoe weeding, 5.6 ab 2.2 abc 158 342 500 4647 4147 27 13 2.2 

PE & 28 DE 
Pendimehalin + atrazine 16.4 cde 2.1 abc 23 587 610 4420 3810 167 7 1.4 

(1.0 + 2.0), PE 
Pendimethalin 1.0) & IRC (CPi 14.7 bcd 2.1 :bc 158 342 500 4414 3914 26 12 1.7 

+ HW, PE & 28 DE 
Pendimethalin (1.0) & IRC (DMP) 6.2 ab 2.0 abc 131 342 473 4232 3759 30 12 1.4 

+ HW, PE & 28 DE 
Pendimethalin (1.0) & IRC (CP), 17.5 de 1.9 abc 90 342 432 3894 3462 39 11 0.8 

PE & 28 DE 
HW, 14&28 DE 4.8ab 1.8 bcd 331 - 331 3713 3382 11 - 0.5 
Pendimethalin (1.0) & HW, 3.4 a 1.7 :.d 220 342 562 3630 3068 15 10 0.1 

PE & 28 DE 
Pendimethalin (1.0), PE 20.9 dp 1.7 cd 23 342 365 3609 3244 142 10 0.1 
Pendimethalin (1.0) & IRC (CP) 7.7 abc 1.7 cd 143 3,-2 485 3565 3080 23 10 0 

+ hoe weeding, PE & 28 DE 
IRC (CP), 28 & 40 DE 28.8 ef 1.7 cd 134 - 134 3563 3429 27 - -
Pendimethalin (1.0) & IRC (DMP) 17.7 de 1.7 cd 90 342 432 3476 3044 35 10 -

PE & 28 DE 
No weeding 51.6 f 1.1 d - - - 2263 2263 - - -Z 

a 2 b C d
us$1 = 220 00. PE = preemergencn. Net return = gross return - total variable cost. Rate of return: man = gross return (P) - man-animal (P ) + man)

(P); man-animal = gross return (F - man (1 ) man-animal. :, 

eMarginal gross return of treatment - gross return of farmer's weed control practiceMagnlbenefit-cost ratio (MBCR) 
total variable cost of treatment 

C 
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Tab: 1 9. Weed weight, grain yield, and cost and return analysis of weed control practices in IT82D-889 cowpea. Ane-i,Claveria, Misamis Oriental, Philippines, 1986 WS.a 

Dry weed Grain Return Rate of returnd 
weightdyieldWeed control practiceb (g/m2) Yield . .Cost (P/ha) (PI/h,)............
 (P/P) MBCR e 

at 45 DE 1kg/ha) Man Man- Total Gross ManNet c 
Man

animal animal 

T1. Hoe weeding+ HW 16ab 954a 391 - 391 5342 4951 13.7 -- 5.3T2. HW 17 ab 870 -ib 602  602 4872 4270 8.1T3. IRC - HW (CP) 36 ab 
- 2.6

833 ab 414 75 489 4665 4176 11.1 56.7 2.8T4. Lithao + HW & HW 8 ab 819 ab 518 38 556 4586 
 4030 8.8 107.1 2.3T5. IRC + HW (MP) 20 ab 782 ab 337 75 412 4379 3967 12.8 53.9 2.7T6. Hoe weeding 17 ab 776 ab 282 -- 282 4346 4064 15.0 - 3.8T7. Lithao + HW # hoe weeding 17 ab 725 ab 746 38 784 4060 3276 5.4 87.0 1.0T8. Cult.a.eze (furrower) + HW 10 ab 692 ab 352 -- 352 3875 3523 11.0  1.7
T9. Lithao & HVV 4 a 628 abc 376 38 414 3517 3103 9.3 83.0 0.6T10.IRC (CP) 46 atb 620 abc -- 75 75 3472 3397 - 46.3 2.5T11.HW, 30 DE 12ab 587 abc 359 - 359 3287 2928 9.2  -T12. Lithao + HW & hoe weeding 16 ab 583 abc 402 38 440 3265 2825 8.0 75.3 
+ HW 

T13.Cult-a-eze (furrower) 140 c 529 bc 67 - 67 2962 2805 44.2 --T14.IRC (MP) 111 bc 455 bc  75 75 2772 2697 -- 37.0 -T15.No weeding 181 c 238 c - -- - 1338 1338 - 

US$1 - F20.00. MP : mini plow. All weod control practices wore applIedHW at 30 DE. CN et --
at 14 and 28 d after einergence (DE), except 1return 
 gross return - total variable cost. dRate of return: aman gross return (P) - man-animal (l) +man (F);man-animal :-gross return (P) - man (',)-i-man-animal (P).


MargInal benefit-cost ratIo IMOCRI gross return of treatinont - gross return of farmer's weed control practice

total variable cost of tieritunent
 

ir , ?v-i,r (Ifls,,, -------- Ii1 l t lan d c ropu,,,tf) -- he lp - TI R p a tte rn , yield 

differerices were si 1li: to those in Continuous
TI5 - TR. Yields of tie untreated plots wcrc low 

becatscof thcannual scdg -I/I,,thiCs i/area. 
r 151 0 0 In (d \ sCdcd, railfcd bundCd rice following

SIlaii/e, v'ields were higlier with hand weeding alone. 
3k . T12 TB The butachlor and untreatetd plots gave low yieldsbecause tif ,Ahla'rulti/ult , /i iatridts and Ipono('a 
SI'ilo/a. 

('.0'/1'/ H. /l i//his was absent in tile 
5 


T1 herbicide-treated and ,rentreated cleck plots.('perus rotut/us. The cflcct of benta.on 

applied at diffcrent rates and different tilnes on two 
0 .--
 ---- ccttylics 01 (C. oltwl/t/. WiaS studied in a green0 1 3 '1 5 - 7 8 house trial. I1olal dry veight was reduced when I lie 

F 101 Cost (tho|'naI V) 1herbicide was applied dtring7. Nct hinclit ctu"..i (ifv hnr cinitrol first3 wk of 
cnwpea, Anc-i. M i i,,()icnial, lippin ,, g 6sere, ,co g rtwth, 

ti \ k,c,.. practices in 
the 

Iics W )iferces werr98 et wee ri tTable 1) Iorkev itI icalticnt,,. LLOt.pe, 

\Vhcn 1.0 kg ai benta/on ha was used, the total 
dry wight of the tpland ccotype was significantlyIn contiitiolls TPI during \V., rotary wedreedreduced \Vheo1he the herbicide .as applied at

and herbicide-treated lots had siiilar yields, I wk alter planting (Fig. 8). When 2.0 kgii; ha waswhich were higher than that of tie untreatel check applied, grow-V reduction was obserxed if the(Table I I). herbicide was applied up to 4 wk alter 11l,1t1ig. 

http:benta.on
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Dry weght g) Table 12. Effect of herbicide treatment on shoot dr 
-weight50 - "- and height of Ischaemum rugosum at 15 d aftei,/O/oncotypeI seeding under simulated dry seeded conditions. IRRI 

1986. 

4;L Herbicide Time of Sf'oot Plant 
, 02) b-(32) treatment application, dry weight height 

- ) 200) (rag/plant) (mm)
30 132)(3,27) Butachlor Preemregence 0.6 ) 5 ab 

O-1 o-C l-leaf stage 2.9 d 22 c 
2-leaf stage 5.0 f 48 d 

20 Thiobencarb Preemergence 1.2 c 7 ab 
. 1 leaf stage 3.3 de 24 c 

(6)(6)2-loaf st-ige 4.3 of 46 d 
C Pendimethalin Preemergence 0.4 a 3 a 

0 1-leaf stage 3.0 d 22 c 
2-leaf stage 5.6 b 44 d 

Propanil 2-leaf stage 1.4 c 43 d 
3-leaf stage 0.5 ab 18 bc 

Untreated - 21.6 247g e 

Table 13. Effect of herbicide treatment on shoot dry 
,4Cweight and height of Ischaemum rugosurn at 15 d after 

seeding under simulated wetland conditions. IRRI, 1986. 

Shoot Plant 
Herbicide Time of dry weight heighttreatment application (mg/plant) (mm) 

b ob'Q Butachlor Preemergencel-leaf stage1) 1200 a c 42 a 

J) 2-leaf stage 120 c 54 b 
. 00). Thiobencarb Preemergence 0a 

5 Lr 1-leaf stage 113 bc 44a 
, I Fi 7 ,:, 2-leaf stage 67 b 52 b ee , fifer n r Propanil 2-leaf stage 0 a 

S.j 3-leaf stage 0 a -
A 1tO Untreated - 125 c 156 c

HyrL, dy r,]! ,/ i 

8. Iotal dr. Ac'ighl and pt--rceruage reducimn (numbersi fn
pairenthesew) ir, 2 ccol)\pet o( 'ip ru s r piuintt s a , an lltcue d h' 
difterent rates ol henuau i applied at liffcrln t n:t. the
ertical line indicatee c impari,,,n h1 t n. CC()( i et i cl tl
it yp 

treat men k-el. Conditions, flodingte a I'M days after applicationp
 

increascd the e'fect ol' ie preemergenelreatlments 
and prcvenlcd fie germination of any ulngerii-I inder wetland coinditions, premegrpence appli- naled seeds in the propail treattment. Lutachilor 

cations of butachlor and thiohencarh, and post- failed to reduce shmot dtry Weight when it was 
emrgcnce application of propanil, effectively applied al the one- or tvo-leal ,tages, whereas
controlled I. rut,'u)unm (Table 13). No plants thiohencars).,igniheaitly reducd shoot dry weight
emerged Mhen preemergetcte herbicides were wheti it was applied at the two-leal stage. All tie
applied, and all the plants that had emerged were plants that survived the htlachlor and thiohencarb 
killed by propanil. In cotrast ti) dry seeded treatments welre sttted. 
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PARTIALLY IRRIGATH) FNVIRONMENT Roinfoll (mm) 

Muhiph' Cropping Delvrtn'nt 600 May 1984-Apr 1985 

An on-fiarn research project was implemented in 400
 
1984 in a tubewell pump service area in Gaimba,
 
Nueva Ecija, Philippincs, to test procedures for 1110
 
irrigating rice and upland crops grown in rotation. 200
 
The project aims to develop cropping patterns that 
farmers can manage with their own resources for
 
producing higher returns to land. to cash inputs,
 
and to labor than present patterns. In tile process, 6May 1985-Apr 1986
 
we are trying to determine what irrigation man
agement strategies can be used to distribute limited 400
 
and costly water eficientfly throUghout Most of the
 
service area. IR RI, the Ministry of Agriculture and
 
Food, aind the National Irrigation Administration 200
 
are collaborating, and details of the site and 
research pIlanls have been reporte (Aninal reports 
for 1984 and 1985). With minor modifications, the May Jul Sop NOV Jon Mar 
methods used in cropping systeuls (('S) research il Jun Aug Oct Dec Fob Apr 
on-farn lowland rainfed environments are being I. Monthlv rainfall, May 1984-Apr 1986, Nueva l'cija,
used in this partially irrigated environment. Philippines. 

Soils at the research site are deep and tuliforn, 
ranging from silty clays to loams, and are therefore 
suia ble for upland crop cultiattion (luring the dry was suspended, and research was started to deter
season ().S). mine yield limitations imposed by solar radiation, 

Twenty-four farnler-cooperalors tested crop- temperature, and strong winds, which usually 
ping patterns in approximately 1,000-in2 fields in occur during December until early February. Low
the service area. ' welve fields are located on solar radiation fron booting to maturity con-
Lngog and 12 on turod land. (I .ungog land is strains yields; low teiperat tires hamper panicle
lower-lying than turod land and therefore easier to cxsertion and promotc sterility: and strong, dry
irrigate for rice but harder to drain for upland winds place crotps under high transpiration 
crops in DS.) Rice - rice - upland crop palterns are demands. 
being tested for farmer acceptability on lungog Planting date. Aitexperiment in lungog studied 
lands and rice - upland crop - upland crop patterns 6 transplanting dates at 3-wk intervals from 30 Oct 
on tuirod lands. 1985 to 12 Feb I986 to determine tile effects of 

The crop year (('Y) at tile research site is early transition plantiig on the yield and yield
conveniently divided into three seasons: wet season coniponents of rice and to relate them with solar 
(.June to October), the transition period (Novcni- radiation, temperature, and wind conditions. Early
ber to .Jarmury), and late 1tS (Fehruary to Ma,). planting (30 Oct) significantly obtained the lowest 
The diviyions are arbitrary, but these seasons are yield, and 22 Jan planting the highest (Table 1).
sufficiently differcnit to affctl crop performance. A Panicle exsertion was hampered in early planting
major and important difference with respect to dates (30 Oct to II Dec), with a mean of 74% 
field operations and crop adaptation occurs during comlpared with I nieat of 97(( in the late planting 
the transition season. Monthly rainfall diuring C'Y dates. The decrease in yield in the latest planting
1985-86 is shown in Figure I. date (12 Feb) was due mure to a water stress effect 

Transition seaso rice on hungog. Because than to any of the climatic factors. During this 
transition rice in lungog is fraught with constraints, period the pumnp discharge decreased from 112 
rice establishment in test fields during CY 1985-86 to 56 liters/s. 
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Table 1. Yield and yield components of IR58 as affected by transplanting date. Guimba, Nueva Ecija, Philippines, crop 
year (CY) 1985-86. 

Yield Plant Total dry Productive Panicle 
Transplanting date (t/ha) height matter yield tillers exsertion
(cm) U/ha) (no./hill) %)
 

30 Oct 1985 2.4 e 52.8 c 3.4 d 16 c 73 c 
20 Nov 3.3 cd 51.3 c 5.7 b 17 c 73 c 
11 Dec 3.0 d 55.2 bc 4.6 c 22 ab 75 c 
1 Jan 1986 3.8 b 55.0 bc 6.0 a 24 a 91 b 
22 Jan 4.3 a 64.0 a 5.5 b 20 b 99 atb 
12 Feb 3.5 bc 59.3 b 5.6 b 22 ab 100 a 

Difference between
 
treatment means
 

CV (%) 6.0 3.6 11.4 7.9 3.3 

Ihe growth dtrtrlloi1 of IR58 at diffeint W , radiation (cl/crn2 
) 

planting (fales x%'ere plotted against daily nitnm 700[ -- ____

tenIpCrattiM., winId run, and solitr radiation (Fig. 2). 500 
MN1intnm lttnpciliircs .ec relatively lower 4 
dring I )occinwr It, carly NIarch. dipping to a low y0oo
of 16-18 o(' corlinuously lor 3-S d during several 200
porio(.s in I )ccUIlher lnd .laltlarV. lhew periods o ---- ....---
coincide]d with the hcadig stages of ca ily p a ll- , fr,, (rn/i __ 

ings. resulting in pool' paMiclC Cxsertion. Wind .. . . . . .
 
velocity was also stromCr atd solar radiation 2.
 
rclaitivcly lower in l)cccihcr to late .lanuiary. 0,.
 
which cotntributed to lower total dry mailer and Mrinri,,,um, prolure ('C)

graii yield ii carl tranisplanting,. 	 30-1------------...-

Variety trials for cold tolerance. 1 wcnty-two -ice 
cultivars fr0m the IlntCrnaliMal Rice Testing iI 
Prograin antld thilc vtrietics currently planted al L------- . .A_ . . 

the research sit t: were planted at two planting datcs --- . 
(14 Nov and I0 )ec 1985) in a cold tolerance trial. ____3-H l
Th erich.is aid SOllic aIgl(nllli Ccharacteristics arc i-3+,. 

sttniariied il Fable 2. All entries planted in ,[4... ' ' J 
cd belter lhIin thiose in Novem-	 c M .e)cembi r pe rltorr 	 . i-- b ---- ..NovNov Dec aoun Feb Mdar Apr 

ber. IR2061-522-0-9, I1 , -30-3-1-4-2, IR9202
5-2-2-2, IR29725-109-1-2-I, IR31851-63-1-2-3-2, 	 2.Fiehf durations (transphmnting it harvest) (t It5 plotted 

against tenrperattr,, wind ,,lorcity, and solar radiation.IR6,l. atid IR25572-87-3-3 perloied better- than 	 Numbers on h tton graph are yields in I/ha. (uimba Diver
tle (tiher entries anrd weic reco llroelnded for sified (ropping Systems Project. Ihilip'pines, CY 1985-86. 

furtter test ing. 
Wind barrier experiment. Wind harriCrs, 4 In 

long and 2 in high and miade of plastic sheets, were yield frorm crop cuts slightly increased, panicle 
placed perpendicular to the wind direction in each cxsertion was gencrally better, and plants were 
oi'9 plots (8 /, 8 In) to ascertain tihe effects of wind taller. 
on the viehId and agrononic characteristics oft',58. Transition season iuize in turod. The ican 
The field layout of one plot is shown in Figure 3. yield ofmaize in 1984 was only 2.6 t/ ha. The major 
The yields and some agronomic characteri tics are constraint was crop establ;hmient. In many fields, 
sutnmiarized in Table 3. Near the wind barrier, large clods that formed during primary tillage were 
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Table 2. Yield and yield componentt. for 2 Plantingsa of rices tested for temperature response. Guimba, Nueva Ecija, Philip
pines, CY 1984.85. 

Panicle TDMYb 

Variety or line 

Yield (t/ha) Plant height (cm) Tillers (no.) exsertion (%) (g/10 hills) 

1 2 1 2 1 2 1 2 1 2 

Vi 
V2 
V3 
V4 

IR2061.522-6-9 
IR5716-18-1 
IR8866.30-3.1-4-2 
IR9202-5-2-2-2 

2.1 
1.6 
2.3 
2.1 

3.9 
4.1 
4,0 
3.4 

76.1 
60.1 
62.7 
73.8 

79.3 
67.1 
66.2 
74.6 

I1 

14 
16 
15 

23 
21 
22 
22 

98 
81 
81 
90 

97 
94 
97 
92 

200 
204 
170 
220 

266 
280 
228 
295 

V5 IF9202-33,4-2.1 1.9 2.8 84.7 99.6 11 19 100 98 182 300 
V6 
V7 
V8 
V9 

IR9758.K2 
IR 13155-60-3.1.2-1 
IR 13155-60.3-1-3 
IR15579-135.3 

0.7 
1.2 
1.1 
1.0 

2.6 
1.6 
1.4 
3.6 

48.5 
75.0 
70.0 
80.2 

62.4 
88.0 
86.0 
90.4 

13 
16 
12 
14 

24 
18 
19 
18 

76 
94 
98 
98 

98 
98 
96 
94 

157 
218 
117 
184 

204 
208 
274 
272 

V1o 
Vil 

RPKn-2 
IR60 

1.0 
1.6 

1.9 
4.7 

79.0 
50.1 

91.4 
61.4 

8 
20 

19 
22 

98 
70 

94 
89 

186 
129 

272 
170 

V12 
V13 
V14 

IR25588-7-3.1 
IR29692-94-2-1-3 
IR29725-109-1-2-1 

2.0 
1.6 
2.1 

3.7 
3.6 
3.6 

58.1 
57.7 
58.2 

54.1 
63.7 
63.6 

13 
18 
16 

21 
19 
29 

74 
76 
84 

99 
95 
97 

160 
173 
130 

240 
221 
251 

VI5 

V16 
V17 
Via 
V19 
V20 
V21 
V22 
V23 
V24 

IR31802-48-2-2-2 
IR31851-63-1-2-3-2 
1£31868-64-2-3-3-3 
IR32307-107-3-2-2 
IR32429-47-3-2-2 
IR32429-122.3-1-2 
IR56 
IR58 
IH64 
IR25572-87-3-3 

1.9 
2.0 
1.6 
1.6 
1.8 
1.7 
1.5 
1.9 
2.3 
2.1 

4.2 
3.2 
3.8 
3.4 
3.7 
3.7 
2.7 
4.3 
3.8 
4.5 

58.8 
54.4 
53.4 
49.9 
50.1 
55.4 
57.6 
50.4 
67 5 
53.2 

64.2 
57.7 
60.8 
62.1 
59.4 
64.8 
61.4 
57.8 
61.4 
61.4 

15 
20 
17 
22 
17 
19 
18 
22 
17 
17 

25 
23 
19 
29 
24 
26 
22 
17 
26 
19 

79 
91 
96 
88 
91 
92 
82 
72 
90 
93 

97 
98 
98 
89 
94 
95 
92 
87 
96 
72 

152 
132 
248 
144 
157 
126 
186 
106 
184 
199 

262 
205 
212 
218 
200 
258 
217 
157 
225 
192 

V25 MRC9552-756 1.5 3.2 53.2 63.6 14 21 78 86 153 246 
____Av 1.7 3.4 61.5 69.3 16 22 87 94 173 235 

FIrst transplantling = 14 Nov 1985, second transplanting - 10 Dec 1985. bMinus graIns. 

7A 6L 'A ,1L3L 2t. IL IR 2P 3P, 4HfYq, 6H 7M 
TL6 -T I 4 !~9 -1 11 I8 red uced size secondary1 ~ 9 ~ 791 Ho.t mLs g i antly in by 

I illage with local implements. Consequently, soil
:1:. . ..-." . W , ,, seed contact was poor, and emcrgence was low.

.i--i'-.'" Other constraints were drought, especially in fields..... 


. .-
 far from the pump, and waterlogging in fields close.  to ditches or-adjacent to flooded ricefields. In 1985, 
3-3 fields were allowed to dry sufficiently, then were 

5B.. 
in relatively good soil tilth. Consequently, crop 

"..::::.. ; 'E emergence improved, and the mean,-"Because hybrid maize secds are shellednot maizereadily88 yeld was :~.4 / ha about 2 t/ ha higher than ii'
available in local markets and, if available, are 

wn rrxpefnsivc, farmers prefer an open-pollinated 
variety (OlV). A study was conducted to compare 
the performance of a hybrid and an OPV under 

3.Field laynut of plot in Ihe wind harrier experiment showig various rates and tinmes of'N application. The Nthe location of crop cuts (or yield determilnation (cross souiilrce w as itlca, il NFI -N form. To coinmpa re 
hatching). Guiunba Diversified Cropping Systems Project. NH4 -N and N03 -N forms offertilizer, 2 treat-
Philippines, CY 1985-86. I.-- left, R = right, F = front. B N
back, 0 = hill. nients were added using NO.,- fertilizer at 40 and 



Table 3. Yield and agroinomic characteristics of IR58 as affected by distance from a 4-m wind barrier. Guimba, Nueva
Ecija, Philippines, CY 1984-85. 

Crop Yield Total Plant 1000-grain Panicle 
cut (t/ha) Grain:straw tillers height 
no. 

1 2.9 0.8 
2 3.2 0.8 
3 3.0 0.9 
4 2.9 0.7 

1 2.8 0.7 
2 2.8 0.8 
3 2.7 0.7 
4 2.9 0.7 

1 2.8 0.8 
2 2.8 0.8 
3 2.9 0.8 
4 2.7 0.7 

1 2.9 0.8 
2 2.7 0.8 
3 2.8 0.7 
4 2.9 0.8 

80 kg N! ha. Rlesuls shoCd nt signi-icant dif-
ference between Nil.,' -N and NO,- -N fertilizer 
and among time!; ,ffertilir appelication, 
that Ilarmers can delay ferili/ation until hilling tip 
to assute that the crop i not damagcd by floods, 
pests, or other haiardli t. (1V (Institutc of Platit 
Breeding Varich') oa, c a significantly hi hcr yield 
than hybrid co)rn (.NIC 305), especially tinder IOW 
N rates. 

ILate dry seas,.n crops. l~cca, test fields in 
lungog were surrounded by flooded ricelields until 
May 1986 and \vc:x too wet for niungbean., no0 
upland crop was estah;ished oil that lndfOrin. 

In ttlrol, mlungbean pert'rimed well. The mean 
yield obtained in CY 1985-86 ws i. I t.'-ha, higher 
by 0.2 tia than in ('Y 1984-85. ,it nghean is of 
interest to fariuvers il tie project atreia as it late I )s 
crop in turod because it yields w-.ell, is relatively 
easy to establish, does not require fertili/er, 
competes well with weeds, reqliircs ony 701d, has it 
gjood price in the local market, and is not 
excessively derllandirig on labor. 

1986 wet season. (rain yields from cropping 
pattern fields averaged 5.0 t/ha, 1.0 t/ha higher
than in 1984 and 0.5 t -ha higher than in 1985 for 
the same season. In 1986, more favorable weather 

weigt gnexsertlon 
(no.) _________(%) 

60 cm from witidbarrier 
30 
21 
30 
28 

2.4 m from wind barrier 
30 
32 
27 
32 

4.2 m from wind barrier
27 
29 
25 
26 

6 in from wind barrier
20 
29 
32 
25 

(cm) weight (g) 

49.2 21.1 70 
50Ut 21.6 82 
52.7 21.1 80 
51.7 21.3 70 

49.1 20.6 73 
49.5 21.3 74 
49.0 20.7 76 
50.0 21.0 71 

49.6 21.2 73 
48.5 21.2 76 
48.9 20.9 78 
50.2 21.4 76 

51.0 21.4 73 
49.7 21.3 84 
44.7 20.9 74 
51.3 21.0 76 

conditions prevailed, and populations of stem 
borer and other insect pests were lower than in the 
"nani.prvious years. Moreover, the planting of tuigro
resistant varieties such as IR64 eliminated this 
problem. 

leclicjtal feasibility. The designed alternative 
cropping l)attern ti turo(d rice - maize - ruling
heat (R - M - 1\013) is a pattern with agro
econotmiical potential. IHowever, labor, power, 
marketing, and irrigation were seen as potential 
constraints to its adoption on a substantial part of 
the turod. lousehoId labor genrerally was not 
stilficient to meet labor requiretnents during peak 
periods of land preparation, seeding or trans
plan hiig, and harvesting, when the whole ttirod 
area was planted to R - M - MI3. 

The local iand Bank of the Philippines oflhce at 
Guiimba offered to extend credit loans to fiiruers at 
the research Site Who would adopt the R - M - MI3 
pattern starting CY 1986-87. Negotiations between 
I.) and ofcers of the farler's irTigatotrs assocra
tion are il progress. 

In Itngog, unless problitls during the transition 
period (Oct ober-l )ccenber) involving climatic 
f'actors are solved, yiels of the second rice crop inl 
the R - R - MB pattern viii always be low. The 
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establishment of the second rice crop of farmers' 

traditional patterns should be discouraged because 

during this period (February to April) pump 

discharge is at its lowest level of 56 liters/s and 

cannot sustain the normal transpiration require-

ments of rice. One possibility isto plant an upland 

crop in Januar,. 


ITI'I.\NI) RII [NVIRONMENT WIH -ilID SOI.S 

fulliptl ('rop/ing an(d Agrictultural l'conomics 
/h)artjq tr 


Agronomic lierformance. Five alternative ci op-
ping pattern .groups were Cval:ated diuring (Y 

1985-86 in ('lav criit. MIisamis )riental, Philippines. 

Faich patterln was dIcsigned to include atl least One 


legulle clop II;iddition to theilmjor cereals rice 

and uIaic I h',: pattc: and corre~pond ~ , 

monthly rainfall distribution aic givcn in l'igurc 4.
 
Tle mean yicld dilla for upland ricc (IjR), mi./c
 
(M),cmvr pea (('P), peanuit (1)), sweet potato
and 

(SP1 VrSstinniari/ed in Table 4. In the cropping 


pattrns in which (11821)-889) was firstthe Ii 

Af,,nashv crqysnq o,...... 
- -. .,y-icds 

IT 

L UP P -7 Z 

M 

Roinfall (.n..) 

-.......... ------. 


40)-

300 

200 -crop 

100 

0 LL- _ -- ___ L 1- .1 - L ___-......
Apr Juon Aug Oct Dec t ebMay Jun J i ep tiv ,ciMar 

4. Iesigned cropping palicrns aid disIrih1u-ionthly rainfkill 
lion, t'laveria cropping s,,stenis M isalnis Oriental, Philipsite, 

piites, 1985-X6. ('1' ::cowpea, tI R - upand rice, 1P : peanut,
SP --sweet potato, M- matie, Ft." fallow. 

Table 4. Yields of implemented experimental and farmers' 
cropping patterns. Claveria, Misamis Oriental, Philippines, 
CY 1985-86. 
.. ..
 

Cropping Observations Yieldb (t/ha) 
patternsa (no.) 

Crop 1 Crop 2 Crop 3
 

M-Mc 20 1.5 1.1 -

M -M •CP 4 3.4 3.3 0.5 (2) 
M-M-FA 4 3.3 3.3 -

C13- UR - CIP 4 0.9 2.7 0.2 (2) 
CP -UR -FA 3 1.5 1.0 --

CP - M-CP 7 0.9 3.4 (1) 0.2 
UR. M 6 3.7 1.4 -

UR -CP 2 4.2 0.7 -
UR -FA 3 4.5 -

uo i CP/M - SP 2 3.4- 0.3 1.3 11.9 
UR + CP/M -P 1 4.240.5 0.5 1.7 
uR f CP/M - CP 2 2.640.6 0 0.7 
1
aM - maize,CP cowpo, FA = fallow, UR zupland rice, 

P "p eanut, SP sweet potato. bNumbors In parentheses 
Indicate failures. "Farrnors' traditional cropping pattern. 

crop, mean .iclds were 0.9-1.5 t ha. Using rice 
variety IJPI.Ri-5, yields incracased fron 1.5 t/ha to 

4.0 t iha (167( incrcasc) during th lit-st crop. The 
mean \ield of M using I PB Var. Iwas 3.3 t/ ha, or 
1.2 t, hi c t/hahigher than the baseline data of 2.1 
(57(' inc rease). In the IIR I- (l intercrop, the 

of btIth crops were lower than their mono
culture yields. However, the overall benefit was still 
in favor of the intercrop (land equivalent ratio 

1.25). 
-p
or the second crop, the yield of naiize in the 

C.- M 

slightly higher than in M - IM - CP.Maize yield in 
C1P - 1\4 - CP was intch higher than in UR + 
_'P/M -SIT/R-l-CIiM-PadUR+CP/M

(1 - C1 pattern averaged 3.4 t/ ha and was 

CI. Only 6of I I thice-crop patterns were success

filIly executed; t he thi rd crops were CTl, 1), and S1). 
The rainy scasoni length was inadequate for a thi'd 

insituations where planting of the first and 
second crops was delayed. The yields of CP as a 
third crop were generally low (10-70% of firstcrcp
 
yields). P and SP yields were high. 

Assessing economic viability of cropping pat
terns. F nterprise budgeti ng, using current prices of 
iniputs and outputs, was applied to evaluate the 
profitability ofI lieexperimental patterns (Table5).
All the iinplcnemied test patterns yielded higher 

returns above variable cost (RAVC) atnd siinilar or 
higher returns to lab or and power than the tradi
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tiona M - M pattern. However, becaiS the test 
patterns involved inciased cash expendhures on 
mateinai l inputs Such iis lertilh,'.es and insecticides, 
the ratCS of rCtlurn to irtltrial osl s \Vere lo\vcr flo 
the rest ipatterns. Four pattcrlns IrR - lall\' 
(IA), IR - Ml, UR f (T \I (', and iR 
(' NI S l dotlnilltctd the test pailtcrns. 1hc II R 

( ' N.1 P IpaiCrn Was, exclCd I toi thi, con1-
sideratiu bcause it \as tested in tlv onl llnicr's 
iid. 

I1'. iinplroscII I R NI t lnilt Inic'tc",isCd 

p[ odUclit K\ Itt04 and net ntin hi >0) hi 
129'; . lie I R 1 ('' \1 !1' P attI Pneletattd 

the 1l11'tu lic iilht IItl,'is4 ha. ildhtt a nmare.ulP i1 t 
hcieit-coti ratit, M R t1 t .7, i.e.. i ealcht NH( 
SI Ott iii'icC in \ i l;hieCi't ;eIhtlCthe natite 
pIittCrl1, All tCslei ,c i tt5.-0\s:i, ICtirnCL. 

c'a,.sio III 1n0u/ IhSISiradititial \faniers'N Ni 
teecltitoloe\ used ai \\hlet hlocatl) \',urie'tv and 

tget ralw in 1iH) 
<.i ) 

tfi ,CPkl/<;I f 

,-)o 

600 

CPMCPIH5001" 
vP M - %I W) 

,,, 

4 
Ui-M.51111 € v ilkU U-)' 

300 0 1., 11H(I I 

100 - eN1 00 (t )-
Q IlltUfi 

Tolwn bl c ( I)" h. 

predominantly labor and power production factors 
(9(0l7 of total investment). The IUR - N1 pattern 
increised total investments from SI 15 to %228,;ha 
('-,j).Similarly, the lost profitable pattern (U R 

( ' NI SI') incictased otial investments by 
120'11. Ihe net hencht i.,s lottl Iit tirnre 5. 
Pia alulttic hud.etiLte \iasittl t) assess the degree 

1t M\hich the t;litil is xposed to eOtitiMl IlossCs 
atistIn [wil ilclrt'ases in iput cost:, tor dceCleass in 
otput pric nti vil. l'iitrc U( coCi tireCs the 
lairi n , pri\tcnt N -- M patt, r i tlt the I iit 

( P' NI '1paIttern. 1he tunl O\ d ai1trr1ltircd 
lar-cr piccliila."c I , liantc iI costs. \icllds, or 

[tices thIll the lilnt sc,,pittnt to reducc R.\V( to 

/etlo. liR t (T' NI SIl' icmUitilnillhictcac in 
\riable cost 325 or i dccaic iII vild ior price 
(l 70 1';t) rte IICC RA\ ( to /elro. IIttco tiast, the 

N - I pailter it rciiuhtel a 137( increase ill 
variablecot ~or aidcrease itt>icld oh 5,to do so. 

LO hi( (/ lilithdilil. I he itnipro0\ed croLpp)in 

pattertns ch ti ed lab r 1s'e iat tlhe site, as shon\\1 ill 

lFigm c 7. It %%.mild he i ptssiblc Ior all Iiiirlcr s to 
adolpt aniy imc tl the croppittg parltlls, sItcc tile 
total labor rC'lUiictllts stlhstatiily exceed the 

existing lahr supfki . I Idr the tralitioiil NI - ,\11 

pattern. liricu haveiC piirted lahbo seareitv 

(IIhIdrni tillagu. Ioal ltborIIuse wit t the IIR - IM 
pttllti wis 77 loaer th',in with the traditional 

pattlrn; holc\er, lahbo lor larvcsting and thresh
ill the hIrSt l R crop iiiercised h 891'7 frioi 14 to 

P~eturr; C~o variolble 
cost tO00,/haj) 

"10' kM O sj)u 
E)price,yiel 

t

Input COSt, (tIt~hy "' [)u. (
 

IL[.lyJNi
Cot 

Inpu I 

~100
 

S.Ne hcintit c s, (it tir ir tW, and cxt erucnrtt Ift).i. 
LCliul)l)llg pitre chiliigics Iiidv- uplandt C i ioi , (ti- 0. -- i"il"--- .cC 't sa'-" il t IT I 

ker)a,Ntsin is rw ita. Pi'tt pincs t985-80. tie isienik t* ( t' N i0 ) m id ii uiliiiint pil ii .\t - Mt 
,i illrn 95-86rCtlp in ' hi, l it n. - .I \tli, til ll i i iici ll i 'lltilruillcllL. _' 
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Lobor use (thousand days)
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40 
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+
[H~,+" F'hA r +,ly +u , /u u T'
 / 

7. L", i . t.t li ',t t.' t (I I . ' lw i t tidpttd thkc rnup l tig lptt ,r. ti si s is ()ienut , 
h i th' ,[l tn t.i t ( Li .t~ w ,', tt' 

l'hlil'ip)ii * 4)'.5
I. .; 

27 d'ha. whic~h could cause a labo~r bottletneck int [he low,'r pars of tihe foothills and the plain. At all 
Noyc u r. /\lthonebh tl(t ( I' I 5 increased"I locations, responses to feti" e •tr""e erlabor itS,h\ only 23 "7. it could uatse+ a labowr highly significat.t lRsrponses to N, F',or K alone
scarcity during most patsl>of the vYear. ( ii,'enthe were noisignific~ant except in] field 3 (data not
labor scarcity at the site, it i, d tflutlt that this iv.en). lhe differenmce be 't n inorganic fertili.er
coppinpat[ternoldvm be:a(IoJted extensielvin and chicken manure was sigtnilicant in three oflfour 
the ar.. 

F'ertilizer and liming trials (Ul nuniuhea. 
NI LIIgb+)L;rtM ) is a fod [ legume that gettrally'~ Tabte Grain( NI 6. yietd of rnungbean CES 1ID 21 in 4 fields
haLs lowV,;anld itt bl+ ieldstit the acid upland ,,il, as affected y N, P ,l(, andet 

• chicken man ture~aCtaveria,
of the tcsumrch site./\ series of experi n Misarnis Oriental, Philippines, 1985 WVS._entsstarted ......-. ...... . ... ... ..-. ...

in 95 determined the fatohrs that limit the Grain yield thal 
growth ,nod u hation, and gra in yield of NI . ()ut Treatn tent b .... ...
....td. ... t .Fie.d ex perimen t int( Y i t9,':( ,iea td t h -ecrop>', 1 2 3 4
fertili,r reqmirm ett itt this acid itpl',lund - - eunirom-- - - - -................. 
 ..........
. ......... 
nment. N'Ican NII sic ltF,a ,,;tllf te~d iv,fertili/er Contr ol 0.18 0.61 0.51 0.16 

treatmet.'l 13 Pt'25 K 0.57at fotr ht+;lo 0.22 0.57 0.28t ins areL show,+n in [~able • 
t. 20 N +* 13 P 0.29 0.68 0.70wl20Yields.F across fiehls ',':ried 

0.322 markedly. Fields I a.t+d 20 N+t 26 PP4 13 + 25 K 0.23 0.62 0.710.65 0.340.38 0.63 0.31 
wer totsic .'ed ich s ',cauc he
It),, frtiit' 
 20 N4 26 P+ 25 K 0.34 0.57 0.84 0.38yields fromn tltetmttrtili~e lpltut were,' low atid the 40 N u-26 Presponseoto fertili/er treatmemts were highli fields 2 0.38 0.61 0.61 0.3940 N 26 N 25 Kc p0.42 0.69 0.732.5 tchicken manJe/ha 0.77and 3 wi cosidectrd hig 0.61 913 0.41 

a 0.67lo ilitv fields because 5 t chickenl0 manure/ha 1.00 0.65 0.89 0.67 

higher the nfm losweeind th yelsofthii~dto fcertitiicr eatveyLSD 1.05) 0.11Nspoasstratnelmts CV laltt 0.10 0.11 0.086,4 61 55 41 
were targinal, cv 161(%) 39 22 22 30Tbhe effcot of liming was significantoilA' thVotl il Mean across 2line rates and 4 repttcattons itn kg/tie
locations on ihet rlteau. [he other fields were xc af f tedtchtckenbr manure. 

http:fertili.er
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Table 7. Partial budget for 10 fertilizer treatments on mungbean in low fertility stratum. Claveria, Misamis Oriental, Philip
pines, 1985 WS. 

Mean yield Net yield Gross benefit Total variable Net benefit 
(kg/ha) (kg/ha) (S/ha) cost (S/ha) (S/he) 

Treatment -. ...----- .. _________........ 

Without With Without With Without With Without With Without With 
linme lime lime lime lime lime lime lime lime lime 

Control 110 228 91 190 64 133 0 39 64 94 
NPK (kg/ha) 

0-30-30 170 326 142 271 99 190 31 70 68 120 
20-30-0 220 383 184 319 130 223 33 72 96 151 
20-3030 270 337 164 280 11E 197 43 82 72 114 
20-60-0 260 465 216 387 152 167 54 91 98 131 
20-60-30 285 443 237 369 116 258 63 102 103 156 
40-60-0 300 475 249 395 175 277 65 104 110 173 
40-60-30 292 451 242 376 171 263 75 114 96 146 

Manure (t/ha) 
2.5 670 775 557 645 391 452 127 175 254 276 
5.0 750 923 628 769 '140 539 272 311 169 296 

Table 8. Partial budget for 10 fertilizer treatments on mungbean in high fertility stratum. Claveria, Misamis Oriental, Philip
pines, 1985 WS. 

Mean yield Net yield Gross benefit I otal variable Net benefit 
1kg/ha) (kg/ha) (S/ha) cost ($/ha) (S/ha) 

Treatm ent - .. - - . .- . ..... ...- . ... ..... . ... ... ....-.- ...- - -
Without With Without With Without With Without With Without With 

lime lime line lime lime lime lime lime lime lime 

Control 540 588 450 489 312 343 0 39 312 304 
NPK (kg/ha) 

0-30-30 5,17 597 '156 497 319 348 31 70 288 278 
20-30-0 678 703 565 585 396 410 33 72 363 
 338
 
20-30-30 619 723 516 603 361 422 43 82 318 317 
20-60.0 574 693 478 577 335 404 54 
 91 281 313
 
20-60-30 679 737 565 614 396 430 63 102 333 328 
40-60-0 546 677 418 564 318 395 65 104 253 291 
40-60-30 695 707 571 589 420 412 75 114 345 298 

Manure It/ha) 
2.5 832 810 704 673 486 137 175 349472 297 
5.0 7-4 765 635 637 452 272 311 180446 136 

tields. ]he dilfferenc between 2.5 and 5.0 t ha of Table 9. MBCR for fertilizer treatments on m,,ngbean. 
Claveria, Misamis Oriental, Philippines, 1985 WS.

chicken manure was significant ,rnly In 2 fields. 
The last tv cuLunS in bables 7 and were used Marginal Marginal 

Fertilizer incrementa cost benefit MBCR 
to construt the net benefit curve I Fitgurc 8..he (S/ha) (S/ha) 
economically dominant treatillnts were ioinled hy Low fertility, no lime.1 1 Low fertility, no limne 
a line and werc used in computing the MCR Control to 20-30-0 33 66 2.0 
shown in Table 9. All of the felrtili/er incrementts 20-30.0 to 40-60.0 32 45 1.4 
have a MB'CR exceeding the vailtl of 1.0. In the 40-60-0to 2.5 t manure/ha 72 216 3.0 

high fertilitv s+ratull, the alplicat io of lime does Low ferti,';ty, with lime 
Control to 20-30-0 33 90 2.7not significantly affect the ecollomlic betelits. 20-30-0 to 2.5 t manure/ha 103 229 2.2 

The analyses indicate that, oil licld, with )favor- Hiqh fertility, no lime 
able native soil fertility. MB production may be Control to 20-30-0 33 84 2.5 
quite profitable without ntlrients or liie, btil High fertility, with lim
wiclds are modest about 0.5-0.6 t/ ha Nutrient Control to 20-30-0 33 67 2.0 
or l.. n"Puts Increasc net costs but dc "', aThree figures joined by hyphens Indicate NPK In kg/ha, 
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Net benefit ($/ha)
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8. Net benelit curve for 10 fertilizer treatment,, on mungheatn at 2fertility strata in acid upland soil of Claveria, Misamis 
Oriental, Philippines, 1986 WS. 
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significantly improve net benefits. In Fields of lower 
native fertility and low yields (0.1 to 0.2 t/ ha), M B 
production is economically unattractive. The addi-
tion of limeand high rates ol P may double or triple 
grain yields from this low base level and increase 
net returns to M B production to a level on par with 
local M prod uction. However. this gain in net 
nend t.susathieved onuly by increasing cost of 
materials to a level about 5-6 times greater than tile 
cost of materials presently invc;ted inM prodtc-
tion. Thi-sSuggests that field selection isa dominant 
factor in determiniug successful M B production in 
this environment, 

In 1986, the effects of' P and lime on M13 were 

examined more closely at six locations. Base yields 
varied greatly among sites as in the previous year, 
ranging from 0.03 to 0.80 t/ha in the control 
treatment. The effects of fertilizer and lime treat
roents on M 13yield were significant at all locations. 
The effect of 1)was strongly linear. Fxcept for the 
Field in Ane-i, lime affected grain yield significantly. 
The interaction between P and Iime was not 
significant in any field. Figure 9 illustrates the grain 
yield responses of MB in six fields. The effect of 
lime and P explaincd only 31% of N--iation in 
Ane-i, indicating that in this field there were other 
factors affecting yield. 
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VARIETAL TSTIN(-

Although IRRI has no mandate to develop 

varieties of upland crops for rice farming systems, 

we arc collaborating with national institutions and 

international centers to identify such varieties. The 

most important upland crops grown with rice are 

nitnghean, soybean, cowpea, peailnt, sorghumin, 

Inaize, sweet potato, and chickpea. Three nalional 

research institutions have research programs to 

develop legume varieties for rice farming: lhe 

Philippine Institute of Plant Breeding (13FB), Thai 

Field Crops Research Institite (I"CRI), and 

Indonesian (entral Research Institute for Food 

Crops (CRIFt'). 1 with covers
[he pro.)ct 11P13 
screCniig (f hines, hvyhridiiation, and selection of 
inualghean, soybean, and peanut. \Ve collaboratc 
with the lIntrnational Institute of lTf'ropical Agri-

culturc (iITA) on cvalhiating cowpcu and soybean

cultivars f<or rice larmiling sv,,;tcnls. We are also 

collaborating with the Internatii:tl (Crops 

Research Institute for the Scmi-Arid ! ropics Oili 
screenig varieties of sorghuni, chickpea, and 
pigeonpe, to, rieu laiiur1ig. [he Rice lIarIning 
,ytcis Pro-ram C%alates these crops. 

HIC most promising varieties identified hy the 
proects. F( RI. and (RI t' ategiven to llR-for 
seed increase. I hey are then distributed to national 
programs inmoeed in coll)orative rcse;nch oil 
varietal testin, of upland crops before and after 
rice throu,, the Asian Rice Farming Systems 
Network ( .' N). 

Mungbean. MunIghcan varictal improvement 
was done by the lPH project in Los afios. The 
plantings before and iftCr rice rCsucltd ill the 
selection oi199 Ilines fol evaluation in the pr'-
liminary yield tiiial for crop year 1986-87. 

Prei miriiarv yiel trials witi 8I entries were 
conducted before and after rice in los Ilai',, arnd 
l'angasinan. ' lie 20 proiising lines wCle then 
placed i analdvarnced yield trial. live cntries 
IPHI 179 22-118, IPH MX(t 10-3, V(2778 A, I II 
M79-25-123, and V('2719 A werc sj:c:cted for 
inclusion in AR FSN varietal testing alle rice they 
yiclded more than 3 t'ha in IPangasinian. (heck 
variety Pag-asa 3 yielded 1.1 t,1hi. Another five 
entries IP H M80(-8-19, IIP1H M79-12-179, It111 
M80-21-36, IlPH N180-31-36, and I11B M80-36-33 

were selected for inclusion in ARFSN varietal 
testing before rice: their mean yield (based on 2 
locations) ranged from 1.2 t to 1.7 t/ha. 

Soybean. At IR RI, we screened 240 lines for 
their adaptability, disease reaction, maturity, and 
yield performance Of these, 42 lines were 
advanced for yicli test,:. Anong the early
inaturintp cultivars, A(GiS 148, FGSY-73, and 
11P1- SY-2 igave the highest yields of I .9, 1.8, and .8 

t, ha, respectively. Among the medium-rnaturing 
cultivars, lmprovcd Pelican, 11P13 SY 138-28, 1PB 
152-2, TGx 888-48C', and TGx 562-41) were found 
to be promising, with seed yields of 2.0-2.4 t/ ha. 
Among the late-maturing cultivars, Jupiter R, 
'( ;x 711-011), GC 60068-9, TIGx 713-091), and 

T(ix 239-250 gave the highest yields of 2.3,2.2,2.1, 
md 2.1 t, ha, respectively. These cultivars matured 
wilhiln 9 d after planting. 

I:1 i ()tulr study, 36 enotypes, with different 
:'Naity dulrations weteealuated and compared 
for resistance to water strcss imposed during the 
rcprodIctivC phase using a line source sprinkler
irrigation system. [he reproductive period was 
synchronized 1 adjusting the planting dates. 
Mediumn-duatirion cultivars had higher yield and 
water stress tolerance than short-duration ones. 
I.ong-duration ones did not show any yield
advantage. GC 60115-8 and TGx 239-17E were 
most Snitable for rainfed and drought-pronc areas, 
while 7207-1 and Manchuria were best suited to 
irrigated conditions. 

The !ITA-IRRI (Grain I egume Project trans
mllttcd six line; to IIPII during the year for its 
gernrplasin collection. 

Prelininary yield trials with 81 entries were 
conducted beforeand after rice. Based on he yield 
data and other agronomic characteristics, 20 lines 
werc selected for the general yi Id trial before rice 
in Ihe 1986-87 cropping pattern year, and 20 lines 
for the general yield tria! af'ter rice. There were 21 
entries inthe gencral yield trial before and after rice 
in 1985-86. Fiveentries 13039, NO. 29, IP1B SY 
153-17, B 3037, arnd IP13 SY 154-21 were 
selected for inclusion in ARFSN varietal testing 
aifter rice they yielded 0).7-1.2 t/ha. The check 
variety IJPI, SY-2 yielded 0.5 t / hia. 

Peanut. The IP)B project grew 426 11ies in the 
observational nursery during tle dry season (DS) 
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and 2,215 lines in the wet season (WS). Several lines wereTVx 2907-021), EG ;0, and Vita4. The 
lines were selected for inclusion in a replicated hithest yie!ding vegetable lines were Farve 13, BS3 
observational nursery. The preliminary yield trial (6-14R X AS), and EG BS-2. 'Fen dual-purpose 
with 64 entries and the general yield trial grown in (seed and fodder) cowpea lines were also evaluated 
Los IBahros and at IPangasinar Stlate University alter lowland rice. The most promising were TVx 
were affected hy drought, ariu no selections were 34 10-02.1, IV x 338 1-02F, and [Vx 1948-012F. 
made. I li', producd -10 ft1odder ha inaddition to 

We evaluated 42 varieties from I IPB, I('RI.SA , seed. 
and Taiwan, ('hina, ullcr /ero tillage tier Iice Iour international trials received from IITA 
andIlunder upland conditiorns with high tillage. In were planted under upland conditions. The trials 
the lcwan.l trials. I J11 PN-4, 1!(PN-I 1, and [( consisted of'early and medium maturity, bruchid
PN-18 were the hivliost yielders of shelled bean and resistant vegetahle cowpea varieties.The promising 
fresh fodder among liires from IFPB. They gave lines among the early nmttrers were IH821D-812, 
yields of 1.8, 1.7. and 1.6 t hi of shelled beans IT821)-789, IT83,-850, and IT83S-844. Among 
and 10.9, 10.8. and 10.8 1 ha of fresh ftodder, the rneditn-maturing cultivars, IT82I)-709, 
respectively. These vane' , mattire in 105 d. [1821 )-952. II 821)-699, and 1I83S-8 60 performed 
Amiong the ('R I.Al ernirics. 1IPl N-4 (local vell and prduced seed yields of over 0.8 t/ ha. 
check), IC((S( I)-26, I('(;S( F )-46, and IC(iS( F)- The top 45 lines selected from 350 lines screened 
114 were thelhighest slilled hean yield ,rs, the first for acidic soil tolerance in 1985 were fyuther 
with 1.0 t ha ar.d the rest \ ith 0.9 1 ha. I('(;M( .)- evalualed in atpreliriiriiry yield trial illJune1 986. 
114 gave the highest fodder Yield (1.8 1 I1a1), The liost prolmli,;ing white-seeded cultivars were 
followed hy 1U11. I N-,i (6.2 t hIa). These liites IT821)-871 and 83fV-795-2: IT83S-85 and IT81D
maturc [i 95 d. .Arirg the 'ain crntries IITPl. 1206-179 were the best red-seeded varieties. 
IN-4 W,s also tile top yielder of shelled hearts Ihirtv new early-nmaturirg lines of cowpea from 
I.4 tjIa): N S 83.1 and NS 82100 ranked next. IITA ere evaluated before lowland rice. The 

yielding 1.I iaeach. NS ,340 gave tile highest highest yielding lines were I183S-883, IT82)-789. 
fodder yield (9.4t Iia), followed by Ace 12 ith 8.9 IT83.495-2. and 1'183S-374-1. All four nain

ha. 	 Ilhese varieties niatr iretn arnavCragC of 105d. tailed a deteriIniate growth habit. 
Illtileupland trials, I1 iT Sorghum. internatiomal adaptation trials, 25PN-4 was also tire top Inr 

yielder ( 1.4 r hi) of shelled bean anmong the litres sorghum varieties arid 25 hybrids from ICRISAT 
frorr IlB. UPI. PN-2ard IIPB N 30-20 ranked Were testd under upland conditions at IRRI 
next, yielding 1.3 and 1.2 1 hii, respecti\elv. he dlring F)5. Fight yielded more tIhan 5 t/ha. ICSV
highest fodder yield was obt aited ftm IoI11 N I 12and I0'; V-194 were the tor, grain yielders, with 
30-29 and I PH PN 48-75, with 4.9 t,ha ;,ch. U1IT1. 5.8 and 5.7 t. ha, respectively. The highest fodder 
PN-4 yielded 4.0 t ha f fresl, foldder. Anmong yield was obtained from I('"V-137 (22.8 t ha) and 
IC RIA1iirims, I('( iS(I )-20 gave t lie Iighest graill ICSV-138 121.9 t/ha). I)ays to heading ranged 
yield (1.2 t ha). Other high-vielding entries from 49 illICV-Il1 to 64 in ICSV-138. 
were I('(;," (I)-32, I('(S(1F)-46, ard I('(iM(I1)--4 Anmong tile hybrids, the top grain yielders were 
(4.2 t hIa). Aniong the "l~iwin lines, NM 8264 and ('SI-1-I62 and I(S11-159, with 7.6 and 7.3 t/ ha, 
U, 1. PN-4 (Ace 12) were the top bean yielders, respectively. 1(-,t1-106 and 1CM I-i-I68 gave the 
with 1.4 and 1.3 1: ha, rcs;,,ctively. NM 82100 and highest fodder yield of 21 tr/ha. The hybrids 

I!. PN-4 gave tire highest fodder yield (9.5 t, ha mnatured earlier (46-60(1d) than the other entries. In 
each). bolh tests, the check variety III. SG-5 was aniong 

()oWlpea. Iwo iirid sixty Idvilriced breeding the lowest yielders of*grain and fodder. 
lines were CvalatCd fLoteir adaptalility, disease Mix cultivars (P61 1, 1P782, and P822 with 
reaction, and yield perfornarice. 0f these, 30 compact head types: P61 29,Cosor 5, and Pioneer 
pronlisirig entries were advariced to general yield 8258 with interrnediate head types) were compared 
triAIs. Among the grain types, the most prontising for performance under irrigated conditions. 1P6129 
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and I61 1 produced the highest grain yields of 6.1 
and 5.7 t/ha, and were significaly superitor to the 
Other cultivars. 

Pligeonpea. Tie I0 most promising pigeonpea 
varieties fromt ttl- 1%5 S,'rceuuen were evkaluated 
tinder /cro tillage alt lowland rice in I)s. ( rai 
yield s'as 1.6-2.5 t Ia, with Q11. 72 arid I('!. 87 
the top VIders. 'le highcst fOddCr iclid wa., 
ohathlned rtori WI. 6-1-I, with .4 I la. )ther 
high frddCr-produinUtt VrietiCe, \kcl IC'l -6 ald 
011.72, \ith 6.3 t ha each. I hIse\arictiCeS ttialuit 

9d(. 
Sweet potato. L1e err varictier edI ,uet p tl 

front IFH artd tie \'i"s;i. a Slate ('olleg oel uri-
culture (VISA(.\) \ v aluatcd under bohth 
low!;id ard uplaird contdition, at l lRI. lre 
lW,.lad triil ssi, with :ero tillaige and tlre uplartd 
trial withIt hil tilltaCe. Ilrtie losslaknd trial, V2-l 
front VISCA ilntd (I 69.-9 cvc tile richest 
tiarketaiC tuber sielhls, 12.1 and Q. I t ha, 
respectively. Fresh foldcr Yield %as rigiest, hiow\-
e.er, in Kinabakab (7.5 t haI , 113-follocd h\ (i 
2h with 7.1 t ha. Iri the upland trial. the hightret 
marketable tubier 'icld wa,, obtained lrtii (667- 1a 
i 1.8 t ha), .fohlocd h\ (i 113-2b (8.4 t ha) and (i 
14Sr-I (8.1 t iat. ( .I13-2balso i,, ilererilieCst 
fO(tlIC vield 09.7 t ha): (I lt5i--I ard Kintabak:ib 
rankcd 2d. wvith 9.1 t I;1. 

('IfII.M IC'AI A\ \1 (I I I lP IS I M I A R1) R()\I \ 

('rop residlies after grainr har\cst arc inod sources 
Otl feed, especially during 1). s,,hsltcd is seCr' 

limited. In ile varietal testing of some upland 
crops, s,ealso recorded the fodder yield after grain
larsest and the percentages of crude protein and 
crude fiber it the fodder ,' itlli the assistance of the 
Institlue ofAnimal Science ofthe I nisersitv ofthe 
'hilIippitic at - , lafios. Sanples "ere taken 

lron 1986 \VS. 
Itt rniririghear. crude piwteit arid crude fiher 

lCreCt.-t;es sietrificaritls differCd alrliutt ,arietes. 
("r Ide prtein ctttent s'as highcst ill III1 %179-13
29(9.31'i followedal that iit M79-9-82 arid,PB 
V(" 276 17.34'; each,. (rude fiher was loest in 
IP \I79-9-82 (36.241') and I P1 M79-13-29 
I39.f'7( II' If N79-9-82 (l.Ithethielrest Lniain 
ield (1.3t taln:'L lthe arictics tested. 

In peanut, tIre Ilhi,,t crude prrltcitt content %kas 
obt"t ed fron lloig Nici (hao (7.481j;) front 
(hina. lollced h\ (I' l'N-4 frornt IIP (7.12(1). 
(rulC fIber \,a ,oh0\et in IPB PN-4N-9t and UtPl. 
I'\4 (29.5+i each). IfP1 IN-48-90 had a crude 
prtti Corterrt ofl 60.51 ' 

In field raiC. sictnifica it difftererecel ,ere also 
obtained ilr the crIrde protcin arid criLde fiber 
content, ol 11,1riUCt;i. a \Iriet, fromttf e over. 
Itdrticsia. gas the hiIghrest crude proteitr content 
(7.41)' . fllohs\.d ,'s Simat 2 Irot Ihailard 
(7.241). 1Ire perCICrr, a,, Ut crudte fiber rangced 
frntti 26 to 291 f. IP1 \'ilr 2 atrd Farl I).I R ('(tritp. 
2 gas c flt hiss est ,.us ,. 
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RFSPONSE OF RICE AND IIYIDII) A2.1' 10 

GiR 1,FNMANUIRING, NI IIROOIN RATF, AND)
RIN(;(N AIO11MIEEN MANI) AIEI(N 

Aluhiple Crolqpitig Iq)lartment 

A field trial at IRRI examined rice grain and N 

yield responses, using ('ro/aluria jim'ca as green 

111anui1l re f(or maize aid ,n.shauma
roslrula for rice in 

a green manure - maize - green manure - irrigated 

rice cropping pattern. Ilhe soil had p11 6.1, 

(l.C 328 mt.iq 100 g soil. 95 1ntCI CxclilarigrhiC 
K 100 g soil. +nod the l o, lllfor each kilogram 
of soil: 12 g organic (, 1.3 g total N, 17 inrgavail-
ahle ). 515 g sill,and 382 L cla\. 


N rates of 29,57, 85, ald I (6kg ha1
wcrc applicd 
imsingle and split N applications to riai/c and rice 
in plots with or witholut green iallrrC. Innili/e, 
the single apl-,liCil w\as a SidCdressing of all N 
fertili/cr al 25 d after ericrgerice (1)i- ): the split 
application was I 2at planting and hall at 25 1W. 
In rice, the single alplicatior was a top(fIcssilig of 
all N at panicle initiation (PI): the split application 
was I 2 at transplarting and hall at I'. Ircatinit 
conbiiations wCre aniarlyzed in at randorni/ed 
coImpleic block design (R('Il)) replicated four 
times, 

Nlai/m gr airn and N vitkls are shown ir lable I. 
A single N apllication inrecased grain yield by 
1.05 t/ha over tsplit ipplication, regardless oft 
green malre treatniert. ihe avcrafle N accumula-
tion for (rola,'aria was 53 kg 'h;, \Which prol ccd a 
yield iIncrCIsc of IA I halovcr plots wit hour green 

manure. Green manure treatment alone increased 
grain yield significantly over fallow plots by 

2.8 t/ha. Green manure treatments, N rates, and 
methods of N application were all important 
factors in increasing mai/c yield and, in most cases, 
N uptake. Ihese are independent main effects in 
increasing yield, at,,indicated by insignificant inter
action terms except ingreen mianure X N applica
tioi methods for N Utrtake. 

Rice yield res poise di ffClCd 'rom tihat of n aizc 
(Table 2). Split N ipplication increased yield 
significantly by 0.6 t ha over single application 
regardless of green manuring treatment, while 
green tarie alone increa.sed gralin significantly by 
1.0 1rha over fallow treatment. (irain yield tended 
to stabili/c at about 4.0 t ha oi green mantred 
plots with ,upplemental N, suggesting that the 
112.8 kg N hicor trihtlttcd by the XcVN/.baia gCCn 
manure to the \wct scasonI (WS) rice crop is 
sufficient, especially when .,olar radiation is low. 

Rcercssiori alalyses were Used to examine the 
pittcrn iand extent of N elficiency, N utilization, 
,rLd N rcceov\y for mrai/cOlig. II aind rice (Fig. 2). 
[he yield rcsponsc to N applied on naite was 
linear oxcr the rarge of N applied, regardless of 
applicitiol method anid tire prescrice or .ahsliceof 
green imarlr. [lit N clfliciicncy rate ofia single N 
applicationl, regardless of green l1mantlre treatment, 
was 41.5 kg graia kg N applied, while that of split 
N was 29.4. Eims is ,associated with N recovery 
values (f 90.9( lfor it single application of N, and 

Table 1. Maize grain yield and N uptake as influenced by Crotalaria) juncem green manuring rates and methods of N applica
lion. IRRI, 1984 DS. 

Grain yield (t/hal) N uptake (kq/ha) 

Treatment Without green With green Without green With green 
manure manure Mean manure manure Mean 

Single Split Single Split Single Split Single Split 

Green manure 4.2 101.1 
alone a 

(control) 
N rate (kq'/hn) 

0 (control) 1.4 54.7 
29 3.0 2.9 5.4 3.9 3.8 78.4 95.6 12.4 104.6 100.7
57 4,8 2.9 6.5 5.3 4.9 125.3 97.6 157.4 134.6 128.9
85 5.7 4.0 6.6 6.4 5.7 141.5 129.8 156.7 141.6 142.4 

116 7.3 5.4 7.6 7.4 6.9 183.2 145.6 207,0 150.7 172.6 
Mean 5.2 3.8 6.5 5.8 5.3 132.1 117.2 162,3 132.9 136.2 

a5 3 kg/ha. 
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66.5(j, for split applic;ttion . I )cspitC dilhrences ill similar with respect to N application methods, but 
N elliciericv and N rccitvcry, the N utilization green manured plotN had it higher N recovery
pattern was simila icareidless (d N some anid (7 1..3i ) than those without green nure (56.5.). 

method of N siipplencniatioit. I he soil supplied 43 kg N, ha. N tili/.ation showed 
I he N clliCiriv 0l ,ICe.11 tM111intid plot, o1 Hice thlt Ssingle (dose was Inlerior to split application. 

with N S'.uppluttn;toii tended to lvl 41 at I llusc reC.,porise, suggest that proper methods ol'N 
about 4 t lha reyuardles ol N applicationmieth tl atnplerintatthrN ale imuportant colnard rme 
(liv. 2). Without rri lrianinett, the ,ield r,.poits ,ideilitiorr, ill exploitillg the Ittitilol green 
to applied N ,,a, linirt it asingle ipplicatior. hut rnIoarriri hcliilov, iit atereri Manure - inaine 
the grailn:N rate % %i It, ill 6:1. N recoVer \\,as gicl tiuartlI - rice rppilg qlec.llce.\e 

Table 2. Rice grain yield and N Llpr ake Is inftiienced by SeshalOa rostrati green tmnaurinq rates and ruethods of N applica
tion. IRRI, 1985 WS. 

Grin yiekl (t/ha) N uptake (kg/ha) 

Treatment Without qreen With gireen Without reen With green
rarltire manure Mean Manure ianorf Mean 

Single Split Single Split Sinqle Split Single Split 

Green manutre 4.1 84,8 
alon w 

i (control) 
N ratw (kg/ha) 

0 (co rirol) 2,5 46,7 
29 2.8 3.5 4.1 4.6 3.8 52.8 67.5 108.6 104.8 83.4 
57 3.0 4.1 4.7 4.6 4.1 66.0 71.2 134.8 116.2 97.1 
85 3.1 4.5 4.3 3.9 4.0 89.1 99.1 157.3 163.3 127.4 

116 3.3 4.8 4.1 4.2 4.1 104.0 116.1 140.8 186.2 136.8 

Mean 3.1 4.2 4.3 4.3 4.0 78.0 88.6 135.4 142.6 111.2 

Gram yield PIt/r) N uptake (kg/ho) Gromiyield (I/ha) 
,It),)f 1 3Vi rISt NIP! .1l(10 0 5y Gl,;}I + 0t,.O 94TO+(, 00j


(o (255)1) ( 00442) 
 (112) (13G) (OI40) (0 ) ( 01)03l1)0282 GMSP I 00492 SI+ 0 178 WISP+ 106 SI+ R2z=or0
 
( 00440) (0 00119) (0140) ( 133)

0006 'I 0851 SP
 

Ot"I" 1)(0133) 
- w, (0 INOr GM /hout , 

40..--o,, - Singe application 

C-. Spht applcation 

200 8 

7 

.. .5.. *. Lo . . _ . - - _-

0 
00 

2 ~502 

O 30 GO 90 120 150 0 30 60 90 120 150 50 100 150 200 250 

Applied N (kg/ha) Applied N (kg/ha) N uptake (kg/ha) 
N efflcen)cy N recovery N utizahon 

I. licrc-wv. tili/:+tion. and ,co ,civol N in r Lri/,. witl anid without .r talaria gicrr nrarinlrc. II0RI, I ,'Xi WS. 
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Groainyield (/ha) N uptake (kg/ho) Grain yield (t/ha) 
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0G0 1 10 . 0000285 SP'(00OM.C I '1 ')i' 'I" 00,,'), (0 000113) 
r) o,'i" 1 J+)0118j--,'4- Ii

(044 Gle)0') 

u~.: C--- Win,, GV 000031? sl19
,-'-C ;,;Ou (0000117 

5 200 5

a,5 , , " 

4 / ' G4100 ' 3•5 

.... oo _ . .... o -_ 0 0 60 90 120 150 0 30 GO 90 120 (50 0 50 100 150 200 250 
Applied N (kgfha) Applied t) (kI/no) N uptake (kg/ha) 

N eftcencv N recovery N utlizotion 

2. I (ic ctiY. tiii/ICji1ni. Cild i ' cCi .i\tiI N in ilce, \kith ;1in1)vIhi ,CNcshailiC 1I1't'1 1.1 11 c. IRIk,. 19 0 1)S. 

1:11l('1S ()* (iRI.IN \,\NtRIN(; ANI) INt(1( ANI( transpinlcd at spacings ol1 IX 10 Cll, 12.5 X
II. I1.1t.. I I(IN (IN I RAN',PI ,Nt II ) II .tcIIIlIIRI N I P[ AN I S'A(IN(iS 

A 
cm,c2.5 15 X l/m, 20X 20clitd 25>' 25 cm. 

IhltJiph- (C'rnqpitni;I)Cpu('u/alm l leatiitlcll CotinhCtiiCICC s V0C'C lid ol i a .; X 5 

A held trial ,'\Ireined thc CllCCI o,l /hI.Cjij I otill dry Ilattelr\'icld (TI) NIY) wassignilicantly 
#tCC.Al#tla C)1"Cht (UH# ICaICCllalnd hiCga;CniC N a'lcctcd h h1th N late and stcC'iCt aind plant
lcrtili/cr il ticc a itllnti!tiall1p)illtcl at ''lCUS spinghI It 

daics. N s1llCt.cs \\ Cc ( NI I.)m CCC1(iC' N hritn 
p (Ialic 3). hicrCascd sigtilicantly with 

higher N leoel, but dcl'a. -J niakcdly with wider 
45-d-ld cs-ihC;uii, and N Iivoii the soil ofr Iallow plilt Spilciltg. lie CIlect of' pllitstpacig, however, 
plots. IlnlouaCnic N was slilit-lipplicd with hall at w'as Cntt iclilcctcd i the graiin yield and N Uptake,
tralspliltit i ( (all ll PI. FlCllom\,ig lic,orrlori- which ,vcrc rinilarilv alect'd hv N sourc' and
 
[lil 0CIth l
grctn illiCrc atnd tCrtili/Or N, tice was rate. [Cr1til/cr N atd greetC CinniCiCtc N increased the 

Table 3. Grain, total dry matter ITDMY), and N yields of transplantd rice as influencod by green manuring, N fertiliza
tion, a 

and plant spacing. IRRI, 1985 WS. 

Plant Grain yield (/ha) TDMY (Ha) N Uptake (kq/ha)
 
spacing ....... 
 ... ....... 
 ..(crng No N 60 111 Mean No N 60 111 Mean No N 60 111 Mean

kIt N/ha kii N/ha kg N/ha kg N/ha kg N/ha kg N/ha 

10 x 10 2.0 2.6 3,3 2 6 6.2 8.0 12.8 9.0 33 58 96 62
12.5 X 12.5 1.9 28 3.4 2.7 5.1 7.5 11.3 8.0 29 52 99 6015 x 15 1.9 2.8 2.9 2.5 5.7 7.6 12.0 8.4 35 59 114 69
20 X 20 1.9 2.7 3.2 2.6 4.9 6.8 10.9 7.5 27 60 100 62
25 X 25 2.1 2.6 3.3 2.7 5.4 5,7 9.7 6.9 33 50 105 63 

Mean 2.0 2.7 3.2 2.6 5.5 7.1 11.3 8.0 31 56 103 63 

60 kg N/ha from (NH 4 )2 SO 4 , 111 kg N/ha from 45.d.old Sesbania rostrata greon manure. 
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3. 1 t.l+',iml.aildIC .'kt I111111 iIo J!-. II IIIHIL. .19Ml,[kiIIl/;t t. ol N iII0I,.IIm i,.' .'nIC1 lll .. IRI~tI W\S, 

,'ield sitltilall. lv 0.7 t ia and 1.2 t Ih , I \.+ \ II:3 RlI SINGIIS IMFN I ()L(()\t '1 l.\H F tI 
resjc t i\e,,, i),ci lillov, 1If yield, \wilh alcores- St I :I-t'NIlI:R I)III.I:RIF I II.1 ,\;1 ,1 11t)IOI,. 
poifdinf-i N uptake ol .1-1.0 and 9.t) ,ithIepect 14 ANt I G I SITt)tN( tDtl' Its 

to the ctmut d ,(IiIh/ ' ("i/i'iI, )eo, rlie';l i 

Since IaiMl \ieId and N uptak,e %,e not sigti- .,Afild c.\PliitI dete+rmineld the ellect of nod u','tu
ti~ tl' ),plillt sPit.'it ii rip tIIiS iitdi.' ttd Iv till >,t laee~t., platnt inetime. and see,,.dingl e e t e ell
 
thu ,liiieaitjimi Itititl. t1l1\ 


i l i I s ifl 1en l 1 1 1 1 C M ie-l dSme 
N rate anid rcetlc depth.' (I the plant esti',lishnmei t and yield of' 

\\e .Ieiee ,'.- ih Ciu mii tnd N t) c'l,d v, \ ild upta ke ci X, ). .\\lrt. IIS2 tW strip-plo t lesig niw as 
\aiiiii li-ilth cil ellitleic and appallcnt ued \ith tillage ,no.i asplanting tie main plots 
,, ,I\,,t;ioplid ' iI. \eid ,(ii ,ii ,\ dll -eedine! depth assItIploits with fonIr replica
ic,., ih 'Nl thl uptake t( d tlil ici the N u ,.*Iillaee treatments\,,c Ic notilla!C , 21 strip


mItili:mtti r,,pilise plitciin. N Mid 
 C dee I 'nel itil 
Ittli t i' I laltt ct-,,hiivd ,isstiiili iltttri.s. ltIi a d .1 strip tillag 5Cm ( lep 1:"1( Cm s'id,.'e With a 
iaiii .,ie inltemntL' ll(I. i .s&,N i1lieCd aol Hall ofl 

el i+.ult\ tilleC I(),t ,C ) \ d.wv r to(tillCr. 

lttilil titdiitller. eah plot was sown at 2.5 cm
 
N uptake iC.iieaCd. N icCnuilatioi tin green delth aid hall 
 at S,.tem h, the inverted-T secer.
 
trllumticrtitcd limn 71 to k( ha (av
150 ,gIN Plant establishtent was sigtilietttl., alfected 
III kg N lt). ( iive this ratlig, Ihe ttilXInItmili oily byvplanting tine. lanting oil 3 Feb 1986 
\leld of 3.2 t N applied asmamamd 141 k..eha v,ere pridued more plants and morc ripid seedling 
est illmlated as tImeoptIrImIInI poinlt 'ititeceIt (or N iereene than did the first planting (table 4. 
CfIcieimeY eltis.1 \ C.(lie tiptitinll grilin\ield 
wis errnpuiteil at i t lat 1-12 N uptak, ha.kL i 
Ihe apptieit N i.ctiser, o\c', showed t Effect time on the yieldever, ; Table 4, of planting and depth

lil rairm yield m ci th, N rangc tc,,i, and stand of cowpea. IR RI, 1986.
 

smgmteslting that r"coeied N' Vi", not clctivelsT Yield Stand 
tii ,m , i d'.'dl l d l il N IC nCI ' nd~ e n /ha ) mIl ( h v,,iit I d kI ) ,t T r a t ( (p ant / 

ttilitim resoln I .eL", eeo is 'irsts. Appalelint er ").( planting (23 Jan)\\it12L) kg N liasupplied 1, tme sil. Shalloiw (2.5 cm) 630 22.2 
I tese os-rs\ tiiimssu,mesttI that cioser spacing. Deep (5,0 cm) 711 24.2 

wlrilh needs riire s..ullimis, and tran,,plimitim n Mean 671 23.2 
Ilabomr canb I)h .lipClnscd\\ itl1 i il\ )rof \widul pIa ill Siecond plantin (3 Fel) 

st~ieine. '\lso. iN ;e'mtttll lionl f titt 4-d-old ShlIow (2.5 cm) 660 26.2spainga As oreacht a loii o obtainod Deep (5.0 cm) 761 28.8
seoptinllilt WiIs so01 thitinehler' i.ndings..Mio o72lit7l.
\,ilds, su t'lta()ptiImtm;I tiating earlier filltings.Men7 12 . 
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S ISimulated Er,one~iic (E)Ftwd
ntercropping IE 

- ) II ) 3i .0 () 6,C i0 Bo g0 

0.{) 

I20'=low shude, OEiF to t urpty
 

~12 ha~de ,"+ 4 0 zh ih, 	 0"CLT toit,turity 

20Nwlow ',ide, '0Of to i(isroly( 200 ko, 1J/tiu)II " 120N :high ,ud, 'X) N! toIn__tu_ _ 

(200 kqri/hi}) 

--- l i , li] 	 Si mu/ td re-) 

J :'dCroipping 
r8 ' il . 3 .L 

:high r. 	 . . . . I 	 R2():RP ',niJv, l,P iO 
IL ;L
130l-low ,hod, I to t)D1 	 .....

i0 s hi l2e I to(1, )....... .
 .L .... 1.... ....L _ . 2 _ _I _ L co)rltro (iil&',t ud, ) 

' 4 1 2" 8 9 10 11 1' 	 h 

,I IClIPC'LI {Il,
' -Itt[! IR lu'Iti
4, I, I ',. Cl pla [Its ec II ILI'.,:al~CcI+sillI'iIng. I,,'l.,lll~R~lR [ 5. tl+r . l.( ,1, 

![}"n 	 ,It Ix,c i,II I . AO I)CM1t~111I-.1 ,1 4L)o,f1 .IRR 86 lDS..ne ,"19 


41 plo'ai, hciuse 
cmdiiit, itll'ill 'Cllht_!IIr'IWrle illtilesCconld Ilons (2(0 and 30(1d of low (r) a.nd high (R) shade 

Ihnt I ,2 itten.sity. ,;\n unshaded icintett served as tie 
uII:, i t, tillD.k p l'tt,. .'lit' . 

I-il. 	 (d I f'mormahlc wcather tlIpping scetllarlos were ilso tested at two dila

l I ,,id,,)I ,eld eoi ol (C) ( I: .
 
wl, 1 ii. ',li :ji celatnplantiletlitocul
itI i I- ,.I,cCls iii II P1. SY-2 soybean were 

(in1l1Ill"l,l i II! ilntit ,! IIl, i ilill.-ttvfll scedcd in410-,)m to,,s at 250.( plants/ha inwell
thIi' lll, 	 prcpat d soil aftr intorporatihg 15 kg N/ha (as 

pnlled urca in all tie a';Itets. In the 2 high-N 
i,atIints. 90 and 95 k N hi isILela sa.Iper1

,}'4,,8 \ \i ',( gratulCs W'Vue oId-appilicd hetw\hL rows at 5 and
 
I1 / I> eI / * ii 1/lO I/)i'/)iinliu [ D)l.,respectively. Weeds Itd(] insects were
(' i31 

adCqtIetly cotro1 led . {),'rhead irrigation wasl 
ilcd tilltu._ 'tit t
A N -. ', "t 0. t clio1)1 mttlckl,. 

i1 sovheatn 
IpUIItt Il ISInl. IIlehitotrv I M'vay 1980,. a wrc 31 and 23 o(.. 'lo(tal rainfall 

,ld 1,tiilI A shildd 4[t (,Ailual Meall tlaxinutot and minimunm temperatures 
plus irrigation 

",omit( n ,.\ Pids but water applied was 303 mn, and tiean daily solari', Ito .,Imoltt, utt.'(, 

,iI (11'I(iLI I Iit ,Itl's l P.( HI) m ill l lttiotn
c'd it , hl lad wIs 18.3 I.!J,t12.
 

'plieuiits. -li;tl
l , ,s itn iseil 1w I-1law l,III S.Nitulttd inttcror0ppiIg 'educed grain yield 
I .,h let ,l llkd ;Il;i a IIIt tore tihan sitm lated relay crtopping (Fig. 6). HighI IllIh ; l{)t ',itiilate 
Ct.lI , dde t ;a{t.tii tilltg sltad', intensity also reduICed grtill yields more in.:lliilp . -li t h\ 
illI0t1.U ()I n!'i;tl;l, dct.caritmtp "ladiIi. h\ a s-imltlated intecrroppiig.'[h application otfhigh N 
dth iitIpA et'sit II lw1 I'Ii lertilie 


{ti iiiles {wet-rLc 

i hut 	 c,o i)l et onlly partially compensated for the shade

',iih l I'ottitit'lt(*Iiptl - tarlia is induced yield rc.dtction. Within tle simulated relay
othitlitudI in which ,hitdliun herat it20 D)F. cropping treattents, neither the additional 10-d 

te hi i atnd 11ig)h 
I) ,hadt, itIP,lit-, atnd oI\, Icrceased yield, suggesting that soybean may be 

nl}u s u.,,,,,e c ;matiiit, 	 diade nor tlte high shlde intensity significantly 
and high N Icrtili/cr 

I ae, ( 15 and 2100 kv hIa). Ihli, rclay cloppcd into a dotninalin, canopy with onlyhi.h N tate was to 

I!ticould ,,.. t d.,I
L:-,i 	 lot . htltr rclav a slight yield depression duc to shading, provided 



(RlOI'lN(i s%'sIrs; IO()(iRA M 483 

Grain yield (t/na) Totol ary matter (Vh a) 

3 

L hade Ifhtercrop 
Eqh i- .hade 20 N 

20 
N 

10/ 

IsE , 1 

F --
C r20 R20 r3 R30 ,20 120 i2ON Relay crop 

Conrtror ,inolated Sirnuluted 
-

relay Crotpfri irtl.croppilq 4r 

if.,/,,.;,50 
6. lEfct of inte sit tO1SiHtttIlitCLI rely Clt ppin g i oilile[ 
cropping on soybeatt'igrain ', ild, IR R I, 19M I)S. See I'igtre 5 3
 
for key to ty hols.
 

i" 
that the period of overlap is completed before 
flowering starts. 

S.-ha.ding did 1n0t str-ongly hll111u0ncc soybean 

plinology lip to the beginning sced stage, which 
occurred at 38 ). Slinulated Intercropping 0 
delayed naturity by an average of 4 d under low t0 LO 30 40 50 60 70 80
 
shade and 9d under high sha1dC. High N delayed Days after emergence
 
maturity by 5 d. 
 7. 1otal dt iitt .i yiclds of .,o\ han subj cted to silntilaied 

Rcgardless of shading Ircatillent, TI)MYs were intcropping and irrlav ct pping. IIZRI., 1%6 )S. 
sinii:u during the carly growth stages, but by 
40 DI the effects of sinulatcd relay treatnerits 
were apparent, as were tie effects of high N in the Total N uptake was reduced by simulated
 
simulated intercropping trcatlenits (Fig. 7). initrcropping, but the addition of high N fertilizer
 

Early shading suppresscd Icafarea growth. High enhanced N uptake (Fig. 9). In the relay cropping
N fertilizer increased leaf area index (I'Al) at treatiments, N uptake was reduced in] R20, r30, and 
40 )I (Table 5). Biy 60 I)1, the ILAI of all R30. 
treatments was comparable to that of the control,
 
except R30, where high shading was imposed from INIIR',OII'ING UIPLAN) IZI(1 AND MIINGilEAN
 
emergence to 30 D)E. 
 ,tti/iph,('ropping l)h'partment 

Between 35 and 55 D, shade reduced the net 
assiiilation rate (NAR)regardless of ,ther factors The productivity of upland rice in most parts of 
(Table 5). In simulated relay cropping, the 10-d Asia is linited by intermittent drought and low 
longer shade duration reduced NAR significantly. inherent soil fertility. Since upland rice is generally

The number of pods per plant was reduced by grown by subsistence farmers, inorganic fertilizers 
simulated intercropping but not by simulated relay are seldom applied. The inadequate leaf area cover 
cropping (Fig X) during WS leads to soil crosion tllid cusequently 
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Table 5. Leaf area index (LAI) at 40 and 60 DE and net N uptoke (kg/in)

assimilation rate (NAR) at 
 35, 45, and 55 DE as affected 180by simulated intercropping and reiav cropping. IRRI, L.owshnIe
1986 DS. [ gh shoJ 

Treat mccnt<+ L, I N A H (g/m per d ) - . 

40 DE 6C DL 35 DE 45 DE 55 DE \ M\ I 

in tercroppin ' \ . 
20 2.9 3.2 4.3 3.1 4.0 

120 2.9 2.9 3.2 3.3 0.6
 
;20N 3.5 3.2 2.9
3.9 1.9
 
120N 3.8 3.3 4.2 2,6 1.3
S+I U ++iil 

ulacropinIr, 
r20 2.4 2.7 4.5 4.8 4.6
 
R20 2.3 2.9 4.3 6.5 3.1 ,.

r30 
 2.5 2.8 4.0 6,.0 3.2 - r O K((- 2 IM ,2 2O'ON
F30 2.4 2.3 4.1 4.7 4.0 

U nshade (

conrtol ,1.1 3,.C 5.0 4.3 4.6 '. oriL - ' it
" ii ii it .i[r ' ' I iilti ittttriilipit 

tcJ; pri 1:.SE 0.3 0.2 0.5 0.6 1.0 m iCd t ; RI. N'tx, 

aFor Ox.)(ariatlion Figeure 5,see-

ment xai'ies sch ;cN,L.tIop propoition and 
,aictic,. In 19, w cOIditeCd hr.c \VS expri

hluntlhciIllntS oil th IRkRI (tll Win tar1to in1iiiro,'e1::.: i~i '. Oh,-: lie nuiliiiL' n ,, cl ililvrcrops. lh' soils of the 
- - - - - - --..--.-......... \xpri1lental sit'c ,r, sill clay an ta the time of 

vi, ad the lollo, itcn chemical proper
... ics: p l 0., 1).547( organic C. (1. l1 (*total N, 

O4N pn ;t\aili,hlc 1P, I.0t7 meq cxchangeableI K10)1 . +:ld('J ( 28.0 nc t100 !. / n irrigated 
scglhti Cl~ ':l grIvos\s lIor45 d htfore sowing to 

rcnlIsct ch oI the labile .NIro n the soils. In all 
,+\l',Ici nts, tIi,:<c alone (t .R i-7. 115-120( d 

ldlxttion ) w!s d:llcd iII 21-cll ro'x,. using 100 kg 
-scedst ha ",unighcan alonc (1 MI (N174-3, 60-65(1 

dItratioli)
~ r' r< f 4, F I - N 'N eCin iat oil 1iinned to 12-15 plants m . In inter

1 

I ,, as ox crs'eCCdC in 40-cm rows and after 

I I"I Inter 
rTJ-

S -icr Pt, Iii t ni sox ii in 21)-cm rows, 2 rcc rows 
rIl 4 *rnic-,u-taltt.frlatd x\itli I row ownlunnebe}0".an Rice waIs sowI1 

X. N\ m clic t p d , i p I -II . h in ' it,hd , o t ,,t d u sing )10k u s t l h a : i nl ml ic.l wa s o wisc ed ed
CLbl,, c-,pl'UniIU ;,Aid ',iiiul,hi id i ci. IR II I'-,":h I>!-,,itirc "I" s i

4id alter eurmin;iioi x s thinned to 15-18 
plails Ill. 

to Iduced soil fertility. Ai-s a result, lIners lace I .c cxprimtineit,,cotducted in RH("1I with four 
considcrable risk of' total ci- partial ciopflailure. rCp 'Laiioir. xr,.,,. uniforlh, irrigat,'d at sowilg

In 1984, 1 R I initined resear.'h on inl' croppiig time to ensure germination. The suhSequCnt rainlfall 
grain l.gum,',, x, ith upland rice as a stl'atCL.V Ico \w;IS sufLiciCnt to lmaitia: strcs,,-fre conditions. 
ilprows N aalilabilit\ to rice. icrCase cclocical Ne inorganic fe rtliter \kx, iipli d. Pests and 
SIstaiiahilit\ of' tile prodtcion svstem, and disca.cs k,'rc adeuitatcly controlled. 
irnprO,,C the hfod Mn]f notiritional sCCirit,, Resourceof use and )lant interactions. Inter
subsistece., upland ;-ice lariners. In pre'iois \ Cri croppinug legumes increases the grain antd N y'iclds 
wc tcstcd the sentsitivity-(civicrcroppihig to niand-gc_ of rice. perhaps because of N released by decayingtr 

http:disca.cs
http:nlunnebe}0".an


_____ 
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roots and nodules, root exudates, and abscised Table 6. Effect of oelowground and aboveground plant 
leaves of the legure, or because of greater soil interaction,. on grain yield of intercropped rice and mung
volume cxploralh,, h. rice roots. In this experi- bear., and N uptake of rice. IRRI, 1986 WS. 

mnt,.these rekationships were studied by selectively Grain yield (t/ha) Rice N 
renoving different interactions so as to assess the Treatment uptake

Rice Munqbean (kg/ha)iagit1(1c I I be Iowkgr-o u d aniid ahoveg r ;tud p1lit . -

interactions between rice and mungbeani. -I Intercrop with no 1.0 0.8 24.9 
The experinent colrsisted of two nillorops belowground inter

each of mun ghean and rice and five inlercrops action 
T2 Intercrop, cont:ol 1.3 0.7 33.1(Table 6). Bc low'grouid contact betweenl inter- for T1 

cropped rice and nungbean roots was eliminrated T3 Intercrop with 13 0.7 27.7 
hv hammliering galvani/cd .ii th cmi, sheets 50 absc'ed leaves of
 
depth into tile strip-tilled soil, bCt\een the row\s of Mungbean removed
 
the 2 crops (1 1). A control for lI Ill which the soil T4 Rice, every 3d row 
 1.3 - 28.6 
was strip-tilled brt no sheets were placed was harvested 
included (T2). ile effect of ibscised lea\es of T5 Int-rcrop, shading 1.4 0.7 30.6 
rI:lrngheanr oil intercropped !:ce \%;is quantified h\ eliminated 

renlovi rill abscised leaves troll the plots evcry T6 Mungbean, control - 0.9 
for T5second day starting at 30 d after sowing I )AS)
 

.I3). if intercroppcd rice receivcd T8 ie 1.4 0
To determine 33.4 
any ad villitage froml the irc,,cscd soil 'oltnre T9 Rice 1.8 35.4 
availahle to each plant after rnnigbean harvest. ." Muigbean - 0.8 
every third row of ric. in a rice ronorroultutre 5s 0.1 

-

3.2SE 0.1 

hIar\vested ill the tinie of rnmnigbca1lr har\Cst in
 
intercrops (4).
 

Since nngbean miatures riiuch earlier than rice, slightly decreased N uptake. Removal of abscised 
there is a possibility o'{ early-stage rice heing shaded leaves in T3 did not affect tie grain yield of ei her 
by munrghcarr. [his possibility was climirtacd by crop. Removal of every third row of rice (1 4) did 
restricting rniirgheai foliage to 10) ei0 on either not decrease grain y icld prtiportiontatelv. 
side of the ro% -iv It nylon net (51. Munghe;an Ihest restrlts suggest that interc opped rice 
alone treated a:, in 15 served its a control to studv benefits from the Increased soil ",'olune per plant
the possible cffect of the nylon net (6). An alter rounghean harvest. lunglbeain growth arnd 
undisturbed intercrop (7). rice Ioriocu Itt re (I ). yield arc not greatly affected by intercropped rice. 
and lfnungbeai tnioroculture (19) were included as Effect of delayed sowing of rice. Io see if' rice 
general controls. gr'in yield can be maintained at il level Af rice 

Ilie grain yields of both rice and rnunghean were iiinocrltu re with delayed sowing of irtercropped 
redtced relative to their respective rliorioclrluIoCs :iTe. al c\pelimerit wt's crIdtuclC( at 2 fertility 
when th, were irtercropped (I able 6). but onl bv levels: I ) no N added, and 2) fresh greer rmanure ( I0 
20i in rice and 1217 in tnungbei. Rice N vicds t 45-d-old NYCha'tia rost-atO ha. eCLilvalerIt to 
were the same in rice roiocLtL tIre alrMd tle inter- 45 kg N har) incorporated in'o the plo, I wk before 
croli. Shidiig by nlirnghearn (lid not affect rice soy.tig. Ircatiients were r-c itiooituittrre, Iliung
grain yield in the intercrop. Ilirnination of the bean rnonoculture, and three intc:-crops;. [it inter
interactions between tle roots of the two crops crop I. rice was sown siitiltane( usly withIirchg
resulted in decreased grain yield and N Uptake of Ibean, t i i itercrop 2 and rhnercrop 3. rice was 
rice. hilt hiad no significant effect oi liungbcan somi 15 ind 30 d after nrig Ticai sowing. 
yield. In 14, il proportion to area, rice grain yied The grain yield of irtercropped rice was lower 
was 14(7' more than the control, indicating thal than the yield tif rice ,niiriocuhttlr-e in high fertility
iritcrcropped rice benefited frori ihe increased Soils (I able 7), bi at lo\ soil fcrtility there was no 
vohlu,' of soil available pcr plant despite the significant reduction. Intercroppcd Inu1Ingbcan 
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Table 7. Effect of delayed sowing of rice in rice + mung-
bean intercrop on grain yield. IRRI, 1986 WS. 

Grain yield (t/hal 

Treatment 


Rice Mungbean 

No N added 
Rice alone 1.8 -

Mungbeart alone - 1.0 

Intercrop 1 1.6 0.7 
Intercrop 2 1.4 0.8 

Intercrop 3 1.2 0.8 

Green manure added (45 kg N/ha) 
Rice alone 2.6 -

Mungbean alone  0.9
 
Intercrop 1 1.9 0.7 

Intercrop 2 1.5 0.8 

Intercrop 3 1.6 
 0.8 

SE 0.2 0.1 

grain yield was reduced regardless of soil fertifity. 
Delay in rice sowing slightlv increased mungbean 
yield, but the difference was statistically non-
significant. Rice graiii yield was less in intercrop 2 
and intercrop 3 than in intercrop I. possibly 
because of reduced solar radiation between PI and 
ripening of rice in the intercrops. 

Response of intercrop to plant populations of 
component crops. We varied tei populations of 
rice and mungbcan by varying their seeding rates: 
100 and 75 kg' ha for rice and 25. !8.75, 12.50, and 
6.25 kg/ha for mungbean. Rice monoculture 

Groin ymlid it/ha)

Groin y W 


2 


,.ce i.... 

15 

10 - flt0'ofo 
-system 

0.5- SE I R,ce I Munq)ean 

o-0 L _ L . .
0 625 12.50 i85 2500 3125 

Mungbenn seeding ra!e (kg/hn) 

1i(ificrroptd10. Etteci of n11lllhcatn seeding~ort (i yields ol itrrp c 
rice and rnungbcan. IRRI, 1986 WS. (irain yields of rice alon 
and mungbean alme arc ,down for comparison, 

(100 kg/ha) and mungbean monoculture 
(25 kg/ ha) were included. 

Rice seeding rate had no significant effect on the 
grain yield of either crop. Mungbean in this 
experiment became tall and very leafy: therefore, as 

its seeding rate increased, rice grain yield decreased 
(Fig. 10). Mungbean yield increased slightly when 
the seeding rate increased from 6.25 to 12.5 kg/ha; 

further increase had no effect. The highest rice and 
mungbean yields were obtained in the intercrop 
with 12.5 kg ofmungbean seeds/ ha. In all intercrop
treatments, however, grain yields of both rice and 

mungbean were lower than those of their respective 
monocultures. 

ICE- MUIIN EAN VS RICE - MAIZE 

Mtuhiple (Cropping l)eparttn 

To test if a rice + mungbean iiitercrop is more 
productive than rice maize, an experiment 
involving rice (UPLRi-5) and its intercrops 'vith 
mungbean (FEG MG 174-3) and maize (IPB Var. 1) 
was sown at zero and moderate (60 kg/ ha) N levels. 
Table 8shows the crop combinations and fertilizer 
N applied in various treatmnts. The experiment 
consisted of eight treatments laid out in RCBD 
with four replications. 

All sowings were done in 20-cm rows in a well
prepared field. In rice + mungbean, three rice rows 
alternated with one row of mungbean; in rice + 
maize, six rice iovs alternateJ v ith a maize row. 
Rice vas drilled using 100 kg seeds/ha. Mungbean 
and n.aize were overseeded and after 3 wk thinned 
to 15 and 4 plants /m, respectively. Fertilizer was 
applied basallv in mungbean, in 2 equal splits 
(planting and tasseling) in maize, and in 3 splits 
(planting, 30 DE, and PI) in rice. Crops were 
adequately protected from diseases and insects. 
Water was applied with a sprinkler irrigation 

to break drought spells, 
The grain yield of rice monoculture as well as 

intercropped rice increased significantly with N 
application (Table 8). Rice intercropped with 
mungbean yielded significantly more than rice
monoculture at 0 N. hi all other treatments, the 
yield of intercropped rice was similar to that of rice 
monoculturc. However, the mean rice yield in rice 
+ niungbean (1.6 t,' ha) was significantly higher
than that in rice + maize (1.5 t/ha). N fertilization 
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Table 8. Grain yieids of rice alone and intercropped with mungbean or maize. IRRI, 1986 VS. 

Applied N (kg/ha) Grairi yield W!ha) 
C r o p c o m b i n a t io n . . ... .. . . ... --....--. . ......... . . . . 

R ice Maize or mungbean H ic Munqlbein Maizea 

Rice alone 0 + 
Rice alon. 60 -
Rice + mungbean U 0 
Rice + mungbean 40 20 
Rice + mungbean 60 0 
Rice + maize 0 0 
Rice 4.maize 40 20 
Rice + maize r.0 0 

SE 

aAffected b, tynfoon dtirii.q ieiroductive phase. 

had no oegnili,:ant lif ilon -rain Yields te-,,I ci 

cropped llIellhlclll En mnli/,o,intcucr{)pr.cd .',,1c'an 

miuigbCan and ntiai/c gritl ilclds wecr 0.3 and 
(.1 t ha. 

I..Fi( I)-l\ I.-\1.-\i Jl\t t\t N,I 
IliI tN i 11I)()i-D I I()I .!/l()N 
IN"t[ R(~)IP't IIANi I 

Rice lurlihig , -w.i ,)i,! 


A 'l7I-d of aid pcii rio in'ntrial niaitc go;wni 

rlOnoLcltclil and illacSocitioll was Comid cicd it 
.
IRRI during the i985-86 yI s- ; (1)S). A 

yellow r c WThc scasr
y\ai/c, hrid (onr 3274) and ai 

peariut variety (IPB PN-2-25) wcrc nicsd. Xlorno
culture illait wis ilaltc t 75 crlhctlcforo\\ 

and 25cril hctwvcn hills with plat hillTor lDt 
populalion of 53.33 platsli ha. As illintlrcrolp 
mai/.e was p!antcd at row sptcirws of 7 ill. 

J00 cm. aid 150 i.with 25 cin bctwcen hills ard 
3\i iiitc'o plantI)liI.III-tt1pats lill.Fo nlintri fi iiuitornr plant p1purla-

tior of 53,333 plants, ha.t each plot, excessin thc 
plants were thinnd 25 and 50 d altcr planting 

(DAP). Pcanlit was planted al30 cur IctWtccn riows 

and 20 cm hctv cci hills in hoth nmoinoculturc aid 
tcrcrop. 
Shellied bean ind f'odder viclds wcrc siLlihcantly 

reduced when peanutt was grown in, association 

with Iaizt, the giatest reduction (75('; ) heing with 
intercropped inajize spaced at 75 cml hetween rows 
and thinned 50 DAP. Yield corn porrcnts such as 
number of' pods per plan were also significantly 

reuLiced with closer row spacing and late mii/c 
thinning. The weight of 100seeds, howevcr. did not 
vari sigrikanily froTit the The 

0.9 
2.0
 
1.3 0.4 
1.8 0.3
2.0 0.3 
1.1 - 0,1 
1.7 -- 0.2 
1.8 - 0.2 

0,1 0.04 0.1 

intuccroppcd pti'llt plailtu lmd "Imt 21 a!'dc slni\' i 
and taller cainlolp\ prFfle titfn ti11 llowtortilltlt.
 

Pllting puaint ill
a;s,,ociiiioll %,i, maitIt noneill/ 
thc cioppi1m -. c dk,>,iihd hcul did not ha\c -an 
at heriatlcofct c ill inai/ , lctiain gti ,. hut 

th h ncit oI ili 
in,'rcialc inl toliuI ImohIci d.r\ iniiti c hvprodoctlion 

as much a,,. ovcr tbc iihonuoctltiirc lcvel
 

( I,]l 9). lh Ihiclicst toddcr v id ohraili'd at 

, 2 l t Il il e iitcl o, thlinnrca d 

a r l on tit ilaDAP d 

IIe lamd cqui(riainaicut ratio (ild(' tor 
t 50-cm rP hcwccn iie 

imitccroip, thhincd 25 I). \1 : ai97i ads\an:auzeovcr
monOCrOppifig. On tile othcr rinijd. ttir I R for 

II)MY was hinihcst 1.,8)%\filh rilil.'c ita row 
pacing of 75 cm. thilincd 50 I),t' which morc 
Itha Corpcnsatcd ofothIlloin 
yild o0 i c aitc jut crcrop in il irl'cmncnt.

inaiztcil ltl 

hic,dat, liwci,. suiuicst that lor bhollh 

l Ill+.T litfl-l 


erall 
,rhl hoddcr prodnction, Iarrncrs will hcncfir itorc
 
fnrd lte inpr/c- tinu association i metl.cis
 

spaced t (1 cm bctsciatron thirrncd 
sjv'ccd ;itll 1 11 hCt\%CCl1 IOWS 111d tinnedlC 

,

50 )tV as shown by the 30"1 advi i c ingilin 

yield and 0i7(' in total fodder production over the 
rlnoulture. 

Vitl \NA6I:NI IN IROI't(\t 

I-NVIR()NOiNIS 

,.ulipdl ('roppitg l)e/Amy'ri, 

Seeding rates and row widths. Ricc - wheat 
roootlitnre,rotation is comillon ahomc 2 0 ' N. arid there is 

i 
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Table 9. Yield and land equivalent ratio (LER)atdifferent row spacings with varying thinning dates of maize in the maizea+ peanut intercropping experiment IRRI, 1985-86 DS. 

)rwir 

Trtrctent Grain .LE 1
Fodder dry mattei ..... 

-... . . . To ta l. .... G r ainPeanuti M 1. e [!aIIuIIize fodder 

25 DAP 50 OAP Full Total 
maturity 

Peanut lOollocu.,!tyr 0. 36a 3.84 a
 
Maize triot)cu/ture 3.'1 a 
 4.86 a 4,86 1 -
In trcrntp
 

75 cm, 25 DAP 0.29 t) 2.83 a 1.09 
 1 0.52 a -- 4.66 a 5.18 b 1.18 1.3475 cm, 50 DAP 0 21 h 2.3J a 0.95 h 3.11 a 4.46 a ,7 a 0.96 1.81100 Cl, 2bDA1 1 
0.38 1 3.08 1 1,14 1 0.47 a 4.25 a 4.72 b 1.36 1.26100 cn, 50 DAP (0.35 5 2 0 a 1.09 I) 2.59 a 4.16 a 6.75 a 1.30 1.67150 cm,25 1)AP 0.50 3.1 1 a 1.22 t) 0.44 a - 4.12 a 4.56 1) 1.49 1.26150 Cm !( tFA P 0).,4,1 2.55 a 1.35 1 1.53 h 3.63 a 5.16 1.35h 1.41 

D AFPdoys jftt,r ij~l,jjjwrjf. 

s CX 5.'tIdIIl - Itolihiki(M ia 111 Iit,III l ltlie cl [It itl',bee'n ohwIl lCd 1t1. It,lCh ilt to N iltc Josi
 
tlic I ill l
iltle tlitllallsAst .\ia.pr !hc.s -lldiI'eI llot ,ic;tllt tIcand "hetes d)n rI tie lilktlan
 
C l e d h\ illl I Ittil.ll, 1 kI\\ )t i . , o Ii I
(lCil )I \11;ls t1"illc' he sl I'llI~ . 20i. ast\h)\\'..\ll 
illcro ,cl- eliel . th it ulllialll, l'IilI io, I (2i -olIal c cIl\ tellt dc ti ctllill.il;le
 

c ad10 tlhci l \11;c\ 'sttl l ii.I hltt 'l\liplit ill dCtdil title l iithe !_".tl(l o HiollaltlIne 
eu1ll'tail" plato I l cl vricl:Il alplo t'. .rriplleI llto\k t il1I i , 13I1 los HIlno . Ihe 

i)epartelltit hs illill'. 11clplcL'dSondils' in ldick! lh:iIc Ft wnI tthdeiI!I;1Cwltr: release'd r1vo tl\ (100 ku and17(0 k2u hlt il;d I Mk '11;Winh L, (I . 20).mid 25 cm1)
lFo dct' lC,111the IL:'ihI1II%d t lia hu\h a ()It 1_11-inl\ d oIlMill;t it31..rlee lldv 

Illtile_ lCittill "Ifi.ad tloRIdC1til optitnal dIC\'eloped 0hl I '; Ltu'dIi!
1 tlile" B:Cllc 

Cultural plii'thcc . IRRI"" %ltIllipic (Croppit1l I ni\e't~it.\ lPhilippi"it os Bilfio, . Fleu
ol tile l l Lt 

Dep'plrtnllnt hils condttcd 'Imik", 'IlICC I98,Il 
 helild \i.v,Iftili/cd atsowvinu tinic\oh 100-50)-50 ki
 
Los Iatios (14 10' N) 
 and (aa'an ll0jince NI1)K ha. Ih lrop \\F' irrigated and kept teC
 
(17 '46'N), Plllilipplines. ])nrl'inle 19X(t, \icolilrled 
 IroIn pests and diseits,.s.
 
our cforts to stld v I lc sctsiltl ii,'o 1irtrie, v he'at Renardless of'+
SedintL, rate, tIhll,,llhcrofsl;hoots
 
to l11talLgerlint varahis. 
 intcaesd ,srow spacint decrcased (lable I0). 

Table 10. Effect of row spacing and seeding rate on wheat. IRRI, 1986 DS. 

Grain Dry Maximum 1000.Treatment yield matter no. of SpikesIt/hra) I t/hma) shioota/rt 2 1000n Grains2 Groinsno/ir 2 
) gerin 

(ql) 
(no./n ) (no./spike)Wha) Whashots/i),weight 

Row spacing (ci)
10 2.79 8.05 795 417 37.2 7495 16.115 2.80 8.39 758 395 38.5 7685 18.9
20 2.67 8.12 674 362 38.1 7018 19.725 2.63 7.65 654 363 38.0 6910 

Seeding rate (kg/ha)
100 2.77 8.24 701 338 39.6 7091 208
170 2,67 7.86 739 427 36,3 7463 17.4 

19.5 
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ll ,tk\,CI. ,t'C \ ; bv '[le crop \sa riilIiCI tii,._riiie i.cc0i-lpaticd cto,se. atted. and pests and 
21,++'11t,+rshot II t ., ';IIIt.th%IndI'M d h\ ,p+l~kc.it dIs,,+ml:v,%Ctu j titLUtCly Col It[-()Ihjo,'tltd 

:0 l.ilil1 . \tthl i itt,, 4' I)A.S). I l.v ,?S7 ani dr\ tn atter was 
IM%-1M. II:_,n ,u , I ( )" tIdu~v i ; Ir IhW t .kIC I )"!'', ,I 1 0 

lie, ilOiewilt'lll.,ehId I5li v,t, ,h:r ..1111,11tlI I h' i iii t at anthbes s 
mtw5'ii . ti tIillu t\L'ictiltl l. I..- h p(...Sinks ,CI1w .I,. ' l I i1 ,ll%'M : d to c, ll i ilts 

Il jClklil't A 'i'....c \.),tll,' ih...l ill ,]1 Ill '' '.", ktk'tNIelek;:tiN lt'Ie \\lll. iliie.I \\ Iu 1ll IrlIe l'c'-I ". I l I ,i I lltI i l,I k I '.6t,; 111 l , C;I)spkeie s ' tCtl 0r 111111' til ii 1 ljt 
(iil+i ILC' +h r! & l , ' It.'il1iu'Ld i'i tIill+l tIlhl ll mI'Ohe!IiiI Ic+ t]j,,I i. k1 I5 FS: 

i ! iiIe I I ( I 1 !1,tI .C i l!'. 111tS'ci t, Iti II \tC ' ct ,I li t lll I M I thLl \ r t h l l r 
cNiiit l"II'I)lI lee \ I itt lhlci I&'ii lllI ticiI 'iCilts %aIs 

i -,L ,i , 
I M l."1, '11!, 1 ,ieiiiilc i '",L .'',iti le' i I l C L, 

,Ntiicl~t. l titel t !iie' Iti i Wtl,,il'S ie ! k dHeII' M wli i tll .' 'IX' .lipplcd (lahe I Il : 
!. .Ie lit ! cII.e . lt .ill .Ii, . Iw\' at+'FC;ll 

,il )(ti liC:t'.ti 11i,lLW' CM ih'i i c' ll l' lillt' i: I lt c ilt' L' ij 'l .. spikeh , and111' I t cit 

I, hI! ',!il,
t ..1', \VhN 1!ikcit'l I t elk Kl t ' filli lC ,,t'ih ,'t'' l. cl ell.c it th . ControteIh iii",l kiie+i \kI h,c/ll/l,.ci ::t leecclie '.11Ccbliii(/e LIIt i..Cel AeN Ihe' IililiflH]II 'ii' 22, .lill~l i;\ lt'll..illlilt+thiiht t(.ltt.,cacialn (t'-Cl~ ik; eltitii ilaloitc ,II tr't ,,:..itiiI~m tv11,
iw:I i i i ll I,'ii NilS l I ilI 1,,11,,.'I I'ti, dIi ia l'11l/l t i i'l., 'liaM.-r1 i,, e iiIIItLt Ii-d.d-, It, IW"I ,-tlld w, tIW i 1!WI hrll It RI+. molre_
t lI I h II .kI I) ln.,, lof ,pikelets.. 

l hec , dIkeel io lii m ed ildof i ve, eetj, i sielet Ol ,il++ e r cce o,;tillc .ctt of so9 c8 aVa l
rreil. Il !I ll d !, M kIlIt, t ic I+l tll PO. ihtIbh1W\ didry i th %cr, i of the
 
LI\ m';Ih )1 1he ."1 1 It'11:'d p 'd l letli'edI)% tclldillll.!+ I ll, , a potenl. tial
 

h t,'; spikIlelis,(dt .dwll ;lul I, , 23 l bI to w; l;86 in 3. II li687l5tlo ol nhb-
T3' 4lsliil l 0Ii pee sike ',il 62, 1heel 037 ltcile,; .I; 7l Ill), I h IbIII r}ItIl -, I !Ii i \; t-'I tIII I I( I \ If ".i,' IIIII I I, l I11-', , 11L'I I It\kiI, CIcll-I d ( l \,% CT1ll l ';I ,CS 

t45 ,l ', tht .. (.1IpI' it',iIt ;'lc'lt ,i,)IIkI ',p v. 51.1,3kphl11 1() (,I l tlc 3.op .%a" "h e .'dhrea 
1,t II) \\- ,,, t "1ti li1lpped :2il hIl7 d. \c7 -,ht v52 all leav , 
Itlk Ol II ,iIt 11iiip{,I(d 1, u. 220li.i ltb ,l, Ic l a 'C l6 d.('I]pp29.6t-,hc '4 i I l 

T ) P, at i . ,ii. y,5 202. 562(l \ Cdtl.C 7358rli lIi : I h al tWO 
T i , ,i.alin \,ibyIe -ill t 1Ra r,, 3 507 ieb'A, 1.9 i9 area o)el l CalIl a \, llilloud. 1];1\d. I CIIItI/ url'; . .ill\. iI~ , ;11OhW ;di 'h~adin , did i;t();dh.ICC l"Ctt.. 

td l)l- k IK ht ' i1 , lk;t tIrc+uh Ill lit)11,1llluIitlld1- _ 1h ,,+u ,, l L'CclcI,s n 21 

Tablec11 . Effecut, of spil(P If)t re vIovI, defoIiation, and shadofing( on yipl(I and(yieIdoCOm porients of w heat. IRFR1, 1986 DS. 

t , t)Wiy 10 0 . G a nT [+ I tl+ r Yiel ~at M~ tel wIairl GraoImS 
'm 2
RI ) !!,' )Weiglht (q) 

T 1 Control 239 1 5694 a 3 1.4 b 7618 a 
T2 2 spikelets per spile lil' 237 ab 586 a 34,5 a 6875 ab 
T3 4 pvt 20}9 t(:fI 562 a 34.7 it 6037 bci).:t;h!os spike (-lipped 
T4 6 jpii,,lets 1wr spik,, (-Iippmf' 184 (111 58 3 it 33.9 a 5431 c
 
T5 8]spi Ilo'ts per spike tliplwd( 115 1 521 a 34,3 a 3366 d 
TG All setxcept flaol h(,aflemvt clippe!d 207 cd 514 a 29.0 hc 7153 ab 
T7 Only flaq] leaf Cippel~d 220 abc 572 it bc29.6 7464 a 
T8 All leaves (-lipped 170 e) 428 h 26.3 of 6472 ahc 
T9 Radiation rhted ty 50%! 20]2 cd 562 11 27.6 cd 7358 a 
T10 Radiation leduced by 7 5!; 138 1 507 ab) 19.9 f! 6992 ab1 
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1,000-grain weight, grain yield was reduced when 
more than 4 spikelets were clipped (Table 11). 
Grain yield was not significantly affected as long as 
even one leaf was allowed to remain on the shoot. 
When the flag leaf was clipped, the other leaves 
were able to support grain growth. Only when all 
leaves were clipped was grain yield reduced by 
29%. 

We conclude that 1) the grain yield of tropical 
wheat is largely sink limited, 2) diseases such as 
Helminthosporinm leaf spot should not be a major 
constraint in cultivating wheat in the lower latitudes 
of the tropics as long as the sink size of the varieties 
remains the same, and 3) shading wheat, as in 

intercropping, will not cause significant yield
reduction as long as the shading is less than 50(%. 

lntercropping wheat and maize. An exploratory 
experiment in Los Bafnos in 1986 DS evaluated the 
feasibility of intercropping wheat with a traditional and adapted crop such ais maize. Because wheat 
aditad ted wtuch recae whadcro is 

maturity is short, growth is relatively poofoot 
yields are low inl the lower latitudes, intercropping
it with relatively longer maturing nize 
increase the efficiency of space and radiation, Six 
of the eight treatments in the experiment were 
intercropped combinations of' wheat and nia1UC 
('Table 12). Wlkat was sown on 1 9 Dec 1985 in 
rows 15 cm apart at a seed rate'f l70 kg/ ha. Maize 
was planted at 2 densities (30,(X)0 and 50,000 plants 
per hectare [PPH]) at these spacings: 120, 150, and 
180 cm, established by p ting every 8th, 10th,80cealsei 

and 12th row, respectively. A maize monoculture 
(60,000 P13H at 60 cm row spacing) and a wheat 
monoculture were included. The field was fertilized 
at sowing time with 100-50-50 kg NPK/ ha, arid the 
crop was irrigated. Foot rot damage inwheat could 
not be fully controlled. Weeds were removed 
periodically by hand. 

The grain yields of both wheat and inaizc were 
reduced in the intercrops relative to the ionocrops 
(Table 12). The reduction was more inI maize than 
in wheat. The maize population had no effect on 
maize grain yield, but wheat grain yield was high 
when the maize population was low. Maize row 
spacing affected maize grain yield but not wheat 
yield. Maize yield was higher with closer row 
spacings. The total productivity of tile aid 
(expressed is LER) was high when the maize 
population was low. The interaction between 

Table 12. Grain yields and LER for wheat + maize inter, 
crop. IRRI, 1986 DS. 

Grain yield 

t/ha) L ER 
Treatment 

Wheat Maize Wheat Maize Total 

Wheat + maize intercrop 
50,000 maize PPH 

120cm
150 cm 1.121.11 2.231.81 0,530.52 0.620.49 1,151,02 
180 cm 1.27 1.38 0.60 0.37 0.97 

30,000 maize PPH 

120 cm 1.44 1.84 0.68 0.50 1.18 
150 cm180 cm 1.421,31 1.841.38 0.570.62 0.490.36 1.160.98 

Monoculture 
Maize - 3.88 0 1.0 1.0 
Wheat 2.31 - 1.0 0 1.0 

population and row spacing was nonsignificant. A 
part of the reduction in wheat grain yield was due 

rot. 

Also, there was partial lodging in intercropped 
wheat.This experient Suggested that it possible to 

obtain high yields of wheat as well as of the 
traditional low-Iatituide crop maize by inter
cropping these species, but further study is needed. 

RISI'ONSIE T() INO('IILI ION ANt) NIROGEN 
eRI('EFFRI IIUNDER.IAIION t)F SOYIiAN AFTER ILOWLANDIINlI.lEl) RAINFED CONDITIONS 

Ric hrming. vsi'ms Progr m 

A study in 1986 DS in a farmer's field in Santa 
Rosa, Lagulla, evaluated the yield, nodulation, 
and agronomic responses of soybean cultivars to 
inoculation arnd N fertilization when grown after 
lowland rice under zero tillage and rainfed condi
lions. This was the first time soybean had been 
grown in this field. The soil was ciayey alluvium 
deposited on gravelly volcanic sediments at 64 cm 
deep. The upper profile (0-13 cm) contained about 
58 7 clay and 37%r silt, and had pH 6.9, 2.2% OC, 
and CEC 44 meq/ 100 g soil. The study followed 
lhe split-plot design with four replications, with 
inoculation and fertilization treatnents a the main 
plots and cultivars as subplots. 

Inoculation alone and in combination with 30 kg 
N/ ha increased yield by 76% over the control. No 
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Seed yield (t/ha) Table 13. Effect of mulching and phosphorus level on 
2 3 seed yield of Improved Pelican soybean after rainfed low

', Un,oculated N Inoculated land rice IRRI. 1986. 
19 	 .30 kgNihr U Inoculated + 

I 30 kgN/ho P rate Yield 
15cb cb (kg/ha) 	 (t/ha) 

I I CWithout 	 mulch 
0 	 1.1 de 

07 	 9 1.0 e 
d 18 1.3 cd 

d 	 With mulch 

0 	 1.6 ab 
0 	 9 1.5 bc 

TGx239-17E TGx442-02D Williams Orba 18 1.7 a 
'oybear culhvar 

If. [I1cct of culjtiva, inocul;iion, and N lc ili/ation on wcd 
.i ld ol o\ hcan alter :h lml rice und l lilnllt'l and untilled 
c0mrdi][rMr. Santa losa. I a!:una, lPhilippimes. 1986 )S. particularly during the reproductive growth phase. 

Five cowpea cultivars 	 differing in maturity were 
evaluated at IRRI for water stress tolerance during 

significant difference in ,eld was obtained bew,:en the reproductive phase. The crop was irrigated 
inoculaiion alone and in combination with 30 kg uniformly unti' 30 I)AS, and a line source sprinkier 
N, ha in any cultivar, but these 2 treatments varied system was installed at flowering (40 DAS). 
significantly from the 30 kg N ha alone and the Irrigation applied at 7-d intervals replenished 
control (unfert;lized and uniuoculated) plots. "dhout 60W' of pan evaporation. Soil moisture 
Reg.'rdlcss of treatment, TGx 239-1 7E with a yield extraction in the dry regimes was monitored by a 
of 1.2 tiha outyielded TGx 442-02[), Williams, and neutron moisture meter. 
Orba. The highest yield (I.8 t/ ha) was obtained Water stress reduced seed yield in all genotypes, 
from TGx 239-17F with inoculation and 30 kg but the reduction was greater in early and deter
N/a (Fig. Ill minrte types than in medium maturity and 

indeterminate types (Fig. 1I). Amoiig the five 

EFFEUU OF MItI.CHIING ANI) PHOSPHORUS cultivars, Vita 4 was the most drought tolerant, 
APPLICATION (ON YIEI.LI Of- S(YIIEAN AFITER 
LOWLAND RICE 

Rice Farnmina, Sf.cm.s tProirant 	 Seed yield (it/ha) 
30 

An experiment in a split-plot design with four 118D-89 7 ;:.4: _16 t3o09,V, ,': 089
IT82E-18 0-.0 Y 7259 ,3 !H2Y, ,2: 0 F9* 

replications evaluated the effect of mulching and P IT82D-71G 7-.-V 1117003+ 457;, 9, 

application on the yield of soybean after lowland v,,o . . !..8 t2+.9071. 095-/ 
AHSacson C,,, , , 182t , ; 3h14 r O8r

rice tinder tero tillage conditions. Mtulchilhg 20 
treatments were the main plots and P levels the 
subplots. Seeds were inoculated. -r 

Mulch at 5 tr/ha significantly increased soybean 
yield by 29% over the unmulched plots (Table 13). 10- . --

Mean seed yield was higher at 18 kg P/ha than at -.- 

9 kg P/ha or in unfertilized plots. 

RISPONSE OF COWPEA T(O WV1 IR SfRIESS 0 	 . .-

Rice Farming Sv i'nhs Prograin 0 100 200 300 

Water apphe.J t rainfall (mm) 

Cowpea grown on residual soil moisture after rice 12. Relationship between scee yield and wa.C applied plus 

faces water stress during the entire growing season, rainfall for 5cowpe;, cultivars. IRRI.11086 DS. 
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whereas ITX2E-IX w;is the most drought sus-
ceptihie, fcllowed hy IT2D-8X0. Vita 4 also had 
highest response to ksater application, followed by 
ITS2D-7 10. 

The water extractioll tri-ns oit fitetcowpea 
cutivar, in the ,itrvdr gyinl' arc presented in Figurc
13. Vita 4 and I'lX21)-716 extractcd more water 

1 Mil 


IIX21 )-, X).
 

Iromillthe ccpCer I lhan ea;rly naluring1,oADR1 
I I)\\' ..\N Il ,It 

Vdlulih, ( r jr,/)1, l /'dlfln'flI 

Tcparv bean I'haWAOl.s aclt//,hi is a potential 
crop aftcir lIoiand ie. A field experiment
 

,l al td't (lc Ire'po ih f tepary b ;ian ( 4(X)69)
 
iI, iiu.gicidt aiidt ino',ilaiion. Seed treatment with
m I iicdIcd seedline mortalily. hut thei1 i c ti(018) 

cts did not last long and restilt'.J in considerahle 

rediieo in stlatI. [hcre was a alineart plaat 
rclatin.io l t, cen 'C \ ietld and plant stand at 
harvest Ih . I). lIlt hi<whr i yield of2.35 I ha was 
obtiitcd w!hi0 111 millin plant ha. 

M It\(;III.\\N \1VII , \I I, II In AIII VIt.
ANI) Il t R \ I !()\ 

A,lfid il,i , ( "r) i i I ii/)1l li) ', l 

Producion nuligbaii beforel-icc i cons raiicdhwatcrlogging during early WS. To hel 
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,,i~q~vr cn pri (c rn ' r I(A 
13, So Hi It h lit"KLIl;IL 10II I c~hln1ot S t'o%\ pe'a Culli,kall ill !lie' 
(it\ I!111CM " )IIlill-. 11ilC IRf~u~n.Rll'1R 1986f 1) 

surface drainage techniques to protect mungbean 
from waterlogging damage in hundcd ricelands 
with 1 andpoor surface internal drainage, a pot 
cxpcrimcnr'was conducted. Five combinations of 

(,rcil,,< (1 'ho)
 
------ . .
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ll rscsl. IR R t t8, 

hdvlop depth ()te 

-

-20 

2 3 4 5 ( ,,' 10 
15. W a t er l a h l e t l; li lii .iil apI lLi I 0 i ii i t oL'il I ,N Olailla . 

a ilax i, I'l ili l inc\" 19 X 6St i) jutd Vi. 'llllhc l I ll t o 
appl licaion t(Il eit I~lllllll a1tdilleutentl (1m~ Iig.c,.Ill Re'lci tol 
1-igiirc' 10i h t ilIICl hllin oI 010' gl il h ti~e: 
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water table treatments were applied at the vege-

tative phase (25 I)AS) or d uling flowCrig, or in) 

both periods (Fig. 15). The most severe ttcatncnt 

had standing water of 5.0 cm above the ground 
surface for .3+d tblhowed by slow recession. 

In the first experitnent conducted in 1986 )s. 
miigbcan cultivar ('TS- 11)2 was seeded at a 
depth of 2.5 cm i a el\ ,oil (,,\uricropa.If r)t. 
54(1 clay) in 35-cn-dele, iptS. YitldS were2 icOuccd 
bv at least 3Y' in1all watcrlogging treat ments, 
Fig. I0). Plants ,,v:rc mnost sensitive at flowring. 

Yield reduction was 4217 with a 2.5 cm water table. 
and 10()( (no lJri productiOll) with,. c5 water 
depth. Yields were lss sensiieiti Xwaterlogging 
during the v.icatic phase. 

Ill the .Ccond Cxperirlicrt, the flo,,rin staee 
islos.,response to n eathloghiserisitive than Il 

I . ..... 


t* 


iii 

Ilot 

,n i'i 


I t'I' t ii 

Ilct1, + I ?' I?L! 'l ica andof %% o~g . lic l Nc-+14" llm oi 

eli i ,'ll 1a1.Solana, 'agua~all, 19,80.l InuIILIWl P~hilippineUs, 
+ 


i ,[,k,'\',el dlntl (I c;m(lletlli, %+% ellcd, \\-.+'lIll hIch w c placetd il solil 

St41 }Ia,'e. 
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the first (Fig. 16), apparently because treatment 
was later in the flowering period. The difference in 
response compared with the first experiment 
indicates that, as flowering progresses, water
lo i scnsitivity is reduced. 

In the second experinent, plants groming Irom 
broadcast seeds were compared with those from 
coMCntional seteding at 2.5 cm iind were found to 
he less ,,nsitXvc to watrlogging (Fig. 16). This 
indicates that thle cation of tlic eroX n of theplant 
ill rclation to he aitr is important intL table 
determining repons,ls to aitrocr ing. 

Ilarcst indices(I. 17)of the plants stressed by 
,.,tr 11t0tloLinot redLd s niuch isgrain 

\icld. I he length of tihetoin Il ctmning alive 
ifter thie tr-atcnit a.s svitlX ItcdIcd in all 
,,atcrlogging treaIets l'i .18). 

.' 

i ' O ' n;rl 

-+4 ...... ' ltOnhqi 

u i i t r ' t i 

17. 1 llcc: o , c/ l j n (11:111111:111i ld 'Ce i 1 11ci.1 i l 

, sirl;., C+aIL
ha.xk,,tUldc,, of nlunjg~al+ t a n11 llIilillpinl...,. 
19Sl~k6,/\Nieli,,k,tllIW CH ll 11ll [ll li% t C%k C jf. Onl'+, lii:ed 


sotil N.,llla+ce. 
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18. Effect (i waterlogging treatment on length of living inmire 
toot of ntungheatt, experiment I,Solana, Cagayan, Philippines, 
I1X6. 

The results indicate that major yield reduction 
can be prevented only by ensuring that the base of 
the mungbean plant is at least 2.5 cm above the 
water table during waterlogging in a clay soil. 
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The major projects unde-rtaken during the year 
involved the development of machines for uinprov-
ing filrCs' traditional practic.s to enhance 
cropping intelit v. increase ircOile, dllioredtue the 
drudgery of farm labor, 

I \N) 'l PAR \I\Il\ 

lowiand areas. (-utid-drumte r lmar' tilh'r. We 
desigltned au ailmad-drawn. vlotrid-driven rot,1ar 
tiller -i. I Ilravin MO tilldCrlV moutdCL tilled 
rotors, colilccted \with a chain sprocket (ara 
tlliiotl so that the 'cal rotor is dri\el at aioi t 
three timcs tile s)ced f tile Lot rotol. 
wttlrol tillage depth aid prc't C ,intkaecixUceis 

il oil soils, 


SIIelilchilrc %\ita testd 
 Ilrtlcr differe1lnt ,oil 
eoinlitins to dcrrinuidrall p, CI rCLiIritllrclli, 
mrid hild Cai;cI't. Ilic i:ixinurn dialt of 56.6 ku 
\\iis reqCiIel iilluiriplsd ,oils ( I I. aida tet: 
lilrn ilt i ililtraft of 34.7 kg iti \cru sot solil ( 14) 

1he dhalt fol 
\\as 47.4 k , \s rich is %kellwithin the capthilil of 
asriig_ ihilifppinic caiha. . 

, 

(able I). T1 rcan ill tillage treatments 

I. (hi und-dmi il itlcl. 1I.t.n lu Vtltr '19S . 

Table 1. Test results on lowlanI ground-driven rotary 
tiller. IRRI, 1986. 

Treatninr Draft Speed Power Capacity Slip(kg) (m/s) (fip) (F1/1) (%) 

T 1 56.6 0.50 0.38 0.13 28.4 
T2 '49.3 0.51 0.3,1 0.14 27.1 
T3 49.1 0.54 0.35 0.14 34.0 
T4 34.7 0.50 0.28 0.16 32.1 

Mean 47 1 0.51 0.34 0.14 30.4 
. . . ..... . . . . . . . 

Animal-drawn coniopuddl(hr.The animal-drawn 
conical puddlcr was modified furt her to simplify its 
design. Instead of two rows of ganged conical 
rotors, only one was used, to reduce cost. Two 
wooden beams with at yoke rcp laced draw ropts to 
provide more stphilit"v and rmiLthe operator to 
ride on the macinc (Ilie. 2).

1he ,rc% dc,,ier iS rLchh lihtClr a.ndCI iqlires less 
dral't, C\Cfl thoug.h the operator ridcs on it. 
(ollparcd with tr'ldilionlal comllbl harrows, the 
co ao rotal\ puddler is more llcctivc in breaking 
soi clods andllif) iu.ing and inl polatilig crop 
lrcsiduc in the soil. It-, lied capitcit \ is about twice 
Ikidhthat of tie comh halros. I Fe malchine has hen 
\\cll tcc\isCd. ltd lla rlilrcis inI Oleerrit parts 
Of the F'hilipin)Ics lHC iClt';tCd] puddlerli tc thiS 
fro0m11 locll 1F1aliLi lttrr. 

AI'-r fIh/hr-al id a'n ]ho//r. Ilie Con0o 
ptiIddlr e&iadi<ipttd to tlic pus\cr tiller. It consists 
of iti'lc Pang Of six comio lotols iounted ol a 
tool hat.t, hlicli Is iittiu Ch l to tile J)l'ssr titlet 
tHOuLh l hitch adit eipr (fig. 3). 

The rotol arc' identical to those of the alnimal
driwn1 p iddllr alld are individually coupled to the 
tool bar. Ih Ilhitch iidiipter k ill CaiilV fit in most 
p" rc"tiller rmodel and allo\s livc swinging 
Ftt,'ieriirt tt both lriort 1tal vertical planesind 
to fIacilitatc ltuiriing arid Crossing of C\CCs. 

The inuplllclilt iSCSpc-:iall suited to secondary 
tilltg aid I)u(ddlillig of soft riCefiCIlds. Ihe blades 
oti tlie cornical rotor s creaie athoriz.otal back-arid
forth iction itt tile top I1)-cl aver of tihe Soil, 
rlqtiilg lessci riy input. [he rolling action of 
hle cones pushels ;rlli buries suriliace weeds and 

>..I 

. _, 

2. AniMitl-drawnr c0rn0 puddler. IRR I. I86. 
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-I4r ... and water conditions. However, it does not have 
"- -,; the versatility of the traditional tiller, i.e., it cannot 

S,--.. 
 . be used to pull a trailer and is not capable of 
..... orm alI
..,.,,. , ,#.,?:: :<.ii plowing, harrowing, and levelIng opera 

... , , o. v %, hie t i Ir be converted- iT e tert can easil, 

,roni a traditonal tiller to a quasi hydrotiller 
si niply by adding two pontoons behind the cap,_ 
wheels and movinig the eneine from the no!mal 
forward position to a position over the pontoons 
(ig. 4). The conversion may be made in less than 

:' ,half an hour and increases Ihe price of the unit by 
less than Ui,$ 10(). [his tiller has all of the 

3.Power tiller-attachedcorio puddler. IRRI, 1986. capabilities of'the traditional tiller while having the 
very high lCid capacity oft he hydrotiller, except in 

trash in tile IIIud aid ICICs a w'lII-puddlcd, level waterlogged areas. During 1986, the convertible 
soil sirfIaLL, tiller was promoted among interested uanttfac-

Bised on field tests in fltarmLrs' ticlds, the average turers in the Philippines through the MIAF-I RRI 
capacity oh the power tiller-attached cono puddler Program. 
is 1.26 had, ,sith 2 passes in lengthwise ;nd Waterlogged areas. (ii'version of 'T-5 power 
cross\wise dircit iIs about twice tire capacity of tiller./ior .Wisoil tilage. II many countries, soft, 
the cotmb harr0' cIiImionlv used fOr stcondarv waterlogged soil is a c0m1on problem. This soil is 
tillage. The fariers corinlertcd that the implement not strong enough to support a conventional 
is convenient and light to handle,enabling then to ipower tiller. lwo attachrnerits were developed to 
operate it for longer hours. improe grolnd support 1'r the IRRI 1T-5 power

('onvertible ti/ler. A po, er tiller :hat combines tiller to retain its versatilitv in conventional 
several of the best fcatUres oflthe Ministry o1' operations such as plowintg, harvesting, and trans-
Agrictlture and Food (IAl )-IRII hvdrotiller port: curo rotors (ig.5) and flotation skids 
and the traditional Filipino power tiller was (Fie. 6. Held tests ii Santa C'ru., Laguna, were 
developed h\ the MAI:-IRII Progran. A, de- satisfactor,'. Ill very soft soil,, the cono rotors 
scribed in the Annual report for 1985, the perlormed slightly better than the flotation skids. 
hydrotillcr is atnir provlercrt of it locally designed partly because ot the rolling traction of the roots, 
floating tiller that hits gained popularity for land UIpland areas. Power tiller co)n ersion f.or 
preparation on rice farms in "aterlogged areas. tq)lan tilhfgc. Conventional 4-wheel tractors are 
The hydrotiller is far mole ecoiorirical than the used for land preparation on larger farris in sone 
traditional tiller, even for fields with rormal soil upland areas. Such tractors, however, are beyond 

/ , A4v... - . " ...-. - '-, r/,O ........---,. ' c-- \ 

-Ponloons 

4. The convertible tiller (a) is obtained from the traditional power tiller (b) by adding pontoons and moving the handle bars to a 
rearward position. IRRI, 1980. 
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........
 .. 


5. Co+tnversion oitPI -5 (o a loi land poddlet with cono rotots.
 
IRRIL 198t. 7. Rototiller for uplands. IRRI. 1986.
 

-5. 	 . ,-. , .+ 

, +,.'7
... ,+4 .m•- -	 ,.*A 


41 .7
 

6.Cnstrs;ion (it 1)1- ito lowland puttd'tci xsitli l1otItlon 8. Dirm stcder IRRI, 1986,
 
Skids. IRRI. l98S.
 

ot 1)101 ItV 
protc 15 inflit itt to t on Ct into an upland soil iirges hi n 73 to 120 kg ha, dependiing on the 
implement the standard 2-wheel power tiller setting of the seed rate adjusting ring. 

popular in wetland farning. ( 'vindrical rotors Manx farmerFs, articlarl\' If areas where direct 
with hlades were t'itled to thie power tiller axle seedingz is practiced. have shown interest in the 

tl 111 I Olid't hi Of Lip) itd l'ai ners. A aver age seeditng rate of thle modified machine 

Fig. 7...A til wheel drive lv thle axle through a 	 drum seeder. It is simple and eas'- use. With this 
chai n and spr-ocket coil rols Iowa rd nlot ion, machine f'armers can establish C. ir crop in rows to 
Infit ial tests Inrd icaite thait thre eomocrted power tilIcr pe-nilt the use of mnechanical weeders to mninimize, 
Can1 11ilig up)land Soil',. Ihe prYO!Oype it'not totally cliniinare, herbicides. Ahout 300 unitshe LiSed 
de11nrostratd1f a field capaZcity of' 1 3 ha. d onl light have been fabricated by 20 iant1IfCt urers, and 
S~indV "Oils arid 1 0 ha d Onl ClaVCv soils. sales are increasing. 

Upland areas. hirtc'rw- [.si'er .modiuatiot 

CRo I IS I AMIl ISIt \ N I 	 (?'of()tr have. The original hopper base f'or thle 
f'Oam disk metering device for (hie inverted-I seeder 

Lo~wland areas. Ortn .sec'dr fir p crir'd cante f'ror New Zealand. It is made of' molded 
rice. T he design of thle drum111see-der was f'urther plastic and is expensive to produce if' not manu
mnod ificd (I ig. 8) to elimninate problems en- factUred in large volume. The design was simplified 
counritered in n,ts if] larine rs, fields, wh ichi so that thle -is can be made by small shops out of* 
imd iiatcJthait the 8"-nwkkLiltiinias i field capaity of' shet m~ .using, a simple cut-and-weld process
1.2 h.ad with 2 m.. op.ratirg alternately. The 	 (Fig. Q). 



MACHINERY DEVELOPMENT AND TESTING 499 

iF
 

vooiew Ra ve --®veoto . ..
 
o, bh o incoportedintotper 

1-Outhine of foam 

Lbrdmeterng 
Front -,iew Side view Rear view 

9.Sheft metal hopper base for foam disk-type seed metering device. IRRI, 1986.basasngc se mby Hu0 

The design incorporates the same hopper shape Metering rate (g/10 rev.) 

and originalsize as thesemicircular grooveplastic version, but theseed was simplifiedma[zea[ 200to 160 -::~pas, 

uniform-slope rec groove. The seed a0
edsgular 
hopper was also incorporated into the hopper base 
as asingl ot 0.I 2assembly. difr(ig

Laboratory tests conip;,rcd the metering per

formance of the sheet metal foam disk and that ei Re c
 
the original plastic version, with rice, maize,

pigeonpea, and peanut seeds at three rotational ... ...
 
speeds. In all case,, the metering rates of the two
 
devices did not significantly differ (Fig. 10). In....
 
most of the tests, the sheet metal version had less Rice Mcize Pigjeonpeo Peonu 
deviation that the original plastic hopper base. Seed 

We have received numerous inquiries regarding 10. Comparative metering pciormance ofsheet metal vs plastic 
the inverted-T sieder. The design drawings have ran disk. IRRI, 1986. 

been released to interested manufacturers, and 
commercializ/ltion is ;n progress. crops. It has two perforated drams mounted 

Other seeder designs fir uplandsr. Upland on each side of the plow and is driven from a 
seeders are important devices for proper crop single ground wheel. As the wheel rotates, 
establishment and for increasing tht. productivity seeds are discharged from one drum and 
of ric.-based farming systems. Work on the fertilizer from the other. 
development of the following seecters was initiated. * Rolling dibbler (Fig. 12). This is being 

* Plow seeder and fertilizer applicator (Fig. 1I). developed to overcome the clogging problems 
This machine isa simple, low-cost attachment of the rolling injection planter when used on 
for native plows for seeding rice and other weL and sticky soils. The important feature of 
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openerDsk furrow 

r Conicalseed hopper , 

Seeddever chute 

13. Seeder for relay cropping. IRRI, 1986.II Plow seeder and tertitier applicator. IRRI, 1986. 

the new dcsign is the separation of the seed 0 Seeder for relay cropping (Fig. 13). This 
legume anddelivery system front the wheel on which the 	 manually operated device sows 

maize seeds between rows of rice a few dayshole punches arc mounted. Seed drop is 
before it', harvest, when soil moisture is stillindexed with the punched holes by an 

indexing mcchanisn to avoid clogging of the Olvailable. It has atapered disk furrow opener, 

a drum metering hopper, and a furrow closer.seed delivery passage. 

/-AcluatiN pn 

' I Hole operer 

/ 
Volvo-V a ctuator 

len s o ii sp r rlg 

Cup metering 

; 2 ~ 1 , 	 ,i Hopper-

0 ,, 
-3kV-slplpe 
orladwhee 

12. Rolltng dinhler planter for seeding upland crops after rice. IRRI, 1986. 
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Sliding metering gate 

Foam metering rolier 

Hitch point \\ 7 - D h 

F r e g . t aHandle 

Furrow-< ~-Srn 
opener 

thFurrow closer/presser 

'Delivery lube 

14. Direct-drive animal-drawn seeder with foamn metering roller. 11RRI 1986 

A prototype is being tested jointly with the 
Physics Unit. 

w Foam roller seeder (Fig. 14). This utilizes aln 
inexpensive foam roller metering device at the. 
bottom of a hopper containing the seeds. As 
the roller rotates, seeds are discharged beneath 
it. The machine is being developed for both 
animal and power tiller operation. 

WEED CONTROL 

Conical weeders. About 300 units of the conical 
weeder (Fig. 15) developed last year have been sold 
to farmers in Laguna, Central Luzon, and Bicol. 
This weeder is easier to operate than conventional 
rotary weeders, as it requires less than one-half thle 
power. It is available in single- and double-row 
units with provision for adjusting the wor-king 
width to conform to crop row spacing. Design 
drawings have been released to interested manl-
ufacturers through our international liaison 
network. A second cono weeder design was 
developed. It uses the existing frame structure of 

7W 

f 
J 

- - , 

s.. 

6 
15. Conical weeder. IRRI, 1986. 

'r 

h 

-' 

+ ..... 

. 
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conventional Japanese prototype weeders, thus
 
facilitating production in shops that are used to
 
producing conventional push-type weeders. lex
 

moeConical weeder with fertilizer applicator. A 	 plastc Vfom 

fertilizer metering dcvice (Fig. 16)was added to the avas)
 

single-row conical weeder to cosmbine weeding and
 
fertilizer application in one operation. A rubber Watel level "Plow block bearing
 

belt made from a discarded tire tube drives the
 
Dri shaftfertilizer metering roller. Two metering rates can be. 	 {-. frame" 	 is .Wooden 

obtained by changing the orientation of the 	 oo(fbr.td frmwith . ' Pupcosing (fabricated from 
metering roller, which is provided with two goge 16shet metal) 

different sets of metering pockets. The prototype is 

being tested in farmers' fields. 	 17. Sipa pump. IRRI 1986 

IRRIG(AI ION 

accepted for prawn production, which is one of the 
Simplified axial-flow pump. The MAF-IRRI fastest growing agro-aqua ventures in the Philip-
Program continued to promote the low-cost sipa pines. Prawns are raised in brackish water; thus, 
pump in the Philippines (Fig. 17). Close collabora- the pump must be fabricated from stainless steel. 
lion with local manufacturers aimed to provide Tapak-tapakpump. The tapak-tapakpump was 
designs suitable for a wide range of applications developed in Bangladesh and modified by the 
requiring different pump diameters, propeller pitch MAF-IRRI Program for the Philippines. It is a 
angles, and discharge colunns. The manufacturers human-powered pump having two cylinders and 
are now able to respond to customers' varying may be easily fabricated from sheet metal by small 
needs regarding lift, capacity, and available power shops. It has been initially accepted by small 
source. In addition to being well received by rice farmers in a rainfed area (northwestern Luzon) 
farmers, the sipa pump has been enthusiastically where vegetables, legumes, and tobacco are fre

quently grown during the dry season after rice 
harvest. However, farmers indicated that the pump 
would he more acceptable if the price could be 
ieduced below the present level of US$50-75. To 
reduce the cost it was decided to adapt a recent 
modification from Bangladesh that eliminates the 

Fertilizer hopper Meter roller withrg pulley and minimizes materials for the framework 
(Wiledhdand treadles..


Rubber belt 
IOS'IIIARVtST FQIJII'M ENT
 

Drive
pulley
 
/ • Sun-drying research. A study conducted at IRRI 

-.. and in three major rice-producing regions of Luzon 
" 	 --- the Cagayan Valley, Central Luzon, and Bicol 

.. investigated the effects of rice layer thickness 
and mixing time interval on the physical qualities 

.i-"Sof sun-dried grain. Moisture content reduction 
Conicals with andrrl,, 	 time solar radiation intensity was 

-Skid measured. All rice samples were dried to 13-14% 

moisture content (wet basis) and then milled. 
. .. . ... . . . At the 5% level of significance, both thickness 

16. Coinical weeder with fertilizer incorporator. IRRI. 1986. and mixing interval affected total milling recovery, 

http:oo(fbr.td
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head rice recovery, and uniformity of moisture The dryer has a continuous throughput capacity 
content after drying. Total milling recovery of 69- ofr500 kg/h with moisture reduction of 3-5%/ pass, 
70% and head rice recovery of 88-90% (based depending on initial moisture content. The reten
on the milled sample) were attained at a thickness tion time of the riaterial inside the dryer can be 
of 2-4 cm and a mixing time interval of 30 regulatcd by varying the inclination of the drum. 
min. Frequent mixing resulted in more uniform It is reconmcndbd to add a cooling section after 
moisture content after drying. Uniformity ot the dryer to hasten the drying rate and to allow the 
moisture content decreased when thickness was material to cool from 60 to 30 'C before bagging. 
increased. Predried materials can be dried further using 

Multicrop predryers. The batch-type rotary mechanical dryers or by sun-drying on a later day 
dryer (Annual report for 1985) was modified into a without fear of deterioration. Milling tests of 
continuous flow-type (Fig. 18) to increiase its predried rice showed consistently high recovery 
capacity and efficiency. compared with shade-dried or sun-dried samples. 

The dryer operates by conduction and is The dryer also works for miize, peanut, and other 
designed for rapid, high-temperature drying. The grains. 
grains come Incontact with the hot (rum surface as Rotary rice dryer with rice hull gasifier. The 
they traverse the drum from the feed hopper to the MAF-I RRI Program, in collaboration with local 
discharge section. manufacturers and a rice miller, continued testing 

The drum is made of an ordinarv oil drum or and improving a rotary dryer for partial drying of 
rolled sheet metal mounted on two pairs of ring rice in areas where clouds and rain delay sun
supports and rollers. Baffles are provided inside the drying and thereby lead to deterioration of grain 
drum at critical angles and intervals to ensure quality. Three types of rice hull furnaces were 
proper control of the flow rate. tested. The best was a simple gasifier based on a 

A rice straw-mud plaster isused as insulation for Chinese design and nodified by the University n'f 
the drum and the furnace for high,:r heat utilization California at Davis. Gas produced by rice hull 
efficiency. The dri,,e mechanism consists of a gasification is burned to obtain hot flue gases for 
bicycle chain and sprocket that can be operated heating tilediye, (Fig. 19). The flue gases pass 
manually or connected to a variable-speed electric through a gap between rotating cylinder andtile 

motor. The dryer is simple to operate and main- the stationary shell around the dryer. The rotating 
tain, and requires minimal machining of parts, cylinder has longitudinal vanes and is slightly tilted 
making it affordable, to provide axial movement to the rice. A vibrating 

screen with a blower cools the rice so that it may be 

directly bagged. 
Results obtained with a prototype unit demon

strated that freshly harvested rice may be dried to 

% i gqce Flue gcas 

411, [- ~ ~ ~ ul Air wrArhper 

Til Boower 
Gasfre __(~'__ ceSufer1 

ower di 

reactor 1____ 

Bag

18. The continuous flow-type rotary drum predryer for rapid, 

high -ter - . . . . . . .
 mpera t u re d rying o f highmo is t u re grain s ai d o t h e r . . . . . . . 

crops. IRRI, 1986. 19. Rotary dryer with gasifier. IRRI, 1986. 
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17-19% moisture content in a single pass through 
the dryer, requiring only about 100 s. The rice 
leaves the dry'er at a temperature of 0-90 °C but is 
cooled to ahout 40 o( hcfore being bagged. File 
prctot vpo'i Capacity is about I 1h, and its 
Lstimnated price is I)S$3,000430). The size of the 
svstemII maydV be adjusted to Lixc bather or lo%%er 
capacities. accord incL lo ulsers' prefe~rences. Both 
the dryer and th"e reactor are easily Ilahricated fromm. 
sheet netal, using tools and techniques readily
availahle in a,,ndsinaill- leditum-scale nictalcraft 
shops throughout lie I'hilippiles. IRRI econ
omiists and enginels are collaborating to deter-
mine tlie Ccononlic viability oft ile dryer. 


Pliers-type moisture andi hardnhess 
 tester, 
()rdiiarv pliers xIC odilied to be tised as a 
nmisturin-liardicss sensing device (Fig. 2(0) for
individual grins,I lhe device is connected to a 
resistaicc-type mo0istulre meter aind an oscillo-
graph, which show a rcco'-d of the dcturminatiotns 

Siiiiiltallcous IllcSulricit ofl grainilloisttlre 
and hardness I, accolplished h\ placing a single 
kernel between the tips of the jwa,, a nd crushing it.
The inoistuIc content is ineasured h. the lectrodes 

olloiltlled on the laws and is rcad tllrotitli the 
Moisture meter di'ital display. Ilardness is icas-
tired h\ a strain gagce hondcd to the la, surlace. 
When the grain is being crushed, the strain 
developed on1 the laws is monitored thbroigh a 
strain aliplilier anti rccordcd on all oscillograpli 
An oplinal compt,:ried iueasurcineit cai be 
obtained using aInicrocotiliter with analog port. 

[he device finds practical applic'tion in field or 
!ahoratory neasurcnents of individual kernels and 
has a higih degree of .'Cracywithin i wide range 

' 

C tL 
20. The pliers-type moisture and hardness tester for individual 
grains, suitabk for field and laboratory determinations.
IRR1, 1986. 

of moitutire content. It will be useful in recording 
data needed by plant breeders, plant physiologists, 
and agricultural processing engineers. 

INI)S IRIA. IX INSION 

In the Philippines, tour major projects were 
acconplished during the year Under the MAF-
IRRI Program. The IIZRRI reaper, threshers, and 
transplanter were introduced in India tunder the 
Central Instituto'f Agrictltural Fgineering-IRRI 
Progran. lit Bangladesh, assistance was provided 
to the Batiglaidesh Rice Research Institute in 
modifying the IPT-3 power tiller with a rotary tiller 
attachntcl to suii local conditions. Various IRRI 
nm1achines were introduced in Madagascar. See the 
section oil Cooperative Country Projects Ior more 
details. 
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The Institute offers a variety of research training 
and educational programs designed to meet the 
needs of various levels of scientific personnel. The 
programs constitute a primary linkage to the 
international research network that complements 
IRRI's global research programs. Through its 
training and professional advancement programs, 
IRRI has helped to develop a cadre of about 5,0X) 
well-trained research scientists from more than 75 
countries all over the world, 

RESFARCJ-tOIRI NI Ll) 'ROGRAMS 

Visiting scientists and postdoctoral scientists, 
IRRI's visiting scientist and postdoctoral scientist 
program serves as a reorientation for senior 
scientists of national research organizations and 
agricultural universities from developing countries 
to learn new research methodologies and pursue 
in-depth recarch on production- and research-
related problems. The studies they undertake are 
related to the research programs of both their 
respective countries and I R RI. 

The visiting scientists work together with IRRI 
scientists, using miodern facilities and equipment, 
then return to their organizations, enriched by their 
intensive and extensive research experience at 
IRRI. They continue to serve as inyortant links 
between IRRI and national programs all over the 
world. 

In the se!ectio ,fca:diate-, miJor considera-
tion is giver to their affiliation with research or 
educational institutions associated with rice and 
rice-based farming systems. All of them come from 
developing countries. Occasionally, IRRI selects 
candidates who are not associated with national 
organizations but possess research expertise con-
plementa-v to that of the IRRI scientific staff, 

During 1986, there were 17 visiting scientists 
from India, the Philipnincs, Thailand, and S,ri 
L.anka; and 28 postdoctoral scientists from 10 
countries in Asia, Aftica, and L.atin America 
(Table I, 2). Eighteen completed their fellowships 
during the year. 

Collaborative research scientists and fellows, 
IRRI has collaborative research programs with 
research laboratories and agricultural universities 
in developed countries with which it pursies 
special projects. Normally, these projects arc 

funded by a sponsor with provisions for young 
scientists to spend 1-2 yr at IRRI to conduct parts 
of tht overall research program. These scientists 
maintain their grants while at IRR!, and IRRI 
provides them research facilities and laboratory 
space. 

Funding organizations and research laboratories 
in developed countries also sponsor research 
fellowships for candidates from developing coun
tries. These candidates are accepted in line with 
existing collaboration between IRRI and the 
sponsoring agencies. 

During the year, there were II collaborative 
research scientists from Furope, 10 from Asia, and 
2 from Africa. Ten of them completed their 
fellowships during the year (Table I, 2). 

Degree scholars and fellows. For middle-level 
rice rescarch scientists, IRRI offers degree training 
programs at the MS and I'h D levels to prepare 
them for responsibilities in research and manage
ment operations. 'To f.cilitate the implementation 
of its graduate education program, the institute has 
collaborative graduate programs with about 30 
agricultural universities all over the world. The 
scholars complete their course requirements at 
these universities and late. come to IRRI to 
conduct their thesis and dissertation research. 
IRRI scientists are officially appointed affiliate 
members of the graduate faculties of the respective 
universities and serve as chairmen, cochairmen, or 
members of the graduate advisory committees of 
the scholars and fellows in accordance with the 
riles and regulations of the ihome universities. 

In the selection of candidates, priority is given to 
caid kate: oforganizations that have collaborative 
agreements with IRRI. A small number of 
nominees of o€thcr organizations in developing 
countries that are major rice producers are also 
accepted, depending on the avaiiability of space 
and resources. Candidates who intend to work on 
research topics that are directly related to the 
research programs of IRlRI ame given preference. 

Dluring :986, 69 Plh 1)students and 85 MS 
students were in residence at IRRI (Table I, 2). Of 
these, 35 completed their degree requirements 
during the year. 

Among the degree candidates, 32 Ph D students 
and 19 MS students were nominated by their 
university professors to pursue their dissertation or 
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Table 1. Visiting scientists, postdoctoral scientists, collaborative research scientists and fellows, research fellows, and 
research scholars by region and country. IRRI, 1986. 

Collaborative 

Country Visitingscientists Postdoctoral
scientists research

scientists 
Ph D

fellows 
MS

scholars 
Nondegrea Total 

and fellows 

India 
China 
Bangladesh 
Philippines 
Thailand 
Burma 
Vietnam 
Korea, Republic of 
Pakistan 
Nepal 
SriLanka 

Indonesia 
Japan 
Bhutan 
Iran 
Taiwan, China 

9 
-
-
4 
2 

-

-
-
-
-
2 

-
-
-

-

-

12 
-
2 
6 
1 

-

-
-
1 

-
-
1 
2 

-

-

-

Asia 
3 
2 

-
-
1 

-

3 
1 

-
-
-
-
-
-

-

-

11 
7 
9 
6 
5 

-

1 
7 
3 
5 
1 
2 
2 

-

1 

1 
18 
15 

7 
11 
11 

2 
1 
3 
1 

-
-
-
1 
1 

-

-
4 
2 
1 
2 
2 
5 
1 
2 

-
3 
2 

-
-

-

-

36 
31 
28 
24 
22 
13 
11 
10 

9 
6 
6 
5 
4 
1 
1 
1 

Subtotal 17 25 10 60 72 24 208 

Ghana 
Sierra Leone 
Tnnzanla 
Somalia 
Zaire 
Egypt 
Kenya 
Madagascar 
Nigeria 

-
-
-
-

-
-
-

-

-

1 
-
-
-

1 
-
-

-

-

A frica 
1 

-
-
-

-

1 
-

-

-

-
1 
1 

-

-

-
-

-

-

1 
1 

-
-

-

-
1 

-

-

-
-

--

1 
-

-
-
1 
1 

3 
2 
1 
1 
1 
1 
1 
1 
1 

Subtotal - 2 2 2 3 3 12 

United.States 
Canada 

-
-

North America 
- -
- -

2 
1 

-
1 

-
-

2 
2 

Subtotal - - - 3 1 - 4 

Brazil 
Cuba 
Mexico 
Guyana 

-

-
-
-

Latin America 
- -
- -
1 -

- -

-

-
-
-

1 
-
2 
1 

-
1 

-
-

1 
1 
3 
1 

Subtotal - 1 - - 4 1 6 

United Kingdom 
Belgium 
Germany, Federal Republic of 
Netherlands 
Switzerland 

-
-
-
-
-

-
-
-
-
-

Europe 
3 
1 
4 
2 
1 

-
-
3 

-
-

-
-
-
5 

-

-
-
-
-
-

3 
1 
7 
7 
1 

Subtotal - - 11 3 5 - 19 

Australia - -
Oceania 

- 1 - - 1 

Total 17 28 23 69 85 28 250 
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Table 2. Visiting scientists, postdoctoral scientists, collaborative research scientists and fellows, research follows, and 
research scholars by-research department. IRRI, 1986. 

Collaborative 
Deprtment Visitingscientists Postdoctoral research Ph Dscientists scientists MS 

Plant Breeding 
Plant Pathology 
Plant Physiology 
Entomology 
Agronomy 
Agricultiiral Economics 
Multiple Cropping 
Rice Farming Systems Prorgrain 
Soils 
Soil Microbiology 
International Ric, Germplasm 

Center 
Agricultural Eniqinee iig 
Water Management 
Statistics 
International Rice Testing Program 
Training and rechnology Transfer 
Cereal Coemistry 
Communication and PIuhlications 
Library and Docume n tat ion 
Others 

Total 

fellows scholars Nondegree Total 

and fellows 

1 3 4 13 13 1 35
 
3 1 2 10 9 7 32 
3 4 2 5 4 6 24 
1 1 3 6 8 3 22 

- 3 2 7 7 1 20 
1 1 1 6 8 1 18 
2 2 2 2 5 2 15
 
2 2  7 1 1 13 
2 2 3 2 3 - 12 

- 3 3 3 2 1 12
 
1 - 1 - 4 2 8 

- 1 -  6 - 7
 
- 1 - 2 4 - 7
 
- 2 - 1 2  5 
1 1 2 -  4 

- - - 2 2 1 5
 
- 1 -  1 1 3 
-. - - 1 - 1 

- - - 1 1 
a
1 b 66 

17 28 23 
 69 85 28 250 

Eni1,1noring and Entnmology Dopnrtments. 

thesis research at IRRI after completing their 
course reuirements at their universities (Table 3). 

The linkages among agricultural universities, 
ministries of agriculture, and IRRI in support of 
the insti1ute's degree programis not only have 
strengthened institutional collaboration among 
these agencies but also have focused greater atten-
tion on national problems as the subject ost udent 
research, 

During the year, IR RI formalized agreements 
with seven agricultural universities: Zhejiang Agri-
cultural University, China; Chonnam National 
University, Republic of Korea; Thammasat 
I Jliversity, Thailand: Sokoine University of Agri-
culturc, Tanzania; [Jniversidad Sokonoma (ie 
Nueva I.con, Mexico; t Iniversidade de S~io Paulo, 
Brazil; and Louisiana State University, UnitedP 
States. 

The agreement with Universili Perlanian 
Malaysia, originally established in 1981, was 
renewed for another 5 yr. A new graduate training 
program was initiated among the Bangladesh Rice 

Affilatco with Trainlnji and Technology Transfer Dapartmon.. bAffillated with Agricultural Economics, Agricultural 

Reiearch Institute (BRRI), IRRI, and the Bang
ladesh Agricultural Universiy (BAU), emphasiz
ing farming systems. The scholars will complete 
their course requirements at IRRI and conduct 
research at BRRI, IRRI, or both locations. 

Research and nondegree fellows. In response to 
requests from national p-ograms, the Institute 
offers apprenticeship-type training for middle-level 
research personnel to develop their skills in 
research instrumentation, methodology, and other 
research support services such as computer man
agement, library and documentation, and farm 
management operations. 

During the year, 28 individuals completed this 
training program at IRRI (Table I, 2). 

RIt jUIAR NONIDE(REE PROGRAMS 

Regular courses are offered every year. In 1986, 
IRRI offered II regular courses (see following 
descriptions and Table 4), I of which was new. The 
courses are highly oriented to research method
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Table 3. Ph D and MS students conducting dissertation or thesis research at IRRI, by country and university, 1986. 

Institution 

University of the Philippines at Los Banos 
University of the Philippines, Dilinian 
Visayas State College of Agriculture 
Central Luzon State University 

Indian Agricultural Researcn Institute 
Andhra Pradesh Agricultural University 
Jcwaharlal NIhru Krisiii Vishwa Vidyalaya 
University of Madras 

C~honnarn National University 
Kyungpook National Uir,ersity 

Kyushu University 
University of sukuba 

Post Graduate Institute of Agriculture 

Cantho University 

University of Gadjah Mada 

Cornell University 
Kentucky University 
University of California, Berkeley 
University of California, Davis 

Ph D MS Total 

Philippines 
5 9 14 
2  2
 
- 1 1 
- 1 1 

India 
7 - 7
 
2 - 2 
2  2
 
I -1 

Korea, Republic of 
I -1 
1 - 1
 

Japan 
1 - 1 
1  1
 

Sri Lanka 
1 1 

Vietnam
 
- 1 1 

Indonesia 
1 1 

United Stares 
2 _2 
1 -. 1 
1 
 1 
1 
 1 

Germany, Federal Republic of 
Justus-Liebig University 1 .. 1 
Tropinstitut Phytopathology und Anguw Entyrnologie 11 
University of Giessen 1  1
 

Netherlands 
Agricultural University, Wageningen 

Canada

McGill University 


Total 


ology and pioduction. Half of the time is spent in 
lectures on basic aspects and hall in the field and 
laboratories working on practical problems. 

Agricultural Engineering (AEC). This 3-wk 
course was initiated in 1975 to complenient IRRI's 
on-farm machinery development work. Itis offered 
to cooperators of IR RI's farm machinery program 
and includes all aspects of design, mman.ufacture, 
and field testing of IRRI-desiglleo machines. 
Participants attend lectures and do ficld and 
practical work on the assembly of the imachines to 
develop competence in their operation and main--

5 5 

- 1 1 
32 19 51 

tenance. The 2 sessions in 1986 were attended by 31 
trainees. 

Cropping Systems Training Program (CSTP). 
lit addition to increasing yields, increasing crop
ping intensity is another method to produce 
idditional economic benefits. An intensive, diver
sified multiple cropping program is also advanta
geous in circumventing the single-crop risk factor 
and generating additional commodity markets. 
For over 10 yr, CSTP has developed human 
resources proficient in developing new rice-based 
cropping patterns an'J conponent technologies. In 
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1986, a 2-wk component on research management 
was introduced in collaboration with the Research 
Management Center of the University of the 
Plilippiics it los I iaius (UP1I ). iinotlhcl 
modification to this cMnisc \, IIasincir,'-: _"in 
interaction ti11c u.nIuo,!, trilu Icts, friners, and 
extension workers hrotli an cxp:aisIoii thra ot 
held practical coml/plolcn . Ilhe coursC \kias 
attended by 24 trainccs fromo 13 comiini, 

IEditin, and Publication , !dPub). cI v -'ssions 
\, crciven iiv filn! IQ 1rillccs lroim 3 c ii!ric, 
ill the(antiscarl. \trie i,i, id (Cccl. 
lieaching iiiaila\ ,u, icliicd, 'lnd the c1,t'ach 

'Aas sncss t:llllfsi ii e';cl oill 16 to 14 wk. 
Fillpiti"i., ciotioidI piohlcni-solsno nid 
prictical inCIt Ill ,. dcsi!iv, iflhiititioii. 
aiid pr, ~iii t { ihsft :'Itit: epl t:s andl inrc 
ceielra pllu'ibh'it ion. ptifiriiic eiciittict 
\ [ iiniii es t it oV, initiatd A, cfla, , ,ii 

C\erciscillid t liC iiTi:ueh iii\,1, nationl 

o griadiutt:Is. thehco.'urse i l'vtied ' i 
bv ltitIal I olrii',. it it: Ic f hoctili.,lid 

civen i llaIoN ua ilacli - lie." li- .C pi ri;c1lKw!i 
along these 1C. u as isci1 in N cnher I',, iii' 

(cnral Rcsearc'h liistaitilfC l odI r'op. 
ill I tu I. 1lndoll ,ii, ;I -Nk .tlcr'e ill 
l iidouesiau tw ii r;' conllrs s ier _e,%ill follow\if" 
19,7 :11 udcd ht tlIc Ilntcritiaoii I)cchflpiurill 
Research (cCi 1i ,I ( anad)c.:ll) 

Farming Systems Socioeconoimic Research 
( ,'SSR). I Carch ',siti a arninc! sst'rIls(O)-li;tri I 

pCrslectis i,. an cflficicilt tol lot eciticng '10ri-
cultural thntdiuucy and idIp!iilr it t, sinal 
flarnicrs" coihltioul. Illis colIrse llso itltcIraLtcs 
huma,nistic of social science aCspecis ol the siaff 
fiirmnIrs'circunrii llsCairees tile suiliiblitv;ii'lg 
uf new acricihiurll tclhnoflo!,. Ii ClhasiclieS --
fall resciilCh bul also e:eC, nutliodolics lor 
C0nu0iic C\ iliiiiiuii ofic itali statioli cxpri-r',-riir 
liclits iut lcl ;idci intpalci oI'ats ssii n ftie( b1r 
inCLresed agricultiiral produ:tivits. lie rollse v.;t. 
Ittcnded ?,26 traincc. 

Genetic 'Laliiini and ltilization ( CFt ). i fw 

skill-olienitcd ( I11 traimirug course is Jiiticndcd lor 
youL, dedicated nd cfIhLisiastiC acicultural 
scientists lorll thc iicc-griw,,ing coutlries o4l the 
world who ;-e Cithelr iivlvcd Or ted t, 
become activl', inIrice sriinvllved gernijlull 
inlproveicrit CeHiri ill their countirie. Ilhc Irain-
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ing course complements IRRI's GU program. 
During 1986, the 17th course since 1975 was 
ofiTered, with 16 participants from 9 countries. The 
trainees were given a general orientation to tile 
(illT-related activities of the IRRI research 
departments. lhiy studied the different GEU 
prohlell aleas, learned the screening techniques 
us:d 1y (FU scientists, and observed entries in 
dilfcrcnt rirseries. Based on their countries' 
hieeding goafs, they produced F, seeds t'ia-, along 
witih equtiscd seeds (,I diffcrent culti ears, they 

o,k homen for funlhcir and ttilization.rt eluatiun 
fl thu:ll Cndtcd a special project underthe 

Himancc ot a (fl U cicntis; and presented the 
tesult, iln inilnir. 

lnlegrated Pest Manageinent (1PM). A major 
si!niic pi uduction is oltn incurred hv reliance 

(M e:ial tactics for. * The IFNIpest prutction. 
r is poliilgaILt's t1c inlegration kIf pest control 

that tihieaioi"sintemiion of cropfiat cuiisidei 
iuiu,:elit, culnical 'IctOIS, illd the Cnviron-
MOWi ) elCtC clip r-otCCtion, [hc course 

.i l , i/." cost-ct[ieie llill igelrint strategies 
I htt tIl i nalralti bi+iltcical and CnVironmlental 
,rincvc,,. n 198(. !) traine, attended the 

U"atsau ill We. 

international Network on Soil Fertility and 
Pertilizer Evaluation fior Rice (INSIFER). lii rice 
priduction, itorgamic fertiliiers its well is hio

ertiierrS ,CnClily crisIitnitC a niajor input 
e.petidiiurc. I herdore. tIl INSFI-ER course 
e1collapa"Sses tie Concepts in rClated sciences that 
e xplail tielillerlics iii crop response to soil 
fcrtilits and feitilizer. lie c, ursc also emphasizes 
iilirnl l ntricnt rulanac:emeiCrt through the 
propcr CUllillittiol of oruianic and inorganic 
lOHi li/crs, arid considers cropping systems. Prac
licil itud thcurctical tralining focts on scientific 

cntatiun, site char;icteriation, soil fertility 
;uird lcrtili/crs, biolo icil N, fixation, and data 
analysis and interpretation. Ihe !Q86 INSFFER 

iinict_, COMrse wits attcide'd 1y 16 participants 
iclircscntiuc 13 ulartninations in S countrics. 

Irrigathioi Wirier Management (I WM). Water in 
thc right illllUlill al taie riil time is it important 
ictfliiic ircilt I(i produii i lihiI yIChds and .sub
setoelit cconulire caiis. hlis course cilhances the 
eciiCering, Cgronitk, cCOmrlik'. sOci-iilstitti
tiOnmal, and commilunication kilowILdge and skills 
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associated with sound irrigation development and 
iianagement. This 6-wk course was attended by 18 
trmnees in 1986. 

Statistica! Procedures and ( omputer Applica-
tions in Agricultural Research (SICAAR). This 
2-mo course familiarizes participants With the use 
of the iicrocomputer and appropriate software 
for conducting sttistical analyses and maiaging 
agriculiral research data. In aiddition, it updates 
tle trainees onl new statistical proccd ures 
and tchiniques with application to agricultural 
research. Thc course was attended by I2 trainees. 

Training and Technology Transfer (T3C). 
National programs need to traisfer itioriaiiota 
aind technob it,the enld ulser, nc it the .'seaichi, 
extension agcnt, )rfariter. (0C 11i"o-ii lolll of 
assisting latioulil programs tomeet thi. mccd i:,to 
develop proficienc \lIthe iuiMg and SubsequcnIt 
techlmiology tramlslcr l)rIoccsS. Iis new 12-v. k 
Lois",' aS deSigeI ior prolfessioals eloyed in 
training ofr Icchmology translfr pr,'crams aid 
addresses the latest concepts and skills utili/ed in 
devc<loping hmitumn: elsonrCcs atld (d:ssciinatinlg 
technology. 'ile cotirse was taught twic: a reigulIa r 
course was atendcd by 15 trainees composing 
training teimns fruin htau. IHut a, Inudtmesia, 
and Sr"i lillka; and a Sp)ci~Ml coturC was held for 
training teams associated ith I"SSR (sic 13('-
FSSR uIder Special Colmires). 
Weed Science (WS). 'lIh sccotld I )-vk rice 

weed science trii courll 1986-V,'wassC Ill at tended 
by 6 trainees. Itcovered al aspects ol wced contril 
in rice. Emphasis was placed on the integration of 
wCLd control practices to cistirc inaxiiunI weed 
control, economic stability, aiid ctiviroitiictital 
protection. ci)tn had classitfieIh as ais been 
special coIn-se In I,',5 biut was iitch dei alntg the 
regularcourses inl 6. It'ill be ofered iCetIially., 

SP (IAl C(O'RSE 

Special couses are offered on an ad hoc basis. The 
following were given in 1986 (see 1able 5). 

Cowpea-Soybean Production (Cow-Soy). The 
International Institute of"[ropical Alricultureand 
the United Nations I)evelopment IProgramine, in 
collaboration with IRRI, the )epartmcnt of Agri-
culture of Thailand, and the Univ,-i-sitv of Khon 
Kaen, Thailand, conducted the 6-wk course in 

Kion Kaen. It was designed for research workers 
assigned to cowpca and soybean improvement 
programs, extension supervisors, and specialists 
responsible for testing of new improved lines of 
thicsc crops in Asian countries. Sixteen trainees 
attended. 

Cropping Systerns On-the-Job Training 
((SOl'). Three courses associate(] with the 
Lropping systems program were of'ircd. The 4-wk 
Insct Managementll(INI)courseexposed 2 irai,.es 
to current rice insect research at IRRI an' to 
copping systems outreach research. The 18-wk 
legule Varit ial Iml rovcment for Rice-Based 
('rupping Sysitcms ([VI) course, conducted in 
cooperation %ith the Institute of Plat Breeding 
of IrP.B, focused onl techniques tot varietal 
impos)VCnelnt of upland crops: the course, attended 
K lout trainces, culminatcd ii an observational 
tour il Ihailand. life 4-wk Varietal Testing of 

plalid (rups Ior ice Earillg Systemsof 1tnsimsc 
(VT)c()trsc pr)ided 12 participants with actual 
experience i1the techniques of testing upland crop 
cultixars for rice-based farming systems. 

Farm Mianagement (I'M). The 2-wk course, 
dtesigned p ri a ri ly for farin and research station 
tmimagcrs, covered several aspects of farm man
;igLnellt such as fIrm tmachinery, labor distribu
tion, control of crop pests, rice production, seed 
multiplication, losland and upland irrigation, 
postharvest matnagement, and care and mainten
a mcc of tihe cx peninent station. Six trainees 
attended. 

Genetic Resources Conservation and Manage
merit (GR(ICM). Lasting from Oct 1985 to Sep 
1986. this was the first training course on crop 
gerietic resourccs to coinbine scientific principles 
with hatids-on practice. The course consisted of 4 

i by trainees in theircomponents: I) field collection 

home cout ries, 2) the 2-wk training on rice 
production. 3) the 3 1,2-mo GEIT course, and 
4) 5 mo of lectires and practicals on genebank 
operations and nianagement. The field planting,
characterization, documentation, "itdstorage of 
seeds collected in the participants' home countries 
\%'ere a special feature of the course. Twelve 
participants from eight Asian and two African 
nations participated in the course. They received 
the diploma of Associatcship of IIRRI in 'Genetic 
Resources Conservation and M anagcment, the 
first ever conferred by the institute. 

http:irai,.es
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Monitoring Susceptibility Levels cA Rice Pests 
to Insecticides (MonSus). The F'ood and Agri-
culture Organization (FAO), Sri Lanka, India, 
Bankladesh Thailand. Vi. .m, Inodonesia, 

Malaysia, Cfhina (liBejing), I ,:sanl, ',public of 
Korea, .Japan, ind IaRRI started this project in 
I195. I)at a on brown planthopper, green leaf-

1 1per and Icalffolders were received front 4 
cunt ries. l\ o scientists (I each from ('hina and 
Vicltnam) \\cuc tralined at IIRRI for 2 wk. 

Improving Income and Enmployment in Rice 
Farming Systems or Prosperity Through Rice 
(PTR). The IRlI-IflTlf-A.i"an [)eveopimenit 
Bank lrcspcrit Through R,icc lmroect em phasiics 
inliprovenliit IIce Niclds itlovcr cosL using) 
niultipl-,c ,nd mixcd ii to-croppin ina'xiii/c 

resolices aid uIlrim ;mdisi 17elLc lhIo,. ritce 

planllt i U) far ilco,c A .- hi!Lfarl
ille-iciit m 
denlwstriQtc, Oppolrt un lics lo inaximiiing 
UlicoInc aR] cnlhvincIi f0r 'mall ricc larniers 
through al inltcgrticd lalinine s\.tei nivolv\ine 
crops licstock. I sht, and rice t-.-productls. An 

f I-doriilat on-Ilraining prograin lfor scnior plan-
tun on iCininisrics of agriculture, enalt]cdof.... 

thel to replicate in thcir own countries delmon-
shlatn I arms alone,1 the tiicCle of I)lospcritv 
lihrouugtl R icc. [Thc COllSc wis coinposrd 
lecturcs, field delonstrations, 111 Iicld trips and 
covered I)basic plant, soil, \atcr, air, Indsunligh , 
resource nlidtheir relation to produictiott: 
2) imanaigtilt of factors of production: 3) design 
of rice lariuling stlts based on cottsideratilo (f 
ccoloev. c-oltlomics, and clplovnl-clt geneil.iont 
4) h.\'vcstinle and post Ihn.1vet pricessing: 5) i)-
Mass uiii/a.iotn: aid 6)proiect lliangennl nilld 
inplementation In It96,I. participanls attended 
the course. 


Systems Analysis and Siniula !nfor Rice 
Production (SASRIP). In Icoopcative effort of 
the Centlr for Agrobioiogical Rcscarch and the 
)cpartn ti fOr Thcoreticl iProduction Ecology 

off the Agricufltral tinivciot-, Wageningen, 
Netherlands. and IRIRI, a speciitl course was 
prepared to train siall ihterdiscipinary teams 
frorn agricultural universitics ind research insti-
utes in ASian conntries in systemtis anialysis and 

crop growth sinulation. The aim oftlic course was 
to increase the applicability of scientific knowledge 

to different environments and particularly to the 
more complex environment of rice production. 
The initial part, lasting 8 wk , was held in 
\Vageningen, and was attended by X teames of 4 
persons from India (2 teams), ii.Jonesia, Malaysia, 
Philippines, Sri Lanka, Thailand, and IRRI. Tile 
Core of the Course consist.d of the modeling of 
etra i:SSues co(ncerning crop growth, climate, soil 
water, pests, and diseases, including their inter
actions. A case study was form ulated by each team 
to apply thie new skills to relevant problems in 
ihcir (,wn research. Nine montts were needed 
Io siibsequent modeling and intrdiscipliiary 
cx pcnimntal activities. Teans were given a per
solial computer to execute their simulations 
effectivelv. 
Trahing for FSS R In-Coantry Trainors 

(i'3C'SS1). II(RI is now noving to transfer no 
only technology nut also tolining expertise to 
nationaf programs. Ilhc FSSRItraining course has 
hcen offercd yearly since 1991l 1 R1.I It is reali.,ed 
that it will considerably increase the pace, quality, 
and relevance of training socioeconollic workers 
in national firnling systens prograns if the 
national prograns acquire the capability to con
duet lile trainiig course )ortheir own workers. 

ll this course, a1tteidcd by IITlhereforc, S-wk 
trimiecs, aimed to develop a corps of itt-country 
trainors in ISSR and subsequCntfy transfe,
training e'cpertise in ,SSR to national programs. 

I)eepwater Rice Pest Management Methods 
(DPW I)IMM). This I-wk couI-sc,jointly organized 
y111RI, tile(overinent of India. and tne 

Government of West Bengal, was held at the 
Ramakrishna Iission, Narendrapur, Calcutta. 
Ittrained nltolologists, plant pathologists, and 
agronotlisls frotil five Indian states in Methods of 
pcst Ianagement in deeply flooded ricefields. 

Virus I)isease Diagnosis (V))). This 14-wk 
course provided 2 participant.s lfactical experience 
in applying scrohogy and other diagnostic tech
niques for virus epidemiology and resistance 
research. 

Others. In response to requcsts of international 
funding agencies, 111I conducted courses that 
addressed the specific needs of national organiza
tioris in developing their human resources. A 4-mo 
course on Rice Seed Production and resting 
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(RSPT) was conducted for 2 Vietnamese at the VISITING SCIENTISTS. POSTDOCTORAL
 
request of FAO. A total of 9 Chinese workers for SCIENTISI S.RFSEARCH SCHOLARS, AND
 
tile new Chinese genebank in Beijing were given RItSIEAR(I I :FllO.\vs WHO COM PIETII)
 

i TRAININ(;iN 1980 
special training under the Rockefeller Foundation 
Project" 6 technicians underwent a 4-wk course on An asterisk (*) indicates complnion of the M 
Genebank Operations (6O) supcrvised by the degree and two asterisks (**) the Ph D degrc 
International Rice (ic;inplasm Center, and 3 during the ycar. 
engineers attended ;lan 8.wk course ol Refrigcra
tion Fnginecring (RE F) at the Technological Agricultural Economics 
University of the Philippines, ending with a 2-\\k Muharik All*. Pakistan. ,cscarci fellow. Th 
';ession in ( cnebank Operations and Maintenance determinants of inefficiency iII Basmati ric 
Iraininli at IRRI. production in Pakistan Ilunjah: frontier prof 

flinction aJproaich. 
S. B. M tliemi*. Nepal. Research fellow. Ador 

INSTRI'ItIONAt. R1( it'RI tS lioll and eflt:ts of tcchollogics y'enerated b 
the cropping, systeis program in Nepal.

File gwencration of COUrSeWalrC that doctmelitS T. Jatileksono**. lidoncsia. Rccs,;arch lcllokN 
content information i tile form of ielf-icarning l:Cltiilt implication of Icchiology changes i., 

matorials has inteisified. .laLti ils of performnancc le Indonesian iice ecololl\.
 
objectives are being produrced for ac'h nodl',CglT I. .. va.ll Aart*. I lie Ncilheriids. Rescarcl 
course. A scries of pictorial booklets portraving scholar. lProuress ill rice technology in ai 
field aiid liboratity skills iiu rice productioi and unchinging listitiutional franework: a geo 
evaluation alld 1c off gencic rCsources has been graphicil and historical Coiriparisoli CtweCi 
made availiblc. Slide-tape progrilns ini rice pro- two neighboring village,, in Iloilo, Philippines 
duction, croppilie , stellls, and sociocconolniC lufitul Arif*. Bangladesh. Researeli scholar 
research for farnmiiiu svslellls alc il vatrio: sages Dlvnalilics of farm-level irrigation nanage 
of production. lnCnt tile eflcts on resource use cfficiency 

A project sponsored by I )R(' and . dollatioln labor cmp!oynient and incolne distribution it 
by Hewlett-Plackard have prIovided resoLurcCs It) Northwest Bangladesh. 
develop daltaases specifically for training, using M. - obbiik*. Netherlands.L l The Rcsearcl 
the computer as :r storage and retrieval device, scholar. [he organizational difficulties of 

A Computer Ill.ligellIelt progl'ilm is being tubewcll irrigalors'association in Nueva Ecija 
constructed to assist in the illanagcillent of per- Philippines. 
sonncl, programs, finances, and corrcspondence Is M. M. Hart*. The Nethrlands. Rcsearcl 
inherent in adiinistering training pro:grans, scholar. Progress in rice technology ill at 

unchanllging institutional framework: at geo 
graphical and historical conparison betweei 

ACAI)IEMIC (OtNCI. two neiglihoriIng villages ill Iloilo, Philippines 
Zhang l.inxiu*. China. Research scholar. Ai 

The IRRI Academic Council met on 19 Feb n(] economic analysis of rice-based croppini 
27 Aug in 1986. It welcomed a ewicmember, Vice systems in SoutIhern Jiang,u Province, China 
Chancellor G.R.V. Mi lan of the Sokoine Univcr
sity of AgriculturC, anza.nia. Aignicuilniral Engineering 

The Council endorsed a proposal to II)RC -hianya Ki ativat*. Thailand. Research scholar 
to develop inicrocon puter-based instructioniial Determination ofoptinun design paraleter, 
materials for nondegree training. It lauded the of tie IR RI-dcsigned axial-flow fain. 
offering of' the first iliternational course oil azolla Zaling ILlhong*. China. Research scholar. Forle 
in Chia in April 1987. analysis of ctrn kernel detaclunlciit. 
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Bibiano Ramos*. Philippines. Research scholar. 
Power requirement of the axial-flow thresher. 

U Than Shein*. Burma. Research scholar. Evalua-
tion of the different metering devices f'or 
multicrop seeding. 

Agronomy 

A. 	 K. Pathak. India. Postdoctoral scientist. 
I. Effect of dry season tillage on ('r'wrus 
rotuiwhIs L. in upland rice. 2. Effect of herbi-
cide and moisture on C'lerus rotundt/s in 
upland rice (Orr'zuativa).3. Weed growth in 
lowland rice under moisture stress condition. 


Indira Fkanaydke**. Sri Lanka. Research fellow. 

Water stress effects on spikelet sterility in rice 

at ant liesis: nmorphophysiological aspects and 

rnech anisims of droughthtolerance. 


Wang Kairong. China. Nondegree rescarch fellow. 

Nitrogen nutrition arnd fcrriliier rmanagiement 

in lowland rice.
 

Cereal Chemistry 
lih,,la Tinu Bohade. Nigeria. Nondegree research 

fellow. Physicoche iical properties of par-
boiled Nigerian rice. 

Percy A. Tcnnakoon. Sri Lanka. Research scholar.
 
Storage properties of parboiled rice in Sri
l.arnka. 

Communication and Publications 
Mahfu/ul M. Hurque**. Bangladesh. Research 

fellow. The effectiveness of two rice extension 
publications in English and Cebtano among 
Philippine change agents, 

Entomology 
Sufpanec Plimsarnarn** . Thailand. Research 

fellow. Selective toxicity of some insecticides 
to rice hoppers and their natural enemies. 

Mostak A hrned Chowd hury. Bangladesh. Re
search scholar. Monitoring susceptibility 
levels of rice pests to insecticides. 

Ma 1-o1ngsu*. ('hina. Research scholar. Bio-
chemical basis of resistance in rice to stein 
borer larvae. 

Nguyen Van Huynh. Vict narn. Research scholar. 
Varietal resi.tancc t,i-Msect pests. 

Nguyen Thi Me. Vietnam. Research scholar. 
Monitoring susceptibility levels of rice pests to 
insecticides. 

Water Management 
Rolando Bello*. Philippines. Research scholar. 

Optimal allocation of Ihnited irrigation water. 

Internaiiunal Rice Gerrnplism (enter 
Liwayway M. Engle. Philippines. Visitingscientist. 

Served as [)eputy Coordinator of thc Genetic 
Resources Conservation and Management 
Training Course. 

il Roy Il)enton. United Kingdom. Collaborative 
research scientist. Field collection of wild rices. 

I.e 	 Ba lDuc. Vietnam. Research scholar. Seed 
production teehnol ogy.
 

Phan 
 Van 'luong. Vietnam. Research scholar. 
Seed production technology. 

International Rice 'lesting Program
Shafiul Bashar Sidd iLue**. Bangladesh. Research 

fellow. Variability in seed dormancy and 
tolerance to accelerated ageing of seed inrice, 
0r'za sati'aI.. 

Multiple CTropping0. 	 P. Meelu. India. Visiting scientist. Studies on 
,Scshatiiaros(rata.

C. 	 Smitobol. Tihailand. Visiting scientist. Studies 
on tillage operations. 

Andrew B. l)ua. Ghana. Postdoctoral scientist.
 
Effect of climate on rice crop phenology and
 
yield.
 

Nguyen van Ii at. Vietnam, Colla borative research 
scientist. Orientation on cropping systems 
program at IRI I 

Ali Mar Yi. Burma. Research scholar. Medium 
deepwater rice trarts. 

Plant Breeding 
R. 	 N. Kaw. India. Visiting scientist. Breeding for 

cold tolerance. 
Ish Kumar. India. Postdoctoral scientist. Inherit

;tnce of amylose content inrice. 
K. 	 Govinda Raj. India. Postdoctoral scientist. 

Genetics of fertility restoration in rice. 



Q. 	Song. China. Collaborative research scientist. 
Shuttle breeding. 

R. 	Singh. India. Collaborative research scientist. 
Analysis of rice trisomics. 

Jin C uo Hu". China. Research fellow. Rcsearch 
oiltrisomics. 

Quasi Azi/'ul liquie*O. Bangladesh. Rescarch 
scholar, NeiasurenLc'l; tecl-uiques and in-
heritaice of subnrilengcc tllerance in rice 
(Orvzo satih , l.I 

Bonifacc 1-, PciriH". Sri Ikauka. ResCalch fellow, 
Etfects of types of sililic colposition oil 
growth and yield of rice. 

l1loo Ruangsook**. Thailand. Research fellow\, 
(enetics of resistance to grcell leafllhopper iII 
sonmc rice varietis, 

Ram Kunar Saihu*. India. Research fellow. 
Inherilu nce of resistance to bacterilal blight. 

Jin ('llCl n*. (hina. Research scholar. Il-
heritance of ICsistan,:e to bacterial blight. 

Zitong Lu. ('hh1i. Rescarch scholar. Shuttle 
breed ing. 

M. 	Mistadinata. Indonesia. Research scholar, 
Hybrid rice .t:scarch. 

Sun	ita R a i*ii. India. ResCarc h scholar. I.oca-
Zion of tsoi;'viie genes to rice chronlosolnle 
thiroughi trisotnic inheritance, 

Zitling Waig*. ('hinit. Research scholar. In-
heritance of partial resistance to blast, 

Wenliu Zhang*. China. Rescich scholar. Mor-
phological and genetic studies on different 
scilidwarfs'. 


Plant Pathology 
Serag El-Din IA. Karnel. E-gypt. Collaborative 

research scientist. Screening and testing of 
some rice varieties for resistance to blast. 

Chlike Kenchang**. Chinai. Research fellow. 
Popuofatiin dynanics of P'ricularia orlt':a' 
Cav, in pure and mixed stands of rice varieties. 

Aniara Parejarcarn**. Thaillaud. Researich fellow. 
Evaluaiting tolerance of rice ( 'Ortt I..1.ahiv' 
varieties to ragged stutit virus. 

N. 	 Unnanialai**. India. Research fellow. Seed-
borne nature of ,Vattho,,uttlas c'atmlr'stri. pv. 
<)#1'21'. 


.lIoung Kik Ahi**. Republic of Korea. Research 
fellow. Fihianced grain yield potential iii rice. 
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Thomas I)uve**. Germany. Research fellow. Geo
graphical epidemiology of rice blast in Korea. 

Wang Mansi. China. Nondegree research fellow. 
I. Anther culture of' hybrid rice. 2. Somatic 
em bryogencsis in indica rice, wild rices and 
lchu'hlo ,(,a/m.cci. 

Witsuda Balaxeang. Ihailand. Research scholar. 
Rice virus diagnoses. 

-lennekc Itl The Net herlands. R esearch 
scholar. IHistulogy of bacterial leaf blight 
infection. 

John von der (iou\v*. The Nctherkulds. Research 
scholar. EvaluLition of :;coring methods for 
leaf blast. 

Kithsiri Winil Javascna. Sri I anka. Research 
scholar. Rice virus di;aenotses. 

Phaiti Van Kim. Vietnam. Research scholar. 
Bacterial blight and blast diseases of rice. 

Khin Mainlg ()0. 13urma111.. Research scholar. 
Studies oilsomenC inportant rice diseases at 
IRRI. 

Irma .Jinadaric de Zoy/ti. Sri Lanka. Research 
scholar. I )iscasc control in cropping systems. 

Plant Physiology 
S. T. Mercy. India. Visling scientist. Histological 

analysis of' the initiation and development of 
androgencsis illrice using difte '..it media, 
growth regulators, and amino acids. 

M. 	 S. Naik. Indiia. Visiting scientist. Role of 
photorespiration and dark mitochond rial 
respiration in net carbon assimilation in rice 
plant,;.

B. 	Venkateswarlu. India. Visiting scientist. En
hanced grain yield potential in rice by increas
ing tie number of high density grains. 

.unko Yaiagishi. Japan. Postdoctoral scientist. 
Varietal differences iii tileinaintenance of 
respiration. 

Siranit Laniscejin. Thaliland. Collaborative 
research scientist. Ffects of radiation on callus 
irid uction, cell proliferation and plant re
generation through rice soiratic cell culture. 

Ana Adelfa Hernande. Lopez. Cuba. Research 
scholar. Nutritional status of rice plants on 
sheath blight. 

Xian-Xiang 	 .Jiang*. China. Research scholar. 
Assessment of cold tolerance in rice (Or.t'za 
sativa .). 
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Pierre Rasolofo. Madagascar. Research scholar. 
Screening of 181 cultivars from Madagascar 
for low tempera, trc tolerance at different 
stages of growlh. 

Rice Farming Systems 
Arsenio I). Callb. Philippines. Visiting scientist. 

Crop-livcsiock sstem1s research. 
ClUkree Senthong. Thailand. Postdoctoral scien-

)rought resist:iace in soybean. 
N. 	I'. U1.Kurupru. Sri Lanka. Research scholar. 

Mushroom prod uction. 

Soils 

Muhammed Shah. Pakistan. Visiting scientist. 


Effects (f ('a and Na 	 K ratios in saline and 
the growth. mineralsalinc-sodic soils oin 

nutrition aid salt tolerance of sonici rices. 
Virandra Pal Sinch. India. Postdoctoral scientist. 

Screerlig of rice ,arictcs anild mianaecmcnt 
aspects in different ad xc rse soils. 

Keith IDncan Shepherd. IInited Kinedom. Colla

borative research scientist. Water and nitroucn 
balances ),,crops grown afcr rainfed upland 
or rainfed lfint rice. 

Le Quiang Xang. ('hia. ('ollaboliative research 
scientist. Managcnnlll ()Icliv soils for upland 
crops. 

Soil Microbiology 
l)hirandra Kumar IPainufi. India. Postdoctoral 

scintist. Phvsical and micromorphological 
aspccts of ricC-soil puiddllhg. 

P. 	NM. Reddv. India. Postdoctoral scientist. Studies 

on algal inoculation in microplot and field 
xpe ri e t. ~.1t,1 

Nguyen Than I)at. Viclnal. ('ollaborative rc
search s ic ltis t . Practical udy on rvalidch oil 
strcptonlvces in tile soil around rice plant 
()rv:a saliva I .. ) rools. 

Frank Kumaga. (ihana. ('ollaborative research 
scientist. Scroloijq ca! diversity of poti tial 
Seshania rhi/olbia. 

Maribcl a~bildh. Ihiliippines. IResearch scholar. 
'chnLquC Of' 15N analysis. 

'Training and Technology Transfer 
Ahmed MI ohamed Haybe. Somalia. Research 

scholar. Rice production. 

Md. Abdur Rash id*. Bangladesh. Research 
scholar. Influence of variety, seedling age and 
nitrogen level on the growth and yield of rice 
grown on saline soil. 

Water Managemient
IRolando IBello*1. IPhilippii~cs. Research scholar. 

a ! 
()ptimal ilh atiotl of fimiteld irrigation water. 

PIARTICItIANI S IN 0I:(ijI.AI ('ttIRSI.S
 
Agricultural Engineering I(AFEC I)
 
(26 M Eg-e39) rnmg 


('hile
 

Jorge Segundo Riqucelnic Sanjueza 
hina 

prakash Chand 

Chandorc Jairam Vithoba
 
Mlhendr-ta Prakash Sharma
 
Nandkishor Khandelwal 

Shalhraim Johlarchi 

Iadaas ar 
Antoine Theodore Zafera 

Nega
Haldbar Prasad Deo 

anito R. Alba 

Sri Lankn 
Wimal Padmasiri Gopaluwewa 

Songyos Jhntaralnanit 
Agricultural Engineering I1(AEC 11) 
(17 Nov-5 Dec 1986) 

Banglalsh 
Md. 	Abdu! Baqui 

http:0I:(ijI.AI
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Bhutan hu!ia 
Thinley Wangchuk Rajendra Prasad Awasthi 
Thomba Singh Ghalay Sudhir Ranjan Baroova 

Sri Arabinda Sen Gupta 
China 
He Zhongling 1/'o)le'ia 

Ahmilad 

India 
Maruthachalam Ianneer Selvan Korea 
Prafulla Chandra Senapati 0G11 Woo :;(Ig 
T.V. .Job 
Anil Kuniar Dutta ialagascar 

Rabarimandiby B. Andriantsalama 
Mexico 
Rairon inenez Regalado AMahty'rsia 

Wan Jusoh Bin Wan Mahmood 
Nigeria 
Mathias Nonyelu Aep~al 

Naval Kishor Yadav 

Philipfiles
William V. Contillo 

Pakistan 
.hmudnGilal 

Romeo F. Florestes 
Jecela A. Deinegillo Phili)pines 
Nicholas I ,ares Roper 0. Bagatoro 
Benjamin 1). Varella Ronlilo C. Cba.va 

Salvador Z.Rcburiano 
Sri Lanka Lorenzo R. Salvador 
Ratnayake Mudiyanselage Bandara Karunaratne 
Maldenivagc Shantha Mannapperurna Sri Linka 

Bamanaycke Pahirannahelage Maindapala 
Thailand 
Sugree Nuntasukon Thailand 

Apsronsawan Arwatchanakarn 
Vietnam Narisc'n Kajonpon 
Phan Nhuan Thai Penbharkkul Sitha 

Chaiwat Sittibush 
Tachaboon Vitat 

Cropping Systems Training Program (CSTP) 
(3 Feb-27 .Jun 1986) Vietnam 

Mai Van Quyen 

Bangladesh Editing and Publication I (EdPub 1) 
Nasiruddin Khan (17 Feb-23 May 1986) 
Md. Gias Uddin 

Bangladesh 
China Hasan Sharef Ahmed 
Mu Yui Binial Kanti (iuh'a 
Wang Xinying Khandkar Md. Eriamul Kabir 



520 IRRI ANNUAL. Ri.POR F FOR 1946 

China 
Cai Jiangfeng 

111(lhlesia 

Yuswadi 

Yusinichad Ytusdja 


Liberia 
Augutine Akotoye 

alayqsia 
Sunangala Pil5i 

l'ilippines 
Naomi Tangonan 

1"ietnlatn 

Mai The lfung 

Editing and Publication ii (EldPub II) 
(21 4ul-23 Oct 1986) 

Barbados 
V\olct Etndi!r !larritean 

(tli(I

C h en A iguoPh 

lilthiopla 
Siniret Kinfe 

/1li% 
Rajanikent M. Jantrania 

N(,era 
Gabriel Thompson 

Papua New Gtia 
Bting Sawanga 

es  Ilhililpf i 
Deructria Cornelio 

Tanzania 
Mbunda Msokile 

Vietnatn .... -Nguyen 
Eran Van Hna 

Farming Systems Socioeconomic Research 
(FSSR) 

(13 Oct-12 Dec 1986) 

Banglqhsh 
Md. R(ais Udin Akanda 

China
 
Erda Vang 
Ya-Fu Yu 
Wang Zengyuan 
Quan Zhongyu 

hindia 
Manal Sain 
Rain Villas Pandey 

Indonesia 
Sunihardi 
Syarn Amiruddin 
Anoesyirwan Mocins 
Rante Karambe 

Afada'as'ar 
Fidelis .ustin Andrianilana 
Abel Henri Lucien Rauovo 

it it v 

i.eila Plagalilauan 
Perfclot Ranchez 
(regorin Sangalang 

ri Lawka
 
Javawardena Manatunga Mudiyanselage 
Shanti Indira Miuilasie Ranj inie Abeysekera 
Artunugam Nadarajah 
Marcus Huaiganiuwa 

Surinan 
John Kromodinied.jo 

"lhaihand 
Withaya Atipanan 

Jiwtnam 
Nguyen Vo Dinh 
Bui'hi Thai 

l)uy Trang 
Bui Huy ltrong 

http:Kromodinied.jo
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Genetic Ev!uation and Utilization (GEU) ,amaica
 
(3 Feb-23 May 1986) Robinson Dalton Alexander
 

China Korea
 
Cheng Zhen Hang Chung Gyoo Park
 
[ang Bo Wen
 
Zhang X a i-Guang 	 Madagascar 

Andriatsinialona Rabernanan.iara l)odelys
 
C'II,, Gerson David Rakotooalavo
 
.lorge I,is Hernanduz (oncepcio:n
 

Nepal

hunia 
 Shashi Adhikari
 
Suhardan Lal Sharma 
 K. B. Shrestha 
Harpal S."ingh A.L. Shah
 
.lai l3hagwan !onmar
 

Sri Lanka
Ihukme.sia E.M.W.G.DI. B. Ekanayakx 
Allidawati lainbang-Surono Watcr T.H a rugLegarnwa 
Sri Widowat Colirnba MuIhandirange I)onald I)harnmasena 

ranl "fIalaia
 
MIaso in an-MNi ham mad Karim 	 ,Joyce Saiia ka iki Siga/uhwaid 

Wilbrord MI osla 
,AIah,aLascar 
Vel(ii'ora Binvcnuc Razanandraina Thailand
 
Mhilarins, 'P. I! ma aana Rachallet. Suvaparp
 

Plniilolf's 	 l'ie,am
 

Sergio C.Mancao 	 I)ang Thii 13inh 
Buong I)inh T1an 

Ankana l.cungsirorat 

I'ieiPUm International Network on Soil Fertility and 
Do Khac Thian Fertilizer Evaluation for Rice (INSFFER) 
Le Thi Thuc 	 (3 Feb-23 May 1986) 

China
 
Zhang Qinglong 

Integrated Pest Management (IPM) Liu Guoping 
(21 .Iti- 19 Nov 1986) Shuxin T, 

liin Yi Cheng
Chilna 

I)eng Xiong CIuta 
Shi Aoxiang Roberto Cabello Martinez, Jr. 
Lou I)ingfeng 

India
 
hulia K. Krishna Murthy 
Rajesh Kumar B.Roy 

http:E.M.W.G.DI
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Afadagascar Tanzania 
Bruno B. Andrianaivo M. Senga
 
Aimc Lala Razafinjara
 

Thaihand
 
Maalaysia 
 Lek Prapasajchavet

Minhad Bin Salleh 
 Chachawal Pu nyavateenurn 

Pllilippjine," Vietnam 
Tcodoro R. Iersabe Nguycn Ngock Hanh
 
Conrado Mercado
 

Statistical Procedures and Computer Applications
Thailand in Agricultural Research (SPCAAR)
Kripol lifsomwong (31 Mar-30 May 1986)
 
Wjai Chaivon g
 

China 
Vietnam Chanlg-al Zhang
 
To J hi Quy
 
Nguyen Thi Hloai An 
 hndia 

Puram Setty Srinivasa Rao
 
Irrigation Water Managemet (IWM)
 
(25 Aug-2 Oct 1986) hIdonesia
 

Sutoro
 
Bangladesh Hasanul Gaffar Muihanmmd Yasin
 
Bishinu Pada Halder
 
Md. Fazltlnr Ralahi anl Korea
 

Kang .lin Cho 
hidia 
Thiru V. Kumar Malaysia 
Shiv Dutt Sharna Beng Ho Yap 

Mala s'ia NeTal 
Wah Poh lee Blharat Raj Adhikary 

Maulritania Philippines
Aniadou Oumar Ba Valentin C. Perdido 

M,.vico 7hailamd 
OlivCrio Bueno Barraza Suttieraporn Sirisingh 

Wichitra Phonyiemn
Nepal Suttipong Pradubvit 
Shanker Bassi Gauri 
Khem Raj Sharrna Vietnam 
Shree Krishna Adhikary Lethi Chiaudung 

Philippins Training and Technology Transfer (T3C)
Romeo S. Antonio (6 Oct-12 Dec 1986) 
Alvin Declaro 
Romeo C. Martinez Bhutan 
Felix Razo Tandin I)orji 



FRAINING PROGRAMS 523 

l)han Bahadur Gurung India
 
Tika Thapa Ved Prakash
 
Sonatm Dori P. Vaidyanathan
 
Dambcr Kurmar (;halay
 

Nepal
 
Burma Suresh Kumar Rai'
 
Daw Nwc Nwe 11ia Khushi Ram Tewari
 
l)aw Khirn Than Mvint
 
Daw Khin San Myint Philippines
 
Daw Olin Kyi Sixto Pasclia, Jr.
 

uhia 1.Pinera 
hutollesia 

Suparinan Harld Si Lamnka 
Sulainaii Achmad Patrick 13.Jamayanna 
Svahrial Zell S. 1-. S. Ajantha Dc Silva 
Itasirunil
 

7hailand 
Sri lanka ChavalV tC ha i n vati 
]lerath 13. -lerath Sornchal Charnnarongkll 
Yapa Nudiyanseltge Wick rainasinghe Permsak Supaporn hemin 

Pornsiri Maneechote 
Weed Science (WS) Boonoom Klawyotha 
(21 	 .Iul-26 Sep 1986) Ad ul Kad:;icsai 

Wongthamianan 
(thia
 
Shi Xiin Cropping Systems On-the-Job Training in Insect 

Management (IM) 
inhaesia (6-31 Oct 1986) 
Andi Maddusila Uisman 

Sri L nka 
Philippines 	 Siyamiabalangaha Gedara Piyadasa 
Felix P. Amancio 
Prescilla NM anal ang 	 Thailand 

Auranuj Konkanjana 
Sri Lanka 
M.M.A.S.K. Mcgasooriva 	 Cropping Systems On-the-Job Training in Legume 

Varietal Improvement for Rice-Based Crop-
Thaildal ping Systems (IVI) 
Pakorn U-Thaiphun 	 (20) Oct 1986-20 Feb 1987) 

Burma 
U Nay OoU Nay hw

PARII(' PIIAN IS IN SPICIAI.COURSES U eini
shweN
 

Cowpea-S,;yhean Production (Cow-Soy) Indonesia 
(4 Aug-10 Sep 1986) Roslina Amir 

Batngladehh 	 Thailand 
Rezaul Karim 	 Chalermpol Lairungreang 
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Cropping Systems On- he-Job Training in Varietal 
Testing of Upland Crops for Intensive Rice 
"arming Systems ('T) 

(24 Nov-19 Dcc 1986) 

3an,Iadesl 
A -MAtNHI1.C 

Khairul A\arn Billah 

Ch i 

litu /higang 
L.i .lilping 

h11(esia 
Joko PurnlomlOlo 

Paktisan 
Abdul Rchnman 

Pjhilipplwine 
Jorvei alcia, .Ir.
 
NI' ltin ('havez 


Sri lanka 
i)alsi Asoka Pathirana 

1(part hat~tasttk 

Supot.k Scangpratoom 


Ek-Sa-NIuan Sliuwisitkul
 

Farm Management (FM) 

(21 .lul-I Aug 1986) 


Indouesia 
Ruly Hardianto 


Robert Lor'n.tJ Watung
 

Sri Lankay 

N udivanslagc UIdayananda Weerakoon 
I)evaskri Withan a e 
Heendrick Ra uwegc Don 
Don Stiwaris Iliputhaihiri 

(;enetic Resources Conservation and Management 
(GRCM) 

(I Oct 1985-30 Sep 1986) 

lhurma 
Than Scm 

China 
Mei Tao
 
[.,i-Hua Zhang
 

Elthiopia 
Tadesse I)adi 

Ghana 

Richard Akroinah 

hulia 
Krishan lil Hakim 

ka.ienda FK a r Saxena 

Soeiipto Kai towiloto 

Maki I'si 

Abdullah Pin Md Zain 

PhiliplleWs 
Tresita II. lho0rto inco 

Sri lantka 
Athula S makutimaia Udagama Livanage 

17etnam 

Nguyen Vu Iroug 

Monitoring Susceptibility Levels of Rice Pests to 
Insecticides (MonSus) 

(I-1I Oct 1986) 

China 
hlang Tian-Xi 

Vit tnam 

Nguyen Thi Me 

Improving Income and Employment in Rice 
Farming Systems or Prosperity Through Rice 
(p'R) 

(20-31 Jan 19(X6) 

Asian )eveopnnt Bank 
Pin Yathav 

Ban/gladteh
 

S. M. Altaf Hossain 

http:Lor'n.tJ
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China 
Fang Hui 

Mala sia 
Wan Sulaiman Wan Harun 

hia/i 
S. 1). JPalaniappan 

Y. Ibiahim 
A. Putch 
S. Singh 

hmlot si'hilippilnes 
Zulkifli Zaini 

hah 
(uianlhrigi Negrom 

tPakistan 

E.M. de San Agustin 
F.P. Lansiga n 
B.A. C. l1cgaspi. Jr. 
1). 13.Nagcalc 
C. P. Nledina 
C. IH.RCyCs 

Khalid N'lasud ('haudlary F. G.Ruhia 

lPhi/ippi~nc, 
I'. B.Yabi'o 

I'. B.Malahanan Sri lanka 

Sri I l, a 
A. I.ccmimwasam 
N;mda ,Snn;iaavakc 

I).S.Dc Z.Abeysiriwardena 
W. M. Yajatilaka Bandara 
G. A.(m atilaka 
1. P.liris 

lh1ailaw/ Thailand 

Visanu 1301iying 
Vicharn Voton'g 

NA.Kcerati-Kasikorn 
A. Jiitrawct 

IFictlam 
S. l.aohasirwong 
N. Vorasoot 

l)ang Diinh ('haat 

Systems Analysis and 
Production (SASRP) 

(3Feb-28 Mar 1986) 

Simulation for Rice 
Training for FSSR In-Country Trainors 
(5Mav-27 .1un 1986) 

Idonesia 

hldia 

B. 1)as
I'lal 

M. N. Abdulkiroru 
HardollO 
A . H . Miallian 

13.NIishra 
S. K. Nayak 
M. P. Ilandcy
.I.S. IP'asad 

N. Agus Muijadi 
A. K. Zakaria 

IPhilippyines 

K. Srinivasa Rao IZ.0. Iibuit 
P. R. Rcddy R. L.L.inosincro 

F. R. Rzafola 

In0ehlesia 

Z. anllizah 
I. Rusli 
I. K. "lastra 
Yunizar 

Thailand 
P. JPanoniationton 
S. Mantaria -
P. Duangpibhoon 
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Deepwater Rice 
(DWRPMM) 

(25-30 Aug 1986) 

Pest Management Methods Refrigeration Engineering (REF) 
(24 Feb-24 Mar 1986) 

China 

hidia 
Y. Rathaiah 
B. R. Yien 
S. Mazumdar 
S. Banerjec 
D. Nayak 
S. K. Ghosh 
S. S. Prasad 
S. K. S. Chauhan 
G. S. Raychaudhury 
A. K. Das 
B. K. Maity 
R. Singh 

Zhenhua Tao 
Jian Wang 
Xing Hai 

Virus Disease Diagnosis (VDD) 
(Aug-Nov 1986) 

Sri 'anka 
Javasena 

Thailand 
Witchuda Balaveang 

Rice Seed Production and Testing (RSPT) 
(Jan-Apr 1986) 

- Vietnam 
Le Ba Duc 
Phan Van Tuong 

Genebank Operations (GO) 
(24 Feb-19 Apr 1986) 

China 
Junkai Zhao 
Weigao Hou 
Feng Liang 
Zhen Chen 
Fengqiu Liu 
Congshu Cui 



Cooperative programs 

International Rice Testing Program 
InternationalRice Testin Pr'rani 

1985 NLIRSIIY REIISLI'I'S 528 
Yield nurseries 528 
Observational m rseries 529 
Nurseries for s ecific stresses 529 

1986 NURSIRY I)ISTRIUIITION 534 
USE OF IT' ENTRIES 534 
MONI'iORIN(; \ISI'S ANI)\\ORKSIIOPS 538 
IR'I'IN AFRICA 539 
IRTP IN LAIN AMIC'( A ANI) I'HI CARIBBEAN 539 



528 IRRI ANNUAL RITIP()I HRI' 1986 

Tile International Rice Testing Program (IRTP), 

established with funding from the United Nations 

)evelopment Programme for the wolidwide 


exchange and evaluation of elite genetic materials, 

completed its I lth year of activity in 1986. The 

following sections summarize 1) the result., of the 

1985 nurseries, for which data wcre reccived i;; 

1986 (detailed results lublished separately in the 

IRTP an nua nursery reports), and 2)the activities 

in 1986. 

9.5 NtIRSI,Y RI;S;I.IS 

I RP composed 1,707 sets of 28 typeslof nurseries 

in 198' and distributed material to 49 countries 

cooperating in the network. A ne\x nursery, the 


Table 1. Best performng entries in the 6th International Rice 

regional mean yield, 1985,
 

Region and nurmmer of trials DiLgnation 

Overall, 38 	 IR50 
IR25924-31-2-3 
IR32429-17-3-2-2 
UPR103-80-1-2 

East Asia, 8 	 IR50 
UPR 103-80-1-2 

IR32429-47-3-2-2 

IR25884-94-3-2 

Southeast Asia, 13 	 IR25890-82.5.3 

IR 25924-51-2-3 
IRR32429-47-3-2-2 
IR50 

South Asia, 10 	 TKM9 

IR92128-45-2 
IR50 
I1R25924-51-2-3 
IR29692-65-2-3 
IR32429-47.3-2-2 

West Asia and North Africa, 3 	 UPR103-80.1-2 

IR28128-45-2 
RNR1429 
Palghar 31-2-9-3 

Sub-Saharan Africa, 2 
 Palghar 31-2-9-3 
RNR1429 

AS688 
IR50 
UPR 103-80-1-2 

Latin America, 2 	 TKM9 
HAU16-20-3 
IR25884-94-3-2 

1R25890-82-5-3 

International Rice Ufra Screening Set (IRUSS), 
was initiated during the year in response to the 
need for identifying varieties and breeding lines 
resistant to this important nematode problem 
in deepwater rice. Another nursery, designated 
the International Rice Salinity Tolerance Yield 
Nursery (IRS."TYN), was composed to assess tile 
yield performance of breeding lines and varieties 
l'ot, d tolerant of salinity stress in earlier salinity 
observational nurseries. The yield nursery for 
rainfed shallow water lowland cond itions was 
divided into two miaturity groaps early and 
medium. 

Yield nurseries. Top ranking entries for the three 
rn tturily groups of irr'ilyacd rice International 
Rice Yield Nurserv--_'iv-y Farly(IR YN-VF),-.Early 

Yield Nursery-Very Early (IRYN-VE) based on overall and 

Origin Days to flowering 	 Yield 
(t/ha) 

I0RI 	 85 
 5.1
 
I1RR I 87 
 4.9 
IRRI 86 
 4,9
 
India 83 
 4.8 

IRRI 93 6.3
 
India 90 
 6.3
 
IRRI 94 
 6.0 
IRRI 92 
 5.9 

IRRI 75 4.1
 
IRRI 76 
 4.1 
IRRI 	 76 
 4.1
 
IRRI 76 
 4.1 

India 84 
 4.9
 
IRRI 81 
 4.8
 
IRRI 83 
 4.8
 
IRRI 84 
 4.6
 
IRRI 84 
 4,6
 
IRRI 83 
 4.6 

India 101 
 7.4
 
IRRI 104 7.3
 
India 104 
 6.9
 
India 102 
 6.8 

India 106 
 6.3
 
India 106 
 6.3 
India 99 5.8
 
IRRI 106 
 5.8
 
India 103 
 5.6 

India 80 5.7
 
India 84 
 5.6 
IRRI 73 5.6 
IRRI 73 
 5.6 

http:RI;S;I.IS
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(IR YN-E), and -Medium (IRYN-M) - are given Ohservational nurseries.T[he outstandingentries 
in Tables I. 2. and 3..Some rices performed well in Ilthe observational nurseries (IRON. IURON, 
scvvral rcgions. 'hc unrserv reports, publislhed IR RSWON, IRl)\WON, IFR()N, and [fRON) 
separaltely, shtw \l d 1 yild components by as determined bv their overall p.lnotvpic accept
site and reol. _ls4,ai s.how yield,s ol the ability ratings arc shown in Table g.Several entries 
best pcrlol+lillicntrics inl the mti I lliud shalll\ weore resistalll to or toler'lnt ol one or ml1ore 
,.ailrr \ichl furSeCics: 'al\ (IRtRSWYN--) litd ililportant stresScs at trial locations. 
,ediii ([iPP, N- I ). lk tcop yiel nonct rics Nurseries for specific stresses. Tables 9 and!ZSk\' 
 I0 

o01thetv,o iaitriti ero\otps' od upland rices carly list the best pcforming entries in niurseric:; 
(ll,,iN-I uand iediiim II RYN-M) are Stahlished for specific stresses. Insect nurseries 
sho, I il [it)c :,,i(7. wcrc those lor lMmviw phinthopper (I[!PHN), 

Table 2. Best peiforn rii entries inthe 13th International Rice Yield Nursery Early (IRYN-E) tased cmloverall and teqional 
meea yield, 1985. 

F n'qioiiiiel DesigInation O iqin Days to flowerinm (t/hlll i of triais 

Oviali, 34 Chimiung -en yu 26 Taiwan. China 100 5.3 
KAIU 127 India 96 5.3 
C662083 Taiwan, China 92 5.0 
I1i13240-108-2-2-3 R3I 94 5.0 
Si-pi 692033 Taiwan, Chin, 95 5.0 
013,:6 IRH I 92 5.0
 

East Asia, 5 Chianumq sea yu 26 Taiwan, China 
 112 7.5 
(662(083 Taiwan, China 104 7.1 
iH 13210-108-2-2-1R3 I -I 113 6.8 
IR 1:524-21-2-3-3 2-2 1 Iil 11 1 6.7 
IR36 IAR I 110 6.7
 

Southeast Asia, 13 KAU 1727 
 India 89 5.1 
Chianunl son yu 26 Taiwan, China 91 4.9 
BW295-5 Sri Lanka 97 4.9 
MTU5410-14 India 90 4.9 
IR13240-108-2-2-3 IRRI 85 4.9 
IR31868-64-2-3-3-3 IRRI 85 '1.9
 

South Asia, 12 Chianung sen yu 26 1 aiwan, China 106 5.0
 
BW295-5 Sri Lanka 112 5.0 
KAU1727 India 103 4.9 
SKL17-67-11 India 97 4.7 
IR64 IRRI 100 4.6 
Ct321-9 Philippines 100 4.6 
MTU5410-14 India 105 4.6 
PDR76-D t0-D8-D 1 Pakistan 103 4.6 
Si-pi692033 Taiwan, China 102 4.6 
S287b-39-1-3 Indonesia 99 4.6 

West Asia and North Africa, 1 AD9246 India 97 8.9 
IR29692-99-3-2-1 t1RI 96 8.7 
IR29725-22-3-3-3 I 1R I 99 8.1 
KAU1727 India 108 8.0 

Latin America, 2 ChiallUnq sen yu 26 Taiwan, China 87 5.8 
BW295.5 Sri Lanka 95 4.9 
Si-pi 681032 Taiwan, China 78 4.9 
S2871.39-1.3 Indonesia 79 4.8 

Oceania, 1 IR64 liRI 74 5.6 
IH35546-52-3-3-2 IR I 74 4.9 
IR13240-108-2-2-3 IRRI 72 4.6 
KAU1727 India 75 4.5 
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whitebacked planthopper (I KWBPHN), and stem other stresses included those for salinity and 
borer (IRSI3N). Disease nurseries were those for alkalinity (IRSATON), acid upland and acid low
ufra (IR USS), bacterial blight (IR 1313N). rice blast land soils, and cold tolerance (IRCTN).
 
(IkBN). and rice tungr (IRITN). NursCricS for
 

Table 3. Best performing entries in tho 13th hnternaiiuiial Rice Yield Nursery-Medium (IRYN-M) based on overall and 
regional mean yield, 1985. 

Re!qion ind numi ter of tr i~;ls Designation Origin Days to flowering 	 Yield 
(t/ha) 

Ov.i-all, 2b 	 BG380-2 Sri Lanka 100 5.2 
BR153-21B-10-1-3 Bangladesh 103 5.2 
IR21820-154-3-2-2-3 IRRI 101 5,2 
IR28118-138 2-3 IRRI 108 5.1 

moruthiast 	Asia, 8 IR28118-138-2-3 IRRI 100 5.2 
RTN16-2-1 1-1 India 105 5.0 
IR21820. ,54-3-2-2-3 IRRI 93 4.9 
BG379-2 Sri Lanka 95 4.8 
11329723-143-3-2-'1 IRRI 102 4.8
 

South Asia, 16 BG380-2 Sri Lanka 103 
 5.8 
BR153-2B-10-1-3 Bangladesh 108 5.5 
I121820-154-3-2.2-3 IRRI 104 5.4 
BW293-2 Sri Lanka 109 5.2 
BG379-2 Sri Lanka 109 5.1
 

S-jb-Saharan Africa, 1 OR447-20 
 India 	 96 6.0 
S512b-199 Indonesia 100 6.0 
IR42 IRRI 98 5.9 
BW293-2 Sri Lanka 102 5.8 
11R21820-154-3-2-2-3 IRRI 98 5.6 

IR25604-99-1-3-2-2 IRRI 	 103 5.6 
IR28118-138-2-3 IRRI 	 108 5.6 
PAUS0-B-25-1 India 101 5.6 

. . . . . . . .. Si-pi 692109 Taiwan, China 95 5.6 

Table 4, Best performing entries in the 5th International Rainfed Rice Shallow Water Yield Nursery-Early (IRRSWYN-E) 
based on overall and regional moan yield, 1985. 

Yield 
Reliiin nit number of trials Designation Origin Days to flowering it/ha) 

Overall, 14 	 1321567-9-2-2-3-1-3 IRRI 108 4.0 
0-21178-39-I IRRI 100 3.9 

CR213-1002 India 113 3.8 
I121188-87-3-3-2-2 IRRI 118 3.8 
IR28941-164-1-5 IRRI 105 3.5 
IH4829-89.2 IRI 106 3.5 

Southeast Asia, 10 IR21188-87-3-3-2-2 RRI 107 4.1 
IR21567-9-2-2-3-1-3 IRRI 101 4.1 
CR213-1002 India 107 4.0 
IP21178-39-P1 IRRI 96 3.9 
IR28941-164-1-5 IRRI 102 3.7 

South Asia, 4 	 IR21178-39-f1' IRRI 108 3.7 
IR21567-9-2-2-3-1-2 IRRI 	 124 3.7 
1R4829-89-2 IRRI 122 3.7
CR213-1002 India 	 128 3.3 



(i)O'I~I~IA lIVl PIR((RAMS 531 

Table 5. Best performing entries in the 5th International Rainfed Rice Shallow Water Yield Nursery-Mediitm (IRRSWYN-M) 
based on overall and regional mean yield, 1985. 

Region and number of trials Designatiooi 

Overall, 13 	 OR 142-99 
RP10,15-25-2-1 

B 51-74-6/J 1 
RP975-109-2 
RR 11 
iH9884.54-3-1 E-P1 

Southeast Asia, 7 	 BR51-74-G/J1 
RP1045-25-2-I 
RP1057-181-5.3-2 

IR19083-22-2-2 
1R21037-2-1-2E-PI 
1R9884-54-31 -l 1 
OR 142-99 

South Asia, 6 	 OR 142-99 
BR51-74-6/.J1 
CN540 
RP1045-25-2-1 
RP975-109-2 
B1 I3 

Table 6. Best performing entries in the 11th International 
and regional mean yield, 1985. 

Region and nuinher of trials Designation 

Overall, 17 BG367-4 
HPU741 

1R 10198-66-2 

1R 19793-25-2 2 
1R9729-67- j. . 
IR9761-19-1 

Southeast Asia, 6 BG367-4 

IRAT109 
IR10198-66-2 
1R 19793-25-2-2 
IR9761-19-1 

South Asia, 9 BG367-4 
HPU741 
1R9729-67-3 
IR19793-25-2-2 
NDR 119 

Sub.Saharan Africa, 1 IR9761-19-1 
IR19793.25.2-2 
NDR102 
RAU4004-105 

Latin America, 1 BG367-4 
NDR80 
HPU741 
OR 164-5 
RP1899-1689-98 

Origin Days to flowering 	 Yield 
It/ha) 

India 118 3.9 
India 117 3,9 
Banqladesh 118 3.8 
India 	 119 3.7 
Bangladesh 115 3.6 
IRRI 	 116 3.6 

Bangladesh 112 4,1 
India 113 4.1 
India 123 4.1 
IRRI 105 40 
IRRI 110 4.0 
IRRI 107; 4.0 
India 113 4.0 

India 122 3.3 
Bangladesh 124 3.5 
India 123 3.5 
India 122 3.5 
India 123 3.5 
Bangladesh 123 3.5 

Upland Rice Yield Nursery-Early (IURYN-E) based on overall 

Or gin Days to flowering Yield 
(tha) 

Sri Lanka 85 	 2.4 
India 	 72 2.1 

1RR1 1 2.0 
1RR1 77 2.0 
IR RI 69 2.0 
IRRI 79 2.0 

Sri Lanka 82 2.3 
Ivory Coast 68 2.0 
IRRI 78 2.0 
IRRI 76 2.0 
iRRI 79 1.9 

Sri Lanka 87 2.5 
India 73 2.4 
IRRI 70 2.4 
IRRI 77 2.2 
India 73 2.2 

IRRI 71 1.7 
IRI 72 1.6 
India 73 1.5 
India 65 1.4 

Sri Lanka 98 2.6 
India 98 2.4 
India 75 2.3 
India 88 2.3 
India 87 2.3 
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Table 7. Best performing entries in the 1lth International Upland Rice Yield Nursery-Medium (lURYN-M) based on overalland regional mean yield, 1985. 

Reqio. and number of trials Designation Origin Days to flowering Yield . 
Overall, 18 (t/ha)

82997c-Tb.60-3.3 Indonesia 91 2.8B3623g-Tb-49 Indonesia 
IR12979.24.1 (brown) 

88 2.8IRRI 87UPLRi-7 2.8Philippines 88 2.8B3622e-Tb-5..'4 Indonesia 89IR10781-75-3.2-2 2.7IRRISoutheast Asia, 13 111IR12979.24-1 (brown) IRRI 
2.7 

87 2.9UPLRi-7 Philippines 88B2997c-Tb-60-3-3 2.8Indonesia 91B3623g-Th-49 2.7Indonesia 87IR10781-75-3-2-2 2.7IRRI 112South Asia, 4 2.7B2997c-Tb-60-3-3 Indonesia 86 3.3UPLRi.7 Philippines 
B2 9 8497c.'-2 3.3Indonesia 86 3,183016b-Tb-260.3-2.1-1- Indonesia 8783622e-T1b-5-4-4 

3 
3.1

Indonesia 
B3623g-Tb-49 89 3.1IndonesiaLatin America, 1 87 3.1IR18189-42.2.3 (RI 110 4.0IR 10781-75.3.2-2 IRRI 110IR4829-89-2 3.8IR RI 110C894-7 3.5Philippines 110IR43 2.8

I1RI 110 2.8 

Taleh 8. Entries that received phenotypic acceptability ratings in the 1985 observational nurseries. 

rNuisry and number of trials Designatinr Mean phenotypic Mean days
acceptability score to floweringInternitional Ricrp Observational C702015 

Nursery (IRON), 21 93IR 2 
5840-81-3-2 

4.4 
4.5 97

IR2210/-14-2-1 
4.6 100IR31787-85-3-3.3.2 4.6 89 

IR31802-48-2 2-2 4.6 88 
IR21820-154.3-2-2.3 

4.6 107IR29692-34-1.3.2-2 
4.7 87IR28128-45-2 
4.8 85B5322t)-PN.1-SM-83 
4.8 98ADT36 
4.9 90 

B5322h-PN-l1-MS.1-KP-1 
4.9 98IR 13429-150-3-2.1-2 
4.9 100 

International Upland Rice 4.9 89 
IR29692-117-1-2-2 

UPLRi-5 
Observational Nursery (IURON), 4.4 9926 Plah Sew 1 4.6 99 

UPLRi-7 

4.6 88IR5420-1.1-2-3 
4.7 97IR6023-10.1-1 
4.7 98 

IR43 
4.7 9983622f-Tb-14-4 
4.8 95IR3646-9.3-1 
4.8 9483623g.Tb-48 
4.9 94 
4,9

IR 10147-113-5-1.1.5 
97 

IR 12979-24.3.4 
95IR 13 2 

60-100.1 E-P2 
4.9 
4.9 103 

Contlnueci on opposite page 
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Table 8 continued 

Nursery and number of trials Designation 	 Mean phenotypicacceptability score Mean daysto flowering 

International Rainfed Rice Shallow BKN6721-5-7-4 4.4 	 118Water Observational Nursery RTN15-2-1-1-1 4.4 128
(IRRSWON), 20 RP975-109.2 4.6 	 124 

8R4 4.7 120 
CN540 4.7 	 124 
CR1022 4.7 122 
1R21064-48-2-1 E-P1 4.7 	 118
MW80 - 137 4.8 	 115 
BR51-120-2 4.8 113 
1R 13149-43-2-P1 4.8 128 
IR33238-25.2.3.2 4.8 	 120 
IR4819-77-3-2 4.8 	 110 
RD21 4.8 	 110 
IR21178-39-P1 4.9 	 108 
BRB11-448-1-4 4.9 	 124 

BR51-282-8.HR83 4,9 	 120 
BR51-315-4 4.9 110
IR 19672-140-2.3.2-2 4.9 116 
IR5873-9-1 4.9 	 108 

International 	Rice Deepwater HTA7403-110-1.1-3-0 4.6 121Observational Nursery BKNFR78023,38-1 K-1-1 4.7 128
(IRDWON), 11 IR21038-77-P2-5-2-3-1.1 5.0 114 

Jalamagna 5.0 131 
International Floating Rice Leb Mue Nahng 111 3.0 173

Observational Nursery (IFRON), 5 BKNFR76043-7-2-1-1 3,8 168 
SPR7411-72-1 4.4 	 171
SPR7410-0-256 4.8 173 
Baisbish 4.6 139 
HTAFR77012-3 5.0 	 167 
HTAFR77068-2 5.0 173 

International Tide-Prone Rice CN540 2.0 	 121
Observational Nursery BRB20-3B-17 2,5 138 
(ITPRON), 2 BR1 11-140.1-1 3.0 108 

Hogla Pata (Acc, 37104) 3.0 
BKN6986-66-2 3.5 	 110 

B1043d-Sm-28-6-1-1 3.5 	 110 
B1050d-Kn-59-3.1-2-5-3 3.5 	 120 
B2791b-Mr-196-2-3.1-3 3.5 	 105Garcha 3.5 	 135 

rable 9. Beost performing entries in the 1985 insect and disease nurseries. 

\JurseryN
iumber of trials Entries rated resistant sNursery a 

number of trialsEnreradrsitt 
Entries rated resistant 

RBPHN, 19 PTB33, Rathu Heenati (Acc. IRWBPt-IN, 8 ARC '0239, IR13475-7-3-2, 
11730), BG367-2, BG379-2, IR2035-117.3, IR15527-21
:R13540-56-3-2-1, IR25587-
133-3-2-2-2, IR25603-20-2. 
1-3-2, 1R27325.111-2-1, 
IR29692-65-2-3-3, IR35323-
93-1.3-1,PTB19(Acc.6107), 
Sinna Sivappu (Acc. 15444) 

2-3, IR2/316-6-2-2, Sufaida 
172 (Acc. 28298), WC1240 
(Acc. 13742), IR25587-67
1-3-3-3, RaGhu Huenati (Acc. 
11730) 

Continued on next parle 
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Table 9 continued 

Nurserya 	 NurseryaNursbrfa Entries rated resistantouumber of trials 	 numbeianumber of t.'ials Entries rated resistant 

tRSI1N 
 IRUSS, 3 Ba Tuc, Bazail 65, Rayada
Vegetative stage, 1 C018. IR19735-5-2-3-2-1, 16-011, Rayada 16-013, 

1R 19743-25-2-2, 1R 19774- Ravada 16-05, Rayada 16-06, 
42-2-1-3-2, 11356, 138608- Rayada 16-07, Rayada 16-08, 
75-3-1-3, Kaljnga 2 (Acc. Rayada 16-09 
39473), MTU15, TImchung 
sen 10, TNAU (Al)) 103, 12 DV85,1-13423-172 -11, 
IR13429-287-3,W;233 (Ace. IR22082-41-2 IR26717-1.1
11057), 1R 19743-46-2-3-3-2, 	 2-11, IR27325-63 -2.2,
 
IR21015-80-3-3-1-2, 1R29295- 01.1-1-1-341, 
I85857-4-1F'-3, I19129-160- IR29341-85-3-1-3, IR40, 

I854, IR8192-1662-2-3,
3-2-3-3, KAU 1675, HP025-
71-4-10, TKM6 (Acc. 237), 	 IR9830-26-3-3, RP633-76-1 
TNAL9,126-7 	 IRRN, 18 Tetep, Iduan-sen-goo, ra-poo-

Heading stage, b 	 IR15314-43-2-3-3, 1156, cho-z, SR3044-78-3,
 
IR9288-13-B-52-1, Vaichung IRAT109, 1RAT14,,
 
sen 10, I815795-1M1-2-3-2-2,
 
I88608-75-3-1-3, I19830- IR-N, 4 Boteswar, ARC 11554,
26-3-3 Kachamota, Naria Bachi, 

Pankhari 203 

IRBPHlN International Mice Btrovmi i'lorohioppor Nursery, IRVVBIPHN z International Rice Whitobacked Planthopper
Nursery, IRS3N - International Hicf3 'Stem Itorr Nursery, IRUSS International Rice Ufra Screrlng Sot, IRBfON Intor
narionil Ric. tactmrial Bliqht Nws'-ry, IPR N Int-rnational Rico l-st Nursery, IRTN - International Rice Tungro Nursery. 

Table 10. Best performin; entries inthe 1985 IRTP soil 19.6 NUR!SFLRY IN I.,IlR! IION
 
and(lOw teni;;eriiturl stress i;creeilnq riltsleries.
 

d

illlJEntries 17 for cultural 

numher of triSIS type and 12 fo't stress tolerance of, IRIP 
HSA TO N 

N NI~r:'Oly.r 	 I~ltil( . A total of 1,464 sets of 29 typesa.d .y. 	 toicri'uuut 

ntrseries were conposed and distributed to 51 
Salintit , F liurarnta 4-10. 1t{3129-285-3 countries in the IRIPTetwork (Table I I ). SourcesW 

.1-2.3, I119209-163-2, of ttcut a|rpacr in l'ahle 12. A total of 1,484RP975- rl'ics 


ent|zteswere distnr bitted around tihe woldff)S Asja, 
Alkalinity, 5 	 IR4630-22-2-b-I i 1118973

231-3-3, IR4595-4-1-13, I,034 sets went to national programs. Sub-Saharan 
Pokkali, BR51-282-8, Africa received 277 sets. 53 of which went to 
IR13149-43-2, IH8073-231- [he West Africa Rice )evelopment Association 
3-3A3id p9(WAR )A) for distribution 	to mnember countries.Acid Upland, 8 	 11:112979-24-1 (hrown), A-,u

cena, IRAFIO,, M55,(1305, Fort\y-six ntrsery sets \Vent to the national 
1143, IR6023-10-1- I programs i\ W\es Asi a antd North Africa. Ninety-

Acid Lowland live ntrsery sets went to 14 countries in Latin 
4 Wr, 5 BG374.1, IR13146-45-2-3, America, 7 sets to 3 countries in Eursope, and 5 sets 

IR4227-109-1-3-3, M5741-73- to the Solon11n Islands. 
2-3, 198192-31-2-1-2, Khao 
i(ll Hating 17, Malhsuri 

8 WT, 5 	 HW2"/1-1, IR13610-2-22E-

P2, IR4227-109-1-3-3, Mah- 1, I: (F I
RIPl[NIRIFS 
sori,
P1369-4-16M-1-2M-4 

19 CTN, 17 	 rJLj0a-l nia, Liei-Cisan-Ze- National rice improvement programs continued 
Truou, Ta-Mao-Tao using IRA' materials. Outstanding entries in stress 
FOiee and Alkallnlty 

Tolr,nco Osorvatlo.,i Nurs,,er AcId Upland Acid hybridization programs (Table 13). Fifty-nine
Upland Soils Scroi q Sot, Acil Lowland :-Acid Low- IRIT nu1rseryenti iswere utilized fI'r i-ther yield 
land SoIls Screening Set, I RCTN ;- Intornational Rico 
Cold Tolerance Nursery, WT --weeks after transplonting testing in different countries (Table 14). Eight 

IlRSATON - Inoternatlonal Salinity 	 screenfing nurseries were ol'ten used as dollol's ill 
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IRTIP entries were released in 1986: three in in Tanzania (BG400-1, Taichung sen 10, and 
Indonesia (IRI I1288-B-B-118-1 [PA1)31, IR 11141- HI FT360), and two in Malaysia (IR8192-200-3-3
6-1-4 P[AD41,and S 1R71232-2-3-I [PAD61), three I-I and P901-22-11-2-6-1-1 B [Ohunldus]). 

Table 12. Origin and types of entries in the 1986 IRTP nurseries dispatched from IRR'. 

Nursery 
Sots 

dispatched 
Entries 
(no.) Nationil proerans(nono...). ..... 

Entries (no.) 

.RI. 

from 

IRRIR.. 

Improved 
(no.) 

Traditional 
(no.) 

Improved 
(no.) 

Germplasm bank 
(no.) 

Yield 
Irrigated 

IRYN-VE 
IRYN-E 
IRYN-M 

98 
88 

5"! 

23 
24 
22 

7 
11 
13 

0 
0 
0 

16 
13 
9 

0 
0 
0 

Flainfed Upland 
IURYN-E 
IURYN-M 

52 
48 

16 
16 

12 
8 

0 
0 

4 
8 

0 
0 

Rainfed Lowland 
IFIHSWYN-E 

IRRSWYN.Md 
30 
43 

17 
16 

2 
7 

0 
0 

15 
9 

0 
0 

Obse rvational 
Irrigated 

IRON-VE 
IRON-E 
ION-M 

82 
72 
68 

31 
76 
64 

0 
19 
32 

0 
0 
0 

31 
57 
32 

0 
0 
0 

Haiinthd 
IJURONE 
IiION-M 
IRRSWON-E 
IRHSWON-M 
IR WON 
IFRON 
ITPFON 

67 
56 
44 
55 
38 
16 
17 

49 
53 
26 

100 
80 
21 
44 

35 
40 

7 
47 
41 
16 
22 

2 
1 
0 
3 
2 
2 
1 

10 
12 
19 
50 
37 

2 
17 

2 
0 
0 
0 
0 

4 
I 

Strss Scivellin 
Diseases 

IRBN-Upland 
IRBN-Lowland 
IRBBN 
IRTN 

70 
74 
47 
22 

20 
170 

97 
79 

15 
72 
39 
17 

1 
5 
3 
3 

4 
92 
55 
59 

0 
1 
0 
0 

Insects 
IRBPHN 

IRWBPHN 

IRSBN 

40 

27 

40 

96 

50 

22 

11 

7 

4 

0 

3 

0 

79 

35 

17 

6 

5 

1 
Nernatode 

IRUSS 7 14 13 1 0 0 
Proble,,, soils 

IRSATON 
Acid Lowland 
Acid Lipland 

Temperature tolerance 

72 
33 
26 

64 
61 
45 

15 
14 
23 

1 
1 
1 

48 
45 
21 

0 
1 
0 

IRCTN 78 88 41 3 17 27 
Total 590 33 813 48 
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Table 13. Utilization of 1986 IRTP nursery entries.a 

Used for 

Region and country Yield testing
Hybridization ... ... .. .. 

Local National 

East Asia 

China 16 5 

Korea 26 


Southoast Asia 

Indonesia 16 16 

Thailand 23 10 

Vietnam 


South Asia 

India 5 4 

Nepal 9 

Pakistan 5 

SriLanka 	 1 

Latin America 

Dominican Republic 14 


urop,, 


Hungary 	 2 

Total 94 33 30106
 
aBased on data recei,,ed as of 12 Jan 1987. 


,MONII'RIN(; VISI SANt) WORK-;(PS 

The IRIT monitoring program cont inued to pay
an important role in forging interactions among 



the world's rice scientists involved in varietal 
improvement. The following nionitoring tours 
were organied in 1986 

* 	 Monitoring tour in Madagascar and Tan
zania, 10-20 Mar 

C South \merican monitoring tour iB lPail, 

UIruguay, Argentina, aragua', and Chile,9
20 Mar 

* ('old tolerant rice nionitoring tour in Pa

kistan, India, Nepal, and Korca, 1-12 Scp 
(Fig. I) 

* 	Upland rice monitoring tottr in (ihana, Sierra* 
leone, and Senegal, September and October 

* 	 Rice disease and insect resistance moniloring 
tour in India, Bangladesh, Thailand, Ma
laysia, and the Philippines, 18 Oct-4 Nov 
(Fig. 2) 

The observations and recommendations relative to 
these pest monitoring tours are published spa-
rately. 

Table 14. '986 IRTP entries utilized for further yield 
testing in various countries.a 

BR 1354-18-1-1 IR29725-109-1 -2-1 
RR1356-16-1-1 IR29725-3-1-3-2 
BR 1356-32-1-3 IR31785-58-1-2-3.3 

BR203-26-2 1331802-48-2-2-2 
BR308-B-2-3 IH 31805-20-1-3-3 
BR 319-1 IR'1868.64-2-3-3-3 
BR4-9-16-3-1 1132307-107-3-2.2 
BR9-17-4 2 IR32429-47-3-2-2 

B2992B-TB-73-4-2-3-3-3-2 M032!129-68-3-3.3 
B3623G-TB-4J M032712-2-2-1 1 
Chiaming sen yu 26 I032720.138-2-1-1-2 
C662083 1134583-19-3-3 

C894-7 	 I134615-4-2-3 
I1R10206-29-2-1 IR35350-126-2-1-3 
IR12979-24-1 (Brotvn) IA39422-19 3-3-3-3 
I013524-21-2-3-3-2-2 IR39422-75-3-3-3-2 

1R 13754-5-2 11064 

IR19743-40-3-3-2-3 IR7805-22-3-1 
IR21820-154-3-2-2-3 1R8608-75-3-1-3 
IR22083-105-J-3-3-3 IR9859-6-3-3 

IR22107-14-2-1 ILt,Chao 1 
I125884-94.3 2 NDR 97 

IR26717-1-1-2-1 Rathe Heenati (Ace. 11730) 
IR28 	 RPCB-2B-849 

IP.28150-84-3-3-2 Si-pi 692033 
IR28154-101-3-2 SPRLR76102-26-1-1 
IR28228-119-2-3-1-1 S2878-39-1-3 
1128238-109-11-3-2-2 TNAU6464 
11329519-157-1-2-1 

dbased on data receled as of 12 Jan 1987. 

Va-

I
 
I.Participants in IRT1P (old Tolerant Rice Monitoring Tour 
(iep1990)ob serving the.wcning ttialsin'htncheon,Korea, 
kit low nipi [ el ie li h1ciiraill,. I cdling stae 



One hundIred eigIltv-lhice 1lLI"Cr\' sets 

\\CIT (1I~lal CIhC( to difTCICfII eaii tLO(Ijltl'ie. 
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, '1110 1t 	 da11l1, u I Ill, ['01i1 

IN l Ill I98b, 95 c '!i I R' 1 1) Omln nnmsu ics kAcrc sent 

1)\ A[IMIii :s01mo[ro t1C, IProisiii:1I :kiln Al\mmrnIca. 

illAl .\vcm h cIilmctetm 	 tuII Ic Iti	h i I 19iii tilllns rti' nltnl"cc" tcN'!ct iiill 
ll i l ~llt 'm(1)lclml )1I tmilO plol !dllls1 \t uth A\icljc' i lited lit kiblei" 

IIlI)i iaL cimkiltnm cotl- Rwte 'Network. wa~sopn ii\crlric lII:lto it: ( ,inhhcaim Ros.niealc 
stttl '1 ;Idl(Iiiit0l IIIII t",, ii', tit(tiki IIi),t~ii 1986i. iDmming the yvar. 501Ill hi 

Njo'illk 111 etisci I I htti All\ IR 11) uee ttit uinderli dt 	 Iil wiN\ tIcId conlditions' at 
ii~iit)tiiiiSi ii titiltIi \ 1 \%Ilh [fit, oesiiik\o, li;Idqu'Ii-tcis mi .11n11a,\tiic 	 [)oninrltna 

ii1-	 lha t (dmcikil 1 1 .1 :>,)i'OHW HMIscIts a Repulic ( I able I1 n 1ilodred twe11n-eight 
ciIt I . t."! I j /,lI IIt.I. 	 V'elt fniii l Iev\1(I II 	 ClltiteN Imece qauiality testls. 

rahl 1f). 	 Dispint ()1 19116 11-1TAfrica nurseries. 

N urstarwis dlisprwtied'' (no.) 
Cotunii 	 --------- - --------- - _____________-

AURA T AURON AUFIPSS AIRAT AIRON AIRPSS Total 

tIIlrkina Isa 1 1 1 4 
BLAI1111di 2 1 1 3 18 
Csiiiwoa 1 2 2 2 1 8 
Catna 1 1 1 1 4 

Gjid2 2 15 
Ivnry Coast 10 10 2 3 3 1 29 
K Inia 3 2 5 
K IIa 2 1 2 1 6 
tijbar ' 2 2 2 2 2 2 12 
mahmsw 1 1 2 2 1 7 
Nirtaria 4 4 2 4 4 2 20 
Ilwarid~i 1 1 1 4 3 1 11 

Sttit2 2 1 6 6 2 19 
1laia ~ 2 2 1 4 4 1 14 
1oct.) 4 2 1 7 

tOwalni 1 1 2 
Zaiire' 1 1 2 
zinmlhiii 4 4 2 4 4 2 20 

I ctml 43 38 10I 40 24 12 183 

ALO'A I An il,a UOttind Rtce Advaincedi TtI AURFISS African Upland Ricai Pr'rniary Scroolttnn Silt, AlMON 
Afij,, Irigated Rmco Ontsorvatlonal Nt~rsury, AURON -African Uplad Rilco Ohiatrvattnii Nursery', Al RAT African 
Iri itit 11tc' Advanrcod Trlel, Al PSS -African Irrigatud fl ict, Proliminary Sctiing Set, 



- -

Table 16. Promising entries in Africa based on 1985 IRTP 
trials. 

Nursery and 
number of trials 

. . . . ... 
Entries 

. . .-.. 

IRYN-VE, 2 
--------..... -- --
Falghar 31-2-9-3, 13NR 1429, AS688, 
IR50, UPR103-80-1-2 

IRYN-M, 1 OR447-20,$85125-199, 1842, 1W293-
2, IR21820-154-3-2-2-3, M125604-99 
-1-3-2-2, IR28118-138-2-3, PAU50-B-
25-1, Si-pi 692106 

iURYN-E, 1 189761-19-i, 1819793-25-2-2, 
N DR 102, RAU4004-105 

IRON, 1 BG35-2, IR25588-32-2, 1929692-34-
1-3-2-2, IR29708-113-3-2-3, BG367-

4, BR203-70-B-1, BR203-70-B-2, 
BR316-15-4-4-I, BR51-120-2, 
BWV288-1-3, B5322b-PN-1-SM-83 

IRRSWON, 2 BR51-120-2, BR51-282-8-1R83, 
BR51-315-4, IR18152-CN-7-1-3-3, 
IR18848-35, 11321567-16-2-2 

Acid Lowland, 1 BW100, IR13610-72-2-2E-P2, 

Mat Candu 

IRBN, 1 BR 1356-38-3, B1220-1-1, Tetep, 

DWCT156-1-B-8, IR25890-82-5-3, 
Milyang 78, Si-pi 681032 

Nursery and 
number of trials 

IRRSWON, 1 

IRSATON 

(Alkalinity), 1 

Acid Lowland, 1 

IRBN, 3 

. .. .-. . . . . . . . .IR28154-101-3-2, 

Table 17. Promising entries in Latin America based on 
1985 IRTP trials. 

Nursery and 	 Entriesnornher of tr ials 

IRYN-VE, 2 	 TKM9, HAU16-20-3, IR25884-94-3-
2, IR25890-82-5-3 

IRYN-E, 2 	 Chianung sen yu 26, 8W295-5, Si-pi
681032, $287b-39-1-3 

IURYN-E, 1 	 8G367-4, NDR80, HIPU741, OiR164-
5, RP1899-1689-98 

IURYN-M, 1 	 IRI8189-42-2-3, IR10781-75-3-2-2, 
I1R4829-89-2, C894-7, IR43 

IRON (Rainfed), 1 	 IR25588-32-2, 1R29725-11-3-2-2, 
IR58, 11129725-21-1-3-2, IR29725-
22-3-3-3, IR29725-41-2-3-3, Caribe 
1-4, C702015, ECIA136-C-2, 
ECIA66-133-3-1-1, IR29725-117-2-
3 , 1R29725-128-3-1-2, IR29725-
•10-3-2-3, 1R32307-107-3-2-2,OA 
MC5720-3427 

IURON, 3 	 IR13260-100-1E-P2, IRAT170, 
CICA8, Colombia 1, IR9852-18-1, 
16863, IR43, R13358-16-3-2,IT1863,M43, 13358-46-3-2, 
ITA 17, KMP34, 189761-40-3-2, 
Napa4O Krad ST-12 

Table 17 continued 

Entries 

RTN90-4, CN506-147-14-2, CN540,
CN836-3-9, CR1009, CR1022, 
GE J77042-O-4 K-28, IR13259-153

5E-P2-3, 1113358-16-3-2, IR15810

260-1-3-1-3, IR 17488-2-3-2, 
IR17491-5-4-3-3-P1, IR18152-CN-7
1-3-3, IR19382-42-3-3-2, IR21188
15-2-2-3-3, IR21586-R-31-1, 
IR28384-21-2, IR28932-9-3-2, 
IR33196-79-2-3-2 

8hurarata 4-10, CR1023, IR10198
66-2, IR4630-22-2-5-1-3, IR8073
231-3-3, PNL20-4-2-1, Pokkali, 
8KNBR 1094-56-1-2, BH51-282-8, 
IR4595-4-1-13 

IR13146-45-2-3, IR13423-17-1-2-1, 
IR13610-72-2-2E-P2, IR19735-5-2-3
2-1, IR26, IR28228-119-2-3-1-1, 

IR2823-399-5-6, 8-32, IR44, IR46, 
IR54, IR56, IR5741-73-2-3, IR58, 
I89764-45-2-2, Mahsuri 

Chokoto, Hi15-20-1-1, IR21015-72
3-3-3-1, 1R21015-80-3-3-1-2, 

IR32799-107
3-3-2, 1R32843-92-2-2-3, IR35350
126-2-1-3, Ta-poo-cho-z, IR19670
57-1-1-3 

Table 18. Germplasm
Republic, during 1986. 

NurseryO 

-VIOAL-1985 

VIOAL-1986 
UPLAND-SET 

Commercial varietios 
Pronkiing entries 
IRSATON, 1986 
IRON-E 
IRON-VE, Md1 

Promising early enties 

Total 

evaluation at Juma, Dominican 

Entries (no.) 
Source_ 

Evaluated Selected 
c 

-- _ _____ 
CIAT 90 46
 
CIAT 140 99
 
CIAT 19 19 

CIAT 19 -
Guyana 4 4 
IRRI 42 14 
1RI 41 11 
IRRI 88 -
IRRI 118 35 

561 228 
.-VIAL - Iternaton al.Rice Observafun-.l Nursery for.ItraialReObratnlNusyfo 

Latin Amrrica, IRSATON - International Rice Salinityand Alkalinity Tolerance Ohservational Nursery, IRON-
VE, E, M - International Rice Observational Nursery-
Very Early, Early, and Medium growth duration. bCIAT 
-nCentra Irtirnacional de Agrlculture Tropical. CSelectedentries of VIOAL-1985 were Includeri in an observational 
nursery and dispatched to cooperators in September.
Other entries consJtuted the elite material for distribu
tion in early 1987. 	 Under evaluation. 
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Table 19. Highest yielding entries of the Caribbean Rice Research Network selected for seed multiplication and regional 
trials in the Dominican Republic, 1986. 

Yie!d 

flowering .:/ha) 

Desig a oDaysto Disease reactiona Iron 

BI NBI BS 
 LSc GID toxicity 

P4729F2-2-2 105 9.8 3 3 6 2 2 7
 
P4721 F2-10-6 113 9.0 4 3 3 5 3 
 5 
P4034F3-3-5 106 8.8 4 2 2 5 3 4
 
F3709F4- 13-1 B 106 8.6 
 4 4 3 4 1 -

P3831 F3-R 1H38-10-1M 108 8.5 2 
 3 3 4 3 5 
P4743F2-65.1 108 8.4 3 3 2 3 3 5
 
P4729F2-34-2 108 8.3 3 3 4 
 3 2 9
 
P3844F3-23 106 7.6 
 3 3 4 5 3 
P4134F3-22-1B 103 7.4 4 
 4 5 5 2 -

P4721 F2-93-1 106 7.2 4 3 
 2 3 3 5
 
Checks
 

CIC 112 9.5 3 3 1 3 3 2 
Oryzica 1 106 7.2 1 3 6 5 3 2 
Juna 58 123 7.4 -- - 5 3 3 3 
Juia 61 106 7.2 .. .. 3 6 3 -

M iast Wlast (NB), Fi!toxicity, If!ascald recorded atCIAT-Santa Rosa, Colombia; brown spot (BS) and(il),n;ck (LSc), 
graio discoloration (-1[) rucorded at JU111a, 0)ominican Republic- scale 0-9: 0- resistant and 9 - susceptible. 

will he Cetrecd in the Ciailriben rlegiolial bserva- lIg gra1. anod gotd miilling recovery were selected 
ti011 lltm-siji s ;tl), tgiflhlll t1rals ill l-irtllers" Iolrtcstinlg IorSalt tole ;+lce i I l+ lluSalada, 
Ilils to he cnnductcd in the I)oliicn Repltiblic o)ominican Republic, a hot spot for salinity 
('ablc 19). s'erelillg under held conditions.
 

II'riiiIRS.\I )N, 1h1TCS 200d plIli;t type,
Ill with 
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NITROGEN FERIII.IZER Y FIEItD IRIAlVIILNi 
IN IRRIGA lEt) RICI 

The sixth triai of the nternational Network on1Soil 
Fertility and Fertilizer Evaluation for Rice 
(INSIFFER) was continued at IRRI in 1986 drv 
season (1)S) and w,et season (WS). In hotI seasons, 
no fertilizer source-late interact ion was significant. 

II 1), sullur-cotCd urea (S't) and urea 
supereranules (1.!%(i) produced significantly higher 
yivlds lhan did prilled urea (Pti ) applied either iis 
local best split (13S) (I2 topdressed at I0d after 
transplanting i I 2 lopdrcsscd at I0d alter panicle 
initiation) or as standard 1S (2 3 hroidcast and 

inop Iac 11without standirii I113& waterinoroatdI,8

topdresed at 5-7 d hclire pInicle initiation) 

(0'ahle II. 


IIIWS,USG; NiC 
 ilhighel Illall 
-(T.local 13, or stIldid 13S. YiCls with S('lI 
and sI andarid 15 c!c coIiil;r:hBS hut sieniiCantlI 

-

li0her thaln those \,with local BS5. In hot 11ScaHsoIts, 


increasing N IC\Cls si eni ficantlv irIcICIscd yields. 


INIFtNA\I IG,..I I IAI.S 

In 1986, 158 ,ets oi cxpciimcntll Iertiliiers and 
fcldhooks were sent to 57 ctollahoiators from 22 

participatin, iiatioial programs, aind II collabo-
rative research trials were conducted: N Icrtili+,r 
elficiency t ilsin 3 maJlor IIc lnvironmcnts a 
long-term ilertility trial in irrigaled i,.C.I' .,0trCCes in 
flooded rice, aofla Ise in lowland rice, iulcerated 
Use of inoranic alld oraInic N fertilizers in 
lowland rice, comparison oflhand- and machiiie-
applied N fertilizers in lowlad rice. 2 long-lerm 
ferlilitv trials oil soil LIrtilit.1 nmilage:icnlt of 
rainfcd tpland rice soils with p11 <15 ;11( pHI 5-7, 
and an acid lowland ittirsery, [lelie.tr trials are 
inlore recent olies, illlie with current reearch 
thrusts it rice rescach at IRRI: the last tle acid 
lowland nurfser'fy is reported it tlte section on the 
International Rice Vesting P~rogram. INSFFFR is 
placing increasing emphasis oit integrated rtuitrieit 
inaoagcnment through proper combinations of in-
organic and organic fertilizers. 

Nitrogen fertilizer efficiency trials. Irr~iail'dri(. 
Inl1985, 14 trials unider the guidelinites of tIle sixtl 
international trial ontN fertili/er efficiency il 
irrigated rice weit conducted at 13 sites in 6 
countries, bringing to 32 tihe total number of trials 

Table 1. Effects of source, rate, and method of N fertili
zer application on average yield of IR64. Sixth internatio
nal trial on N fertilizer efficiency in irrigated rice, Inter
national Network on Soil Fertility and Fertilizer Evaluation for Rice (INSFFER), IRRI, 1986. 

Yieldb (t/h,[) 
reatrnent .....................
.. DS WS
 

No fertilizer N 3.4 2.1 
Source and application method 

PU local BS 4.7 c 2.6
PU standard BS 5.5 b 3.4 b

c 

SCoU 6.1 a 3.7 b 
USG 6.1 a 4.1 a 

N rat, (kg/ha) 

29 -- 2.7 c 
4.9 c 3.6 b

87 5.7 b 3.9 a 
116 6.2a -

a Pr ttiled urea, BS best split, SCU suiftur-coated 
trea, USG - urea suporgrarnules. PU local BS =m1/2 tr.

dressed at 10 d after transplantiig 1 1/2 toldressed at 10
d alter partcle initiation; PU standard BS - 2/3 broadcast 
and incorporated without stariding water 11/3 topdressed 

at !.7 d before panicle i i:itio,. vV % in IDS and12% in WS. 

cond ucled sirice 1984, tle sites to 24, and the 
participating countrics to 7.Thirry-orni of the 32
trials gave significant responses to N. The pooled 

statistical analyses of all the responsive trials 
shwed that the vield responses of irrigated iic. to 
B&I SCU and deep placed ()P) USG were 
identical and were higher than responses to local 
BS and standard 13S PI, which were equally 
cffective at all N rates during WS.It DS, JSG I) 
at 87 kg N ha performed the same as PU local BS 
at 116 kg NJ ha. 

Regressiot 11ntalysis ising tile multifertilizer 
response tllodel (MRM)and the fertilizer testing 
model ( fIM) showed that SCU B&I was superior 
to I'll
local 1,S in47i olthe N-responsiveirrigated 
rice trials, to USG )IPin431,i oftlte trials, and to 
P11 standard 13S in 7(iof the trials (lahle 2). For 
art initial yield increase of 1 t,ha tover control, 51% 
less N w'as rctilecd if N were applied as SCU and 
41,'i less N as USG during WS (Fig. I). Although 
slow-release S",C has proven effective in rice, its 
use may he prohibitive because ol its high prodtic
tion cost. H ,owever,deep-placed U,SGispromising, 
and so the national programls of India, Indonesia, 
and Thailand are preseitly conduCtinig ltiti loca
tion farm-level tests oil deep placement of USCi. 



Table 2. Trials in 7 countries by response category when 
SCU B&I, USG DP, and PU standard BS were compared 
separately with PU local BS. Sixth international trial on N 
fertilizer efficiency in irrigated rice, INSFFER, 1984-85. 

----------------------------... 
Trials (no.) 

Country Total Hvsponre Cate.ory a 

.............. 
 . 
SCu IJSG > PU stand,rd 
PULllocal PU local [s " PU 

BS BS local BS 
.--- -.. - -..... -----

Burma 2 11 0
 
Carneroon 1 0 0 0
India 16 83 7 1Nepal 2 8 7 1 

Pakistan l 01 0 

Philippines 5 3 4 0 

Vietnam 2 1 1 1 


Totall' 32 14 (47; 13 143) 2 (7) 

3 Fertilizer testing uiodrl IF TM) lirleir differential ustir-i. 

ate of iairiatic itnctior was used to classify individual 
trials i to rospoti;, catgorits. lValtl s in parentheses are
perceirtales of tre 30 trials whrrr, positive N response was 

obtaied. 


'', -i 

,i .. ,,, U J,11 H;P' 

... 2' '" 

// ', ., 

-- 1ries. 
....... 


CoaI l ulv (.S ( hltl;Id'ast and I l A)polal.d 111M }. Ill.' 

MlIMp{.lall (I ' i) dC.'I.i} 
phCL-d (I W} ), Mid [)I11h.LIuI.'a (111:) 

M:iiir IBSI) if)lII llk. IIKICs ril lw',.s(oi Ohedlocalnionabr-',. Splitl is n lNiigIicI r A-1Cs~hL'C ICI I~ cspll islJcd MC.liitest 

Inrcinti muil StIIr irrrliii(l ls C itic arlrirr, illilel kr r 

HIiigi ild/cw. /ir. 1 aii Mlil-Irli..irrIIthe third ticr l 

trial oil INlertil ier l icinc iCll c li letd 

NIi l 51 trialsait 3 sitesrice, ,IRM fit iF iualstis 1 cr-ilnid 

fil 9 c o uL n t i e'Ls fr o m n 19 1 to} 19 85 s'h o we\'d t ha tl 4 1)trials had significant eicsponse s toi applied N. Yield 

responses to S('Il I and I) ' were signi-B& USG 
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ficantly greater than responses to P1J 1,S in 33% of 
the N-rcsponsive trials (Fable 3). Al initial yield 

incrCasC of I t ha rcqul1ired 571"1 less N if applied as 
SC(I and 62("i less as IJS( (Iic. 2). IlhC inclusion 
oI 3 trials conducte'd in 19X5 did not significantly 

atffet tie lesult, obtaiiicd II Ihe prCvious ycar. 
I "p/wlari u'. I irce trials oin N lfcrtili,,r lficieincy

in rainfd upland rce \%Cl'ctmductcd at an acid 

upland site In .'alirava. I Zeuria., l'hilippincs, froll 
1984 ho It-N,. (oumparahle yields were obtained 

Table 3. Trials in 9 countries by response category when 
SCIJ B&l and USG DP were compared separately with PU 
BS. Third international trial on N fertilizer efficiency in 
rainfed lowland rice, INSFFER, 1981-85. 

Trials (no.) 

aCountry Total Response catetqory 

.SGSCU .PU PU ..No response 

Banladesh 4 2 0 0 
Burma 5 2 2 0 

India 22 55 0 
Indonesia 3 1 1 0Nigeria 1 0 0 1 

Philippines 10 53 1
 
Sri Lanka 2 2 1 0
 
Thailand 2 1 1 0
 
Vietnanm 1 0 1 0 

STotalb 
51 16 (33) 16 (33 2 

FTM lineal difteroitial estiormate of quadratic function 
was .. I to classily irdividual trials into response catego

bValues In far{rrthoses are percentages of 49 trials
where positive N resp)onrse was observed. 

' I 

,g, Vot 
,')}{; ,,

F ,, 2 } 

i ! 

:I'Ll S H,", ;, , ' 

. ,l , 

2. 1 d Cldg ,' ld ,IC , Ollainh.' iMVland ICe to 

It."i Ii illlliri iw i n ciwninintri, IMI lollS ( C'l 'M I, I:S ( i 1 ) 'a nd P I: 1 ),inSriloc.tiaua ' w h e m Ill. HincLrdlic .n.'to sc s o
itlnml tiona. tlid N ICIi lc'licictncv inrahrh+'d hlowland 

lice. INSI'TI1 IR191-8S. 
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Table 4. Yield of 13 treatments tested in the first international trial on N fertilizer efficiency in acid upland rice under rain
fed conditions. Callraya, Laguna, Philippines, INSFFER, 1984-86. 

a N rate Grain yieldb (t/ha)
N source (kg/ha) Application method 

1984 WS 1985 WS 1986 WS 

Control 0 - 1.0 1.1 1.2
 
['LI 40 Basal, Surtace broadcast 1.1 0.9 1.3
 
PU 40 fecoriotro;f-de spliit c 

1.1 0.8 1.4
 
PU + 10' DCD 40 Basal, broadcast & incorporated 1.3 1.0 1.4
 
PU 1 101 DCD 40 Basal, surface broadcast 1.3 1.0 1.7
 
PU 40 Farmer's splitr 1.2 0.9 
 1.5
 
AS 40 Basal, surface broadcast 1,2 0.8 1.4
 
AS 40 Recommended split 0.9 1.0 2.0
 
AS + 10% DCU 40 Basal, broadcast & incorporated 0.9 1.1 1.6
 
AS i 10% DCD 40 Basal, surface broadcast 1.1 1.1 1.4
 
SCU (forestry qrade) 40 Basal, broadcast & incorporated 1.1 1.0 1.6
 

c
PU 80 Hecommended ,plit 1.0 1.0 1.4 
AS 80 11ecornrIIfnerj s)litL 1.3 1.1 1.5 

CV () 18 23 22 

aOct) dicy dliTlirde AS - ;iornjn 'flffltl!.1,Vflhi,, not significantly different at the 5% I by OMRI'. C3 /B N 10 d 
iiter trwieoel(J t;.1 , '8 N (0 1 ,r /4 N ,s uricI le tiatiorr (PI).r 1/ N at 30 DE, 2/3 N at Pl.3 


ti8ll the riitfIr.lelt \ "ult iIllolCt. ji f:il r -'
, 

antd d. tof 

appl~irti t 
. 
l (h - Y ld, i I lltt',t trc tlctrts "[CiC)4). 

krel[ Io % kI iC1x, ,", ux. oI I.,,C11ccl1l 1 11 ls 111)(1 ,un ,,,htit'+t+Ite+r is(Ilti+,+te,.:\. .........-.
 
fill-IIII' t -c ,\. lc dII.' t[tfr2)I %%tht t iTal I m [l ++t\ 


1rtetiies ItrIlIl the.,iortttl l 1 111\r Sr C 10ittiIkCr~ llV 

N i t~~l',m~ th ,, Il!"n cid
++le~q ill{ll'l'.';",iIU ),,-l+::
 
Nis not tite itllk latt lolMIILeeaiv;,IINe el~ds ItI aid)~upla nd R,,i ,o l I~tp,, ip Ol+, ~ Itc~t'~t , ~ c a ll h l tic i on/ 

anttOtnI ctol,+tai lol . 1hi111trl %k,, ter1ljmin ted at -------J . 

IS ,1 rY NP~
the ensd tf Cr . rqK 

Lmg-term ferlilily trial in irrigated rice. S.i-di- i ',u P 1""e i2 
Cicant reSittises 1t) eNitrieated and 77 \V' trils. Ihc tctatihnal Iiiing-teri trial inli crtility 

aisd co tlnl tbtt si,llS,i r ' tti ,,.'r'\,d iII rigt INStI. l')lill,N ,cr.' ated t,,r, 76-S5. 

tmtst t) the 131) Irials sim C)70. lk.c,potnsws to N 
,ere i1dr ilI )S than it \\S, ,ilC lIespotrnss, Itt 
P),K, ard PK ,icte bitth s.t' eithe er tilp'abce mr slightly lower thatn thosePh otmiptul;tell 
CFig. 3). Nignilix,'at rC,,prtc t0 N tIttre %\5 mrtNPKldonc.At itesitc, N ahmnepciftrnled.as 
observecd II 15 riuts, v,im arl;nula;L\ vield scll as NP. NK,arnd NPK. 
Increase (tt1.4 t Ci,in I )S atI 1.2 t hu in W'; Intthe Philippines, the results ofC19 croppings 
(Tale 5). P aloine imprircd yicd, sigttileirttly b\ incc 1970 in I.isiana and 17 croppings in Tanay 
0.8 1 hatit23 1tl the tritsl. 1rd K alone ihr.easer..d showcd Ihat N continnes to he the limiting nutrient. 
vields C\w0.8 th ill 10ri of the triuls. Ill bith Fighty-live percent of' all trials gtve signilicanit 
seaIsol". rsp)iTonscs tim NIP and NPK v,rc sleti- respilrise tt)N ahonc, 98(i, to NP,and 100% to 
ficantly higier than t, N u1lt111, hUl ;NK 5;ts NPlK. Iowvcr. thc percentage of trials responsive 
corlmpartblCe to N armne. to P,increased gradualy to 36t.'f' by 1985. 

At three Indonesian sit,, that ht';c ben eol- Results froi three sites in China showed that N 
duling itt CI;.t sevel i'onttiittOu, ,roppitgs, N alone or crtuihined withi P and K gave a siglilicant 
remains the imiting nutrient. Yicd responses Irons response, especially during DS. 1) and K were 
N:K -I Zn it suspected Zn-dcicient sites were effective nlv when combined with N. Yields from 

http:ahmnepciftrnled.as
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Table 5. Significant yield responses to N, P, and K applied individually or in combination, averaged over number of respon

sive trials. International long-term fertility trial in irrigated rice, INSFFER, 1976-85. 

Wet season Dry season 

Treatment Trials (no.) Av yield Trials rno.) Av yield 
response ....... .. .... .._ response 

Total Responsive (t/ha) Total Responsive It/ha) 
to treatment to treatment 

N 77 54 1.21 62 51 1.40 

P 76 19 0.72 62 13 0.90 

K 76 9 0.84 62 5 0.74 
NP 77 65 1.41 62 52 1.80 

PK 75 23 0.84 62 22 0.87 
NK 76 56 1.26 62 51 1.55 

NPK 76 66 1.68 62 57 2.05 

f Zn
a

NPK 22 15 1.61 16 9 1.94 

aAdd,tlorlil troatmeiit tested!( ini st5wi:DICte Zri.deficiont sites. 

N alone .aerc c trtparahicl(l tlwc hrum NIP, NK, reactivc rock phosphate (1.RP). IIIRP and IRP 

and N PK. produnced siililar vields. Ilowevcr. all 1) sources 

N is also :t linititg ttnl iett at t ,M+o, it Indiit, WCr equally CffCcti,'e' dtring W. This trial was 

es'I;cially in IPantnaL't. It I )ilip Namgtm, NPK tertinald at the end oI 198X6. 
Zirt \r.ts tttlute ell'ccive than NIPK ,tlie. Azolla. SeCen triAtl, it the loufrth international 

Sources ofphosphorus. it tlte itlt tmtirtt',tl trial trial ) nolla use in rice ;It 7 ,itcs itn 5CotLtriCs it 

on1 SotllCC (d P il thlodhd rice,. a\cragc yield 1)X5 shtoved that a/(tIIt incorporated before or 

respo, t.rouIr Il Ik-relott:li\e trials ;t ?9 ,itc, itn alter transpln;t1i1ng at the rate o 15 t ha can 

Ic t 1977 thtt as ky N ma fron turea12 coutttries Im toi 19X5 shtOM.d sopplecntent ;as mIuch 30 

;1)d Ijhl ttp itl)respo'e's, 10 sorces Mid rtesC,Iplplietitt( t'iI. ( t. d v.mpaIi+ rpor;tlitl olf itolla 

were higher inl )s thant in \VS exe)l it (rlck 
phosxphates at low I:' r~mte Il g.-I). I )trihtg 1),';.
ord .uperphosphhats gale higher ilds han. Table 6. Averiege yield response of irrigated rice in the 

-ar fourth international trial on azulla use in irrigated rice, 

highly reactive rock phosphate (II RI) and less INSFFER, 1985. 

Grain 
yieldbI reatinerinlt 

2-t/hal 

No N, no azolla 3.7 (100) 
0r, . 30 N, all tasal, broadcast air icotpoiated 4.2 (114) 

30 N, all basal; incortoratioi of a,/olla 4,3 1116) 
i5 SiilkIitliit 3 wvk A FC 

60 N, 3 splits 4.5 (121) 
oet 30 N basal 1 1.5 izolla incotiotated l3T 4.9 (131) 

-- - 30 N basal olla incorpora d:- f 1.5 t 5. 1 (135) 

-------- at 3 wk AT 
30 N basal 1 1.5 azolla applied 4.4 (118) 

Q- 7 1 (no incorporation) at 3 vk AT 

L. _ Azolla grown and incorporated BT aind 4.6 (124)-again inoculated and inc:orporated aIt 

3 wk AT 

,E 0.2 

4.leYild ifP/ I ice it) a N was appliod i tre1.) in kq N/hl aind azolla Ii kg fresh 
i

4. Yield re'Stiiiiit'o in) Ic to itilfererit IP ",n lces arltd raltes ill weight/ii . AT ;if w trallsllaniting, BT - before trans

application. Iala atl ai.cilages ol IS P- esponrsi\c Iials in Ds pa ting. I)Averaue ft I trials conducted at 7 ,Ites in 5 
alid 42 iii WS. Interrnation l trial soorce nl Ii ln countries. Ntimters ini iwaonnrtiewse are indeXas; N, notirinrileul rice. no 

INSFI IR, 1977-85. azula taken a. 100. Crby distur)lng the soil. 
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after transplanting, nonincorporation did lot muh as 40-140 kg N/ha (Table 8)'sign ifica ntly in p r( c.ri grain S. rostra,,eld. Soil dis-
turhance had alone produced a grain yield of 5.7 tiha;no significant effect onlgrain yield, was-idhigher if it was comyned with P'1 (Fig. 5).Integrated rise of inorganic and organic Nfertilizers. land- and machilne-appliedlithe internatiOnal trial on N fertilizers. In theint.grated firs't interntaliorraluse of inorganic and organic trial Conpil-ing hand-N fcrtilci/Crs in andnaclhilic-,rpplied N IrtilierC, it lowland rice, thelowland rice. lie rfieeptj i e0ificrtler, apliedh.rloet ,l i* Nor in [ohinawtioi MaiL'i'"esponseto N was sli'ilicant in 12 of the 15trials Conrdutedf ineither aolla or 

with 
8 Countries hrln 1984Itrscn straw to 1985.was e-'valatcd in ) the 12 Nitrials at ( sit.s in 4 Countries froi 1984 to I985. I-

22 
for "spoiis'

coiuh]lraiitons, to,, in 31S.N I oFrl rllitelrills
x as fIxCd IlInd-plinerl iI-(i gavcat 29 kg N hIaaird tre inrorirnic N x,,as the highest Mrean yieldapplied as, 
 re"piire frt toth 
scasors. l)ring 1),-.
nchin,,either ITlin splits onrIls(i 1)).l
A .igniicant rcspiin to N ,,ash, ,,drm\e-h I ll
trials,. IhIre averC ykld rSpIrVC, aeo,,all sitesIor titlllerit ir!, d icd ' (' r)I Table 8. Biomass and",iwe N production of Sesbariaas affec'id by age and cropping rostrataI)Ii yiehfed 21 I;rrM season. IRRI, 1986that IS.+-(i 
 e tra 1 .", DSat 58 and WS.aid S',,;,K N I,h (ila ho .'\ rlli c lrlrrin cd vith .errlie; ' o'I I 's(

tho',,. 
Ill rd rrcLd rek !, 0l fj Fiphllt to,', it f'ImrC I Alitof S. Ttstratagini , LC .
lh those~~~~m,x rapierorrrisireI hu vicM vkith Fresh biomnass N productioheieditrIE) 1' frC;h sit cOrrlIIItf with i t , 

i/a (kq N/ira)m \%as sirIl-I Ilo that 40pure aii Dry seasotI1 Idl: a/loha at 1h0th 9.6I Ii\ic\er, tiret'i lliiiinat orlofl N ral,.t ra;, , It'.,( 50 43\'iehrdfet 22.2 eao 128128
)3 t Irales, pinthal It'SG illhoth rates of N. 

11.7\ pHMi1iriii. 

35 
47\tiltas -oiR IOCdielll IL) WSi ll 45I is Ikinhos l'liilippiiies" to dcIleeinie ffective 

34.1 135 
cm bii isia , nd ii i re 

dAl -aoe re-t---
1 alpplictlion 
 fur ill- All values tirethe average of 3talis. 1bDE , treatments and 4 replica-Jays after elmergrencOrt!;inic ,N fer /er,,arriis eril tiarure. Rcsulls
 

1ltdicilit Ilfial
,"is/wllua )IM'illiillr'pr';ted into
tre soil lt 4()-5) id altUr eCi 
 'CCtiilrovide as
 

Table 7. Average yield increases i 0nof irrigated rice 053,i64withapplication of PU No ferizerand USG alone or in combination withazotla and straw at 2 N rales. First international trialintgiated on UeKuse of inorganic and osliorganic fertilizers itnirri-gated rice, INSFFER, 1984.85. Ur obessplt UoS)
 
Ureaall orPI (UP)
 

.. 15 kg N / haYieldli cre ...se . .. .)

58 kq N 50 DE87 kg N 2 40DE+45kgNE 

U 

OI Iazolla 

1.4 1.9 6 50)E+151.3 kg N/ho
2,0 
 40PU 4 strawj a UPN

1.1IJSG 1.9 ,'
1.7 igU0.
USG 2.3f azollia 1.6 2.4 

i iOf 445 kq N/ha

USG f striw as UBS
1.4 2.0 90 koN1/h as UBS .
 

c iiini o,, organic N fixedwas

The uositrol (ro fertilizer yielded 3.4 

at 
t/ha 

29 kquN/fin. 
0 .
Yield in- " 0 2cr!aIse] oversite ,s i thelcontrol art,tho r r 1I 10i cotlitries averageYield increasers fromri of 2. trials i 9treatrients withazolha aid straw 5. irtln atre ilf! average of 19 ard ii; slik tlt)d -d IR(t6as illcutcl lv r2ot parric N22 trials, ltlrili/el ant PnCCu lullrirlt-. I1RRI. 19 6 I). II"ru s iec iv e ly. days aflerr tii '- L.Crll 
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applied USG gave yields higher than those of 
machine-applied PU by 0.1 to 0.3 t/ ha (Fig. 6). 
Machine-applied PI was also superior to PT 
stiandard 13S by 0.3 t/ha at the lower N rate, 
although the trend was revei sed at the higher N 
rate. Likewise, machine-applied US(i and 'll 
standard BS5 gave comparable yields. I)uring WS, 
machine-applied P' gaveccomparable yields tollPJOnl' 
local is (Wig. 7). Mhlahrric-applcd !M-;(G agave 

Avyold ncrio;,tr oor 

-q ,, .' 
I j 

I I80. 

F-OrM[Fcirmerr 5 . Machin- HanplclileI Mdchlrit - Hiirirl- ioclePd IMocnhlt 

rteihodI Opphed 
.r,, 

i----------,, -i I- ',B; - --i 

6.Signiicant 4)1lice hi I'! il tiS( with 
difllctnt incildS Of ippljiction at 2 N ialeC,tested at 7 N-
respon ,ivesires in 5 cuuinris diiing D'). hist ircoinit n a 
trial on the ciinipatison id hand- and uiachinte-applied N
lertili,/em inhliland rice, INStll-.194-85. 

Av' pold t,rto) Oriwi,,,r cortril 

29 kq 'ho 

' H kq N/io 

:i::: : : :7 


-+ 


Former's Mlchieu- Inrid-plrlced Mchinle--

,h o ewatcho , '0r5 Iplw 
r P plitpie 

Split 


.........
I- ...-U . 1 1- (tJ,rG --I 
7. Yield icspionse of licelo IT adiil t S(i at 2 N til.,wilh 
ditferent ieie tiths of applicaion, teintd al5 N-lepollniv. ,iles 
in 5 countries dilring WS tIist internaitional tial on the 
comnparisotn of hiand- and nuiichire-applicd N lertli,,rs ill 
lowland rice, INSFI!TR, 1984-85, 
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lower yield than local BS ot standard 13S IU at the 
higher N rate. For the low N rate treatments in WS, 
the three application methods for pIT gave corn
parable yield responses. 

Soil fertility management of acid upland soils. 
p "11.-,l5.Fight sets offertilimers and fieldhooks wecre 
>cat to five collaborators in four countries in 1985. 

Ihe results of trials conducted bv IRRI's 
Agronomy )epartment in an acid upland soil 
(pI 4.1) in Calli ava, Laguna, have becn reported. 

Three P sources tr;plc ;ulcrlhosphatc (lS)), 
(iitrolChristmas Island phosphate rock ((IiR), and 
fused magnesium l)h~phhatc ( IMP) and lime 
were tested in three consecutive \VS trials in 1984-

With lime, y'ield with ISP increased pro
ulressIvel with P applied, which may bc attributed 
to thce accumuI tltion of P)over tilc \'ears (Fig. 8). 
SuIch alLccula~ilttion mlay' likewise explainl the 
increasc in yield with increasing CIPR rate. 
\Without lime.ITSP gave yields lower than tho~se 
with lime by 0.4-0.6 t lii. The application of0.75 t 

ha catus,d vield increases ;atall 1P levels. 
-Id wasHowever, yieldcredLctioll occurred when Iifme(olibled. 1o obtain substantial yields from the less 

soluble FM 1)and CI IR, liming is necessary. 

II 5-7. [our sets of .ertilizers and fieldbooks 
were sent to four collaborators in four countries in 
1985. O nly tileresults of trals conducted at the 

IRRI upland farm during 1985-86 WS were 
submitted and sumriinm Wed. 

t
14 yieldConincreaserv t/ho) ovi r control 

1 2 --
p 
rote(kq/ho) 

//O W 3!) 

1-0 11 I6M,I C'H 
f) 

:: 

0 8 e 
+ 

r 

Imeld I :. 

o02
 
0O 11 

I , 0 1 1 - -

Lime applied (t/hl) 

H.Aciage sield reponsc of ticein 3tils Ci'tlhocted at in acid 
iplaind site pil ,1.1in ( aliia ta,Liguna, Philippines, 19S,1-86 
W S. Iust illcilliaitio altrialolsoil liitility IllilligeCitntinacid 
upland solpttlllS)horuplaniirc, INStl~l{,1956.-itR_
(Christinis sland tick phto,,phlitc, FS1 -- triple supeqptlis
plar', IMP : hulSedoignsiuln phlosphrate. 
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"Fable 9. Yields of 8 treatn rts tested in the first intsrna-
tional trial on soil fertility rnanaqement of acid upland 
rice soils (pH 5-7). IRRI, 1985 and 1986 WS crops. 
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il ialudL hII CWeIi/a iOl tilld ChIsSIfiCltiOll Oflsoils 
of1,otc INS Nil',..SIoI l.I.NOiofimra mi (1975) 
Mid 111 t 	 (FC+'C)hlel.tih\ ( 'ap hi lily (hiliCatlonl 

Sv'-;vit ire lwiL 11u ,,de.I10 N.iratily he soils Into 
h l¢E'll]o '" u tm s I , l,.+h . CO.' kt~l itOl
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CIiJ.tliti,ill lr IN1 lIh iti-llIIi tI 

tlIhe 1,ilU, W lite' tItiIIeIN I 
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l LC II l .t elllol.t e'd IN, 
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lI 'aiii, t, lilt1 ,ileC atle Ot Inceplisols. 
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I t1lisls. ()Ill\ on: vetlmiitd Isotsile ()xisils and 
one oil I Ih sites on lIceplistls,I. lliie,[ tIuttht',1 

lihi 10. Distribition of 81 sites by country and soilorder. IR 
I,1986. 
. . . . . .... ...... . . ....... 

ilia 

OXiSih; 
Vertisols 

1 
3 

IJltikols 0 
Mollinrls :3 

AIf,; h, ' 
Irr:roti.l;h', 5 
rriso", 0 

total 16 

' -I 
' NorwetarrI soils or 

Sites (I,.) 

Indonesia Philippines Thailand 
.. .. . . ... ... ... ... 

:3a 0 0 
3 8 1 

1 Id 0 

2 7 0 

3 4 
13 8 4 

1 3 V 1 
29 26 10 

-- - -- .- Ietl-n--rico 
niot nrormarlly used for wotlarir rice. 
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and Alfisols indicate the extent of ricelands on U tisoIs (IPhltlaq IIls Mnd PIlthLerurtilt.s), the 
these soils. Ricelands on Vertisols are suspected to SullfALIjcpts, and the S1",uliCh Iropaqutepts. The 
be morc extensive than those on Niollisols. ollanic C cr inl upper 50rMC,s 0lI rllllthI cni 

the gencral pedoll characteristics, ';rsseciatd dlpth oll tire soils sho\, loi cOlslistclt asociation 

landfo)ills. and swne salllt physIial and chl'mical ,tsith Icrcroup+ cateuor.. can invL .- Nciticr 
propertiel Nol tile soils ;iCCOidllg It)sil orde.r aIrc iclmi ,hip he ctalhlishcd hemtxc, i cLat group 
givc intable 1I T rangeso l hertilIt\-rclatddsoil irTcorv, rocs li v1I. d the hii Iol L\chraniveahle 

plOpertre , aec.rdilo! to great group taoli ;i K. these lclilit\'-rlcla+!d plopti.srtIa' hse hle 
cieln in re+' detail iII table 12. rlodiled by -l;inraiciiit )rM+t lee , oMCr the 

Fxcept lo thle girlci!t grotlUPs1 unde.:r the VCtiols. periods that the soil', \\etc seLtdor1('rop pro0duc
wllich arc all of the Clamv\ tlxtural class,. soils tiot. lill,trtrtcc 20 col rutmilstCd hichUr P;aid K 
classitild under tile six itlrer ordls hav ;riahlc l\e'sls III s,,irol tIiLleCdolImns than Ime 2(0-510 cr 
textural classes that are reIlecte,.Iid P_'atecoris (l dIpth; thi car, beiitiirtLeI d tore aidditioll olthCc 
the soil kamlil\. Ihow1I aIrasNociitcltd with Ii(tli ,lr e lC's 10W, , MCslur rl,s,espeCiall thI ,creIl', in 
the ().xisols ((ihilsiortlox mil laplohrox). the th deleperu hMiionrs. I ;Ihorator\ lat;it hla\ cshown 

Table 11. Genieral characteristics of the soilsat INSFFER sites, hy soil order. IFRI, 1986. 

Soil oider f'edon hatiicterrlrwrr;aii landfo ,rro; Siliilt pryicrl lope ties Salient cl'eirric;I properties 

Oxisors Horizon(s) of IF;rnd Al cotncetratior 
(Oxic horizoir) rresorri; irrrisely 

we thered materials on hiijhly 
stable level landforms and intethill 
valley 

Slightly discernihh stl itncur; 
higJhly ponirsille, hlit i t; cf! 

wlater ret;irmt ill tihe ileelonie 
of ioturated layer nar the 
surface; (good physical 
pl operties 

Metituimi acid to near 
rew iil; low clay and soil 

(eEC;lov,nutrient tesurvs 
ind wtathiiblle irinerals 

Vertisols Presence of dintp wide clacks when 
dry; with tilted blocky peds and 
intersecting sli(:kensetos; level to 
uiidilatin larifscaties 

Generally clayey with 
smectite clays; hioh swelling 
and shrinking psroier ties; high 
surfaIce water rit ntiol: lird 

Medium acid to calcareous; 
high clay and soil CEC; 
hilh baisesaturation 

when dry; sticky and Ilastic 
when wet 

Ultisols Hetrizo(s) l clay accumulation 
present; intensely weathered and 
leached materials oii ol landforms; 
level to hilly landscapes 

Variable texture; good 
physical corditioins; arqillic" 
horizo aids in surface v-.,r 
retention 

StiorI to mediuol acidity; 
low clay and soil CEC; low 
hase saturation; low 
weatherable minerals and 
nutrient reserves 

Mollisols Dark deelp surfacer soil; may or 
may iot have ilillic hnri'on; 
oinlevel to trdr laing relatively 
ofni landfois 

Well a!liegated and friahle; 
water retention dependent 
on trxture 

Weakly acid to calcareous; 
metlitrn to high clay and 
soil CEC; hiljhhase 
saloration antd 1iitrieot 
reserves 

Alfisols Argillic horizoir present; oui 
relatively stable landform; 

Argillic hori'o aids ii 
surface waterretention; 

M elin acid to calcareous 
to alkalire; irdien to 

level to slopiing lanfscapes physical p)eiirties var y 

with type of clays and 
texture 

high clay and Soil CEC; 
nefiunlr to hitif base 
saturation 

Inceptisols Moderately deoloped soils 
ornslopes and slightly older 
depositional areas 

Physical properties vary 
with terxture arn( clay type, 
highly influen-ed [Iy 
parent mater ials 

Wine ranges tf cherilical 
prolerties dependint on 
texture and clay type and 
highly influen:ed by 
parert materials 

Entisols Weakly develope:; pedons 
on stratified mater iols on younl 
depositional areas and manade 

Physical properties vary 
with those of parent 
materials and theirtorrce 

Variability associated with 
parent matrrials and their 
sources 

terrace systems 
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Table 12. Ranges of some fertility-related soil properties of the tipper 20 ard 20-50 cm depthsa of soils at the great group
level of Soil taxonomy with the corresponding Fertility Capability Classification (FCC) System designations. IRRI, 1986. 

Sail taxo,my ard FC:(" Textural Soil Org.!lic Bray P f:xcharnsq4!able K Dase Soil CEC 
du ,qrat orH/' cla ss p1 C (pln) (meq/100 (I) saturation l?/O0 g) 

Githsioithx (1) Loamy 5.5 0.6 8 t 40 3 
Soedi sand G+O 0.4 3 tr 637 2 

laportl ox (3) Clays 4.6-5.0 1.5-1.9 9-17 t1 9-52 8-20 
Ce:lx 
 4.8-5.2 0.6-0.7 0i-.11 tr 7-41 9-18
 

Chrointsterts (5) Clays 5.3-8.3 1.3-i1.5 15-45 0.2-0.8 59-100f 28-50
 
2 Cqvd, 3 Cqvdb 5.4-8.2 0.4-1 6 12-47 0.2-0.7 94-100+ 27-51
 

('elloderts (2) Clays 6.0-7.1 1.1-2.2 11-51 0.2-1.0 92-100+ 32-55
 
CqJv & C(Lv 6.6--7.4 0.6-0.81 5-35 tr-0.9 1001 55-58
 

Pell ttss (5) Clay to 5.3-8.0 0.81-1.9 12-51 0.2-0.6 92-1001" 32-60
 
2 C, l. 3 (qvlh silty clay (61.2" 0.3-0.6 5-35 t-0.9 93-1001 39-47
 

(1 Clay im 4.8 0./ 6 tr 45 12
 
Lqedil 4. 6 0.,1 Gi tr 26 14
 

,'alehuilsultS (1i tLoam 4.8 5.1 1.3 12 41 
Lhex 4.9 1.6 0.1 3 30 

Halaurlolls (91 t earns 5.5-8.2 0.8- 3.4 13-113 0.1--0.6 57-100+ 16-472 Cudwtx; 2 Cqx T I us .. . ..w .. .. 2(db;Lqd to 6.2-8.7 0.5-1.5 12-44Lld; tLq tr-0.6 75-100+C(-(Jh) 9-48 

L(.dc; Lqdh 

apl)Iotls(l (3) Loam o 6.8-7,9 0.7-1.0 5.7 0.1-0.2 96-100f 29-51 
2 1qldh; Ldh clay loam 1.3-1.0 0.3-0.7 5.3 tr-0.1 1009+ 40-52
 
'Ililt haqihllfs {2) Siltloam 5 8-6.6 0.4-0.8 6-17 0.1-0.2 
 92-100+ 5-18 
Ld(It& CIti to Cl ' 5 8-7.6 0.1-0.3 6-11 0.1-0.2 74-1001 4-24 

toplaqialfs (5) Sandy loans 5. i-6.5 0.3-1.0 5-41 tr-0.3 72-100+ 3-39 
2Ld; LCqde 
 to siltyclay 5.10 0.2-0.6LCorl; Cqd 6 36 tr 0.3 53-100+ 14-43 

Natrustals (2) Sindy loam 6.2-L.4 0.3-0.6 4-5 0.1-0.2 1004 5-13 
Lqdn to silt loam 6.-7-_.9.00.1-0.3 4-6 0.1 100+ 4-14 

Palcudalfs ( 1) Clay 5.7 1.5 i32 0.7 73 17 
COx
 

6.3 0.6 13 0.5 87 13 

TrL)AItalIs (3) Silt 15.0 0.6 4 0 2 77 14
 
LC loam 5.5 0.4 7 0.3 
 47 30 

iHaplustalfs 13 Silt loam 5.6-8.5 0.4-2.0 11-16 0.1-0.9 68-1001 6-29 
Ld; Lqdb: LdN! to clay loarn 5.4-0. 0.:-0.7 6-12 0.2-0.5 62-1004 7-14 

Ociraqualfs (1)  -

SulfaquOPIts (1) Clay 4.2 2.0 20 0.4 57 19 
Cqdvac 3.9 0.9 9 0.3 41 18 

lalaqloi)ts (1) Silt 8.1 780.8 0.2 100+" 13 
t.!ldo loam 8.7 0.2 19 0.2 1004 14 

Plintlhaqslepts (1) Clay 5.6 2.3 -- 0.4 - 31 
Lqdi 5.0 0.6 0.5 14 

Tropaquepts (10) Loam to 5.1-7.2 0.5-2.0 8-79 0.1-0.,4 65-1004 14-30 
(Typic f.Ar:ric) clay 4,8-7.2 0.2-1.4 9-90 0.1-0.4 71-100+ 10-30 
Lg; Lqd; 2 Cq 
Cqd; 2 Cqx; Lqdx 
2 Lqd! Continued on opposite page 
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Table 12 continued 

Soil taxonomy and FCC Textural Soil Organic Bray P Exchangeable K Base Soil CEC 
designationsb class PH C (ppm) (rneq/100 g) saturation (meq/lO0 g)

%) (%) 

Tropaquepts (4) Clay 4.9-7.6 1.6-1.9 6-13 0.2-0.4 44-1001r 9-32 
(Vertic) 2 C'v; 5.3-1.6 0.,4-1.2 9 0.1-0.3 73-100+ 22-38 
Lgdvb; LCgv
 

Tropaquepts (21 Clay 4.0-4.3 
 0.8-1.1 11-16 0.4-0.8 74-76 19-28 
(Sulfic) Cqdajcv 3.8-4.2 0.5-0.9 0.3-0.56-10 58-65 18-26 
Tropaq(Iepts (3) Silt loam 5.6-7.7 0.5-3.1 11 0.1-0.9 99-100 8-14 
IFluvenitic) to silty clay 7.0-8.1 60.2-0.4 0.1-0.8 99-100+ 12-34 
Lgde; 2 Cgd 
HaplaquepIts (1) Clay 8.0 1.2 0.455 100+ 32
 
Cdh 7.7 0.5 0.4
53 100+ 30 

Andaquepts (1) Silt 7.1 0 5 70 0.1 98 18
 
Iqdx loarn 7.2 0.4 90 0.1 94 21
 

Vitrandepts (2) Sandy 0.1-0.96.5. 100-205 0,2-0.3 100+ 11-12
 
Lgdx; LSdxg loarn 
 6.5 0.2-0.8 150-203 0.2-0,3 82-100.:- 10-11
 
Eutraridepts (2) Loam 5.7-5.9 1.0-2.8 24-78 0.5 59-71 12-14
 
Lx; LSdx 6.1-6.9 0.5-1.6 78-63 0.7 68-88 10 

Ustochrepts (2) Silt loam 7.7-8.3 0.5-0.7 49-80 0.4-0.5 100+ 8-24
 
Ldvh; Ldv to clay loam 8.-1 0.2 29 0.3 100+ 
 25 

Ustroptrpts (1) Loamy 4.3 0.5 25 tr  2slit sanld .....-4.8 0.4 20 tr 2 

Sluvaquents (1) Silty 5.5 -.2.4 0.4 88 33
 
Cliv clay 6.2 0.6 0.6 
 95 45 

TropollIvents (1) Silt 5.7 3.0 - tr 81 52 

6.2 4.0 tr 85 53
 
Troporthents (1) Clay 4.9 --
1.5 0.3 47 26C g . ... .. ..5.9 0.9 0.3 69 25 

Ustifluvents (1) Loamy 5.3 0.7 - 0.5 44 5
 
Ldge sand 5.6 0.4 0.1 54 4
 

-Igures above the lines aro for the 0-20 cm, those below lot the 20-50 cm depth. tr trace, I-I no date. bExplanation
of FCC designations; S sandy texture, L - loamy texture, C clayey texture, LS lloany over sandy texture, a 
extremely aijdic, b -with free carbonates, c -- associated with cat clays, d normal occurrence o long droughty periods,
e -; low CEC of soils, 9 - wet or poorly dralne!d, i - Fe toxicity probable, n - sadie (ESP Is 15% or more), v - poor tllth 
associated with vertic proprtles, x dttectile inflUMce of amorphous minerals. Numnbers In parentheses are number of 
peons characterized for the grouit (roiq)p 

that Inayiv ol tlie sites have low levels of available inherently lower than that olthe Alfisols. Although 
1) (<120 pprit Bray P) aId e\hlngeahle K (T( i"dependent on the qtIanItity of clay, the low 
(<0.2 met) 10)) gsoil) throtghoI the profiles, anti ([(.s of the chfyc.\ Oxiols, iltisols, and some 
emphasis oil these littricnlts inI the tertility ail- Allisols rflect thel dominance ol low activity oxide 
agetenelt of these sols becollcs essential for and kaUlinitic clays associated with these soils. 
increased production. flhe available infornation ol the areas of these

The base saturatrions were geiceorally lower at the soil orders and their respective lower categories 
20-50 cm depths than in tihe surface 20 cm il may he both incomplete and isolated. Fxtracting
Oxisols, I Jltis:ls, a;lf sonle ,\lhsols. The base the available htfor-Imlationi requires strong coopera
saturation levels of ()xisols and Ultisols were tion and finkages among workers in the various 
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countries. Participating scientists may be moti-
vated to alOcate uHnds, t ime, and effort to extract 
these data if the present exercise shows posi'! e 
id icatio as for tile Use OifSoilhtA0i MIuV or0 
the FCC Systei in;mralilyin sites accor(ine 
to pctential productivity, predictability of Crop 
responsc to management, and the possibility of the 

most direct transfer of appropriate agronomic 
innovations among similar sites. The objectives of 
site characicriation llla\ be attained by super
imposing other Cflv\ironniental lactors (climate and 
weathei, bioloecal constrlits (dise'ses and 
pcsts), and suitahL geliotypIeS over the more stable 
site characteristic, the soil. 
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'Fhe Asian Rice [ iarming Systems Network 
(ARt-S N) consists of angladesh, Rh ut an, 13urna,
China, India, Indonesia, Maladdascar, Malaysia,
Nepal, Pakistan, Philippines, Republic of Korea,

lanka,kri Taiwan (China), I hailand, and 
Vietnam. llenetwork also in.ofv,> national insti-

tltitms and 
iurnterationatl 
ce:rs to provide
Icch n ouic s hfacommoditic s in which IRRI has 
no cxpertisc [he program comtinued the ongoine
collaboratiwc research on farming systcnis and
development " ith cmplais on cropping pattern
testing, varietal testing of tpland crops, h ig-teri
cropping pattcrrn and lertiliu/, trials, rice - wheat

cropping systems, crop - livestock systems
research, and wormen in rice farmoing 

ResJrch rrthrdolhg\ dCvChlpCd and refinedby IRRI and netwo,.rk scii tisis is used illparti-cipating coiuntrics v itfts in:, ;nodificatio s to suit 
threir organi/at ianal Silictlic ai(f available man-
p)wer i(andfiranial ICS(irICUS, MOSt Ofcollahoauting countic,,focus thicr 

thesites ill 
'ark oilcrop-

pi, pait testi ire inrinfed lowland, irrigatedand pa-tially irri ated lowiand, alrir upland rice.
Ihlaird. the PIhilirpircs, ani Indolesia expanded
their actisit ias in olhcr crojp-bsed tarming 
systemns, part iCtlarlf illIai', Coconut. andcas ,ava.Iirhorcia and the lPhilppirrc', eXpanded
hcir activitiCsinil lsin larniingvwith empha.,ison
food crops and agrforcstrv. ile 'ilippines,
i'hailand, Indonesia, Ilaingladesh, Itllhtira, and
Nepal included a livestock coimponcrt in thc;r

cropping systerirs rcscarch activities. 


Namional programs, such as those of 
 langladesh,
the Philippines, Nepal, Sri lauka, and Thailand,

expanded tte Prcprrdtctitm(multihot 
 testing
and pilot production) phase of' tilefiethodology,

The Philippine Regional 
 Inteeratcd Agricultural 

Research 
Syst(.iii coitductcd severat pilot produc-tiont programs iii villages whure they had contducted 
cropping systems rescarch. lire Blangladesh Rice 

Research 
 Institute (IRRI) and Bangladesh Agri-
cultural Research irstitutcIBAR1) expanded their 
mtultilocation testli in rairfed and irrigated rice 
areas, rIsing data obtjlined lfrom their cropping 
systems sites. BR RI. in coflaborlatiion with theDepartn ent uf'AgricultralFExtension, established 
iiultilOcatiri trials in41 villages, and tested several 
cropping patterns from 5 cropping systems sites at 

20 multilocation sites. In Sri Lanka, pilot produc
lion programs were coriducted in two areas, using
results from the Kalupotha cropping systems site.
Preproduction programs were implemented inrhzailand in ('hiang Mai, Phayao, ILanpung, and 
l'hrae using mtnehean - rice and(direct seeded rice
alone. Pro<duction programs in Nepal in 1984-X5 
covered 35,000 ha in 17 distries in the terai. Yield
inreases f 15-2V)7 wcrc recorded in almost all
districts. In 1980 the production prgramnwas
expanded to cover 70,00) ha in 22 districts of 5
development 
 gions. 
 t Iloilo, Philifpi.nies the
special production program known as KA1BSAKA 
is now integrated into tile regular production
programil otlthe province. 

"(IM'IN(i 'A T-t1RN ItI IN{i

Rice Ii 
 ir';."'rPIrogram ain d z1 riultural
 
,conhics Dcparumer 

('ollabioration on cropping pattern testing, which 
started in 1975, involves testing of crop sequencesif) different lice cnirotments using the cropping
systems res,"',',h methodology developed and 
rehuld by IRRI and network scielitists. There are 
.1 sites involved in the collaborationBangladesh. (hina, in Burma,Indonesia, Malaysia, Nepal,
Pak':tan, P~hilippines, Re)ublic of Korea, Sri
I anika, Taiwan (China), and Thailand. We
motnitored eivironmental factors and the crop and
ecoiionic performance of cropping pattern!,. Inmost cases the 'lns at a site was to increase 
production, net income, and cropping intensity. \t
 some sites wxe increased hoth tile production of

each crop inthe pattern and the income of the total
 
system. 
 The sites represen; rainfted lowland,

partially irrigated lowland, irrigated lowland, and
 
uplanrd conrditions.
 

Several cropping patterns 
 were tested and
corimpared with the farmers' dominant pattern at
each site (Table I).In most cases, the experi-iental
patterns were better in total production and

incorric 
 than tire farmers' patterns. However,
production costs of the experimental patterns were 
high because of the large amounts Of inputs. Thepromising cropping patterns indicated inTable 

agronomically and ecornomically better than
I

wel 


the dominant farmners' cropping patterns. 

http:netwo,.rk
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lible 1. Number of crops in farmers' predominant patterns and in the experimental pattern, and promising cropping 
patterns, 1986. 

Site 
Crops (no.) in 

Farmers' pattern Experimental pattern 
Promising cropping patterns 

Bacnotan, Philippines 1 
Rainfed lowland 

2-3 Green maize - rice - mungbean 
Rice  tobacco - maize 

Tumauini, Philippines 1-2 2 Mungbean - rice 

Wakema, Burma 1-2 2 
Rice - rice 
Jute  rice - soybean 

Padang Terap, Malaysia 
Siaton, Philippines 
Bireun Aceh, Indonesia a 

Ratna Nager, Nepal0 

Maasin, Philippines 

1 
1-2 

1 
1-2 
1-2 

2 
2 
2 

2-3 
2-3 

Rice - sunflower 
Rice -watermelon 
Rice - mungbean 
Rice  soybean 
Rice  chickpea + mustard 
Rice - rice 

Phayao, Thailanda 
1 2 

Ric2 - rice - mungbean 
Mungbean - rice 

Srisaket. Thailand 1 2 
Dry seeded rice + rice 
Sesame - rice 

Pumdi Bhumdi, Nepal, 2-3 2-3 
Green maize -rice 
Rice - wheat - maize 

Screepur, Bangladesh 1-2 2 
Rice  mustard - wheat 
Rice (local) - rice (BR11 

or BR10) 

North Nawin, Burma 
Guimba, Philippines 

1 
1-2 

Partially irrigated lowland 
2 

2-3 
Rice - sunflower 
Rice maize - mungbean 

Patheinqyi, Burma 1 2 
Rice  upland crop 
Cotton - rice 

Yezin, Burma 1-2 2-3 
Sesame - rice 
Peanut - rice - sorghum 

Ratna Nager, Nepal 2 + 3 2-3 
Maize - rice - cowpea 
Rice - mustard - maize 

Beijing, China 
Guangzhou, China 

1-2 
2-3 

Irrigated lowland 
2 
3 

Wheat - dry seeded rice 
Wheat - rice - sweet potato 

Chengdu, China Faba bean - rice  rice 
Wheat - rapeseed 

Sweet potato - rice 

Parsa, Nepal a 
2-3 3 

6 crops in 2-yr rotation 
Rice  maize - mungbean 

Shoaxing, China 2-3 2-3 
Rice  chickpea + mustard 
Barley - watermelon - rice 
Barley - rice - green soybean 

Ratna Nager, NepalO 2 3 Rice - wheat - mungbean 
Kaoshung, China 
Changhwa, China 

2-3 
2-3 

2.3 
3 

Rice - wheat - dhaincha 
Rice - sorghum - ratoonl sorghui 
Rice  green manure - maize 

Sorghum - ratoon sorghum 

Tainan, China 
Jeurbuk, Korea 

2-3 
1-2 

3 
2 

-maize 
Rice - soybean  maize 
Rice - garlic 

Sorghum - ratoon sorghum 

Daska, Pakistan 2 2 
*maize 

Rice  sunflower 

Ubon, Thailand 2 3 
Rice chickpea 
Rice + fish - rice 

Continued on next page 
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Table 1 continued 

Crops (no.) in 
Site 

Farmers' pattern 

Guimba, Philippines 2 
Dipolog, Philippines 2 
Compostela, Philippines 2 

Chungbuk, Korea 2 

Trece Martires, Philippines 2-3 

Batumarta, Indonesiab 2-3 

Manito, Albay, Philippines 2 
Claveria, Philippines 1-2 

Jaimindan, Philippines 1-2 
Screepur, Bangladesh 1-2 

Promising cropping patterns 
Experimental pattern 

3 Rice - rice - mungbean 
2-3 Rice - rice - mungbean 
2-3 Rice - rice - rice 

Rice - mungbean - rice 
2-3 Rice - lettuce - sweet maize 

Rice - spinach - green pea 

Upland 
2-3 Banana + rice - green maize 

Banana + rice - peanut 
4 Rice + maize/cassava/ 

peanut or soybean
2-3 Rice - sweet potato - mungbean 
3-4 Mungbean rice - peanut 

+ sweet potato 
Maize - maize - grain legumes

4 Rice + maize - maize + peanut 
2 Swamp cabbage - black gram

Rice (BR20) - black gram 

aUsed for rnultj:ocatiorn or pilot production program or both. bUsed for multilocation testing. 

VARIFITAI.r-SI N( 

Rice FarmitigSvstenis Program 

Entries in trials to test upland crop varieties before 
and after rice came from the breeding programs of 
the Institute of Plant Breeding (IPB) (Philippines), 
Field Crops Research Institute(ihailand), Central 
Research Institute for Food Crops (CRIIPC) 
(Indonesia), International Institute of fropical 
Agriculture (IlTA), and other national programs 
and international centers like the Centro Inter-
nacional dei Me.iorani ento tie Maiz V Trigo 
(CIM MYT) and tile Itcrinational Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT). 
The breeuling activities of the IPB and I R RI-li A 
projects and the screenine activities of IIRRI are 
presented in the section oil tile Cropping Systems
Program. Seeds of prtoimising varieties front the 
projects were sent to IRRI for seed increase and 
distribution throughout the network. National 
programs also contributed it few promising. entries 
frotm their breeding programs. 

This collaboration encourage(] national pro-
grams to establish their own breeding programs for 
upland crops in rice farming systems, particularly 
for the rainfed lowlands. "the Philippines, 
Thailand, Indonesia, Nepal, Bangladesh, Sri 
Lanka, and Pakistan strengthened their breeding 

programs to include development of legume 

varieties for rice farming. 
In 1986, we increased seeds of 13 mungbean

(M B) varieties from 1P'13, Pakistan, Indonesia, and 
China; 7 wheat (W) varieties from IP13; 4 maize 
(M) varieties from IPB and Thailand; 10 sorghum 
(S) varieties from ICRISAT; I I peanut (P) 
varieties from IP13 and China; and 4 pigeonpea 
(PP) varieties from ICRISAT. We also received 5 
soybean (SB) and 21 M13 varicties from IiPB, which 
were screened for high yield potential, acid soil 
tolerance, and drought tolerance. These varieties 
wilh be multiplied in the 1986-87 dry season (DS). 

For the 1985-86 cropping pattern year, 183 trials 
before rice (46 M 13,37 cowpca [CP , 30 bush sitao 
[BSi]J, 16 S13, 13 1), 8 S, and 33 M) and 214 trials 
after rice(40 MIB, 35 C ,27 BSi, 34 SB, 23 1), 16S,
33 M,iand 6 PP) were distributed to Nepal Burma, 
Bangladesh, China, Tliland, Vietnam, Indonesia, 
Madagascar, Sri Lanka, Taiwan (China), and the 
Philippines. Most of the trials were grown under 
rainfed lowland and irrigated lowland conditions. 
In the Philippines, a few trials were grown in the 
uplands. 

Varietal trials after and before rice were con
ducted in eight countries in the 1985-86 cropping 
pattern year. The umber of entries in each trial 
varied from 8 to 12. Two local checks were 
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included. From data received from the Philippines, 
Thailand, Indonesia, Nepal, Burma, Taiwan 
(China), and Vietnam, several promising varieties z 	 g
 
were idcntified. The most promising in terms of W 0 
grain and fodder yields that were better than the " - , 
check or highest yielding varieties are presented in 0 a E 

8 ×Z -Tables 2 and 3. 

z
 
I.ON(;-IIRM (.ROPlPN( PAIITRN AND F
 
FRilI1.1ZER I RIALS S .
 

Rice Farnnin,'S:si'ten Isrograin 	 z_ 0 o 

Sustainability of' agriculture is now a major o0 
concern of most national programs. especially with u. 0 I N 

the intensive use of cultivated land inl heavily 0 U8 
<Cpopulated areas. (ontinued cultivtion will cesult .1 

C C 
, 

in rapid loss of fertility and consequent lower 0,
 

C 	 Mproduction. Network scientists decided to study Q) 

the effects over at cast 3 yr of'continuo0us cropping C -0 
using different crop rotations on the soil and crop . 
performance, and the residual el'cts of fertilizer o

and other soil amendments on cropping pattern r i t"
 

pcrforrmcc. Colhborators in Bangladesh, Ilndo-
0 
tm 

( 

ncsia, Htirra, India, (hina, Nepal, and Taiwan , M u9 _. 

((01ia) (ICsigned their expeliments to suit their , 
own cn\'ironilnts clopping patterns and > ,, ,2 , 

fertili/er treatments vary Iront location to location 0 N WN 0 
but use a uniform ldata formal. 2-- : l-

Nepal tried four cropping patterns with three 
C  0
 

fertilizer rates in Khunialtar; there is also an U M).
ongoing rice 	I,I- R - w cropping pattern with C W 
onon rieJ1-R-Wc n ,M . CNF0various fertilizer levels in arwanipur. In Bang-	 I',~' 

ladesh in 1985. , RI established long-term _. -.
 

cropping pattern trials with four cropping patterns 0 N NofD W r- I N r- caN
(", C9 C" 0?N /,DC9r;d 'd r'., C? r. 

tinder irrigatcd conditions in Comilla and .Joy- Mc.
 
debpur and three cropping patterns in rainfed c, ,D
 
lowlands illIoy(iebpur and Rajshahi. In L" MMo .
Burma, M00a.. Mm~m M a. 

long-term studies on fertilizer effects and cropping ' 
patterns are being conducted partial ._: T r ,Nin Yezin; '-	 -o':- 9 m,t4C9 C,C;
restlts indicate that N becomes limiting with M< 	 - . 

ocontinuous cropping, but crop residues of previous 
crops in the pattern may partially correct this. 0 (3 aN - I 0L 

In Indonesia, four experiments were begun at .M " m a. 

several locations: I) Cffectiveness of partially D 
acidulated phosphate rock in year-round cropping L .2 "L . 
pattern at f'our rcsearch sites, 2) crop and soil M . o . 

"
 response to 	 time and I) treatment in copping 3: _ C- z 

patterns at *ourresearch sites, 3) controlled-release 
N fertilizcrs in upland cropping at five research 
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Table 3. Upland crop varieties better than the local check or highest yielding across Iocl3ionS in ARFSN when planted atler lowland rice,1985-85 cropping pattern year. 
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sites, and 4) evallttltonl of'effects 01' Crop residu~e 

rnat111geciltt Oil Soil anld iproduICtionl of' 1 ;Il,-] Sli1 

highest net returns. In.Pintung, the District Agri
in. ycar-roind crpplln, patterns 

cultural Improvement Station is conducting longill three cxI)cr- term trials witlh three cr,Tpijig patterns and threei111Cnt .,t:t101,.S,';HmC t)flC CXpcrintenfls IIIames

ields .,cre &s+Ctntinlucd. 

fertilizer rates. There were no appreciable changes
ttildics IIIthe upland Ill
system looking Soil PHi and fit) significant differences inlorganic
1tCrop rc, ponlscs to I)and li1meindicate1 genleral (lcct ;c:s.inyield becaumse oft,s of' 	
content. Avaihlble PIncreased, and the avaihible K
ill - R orngallic nllattcr andt genleral 	
S"HI 1M was higher than Illother patternls.Soil Ierlifily,illsonic IInIndia, ColhtboraliOnl onIlocattionls and [to dlle 'llOntlhcr'Stu~dic., 	 integrated Iproductioll

tr"ials
it) Irrigated mats wasMost crtpp'ug patternexpeCrimnts illin'hinail;arC 	
unrtraken atl14 

res't-,:rch
listitutions
Ioltg-tcrll tills of at least 3-0 yr, with rotation of 	
ilt1985. lFach l'itlItituti

dIcsiglti_.dcroppi jig pa tter n.,,, 	
its clppintg paltcrti and evatluated 2-8L.og-tciIt st ud ics o)l'fro~tatiozls 

ill(Guangdong .	
11:1tCtn s l'or itIleast 3 yr. A vaihtable data are olly oilhowcd that 2-yr Contiiatiunis 0[t Cropping patternW, R, 1) , peat, and greenf nt1,111rC gave tile h1ihst 

pi'~lmancc. Fach institution 
identified the most promisin~g Cropping pattcrnrI.[let rctttrns; inlSidhman, 2-yr com nat lolls of, W, No data onl soil were reported.rapeseecd (RS), sweet potato (SP), and R gatve the 

http:1614H.AS


(0 )PIFRAlIVI! I'PRIOiRA NIS 561 

RICE - WIIEA I CIOI'PIN( SYSI FMS followed by W - R - R, [aba bean - R - R, and 
Rice I'rrmh¢ .Sp'imcsllru.,'ram pea - R - R. 

In India, It - W systems (2- and 5-crop systems)
IRRI, CIMMYT, and national programs agreed were compared with other cropping patterns in 
to start collaborative research to identify R and W Jorlhat, Assam: l.udhiana. Punjab; Modipuram,
varieties that will satisfy the crop rotation ncnuds of !Jttar lrtdcsh; Bardhalnan, \Vest Bengal: Kanpur,
farmers aid to identily profitable R - W s\!;teins Jttar IPradc,:h • Masodha, Fai/abad; Indian Agri
in diffcrcnlt rice cnvironinents. Collaborltion cultural Research Instituic, New ;)ellii; Jagtial,
started on cropl)ing pattern testing and inter- i\ndhra l radcsh; Chiplinma, Orissa: Pharbhani, 
national R - W intcgraited trials. Varietal trials wcrc Maharashtra: and Basar, Arunachal Pradesh. 
distributed to 13 conitries involved in ARt[ SN in 'Trials started in late 1985 at a few sites and 1986 at 
1984 alld 1985. Several R NaricicS werC identified llost other sites. Most of the sites do not have a 
as better than local checks in teinipciatc, sub- coMuplete year's data. Iln Chiplina, out of 6 crop
tropical, and tropical countrle, ihilc heIl lekal %V pilig ipatters tested, R - potato - sesalmc gave tile 
check varictics wel generilly beter than intlo- highcst net rcturns (S"787), while It - W- MB gave
duced \irictiW. Vry low i tropical S152. More\V yields wCr intnsics,,steis wcic cvahiated 
countriCs. In 1985, wc discontinued the intc,riatcd in Kanipur. R - Ct-I i linseed - M i ('T (fodder)
variety trial and colccllratedl ll croqpping piltierl 1 ~cmtil tlighest,i riturns of $1A728, arid R - W 
tsing using impro vd valtles froni the national a $948. It .Masisdlia. 6 cropping piterns were 
breeding pro)grallls. silice nillrialsthey also get tested; R - pltito - blackelani' liosl0_.d the highest
frolil thc llntcliatioinal Rice Vesting I'Pograll aid net rci i of SI1,()7, arid It - W me S751. In 
('1M M Yl inicrilatioiial nuiscries. fhiarbhalii,t - W - Ni IH\ iascilpared with some 

Cropping Iaitterns nolsinc It - V and other upland systrnis. ( tton - IPgave tle highest net
 
upland c-'rops arc tCstcd in hitnira, Nepal, China, returns of S99-1, %khilc k - W showed 
 $4101. In 
India, and liitglatIcsh. In ilurina. It - \V IPaliiagpl. , tile nllt prtntisil croppiig paItterns
 
was evalited \\itlliIur Other Cl'oping piittetis based ilr pdiclitcti 'k.cic R - V - M 1 ('1P

in \Vakcna aind with live ther pitternis iin Xeill. I fodder) and R - plctio 
 i W - (TI> (fodder). 
P - R - Sl gaic tihc higilesti icturi ($710), and 
R - W the lo\%c.st 10'7)intct/in. In \Vakenia, It - W 
was cmiriltiipial)le wit tile other cropping piiteiti Rltl -'I Vt S 1t K s)fS I I %ISR1 -S ARCH 
withIn t icittlr it t $323 lit. R1(cc ]"armi /ty, tlu h'trt ' ' / 1%I] #1'icI .,1< cuilun'a 

In tttiia Ni er. Ncl-,,l, R W- - dlhaincha (1)) .'o,,iic's /)(parm)/ra'l u1 

gave highC 1rin itd net W1iirs tfhailirlpudCti 
the faltitelt, IR - \ pallclli itl ti e i ,,,icd hcs,\\- I li ccllabotriivc crop - livestock research project
lands: under parlialI! iriiaicd cm)iitioris, , -- colsists of on-statiiln rescarchil al the Philippine
musltard I NMI - M \%as :lilooluicils. id Institute of Animl Sicice (IAS), the Philippine
cCrotlicilly bctci lhin R - \V antl - \V - I. Inl National (tp Irotection 'Center, aid IRR I: on-
Parsa, N - chickpea I (.[ II - NI S gaIve th hihCs latin research ill t I Philippines in collaboration 
nlet returns coruipared with Ihe larlnctr,' It - W arid with the Minislry (if Agriculture arid ]:Food (MA F)
R - V - R. In [utindi Bhtiludi, the N - \V - NI isingi ;ind 1AS: Oordiitatioilo tither kccrop - livcstock 
itiprlcred l~iniaigelllIt \t,t i ilieritiy beier sitc, in Nepal, Indonesia, and [Ihailand: and 
in prductitl an] ilicolic gceieaLiort lthai the shiing of' research ilfornllatioll aiontg coutiries 
[lrit.rs, It - W - < pitallcl. in\VclvCd ill crop - livCstock research. 

In Sichutai, (hinra. te highest net eturtris were On-firn rswarcli. ()n-larrit trials were con
iscivcd in cornbiiatiius olW, IS, S], and R itt duiled at two sites iii Santa Barbara, ]laigasirnal,

2-yr period, while in Biciyhg R - W gave a higher Philiplines. under irrigated lowland (Malaiiay)
yield thall barley - IRor RS - R. In (iuangTlou, the arid rainfd lowlaid ((arosiican) conditions,
highest net returns wCrc obtained froti W - P)- N described pirviously (/\innual report fuor 1985). 
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Cattle fattening trials in Carostican showed 
small liveweight gains: 60 kg in the Ist vear and 
57 kg in the 2d year. Feeding was supplemented 
during the critical nioliths of April and %:'ywith 
2 kg rice bran head per day to ininii/C weight 
loss. IeCCdine with Il1u'ua wais minimal because 

I'terop.1 i/,Infestation made the odder unavail-
ahlc. Weight losses occutrred during the Stmllellcr 
(ApriI-Ma ) and it the peak of the ricc harCeSt 
(Nosnlelr), \\ Cs 1i1 LiC time tole1 Culd n10r 

allleile !oddr. l(.[. olic offcits
ildividual 

ariials, \cssC curCIlatdC sWit1 feed Iv:lilabilitv. 
SoilC tlitr", I1I1p)osCtL Iced (1rralifv b ircludirg 
\lii st a at about 2 ki2 hcd pe da\ dulii the 
dr\ hrn11rth, II,'lo i. 1iC sCtull cotntribution of 

,NIB slltli\m >,ils, -ir ll. ct sl",drl ih thie fllriers 
planted olls ablhout (A Il lt dhared tire ,tl\is 
soitlr theil Icihrbosl". Sorr ili, ;rlir,o provided 

t -i d-caI.'ll\ T Is C\Crr Ill tile ri'rl, of sctrcc 
plpl .\%hilelfhers Cerirdld r ostlslrrice siraw 

drlunr1L Il loeties. illtilrs Ith s,h gairing 
irimial , \%Cre illo"oC solo did not adopt I,4'iici'tnu 

Ifccd I. I'larP tie IO /f rh/la i replace IC't1A,na 
\si asalso tried h\ 'sonitc 

Ill idill ima. alicr tire( tarillie had sold their 
fattencl cattle ill \carl ). thes rrdic:itted :1plrefrCence 

1o0 hicecli n Ct"r;lrt ilo Te;ise Of their C; Iicr Care 
aridl inlaranicintl in thre id-prou silt and the 

beiter miarkct for them thm for fattcncd cattle. 
lrcVCinw IfIrle s-kor l 13cIraiib:CO I;OidCh to 
COOpCrators lon1iu s\iih 14 fatlelr cttlc. lIc 
sIiriin!iIrnariCernlcnt \w; sill iulied h%thcol-ii 
scheme ..c.. 0:st oul inwr'iclrtl _,iils. 

lreedliic by alrtificial irisrnirratil mrg
NIurir~a idt Nilli IRasi IIno/er1 crirr waN~n\;sdoneMullaho atd Nir wi Iiel smppre (nev 

Research'LiI arid D seopi (enterI ilt tire li niser-CI i 
,;i\'of tire PI~riIppI irucsatI s Bilrios (I B). Fihe 

brcedling ibjctisc was o Ilpridice hybrid progeny 
that are larger anid r e su itable for nieal, draft, 
arid milk. with dairy produciuio the lowest priilrity. 

Ferniale hybrid ollspi ig ire ailso expected ti 'e 
better rceders becais their inipruovd illking 
capacity should cause their olfspririg to grow 

\fter 3 rio if artificial Irscmriniation wrik in 
collaboration \ till a NIAFI tcchnician, no carabao 
fterrles if' 7 tested werc pregnant. Rice bran 
SLippliCalt Wa.s givcrr to brcding aiinrals ill 

October to improve their condition, since some 
had been used for draft in August-September. 

Cropping pattern trials with R followed by 
either MB1 or ('P were continued. E'arly-maturing 
W60 yielded significantly more than I ,36 and 
IR62, which the Iarnicrs were using. In heavier 
soils, IR42 gave :agrain and lodder yicld advantage 

iih impro\cd practices. [he farmers' local R 
varicty'(I)ikc) and I R4,"showed hothagrain yield 
ard ;Is raviw ld ald\iitag. BVIB1 ,lling . Iga\,e 
an additional net incme of lat least $150Iha. 

In nnplind crops ariety trials dtring 1985-86 I)5, 
lield lc.Ullric such ars MB. (1l, l"is, and P)grown 
on Icsidlal soil rrioi'sttr i\C high yields. S1 ard 
ITl> had mr\ poor \icis.",IMarid Sgavc io yields at 
all. ( P \aricties, IVx 33,";1-021 aid IVx 27244)1 F 
emvc sieiilICaIIt graill yield adiritiltges of 86( and 
63' (. I )ccti\CIv, )Cl tire larrllers local variety. 
I[V. - 7,-)31-, s'M ich IMvc , rai yield of 0.55 
I ha. had tie highcst lodder yield. I hrec prirolisirig 
Ni'B Cult i Mrs 1143 M79-13-29, 11H1 M79-9-74, 
arid I PB 179-9-82 yielded sicrificlrtirly better 
thall IPag-;isa I (\isriel' flo cropping pattein rests) 
Mid tile firrirs'loc;il chreck. ("S 11-2 ,avcthe 

highest fodder yield (6,07 1 ha). Bush sitao 117 and 
I .llS Isiniiicailsy outyicldcd tile farillers'local 

\ariel\ in both grain and todder \ield. T he m ost 
promisirg ) cIflti\ars were Il-I 18200 and 
(T1.( 

In isect control trials, On I B showed that 
spraying 0.51 kg ;i ioocrtottlphos, ha at 2 and 
12 d alcr emergence f'olowed by 0.015 kg ai 
decarliclhrill. hIa at I0 d aflter flowering gave the 
highest marginal benleit-cost ratio of 186. 

('(pOMoUIeIt technologv trials on the cultural 

irmanagemeut aspect (if P and upland crops were
further verified dhring 1985-86. Results of the 
variety trials for R (iuring Ire 1986 wet season 
W S) ind icatcd thai I RI13541-56-3-2-I, ('I 786-13-

2--I. aiL IR50) were the highest grain v'cldrs 
(.4 t hal cored siil 42 (3.8(t ln.j. In 
terns i) straOI yield. howvevr. IR42. 1hich is 

C01iliill0illV planteild b.\ larlicis, ga.\c tile highest 
VIcld oI 4.8 t ha. 

TO lurthcr reduce the cash cost oif fertilizing the 

first rice crop, green rinarinring with Seshania 
'os/Wa ill coinllbratiir with Inorganic fertilier 
and olher legurniC ,pccin's was tested: 40 kg N/la 
alne (cropping pattern rccoll ieldatlion) gave tile 
highest marginal rate of return (MRR) of' 1310%. 
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Sesbania alone and in coihbination with mirganic The on-site veterinarian also served farmer
 
fertilicr gave a lower net benci hccatr~e of the cooperators, in additiion to performing routine
 
additional cost in laid preparation and incorpora- research nonitoring functions.
 
tiori of ssaitnia. All liat animals cl c cattle, carabao,
an -obscrved: 

)ther Iegulc plcs (MB and (P)a green gots,, \ine, and ponltr( Inostlv chickcns). Health 
ma1nulre Were also coparll ed sitli S. ro.,ti. scvicCs wCerC tocUNCd oil the notifiable diseases, 
A ,ield increase o1 at!east 35' as ttained \\ iti itaiilv: koIt and ttonth disCasC (I'M1 )), hcmor
sesbania alonc compared with no Irtili,'m. rIlagic sclticenija (hcniloscpl, brtccllosis, leptospi-
Scsbania. MI B,and ('P pls 30 ki- N ha produced aI ,osis(lepto)l. and lICniinthiasis (liver lluke and 
grain yield ad\ ,ttag of 57. 83. and 6N4'toscr no g;tmtntcsini~al "wors). 
fertili/cr. But 40 kg N ha alone \ as the tnmot lcnchniam ks werc established on the seasonal 
ecotmonnical trcatment, with a I l l, ol 13411. oCcurreTlCt..O antnal parasiti/ittion and infectious 

IR65 (gluitintuus iiprwvd varict) ",as cOMt- dis lKlabatthv1c exiiniiatiniand srological' 
pared with the falIrmcr.' traditional eltuii.titi,, tests, of] fcCe,, od, and Skin scrapings. A 
variCticSculcciV'l', called l)ikt, inidrltltlhCii, MI.h Itt'nthl\ ..Cc tuian IP(I) coumnt chart was 
cultural plactices. It telot. of fresh and i. l'tail Cthislhcd. and dc\t min t, in March. little, and 
yield. IR65 outicilded iikct itt nto additional co,,t. .' ep(tetl is til ncotntttiCl. Aninals with 
I hc let rettilti mil .utwtu I1R 05 \\ ;,, 16 ldth I '( ibevutid tuticrtl limits ar c dcwofiled. 
than that rom )Ikct. Ar,to t tcrisIics of I1)5. pC\CnIti %,;tSdone againstI ,;it11kit ltl , acintit 
lfur distinct t. Iles ,I I )ik I Intclda. NlilaN!, a, I Nil) aild hteii s,.. In I 1 8 Ictlioscp vaccinationI 
M iraclC, tnd Wa;Ii1 wetC cOitpawd \%ith I R05. \s, asdniIisnItCcd It-WIC..No case, of -MI), CA,or 
All the atcui tttted later thtna I (5 (12) ) l!pto int larIgeiita uCtiii red It86. Sonic unilnals had 
WaraN in 150ld att thc titCs itt 130d. A t:lcu!1 trtlimis, because of puisonming, \Crwolrk, or 
tl,c plant height of I ,65 is it least 53j less than italnutrition. 
,IVilagrisat's. stras, smld isthe ',;itle Iectlllsc 1(5 Some to chmolera cases werc obsCvcd otil 5- to 
hos moe tillt s. i l-to-mdd aimintals. (hicken chronic respiratory 

('nIpotteilit ItchogIllh\ otit aid disease ollillcx i cqfttucll\ obscr\cd; birdstrials \lltt s\\' 

fertiliZcr wCre COidtictedUill Malaitav dtlilt ' e ilh tcurly sIlptonl WCc retcoeiiitded for 
first rice crop. \aricty MI R( 'I2379-)2-7 (.ld\ I unilsmiClsuimptionii nuiket. 
Ilanting) gave tilt' highist giai (-1.5 t lm) ant /Io't ut/]'.s%. I abti spent fotr livestock 
Stlims, vIls ((.72 I ha. Idhoel bs I1132307 cic at both sitc, pCaked during the late rainy 

m \tl s Was10)7-3-2-2 Ir .1il t ald ,1,(.-36-1-, seisoll I o I)ccCnIIbCrU) and lowest 
SR( 12)61l-157 1 fu iar %,Iliepotpular fartciu' duriig tite tlonthis lite). Theo-I ' dr (Febilmary to 

\aiitv 1142 ga\c irand sni" siclds of 3.14 rice crop \\,I, iead' lor harvest in November

atid (.00 t h(i. \\hich \\ctc .3 ,uitd I1 hf r Ita' I)lln mcceber. ill fields wvcrc soAlmost planted, 
for the liglcet vlicl~r, lit liet s;ttcI\ t(;la Iplat(ld lariters had toswcarch lor Iora c.Some fields were 

hi .lanitryi, case tIe liicesl viuld fallowescit ill Malatiay. whee aIsccot!II ricc'crop isIR(4 1ruit 


(6.46 t lha) folltwed bs 1R32.307-!1)7-3-2-2 in ilanted in .]rtmul'-:cbrury. [his llowed ilme 

IR62 mnd IR412 giv the lhhcsi (4.55 t ha). lot alitiial gitl/itg. 
straw \'icld, ll25587-133- ()It a pcl-dty Iasis, tligeIR2,8178-1 11-1-2-3 ;aind l blr flofeeding 

3--2-3 ic the tolp 2 viec'rs ssith 14.2 and ici riiged ftin .41 Io 0.51 h aninial. ()tlor 
lt aiuimal rai ged 0.24 

fliat 40 kg N Iltvas iitrC.C.C't iital thin kn 0)t(1.5S It tninial. I't ters.spe nite tite caring for 
12.0 ia. Studies oi ailtsN per lictle slilt,'C activitics t care From to 

N'ha, which gave it M RI' tl 1281)7. [licllar ,s' cattle in I';ilana' (1).85 vs 1.9 l aniial for 

leel of ertilimr tus antged friti6))to (1kg N hai. bulfalo) atnd for ClraibdO In (';itrNiCll (1.06 vs 

,.lntintal h'./al A icsn.ich \cIeiliitiati fronti 0.75 1h'itiinlial lor Littlc). Ilhe asi age daily labor 

the Ilureau of Alnimil Industry, MAI:, assisted spent s\as (I.81)hi m1r cattlc anid 0.88 It for- tieach ol lI 

an oi-site rescraich veicrinariatn 'ron MAI: in each c ur;bo. arbao provided 51'i of total drali 

Dagupatll City, conducted anilnlal hcalth lresclrch. power in Malanitiy anid 7,1 i (arostican. IUse of 



564 IRRI ANNI/AI. Rll,()? I' ()RI196
 

both species peaked duriing land preparation in,.ILIC-.lly and. Table 4. Cost and)celber-JMiIIt-ry. 
The returls to livestock enterprises consist oftwo items: the valile of the aiinal sold and thevaue, for renting ot1 animals for draft services. Thevalie of the anials sold in MialanaY ($325) wasliirlil lallthat ii ('1lrostlcan ($214), hillvalues 

relleclud 
fiatteried alnimals in MalatnayCOWs and cullin ('arosucai. Te variahle costs included
rliatcliils 
 tile stock, co cllc tetllll fileds, ililcnrllsLnpplecnt-, lledicilies. atd Fope arid fitrilv 
labor. The total variablc costs were S192 frCart 1s1can and $296 for Mialata. 
The fixed costs, which covered depreciation O

the htiling tooels, aid C(ltlip cll aind interest on)
the il\'Cs llelll, iilll()tlltcdto $and $24 for Malanay. j() Ir (aI ostican, 

Both sites recistercld positiye returis. [lhereltrns abome satiable cot were $25 fur ('ar)-
sucai, arid $3 for Nialaiav. [lie t CiLeIheturnswcrc$32 for (iir'sucall and $4)fir Mlaiay, and 
IW ' I Re't I', fl( rId. ,,I(t. p c2, tiV \',0
('oilbincd a 'dIretlri aalyse.s.st for ricecrops ahd livesiock iftie fr both NMalana\, and'arou',ar are in I thf I. 

(+1..\Ih/j", / 
ei~rrdt rete.l It et 
freer ;na2 caused b.\ 

In 1985-8, HS, 
planted XIB ,atCr R. HcLtor-C lu'Iprect strtled inI ),"I, thlnles. 2ff' aresIf Ihe lt' l hitd planledtiplaid cop,.ilr IIfllr R,pallv.Y bccsllleof tlie
dro1 hteitill IL)8.-'4 ).S.AlthtoighI , e lfarrinertad priu cJp ierice s\ithi grow\i, the crop, tileirorc \widCeiprVti .\Ilcultis\atiorI inl i rdatrcti, thericilihbol|ing lm\ri,i.:tdrrot radliltcd htilh \illtgt' in 
1984, 

A R - NIH or. R1984-85 with soni, 
- (P lit't.'n wits tested ill
chOperItrs aI(; in trial plots. 

u/ :'b, Ul/lt'~rh '. s tdy wasI 
c fittie' irteCr'sc ittl M H1a 

ti.! pOiijet 
1 (17'of farnicrs ill('arstcat 

The encouraging results led I the occisiot of
the protect t provide up,to I0kg each of Pag-asaI MlII seeds. gtd ff'rlttut 0.5 lra. to 9 frlliners,including I t ptcnperittor. alllers a.lso pitl-chased itdditirrtI seeds of M~iacle ruIitlgbert f'rtuithe market to he able to plant a niaxirnurii of0.71 Ia. lie rinIrimtrr area planted was 0.16 ha.)nlfarrier iost tleeeItire crop t)loose calrabli.I lie highest tiserall yield was 140 kg front 0.50 Ia, 

return analysis for rice crops and live.stock in Carosucan and Malanay Pangasinan Philippipes, 
1 985.86. 
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I (ityielded the local 

date of'll iter\,iew, tire less reliable the data became.However, harvesting and threshing labor hourssignificantly differed between the periodic andintensive lleth)ds Ott one hand and tilerecallmethod which gave tr:|sually low values. 

next year's planting.
 
The NIB hoorit ill
1985-86 may he attributCd to 

l)i1r 1,I.S~olls: 
0 A noncooperatlOr fitrirer planted an earlymatiriitg IR60 R cr p, then M13 inSepteber. The M 13crop was very successfl 

arid attracted titenlliOll.

Depressed joh avilability in Manila and scarce mnj()Ie, fr expenses Ioreed fIarurers to 
stay an1d plaint nltlgheall.
Rainfall was rore favorable, allowing eultiva
lion after the rice harvest. 

* Sorte f'arriers were provided seeds, so they
planted them. 

Research on data colleeCion. I Iree data collection rliethods wcre used: intensive recording,periodic visits, and tire recall Iethod (one long

stirvey 
.atthe end of each season).Qutestions were 
similar. 
P'c?
)(.ie visit,: id intensive recording showednt) significant diffre etwee ritea laborhours 

fior nursery, land prefparation, and fertilizer andinsecticide applicatim. The wider tIe gap betweentire time an activiVy Was done ard tile 


OnlylivIela miers Sa ved seeds (lag-asa I) for t ile 



The mean quantities of input use (fertilizer and 
insecticides) did not differ significantly among 
methods. Farmers remembered more accurately 
inputs in large quantities (e.g., kg, bag) than those 
in smaller ones (e.g., cc). 

On yield estimates, results also showed io 
significant difference among tile three methods, 
eveln whell the plots were reorgani/ed into different 
sizes. Also, there was no correlation hctween 
tenuie arranlgellirnet and method of data collection, 
However, whell yield estimates were conipared 
with crop-cut \ield, share-teiiants had signil earitlY 
lower yield estimates thar tire lease lenants. 

On-firn research at other key crop - livestock l 
sites. Rcse_.arch 'ollihtoratio in oitop - livestock 
systlils esearch is being undertakcn at key sites il 
AR [SN cotritrc s: innSanta larbata. lt .iangasiriu, 

lhilipplinhes; 
 Batl l hai, K Iron Kacri, llriilalrd 

lltUrmarta, South Sumatra, lidont-siar arnd ]PlltidI 

lhtundi, Nepal. 


The proiect in Thailanid is conducted it) colla-
boraliori %itli the Ministry of AgricultureC aid 
Cooperatives through tile )epartmen of Agri-
culture, l).epar-nerit if l.ivestock )evelopnent, 
and Officc of Agi cultuial Econonlics. Khon Kaci, 
Ilniversityrlso partiiplalt, 'l'hre, lruiigSvsltrnrs 

lResearchIlnstituteicts;asiicore coordinatingbiody 
to integrate tfle activities of these agencies. The 
results of i baseline survey indicated that tile 
average si/c ofl landholding is 5.28 hia of raitiftd 
area. Cropping iatern tests considered field crops 
like NIII, green M, aild CP. (ireen M seerued to be 
art outstanding cropI for its market potential as 
well its for providing green crop residues that 
the animals liked. Under upland R conditions, 
P)- green M gave positive returns. Other crops 
like CIP provided idditiornal residues for animal 
feed. All groups of furrier cooperators utili/ed 
backyard grasses, rice straw, aind public land 
grasses (pastures, roadside ol'rages). Considerable 
flictuiltion in tnirilal weights occurred, depending 
oil the availability of fol'rage or crop residues at 
certaintimes of, tile year. ('top residlucs resulting 
I'ron tihe cropping pattern tests provided additional 
feedstuf'fs that Iprevented Iurtiler weight loss. Itt 
terms of [let cashi fa in incoie, the aninial-bi.sed 
group had the highest, partly because of returns 
tllroughl buying ind selling cattle and selling milk, 

C')o1'1RAIIV[ PRZiNRIAMS 565 

as well as more off-farm income. Farmers in the 
area were convinced to raise dairy cattle with the 
use of artificial insemination to produce Holstein
f risian-Blralhman crossbrcd cows. 

Ilie crop - livestock proiect in Indonesia is 
situated in all upland traismigrioin area in South 
Simiira. The prolc(:t is undertaken by staff fron 
the I)epartment o A'griculrtrre through tile \ gency 
lor Aicultural Resc~rrclr and I)e.'clollnult. The 
twko institutes ConIcerniCd Mr0 (RI 1' arid tile 
(central Research h [orlistitute Aiinial Science. 
lie selIlers .are errtitled to 5 ha of land. Iour 
filrniell ssktrlis rodels \ere considered, aild onmr 
irril tn ials stire i ( )ctoher 1985. Yields of M, 

tlaillnd R, aid P)a t lie irst crops it the seqtuelince 
\ ee ir ly i areas that were+to Srrc lowland 

developed into lowland ricelields yielded 3 t li.i. 
lie Illduction vaitle Ifoil cattle was hiher thlan 
those Iroin t.oals arrnd local chickens. ,ciaia was 
plinted, especially at the edges of tile terraces, aid 
(liirciciei \as used as a horder plant. Ihese cr,0ps
provided ational forace for te aniials. InpUt

otllpllt anailyis of \VS llt Shoed thi tIe biggest 
portlion (77(i )olf tle total ncr value carrie horn tie 
Iood Cropi Corloretnt. Livestock enterprises colln
trihtted l , whlile rhber, which was tipped 
tor ib . first mil ()ctobei-,Iurcl), gave )",i. 
lIrrpIroved iodeL!s sh0wed ites,,e tends. 

In Nepal. tile Agricultural Rcsearch and Pro
(iiction Program is collaboratingwith the activities 
of tIre Farining Systeis Research Division, 
MinIstr' of* Agricuturc. RCseIrCh i li PLndi 
Bliunidi, which was identified :is one of the 
key sites fir the crop - livestock research, considers 
cropping patterrn tests oil R - W - NI, R - W/ M/ 
hinger millet, and R - oats. The livestock com
pruient is mainly hullaloes for milk. Staff of' the 
Il)partrneit ofl livestock P>rodtuctiorn and Animal 
I calth are also inrvolved. 

The site in S-ri ILaika has met difliculties ill 
pllrsuing crop - livestock on-lrmi trials. 

On-station research at the U nivermity of ihe 
Philippines at Los Bafios. In year 3, 38 (igestion 
trials were cornpleted at UP1.11. Four animals 
(2 cattle arid 2 Carabao) were lSCd iii 28 of tile 
trials. Ten aiiial Is (five of eich species) were 
icrquired to replace older stock. With the use ofthe 
new ainrials, confirinatory tests were conducted 



566 IRRI ANNi.IA R PIR)I l|iR IS6 

for some ftcd miaterials, cspeciallv tor those with 

highly variable resilts. 


Iliata ilt th i e esihih,,t ,trnld elrlg.\ ,allies of 

\itli(IJiS fiid&lllcIOli', Ilddclt liti .sIM
ie (Iuit 'S 

IIi sV ,)..ras,,/s. ihl le etII ,atl( 
crop r , \ct1r C'011l11)[i,'d (ll.ulIic W , 


ttilihl il ,Imoi li
t\ liu die car ; .hi I ,'0\,

e cr. the ta eat: iin,,,,\'re hither tt ,.attleWrliht' 

.
star crats(,((ilI+ It / 't,' 'tl1tit . [),IT alid 

Citl t1Cj',lHCt'.ici1 11 l th1 Ii !1c,t rclr-.Na s I 5ti 
itll()IorL! the I ;rl ',, IiII I71()kc.al difcstil INC 

eLrcrC* \ KI ii (i1 7> ,l17 d1cysti nti ci,,ti ,11 lc 


II )N I. 
14-11 1i(t'11 11 \ li.2lri elltI ,hII thta (lut-'s es li 

cita~( 10I( kcal Li: md 701)P, I I )N 
kcal kc ttlY ( S' I I )N) i.m itlkand ,.;rbao 
I)iees)ihl, S ilt. s\ e. ,tilIlli iitix ta 

"'U /iltltc'1 nu k111);711nutl] (1,( J
,rl ,al Phi 

kcal kL!). 
Rice c it;m ,Lr 1 li.slihti, .Ildeil(Is,,1 13 I 

CIeICerr kl, rlli I.P ca;i r;it.I I IN Iln mril 1.90(7 
kcIl ke md ).1,IIIN iIllCiarrC. 

\\ hten 511:5(0cir.,-lccrtn'corrilinit n. sere 
fed, I I IN atie, i rit . ii . "apicr\<ii ll kedl 
l ,1, tro/m all (0." I I",i, t1r aK l 4(, 

II IN I10 AtIt'. 
I IrerlrrtrIIi nII 1 ;Il. tiI tnti ittl t 1ittpil 

iol ll sr , 'isl tdileus .cc r Iit'sirt!rtell. Iht 
culi 's, ;rlrd li "u nC Ici\iCClC~ll Pktle t'-.stif 
Ictels of ( a ail '.\:apic alitldO.0)0.36' 1I ;i 

t rtlica ' ii 'tl P.( )t leas-hbi .2,1d ;(a V 13 
lecg llic',. I had 2.r ('a ir i ,li( , I-iijlii I 
thit l 1 (2.71.7 and 0..1 1 P).'iti 


lire r cti +ll,'Cind 'i
ilillc'I (i i e olcllift dciicictit 
ii ttiia c. c'spceinally ialurtre irlilctinils. Ilill (It 
fotlders autalvltd. e\n(lItit li ic'sidit., cntatiined 
ciintpartbl'e icl't,,l 155 C )llilI\t iirrtNiCrtl, 

vCIv lo\ ('i1 imric' slic Ilit' IcIntItCs lii;icuH . iltl 

Liiss.es also lmd ,,rclirfir ( ,colic'lts etxcept tuiici 
ald ,.\libal"-N ]Mi'ul11t1n aor. 'I #ur. 

I sticidt residues..\ s-tirs atslqc.i ill risc' t_'5 

firslt t': t It tst)li. loll\\cid it helldIht' e, 


iinll I I1 I1 uitcI 's, 'cit' lrnit'll
h tri 'titi'l cl n 

Iee lo titt r iIt'li' eiC,,iuCt'cI illIIt' sti\c ..IC\ 


('<irilolalui;o' aidt l l( ' Iscicl'hlhurliVrili, s c 

dtt'cttll'i t;rill\cs,. itit) ttiiilii ;ali ictsri'd( 'A&, 
tn ni ,il ictlithld l 'is Ci nll-stalt n1d lislpiMIld. 
;ihlc' li bitl ilnIt tCiifn i r es-iittcc itlitt C'si 110! 
tilts, and il 10 ( tht'ic, ticsiduc Ctiic'clllla-

lion in watcr1, ossm tie residues stillcver, were 
wit',irn the acceptable daily Intake levCl for mat. 
('af, tIIuran-l cc straw V%., ted to goats or' 7 
.'lsCculi.c da",-". lC t tough tlieRapidlh i,-occurr i 

rite (77 1. a1 lile (II( thrugti h the feces. and a 
11 1.5+/)t' ,io.}ugh the milk. \Ithough residues 

\7t'c d clcil lc I iniik heiltilte vithdrawal 

pllit ic.,ddh ,..1, 1M1 iit Ct.\OA-l 0.013 1p1i of 

c -CAl ) t(r;ll vtl%ctlI.',OirC rihI)ICtls o0 I'CtrI 

li)]CtOCIllI.d ill(),tl.I201ttl "i Ci',ues(c... lI\lr)but 

\,ctrltirlktiixc tlula!,tas crrriii d b% thinli d 

k a\ct t rap.\,,cl r;1t 
SaiHIple, o MIB\l strawm \,erc gathered from 

lalomcr co plits de rees ofpil atlorl' with krro"lr 

lk.55 rlpplicritirt I tlltllotrolophlios arid decapesticide 
rrtctlill uriaid ailcd foirciduc levels. No 
rid Cs 01 r liout irotop+hos 01 Cltcariettliir were 
I on \ IeetdA ;MBstray, saIll Iles at harvest; thus, 

thCs sIAv,r arMeCotsidered saifel arnal fcd+ling 
eCe irl diI tll ;tiler l irCst. 

Oin-slation research at IRRI. lti/ritti t ri 
'roTp.s .. \! uraitil) he 

lick.\CI toric cliops caliplay a \ e signilicant 

rolc hi the c,.' p - liscsto k s,,,tcrit. nt of 

birrl ' tile ,oirCC o1 fted for 

1intpr1ive 
loaprae h iotlh i illndII titatiis'ly qualitatively 

slild icuhtIlrhcttcl con,.itionoft the niira lsialid 
helter itt)lti fIMtIe \VICI'S. S 'eCI'I1r)r'igfoa'r' )S 

tint bcroscri iiitoribir <.nr SelIettice. withiltirt Ill 

Itriid corps tlo 

S icc I 
b \i iihl 
\ hilti[)()11h I 
C a;iltate l on 
ihelds. 

vlalttiot 
uplalns iiilli s 
ccIth(if ttight 

prlducc i d aind feed.llliitll 


soIrrre iit tlt' 
;itthe rrintctl iplnnIld sit itIR R I, 
, a1,sc'', ICLet_ Misc' been 

m. clr kIcll'Cc lalsses huse 

rlindIiItes 
the bilit, ) i iritcd lowlaid rice-

Itt IIflagc' grnss;Cs ini the raillfed 
tlo iage Cpeies and varietiesselect 
toc ratnc, high lerhage yield, and 

lth abilit\'. Ileri 

tile 1985)were reported
 

betlt reelrrtle ge ielsofgrasses il 
fist vcar ot cstablislintitI 


IAiirIlal Itei) liete dry
t 1l1 1O 5), actilliillated 


Ir t c'llli s frot tile firstctlt(M arclh 19195) to the
 
lal c-utO \tlust 18),) ili
dcseerrdirrg trder', were as 
hrlr iir 1 n ii thle 5. 
Sili' ii taitl been to eich cras-s itCitk ttihlt ('tit 

il >.( riii ir ciillic itrtcs'ils, nnfttcirit, 
ha,,cd otl t Irilte-,Lrt'roct li.IAt '1e1Tmnuir it 

p 'tid "i., 


ito \C'i!.ut' _ ul t -1,


1 ro Iacl Ilit,stcst tite t r crItl w hit 
tuitir tilci ,d.atd S i'ara 

,
dlrt '/1.5cv Kat/itilit its o\cst, with 98 d.\Iat I 

http:Liiss.es
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When the leaf-to-stem ratio was taken into 
account, .'Itidopolltotn gtii tS was the nost leak, 
grass, giving the higlhest ratio of 5.)3. It ,,as 
followed bv /Jlt i'oum M)IA,+'1I C\ Iin (4.(9), 
P.piill'lli (0.041),Jpta/Il pli/1 t'oilhi (3.9). 

and Pa(Miti iMIi.\1Ioi4 C' (LItIIC; .4. Ihe 
lcal--tt-stcti rMo (lt Irasses Ithe olie aneed 
3.80( to 1.34, \\iih ( izoJht jh't'iaim beiilit 
the leatst lcal v s.pecies. 

In1the hov,lad ricik'lch 7 foraLc ;nl . 
forage lcgumetcs s-cic cst;'Misht..d on bond" lo.illti 


198k k\ittb a 5-11 row and 3 1cpli'itol', tt ch 
species. The Ilant, sc cii at I))rem ettiteliiitht 

at 30- to 45-d inte\rvl,. [he ta otailll WO 011-
tinigs(.\_,t 1nd ),li,,tl that()CtobCr I19,r;( /1-1 

Jto'/(I//lfi0/ was th( yCield '.iM1iticrs,Iii'h 
b,1d. It gave',a total fresh ,,+hilt01 1.7 kg linCa I 
with inl of 9.6 tillers HCi nextas\Ctrac phulla. 
highcst yieldingi grases wrti Ntoria hybrid from 
3lunkiditn, Ihili ppites itIT't '] ria nii1' I',IIs 

with 'ecs weihits, of 587 and 30(0 L liiacl .i In. 

For forages to plant beneath shrubs ald trees, 
selection for haded to0lIt rance is contintnig. Six 
introduced l lage grasses were established front 
,teil cuttings at 25 . . spacing both tine(r25 cm iarid 
Otutside: the caiiopv of 7- to 8-no-old Iu'it'ia 
Ii'e> s)aceLd i I - IIl. Ihc trC.,wcr i to about 

n of the Cxpcrimetl andIlieCihtMthe NtLIit 
nIc\lopd to( about 5 in at the termination. The 

iiasses> \+ere ciit lpriodically (30- to+45-d ittervals) 

irasse.t, tcriniite hcrbatc pro0dtction. The i\ IgC 
lorage yield trml the 6 cuttings arc .how n in 
I ',ble6". 

1)1 mtter vitlds of all rasses erttv, i in the 

",shadc \ 'C iCreuced . aNw'/h C\ Natidi, the 
iiighl t ,ieldiii grass, athe shade, also yielded 

Ilthe olen. Setiii had 46 lI\e tillers whcni 
L!l 1 Ill Otn ar tltid 32.3 Iike tillers \\hetoto%% an 

or115\\IIill the shade+'. B. I'lCt:-t'm.i.A liadlthe highest 
lti';i.e yiuld. biut it v'icldd lti less inl shade..,l tile 


(mirdn It'th'all t' I' ,)'ltt ' It 'tli nf i 'a' tl 01 / i/uTtg. 
Ioltret pliitIg of gflaill aid fItage 'ris)s cll 

mtui't'A cs' Nattdi tad tillre tillers,( I I pl~it). but its-, ptvide both hulmn ltood antd niimal Iced. 
forage 'yield \ as,only 315 g linecar ii. Aiotg tc 
legtumes tested on+rie'd ot, ltm'eld bantds. ("]it< i, 


wvas tile most pilliisitig ill initial eild:aild 
r'crcswth. \itlaresh s,,icht loraIce 5icld od 

cut atnd 0..
0.9 kg linear iii in tlhefirst k!- linear in 

inl the sctitild eumlt. 'C~lth i( 'O)lraltl hatd the 

highest loragc ilnthe Irst cut (I.4 kg linear ill), 
but its rcmrowth was ratbr por. vieding onl 
0.4 kg linear Ininthe second cot: no rcrowth was 

observed thercafter. 


Table 5. Accumulated dry matter 
from first cut (Mar 1985) to last 
1985.86. 

Species 

Pornnisatumpiurpureuty 

Andropoongayatts 
Paspaln plicatullm 
Panictim ntaxirr)ttn cv Hamil 
Setaria anceps cv Nandi 
Brachiariji mutica 
Setaria anceps cv Kaztmula 
Panicum trtaximum cv Guinea 
Brachia-ja ruziien.mis 
Brachiaria decumbens 

Cynodon plectostachyus 
Oicanthium aristatum 

yields of forage crops 
cut (Aug 1986). IRRI, 

Dry matter 
yield 

It -/11a) 

41.8 

34.4 
34.2 
28.9 
27.9 

iitro\'Cd soill fertility hasvmlsto bet ioted whell a 
forage+leunie is- as ant :t lI< I,oneas-c,,l intcrertmp. 

Ullitd trial \a colidiietc(l at the start of 1).5and
 
amtliCr inl the lowa ld altr )'SiicC. 1Four ,ram 
legumes, N II II'3 M79-1.1-29, T\x 4677'P 


08F,C('' Vx 2724-01 ,and ITI'QII 7? were
 
used as main trops i) both trials. The intercrops 
erc Sirattro , lz1'r,/11ihtiM (t l'O/htirPttIf'l CV 

Siratmo. (ok stylti Silommhan'. gtiantv'i. cv 
(Cook.aiund tmt.A t,i C IAT 136 in1Si t'/oxlom mttn.i.% 
the ulantd. ('ctro ('i)tlnthey 1 00.5 instead 

of ('oik St'lo wZs Lsetd ilitle lowLild. ''hc upland 

had thoroiugh land preprltitiot: tlie lowland had 
/Crlo tillage with furrt1'ws only for seeding. Each 

Crop C'illbillatioll was platitel sr.:1ltaictiusly ill 

Table 6. Average forage yield from 6 cuttings of 6 grasses. 
I RRI, 1986. 

Dry matter 
yield/cul (kg/ha)
 

Grass 
Shaded Opened 

26.3-----------------------.. 
21,0 
17.7 
16.9 
16.6 
14.9 
14.0 

Setaria anceps cv Nandi 919 2022 
Andropoqon gayanus 678 1399 
Pallicumr mnaximum cv Oarnil 6/5 961 
Pennisutum purpurtm 63E 1876 
Brachiaria ruzizi,,nsis 570 26F8 
Brachiaria mutica 528 16L6 
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rows spaced 0.75 :n apart ill a 4- X 5-rn plot The weed species in the suhsequent rice cropreplicated 3 tims,, were also monitored. Iloilo grass, setaria, and ruzi
In th upland n\iritminnt. ilte !_rain yild t4 grass lid not persist through the subscquent riceinlhcan ,iitnii:Caitly de .TCaSed l.1oI'0 .1t ha as crop ll+;+crass ohserVCd llong the hiids, hut 

it 1lltlitlet)Ur P t Ill l\i;IplC_ of 0.t) t ha \ith lOt ill the ricelielh ,
iltcrrroppl in. ytcpt i th citmlhnli on I\V\ l'Ittr trut ,.ho/ r/Oti.s.. ,;V, an additional4677-1:1- ith ('OOk y), ( ,rin \ ihl+, rl,od "moirce t0lfer itl the initcuiatul crop - iivcstockl O II 1 t0 1,,1itt1w,. I wi l '. c ot ,,i tiwlilch systcn l.5 Itliltolls iu l i lciLliynitoiusml n treesaffectd )v aiv\ lIatir'tc intii rtp No ii i itin aIli r!h ,1\ecc\allt d hhirhagcpi iction,vied %kas"Ohtainiretllrt I()iId hIcI,,, 

( 
i Ititehqt pilsistci ncetfpitr cmotant dr0Oliatiotn (45-ti 60 -d

illestationi. Siratri \,,as t.- hr ,t intr oppo. cultting iItcr\als), and Othr at llonlic chnriactcrS.spcciCs ill ter It ftdd..r ,ritv II '<iClhi,Iti\ it u lest species wcrc paMt in 5-nt rows spaced atan t\cir tc Of 5. I 1 h. It,, hiLrhe,,t Iddcr \ieM 3-n interval, betwven ow..antd I tii between pllnts(6.61 lit ) w , Ohtaiicd itin the . ] , Sira;tito with 3 relicatioIs,. Ihr lrs, tlnil., \\as done1Cltercityiplntg. I he total ItddCi vhich, I hIain ciop llitl+iilintclv II) no alter planti-. lerhagce
i citeir p1 of th OcihininiT i iIII' as YV I (div malttcr cot rtirce) werC hasCd Onf IVrS
the ntai cir I,acc i ' ithlir titi e rs,
ich the ,+th 

1hah, o
d ta: I'la u'oi hl( t '', ]( 772 liuuilaIm inl\I he a r;ltl i ll hi hit' lll ili llt , /'i/i'",bvw t)jh 25'dt v:/ /ii Ji/i'. 258 q'.tltt IT. 
,/irit iia .c/luau. N0 g: and lri',i, tw'irlua/Ls,lItlt ctlalt it ttth+,ddcl t t,,,I 'rdtIl 143 u / o'u itiq'uittic ed highu r in tilltsti hbut,tletitie tti tt!cc
n ,ppill! utlic h httit t111liti lt ..,ls>tc1tt11t h.ttiti,-,i was /(I( becat e of I/t \',tic Ithc; thall ih, i litv t phla tt 1 

llt fpttfl //a I
Int iti- o di ( t iitite? ill ,l 1titY5. I.cal crode
crippil . ,r'lt Ils tit NlM . (I' l\' 4( " T' . pltCiil l iichl S>te ,1.(t It h hithu.a 22.2i'/,
'P I Vx 27 4-Ii . and I 0 . 1.. 7(iO. t 

0).5 t 
, intl ( ,i,li., l I. I'iutc/'cll/itiuI: and I0.2"',ll ",',ha. rspi tisIs., T+, tii,. A ci tin ict'l ~ !'rt i . 

writc litt ,i roil i tiS ilht itt h l itttci'r ,,.S"-itlll , aI-,O ill ilhl ,, mkllm d. !'x',. lhc ,, \\\M N1,h) l N IN I('I I \IN'MN(, '"'-;I 1M
 
a \c rei t t ld l (1\ t 
 h1 v'k(,.1. I I 1 l. It R i o ]/ rm l , S. Nt0 1N /tr . !+ra l uanI/
f i r e I + t.i , (f1t t .t3u1ie.1t M W i ~ Ltf1 ..l .. ri t I " , m , M i , t ( ",m icititwith a . '. t a l ' Ilt 

!I,(, Il t)w ah ]'Itll/i 'WICT '/Otl'0 'll 

aftcr WS ic . h ar1\ Cst I. ipllatl crtp',cniiiwi hr I ,llicit aft:tii it) reCliclcr i ., ansoaid to tihe roles
 
plantted hec~titl ttOfccs's ... \
t illiiturI s-ct iAtl rice ittl OS lltll it, Sri, itdllI irlicialirs Okf tchnotdogicscrop is ats't) in'ip(i "ihlc hcci'iis soil I ,ttttr\kttldittul i:ircd ill t)5.3 Kh it I otiv td i ctit laConferetne

s.iltlire thlrotli2h crop flatutit\, l ii arcs_,-. lie ttit. 0aiti itl .cienlists,, id policybeintig tried ill Mrih a ,ituiation ttt incrciic aninttl ,10akrr, Ilt 18)85, IRRI participatud in an Ilitcrfeet!.
espwciulfy dllii lb IlS. lt ll ',".'tIC ,I ('11:T Slt :tt' Citr itllar til \VIll ll :i d Agricultural 
craus ., es afiiitcdl ,fter lic I, li 
iitttcl ri. s pt liNt'1ti' Itolt N1t1 

ilt I!. I(1. t, c ts,, lcrllttlhgy ;t Ifllagit. Itall . which piroduced
tltNO_i 01 tl jXlI,; t 'llrilueuit that ('oltstilt tieC (routtp ll Ilnter-Jlune 1980.t t;t,t .trh, ria utail'u, 13.3 t: itlirtal A'ricJit uItiraI RC Sca rehi centers andIhOilti itriss / vut (, , t) stlria S. ,it,'/.cCu a nattitin l agtictilloral research sx'ysCln ShoudNan.li. 1.1 : lid t i/i ftltsI. rii.:i:thi.i, I. t. drt.clut 1 Ihtili-lcrill strate'ies to take the role of'('ittihitied lchac plitucel, iinilc dill , Itltis \iilw:, intuI account, wicrc pOi,ile, in all phases 

crasss t ndI ,'cds, l( t pala . Win-lt4 Ihfilt114 ,i tie rch and t'clttit;tt dc',,-'Ittcvit ,,ork.grass, IN,I . aid 9A Iia. til/i lrass, I h cuCitrol \Vitht thlit iEcida, a prttjcct dsion \workshop
(weeds,) ra e 9.8 1. Ihe '.Ced cotlpOtetts, \were \\as held at IRRI in April 19,5, at which it wasobsCrVcd tO he dlprCesd h\' para dind Iliilt pr tiptised t !tJRRIorc-ani/ea etilal ,orati\. effort 
grasses. bu lilt w sentria am rtt/i grasses. with nalional plnglills ia:(I other agricultural 
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institutions to undertake action research concern- The project seeks to improve existing farming 
ing women in rice farming. The naJor objectives systems through the integration of suitable crop 
are to understand the needs of women in rural anld animal production technologies. On-farm 
rice-growing areas and to identifly and extend crop and livestock experiments are being con
suitable technologies to the ducted in an irrigated and a rainfed area in Santaimprove hproductivity 
and welfare of womln. The ultinate poal is to Barbara. In line with the objectives of this project, 
institutionalize concern for womei in agricultural women's concerns were initially integrated in 
rescarch and extension progranlis covering rice- .lantiarv 1986. 
based larmine systems. ()nc strategy is to duvelop Iine dlat 1rt ii total Cnuleration survey, 
the \Vomen and Technology l)evclpincnt gender specificity in major crop andn livestock 
Program Under the oeraill umbhiClla of AR FSN acti'ities was described. There issexual division of 
using the ft:nimng systelns methodology. labor in rice production. Women pull seedlings 

The Crop-liJ\cstock Prol'ect in Santa Barbara. while men do land preparation, transplanting, 
Pangasinan, is one of the AR:SN sites in which wceding, fcrtilization, spraying, harvesting, thresh
the \Women in Rice Fiarming Svs ems (WIRIIS) ie, and hauline (Table 7). At the rainfed site, 
progritin is heing inlcglated. Ilis lr ,Ject, \which processing and marketing of glutinous rice are 
started in 104 ". mostly by womcn. For MI41,CP, andis t collaborativc venlirc ;It1toll dule 
iiF1.B, I R RI' Rice I:arming \,slcins Prograi, vegetablc production, woen participate in plant

and IR RI,'s A,\gricult uril lonoinijcs I)epirliment ing, harvesting, and threshing; women also make 
most narketing decisions. 
Men wc genrcally responsible for large animalsTable 7. Labor participaionr in crop.ping actreilie s by (c~l'rab~to anld(cattle), wVomlen for swine and poultry. 

farming and landless households 
a Caro.;uc;n, Santa 

Barbara, Pangasinan, Philippines, 1985. ]1 ti1 tini.gclenit of large aniilals, WOllen and 
male children help or substitute for male adults in

Participation (' 
gathcring of lorage (straw, leucaena, grasses, etc.),

Crnp and act ,vit ', 
V 

Falminq 
hOIJSefllH 

Landless 
holdhul~ie~~ 

feed ing, providing water. bathing, ind grazing tie 

aiinils, antd cleaning the mis (Tables 8, 9). 
Male Fcrnalh Mate Ferni:ht 

Rice 
Land preparation 95 Table 8. Percentage of 19 households using adult and 

Pulling seedlings 61 94 9 91 child labor sources for carabao and cattle care. Malanay, 
Transplanting 98 2 100 0 Santa Barbara, Pangasinan, Philippines, 19d6. 

Harvesting 
Threshing 

76 
94 

24 
6 

69 
83 

31 
17 

.... ....... . .... 
Households %) 

Buying inputs 82 18 66 34 Activity Adult Chi'db 
Taking harvest to mills 56 
Marketing 69 

44 
31 

100 
100 

0 
0 Male F-emale

a 
Male 

Ghtinotis rice 
Gatf'aring rice straw 
Stacking rice straw 

74 
89 

63 
37 

26 
32 

Cooking 36 64 50 50 Gathering weeds 79 53 37 
Pounding 71 29 59 41 Gathering eUcaena eaves 11 53 11 
Marketing

Munghean ,Gathering
Moacatteen 
Broadcasting 

:4 

17 

86 

83 --

100 

-

Gathering lucae tops
sua cane tops 

Giving rice bran 

4747 
37 

5111 
47 

1616 
11 

Hlarvesting
Threshing
Marketing 
Markting 

57 
42 
36 
36t 

43 
58 
64 
64 

53 
53 

0 
0 

47 
47 

100 
1Putting 

Feeding 
Giving water 
Grazing 

up animal shelters 

79 
68 
79 
84 

84 
74 
68 
26 

37 
37 
32 
16 

Buying inputs 
Vegetables 

79 21 Cteaning pens 
Banhng 

79 
79 

74 
42 

32 
37 

Growing 
Selting

Slng 

79 
42 
42-

21 
5 
5- -

0 
0-Taking 

Bathing 
Detecting estrus 

animats for breeding 
74 
58 

44 
0 

0 
0 

Total households 
interviewed (no.t 

69 26 Buying and selling animals 
aaTwo of the households were 

47 21 0 
bheaded by widows, Age 7

aSource: Census of total households, 1984. 15 yr. No female child performed thr.o tab.:. 
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Table 9. Percentage of 18 households using adult and 
child labor sources for carjbao and cattle care. Carosucan, 
Santa Barbara, Pangasinan, Philippines, 1986. 

Households % 

Activity AdultActivity.A..l Childb ......... 

Male Femalc- Male Female 

Gatherirq rice straw 83
Stacking rice straw 83 
Gathering weeds 83 
Gathering leucaena leaves 33 
Gathering mungbean fodder 28 
Gathering acacia leaves 17 
Gathering maize stover 11 
Giving rice bran 56 
Feeding 78 
Giving water 83 
Grazing 72 
Putting up animal shelters 1 
Cleaning pens 56
Bathing 83 
Collecting dung 0 
Detecting estrus 39 
Taking animals for breeding 8 
Buying and selling animals 78 

.wo...o t .. ... e . ... . .. .h lTwo of the hoiiseholds were f.oaadodwerelea,. by widows. Age 7-

....
 
94 44 0
 
28 44 0 

89 39 0 

56 17 0 


33 17 0 
11 0 0 

6 0 0 
72 11 6 
89 50 6 
78 39 6 
89 56 0 

6 6 0 
'2 33 0 
9- 33 11 
:3 0 0 
6 0 0 
6 0 0 

17 0 0 

.varictiei 

Decisions concerning buying and selling of large
animals are handled by men. Collecting dry dung 
for fuel in [lie rainfed site is generally done by 
women (Table 9). Except for putting up the shelter, 
swine management and marketing are mainlywoncn's responsibilities (Table It)).

Processing glutinous !cc is an important tradi
tional income-generating activity of women at the 
rainfed site. The major constraints identified bywomen involved in the production and processing
of local glutinous rice varietiec: were low yields, 

long maturity, drudgery, and inefficiency in
processing. In a production constraints study, 22
farmer cooperators tested IR65, a high-yielding 

a 
and early-i. during gh'tintrs rice, side by side with
local varieties. IR65 has l potential yicId of 5 t/ha
and latures in 115 d: tlhe local glutitinos rice 

varieties range frtom 130 to 140 (1with a grain yield
of 3 t ha I indcr lie farmers' level of management
and inpu. le average yield o' I1,65 was 5.4 l a
 

161(' higher than that of the local glulinous rice 
([able I I). Hhe majorit\ of the project

cooperators wer wiln"ots tocoprtr were willing ttIR65I6 filrlherute
because of its ea-ly maturitv, better tillering 

Table 10. Percentage of 37 households using adult and child labor sources for care of swine. Malanay and Carosucan, Santa 

Barbara, Pangasinan, Philippines, 1986. 

Activity 

Gathering swamp cabbage 
Gathering and giving leucaena 
Feeding starter 
Feeding rice bran 
Buying rice bran 
Cooking rice porridge and feeding 
Gathering and grating banana 

stumps or stalks
Putting up shelters 
Cleaning pens 
Bathing, fetching, and giving water 
Detecting illness 
Buying and giving medicine 
Ap',iying traditional cures for illness 
Detecting estr's 
Takirl sows for breeding 
Castrating 
Buying, selling, and pricing 

aNo male child performed those tasks. 

Male 

6 
0 
0 
0 


0 
0 

11 

79 
16 
11 
0 
0 
0 

0 

0 

0 

0 


Malanay (i 16) 

Adult 

Female 

47 

47 
53 

100 
26 
11 

26 

0 
100 
100 
100 
79 
26 
74 
53 

0 
100 

Households (%) 

Carosucan (n 19) 

Chila Adult Child 

Female Male 

6 56 
0 6 
0 0 
0 0 
0 0 
0 0 
0 6 

0 89 
0 22 
0 17 
0 0 
0 0 
0 0 
0 0 
0 6 
0 0 
0 0 

Female Male Female 

89 11 11 
72 0 0 
61 0 0 
94 0 0 
56 0 0 
22 0 0 
33 0 0 

0 0 0 
94 6 11 

100 6 0 
100 0 0 

61 0 0 
17 0 0 
83 0 0 
78 0 0 
17 0 0 

100 0 0 
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capacity, higher yield, uniform plant height, better 	 Table 11. Costs and returns of glutinous rice variatiesa 

Carosucan, Santa Barbara, Pangasinan, Philippines, rainfedquality filled grains, and resistance to lodging, 
site,_1986.

pests, and diseases. IR65 is sticky and tack; 

however, it has to compete with the fancy variel', Costs and returns 
I tem ($/ha)Milagrosa, which has a pleasant arorita and 

commands a better price. [he carlic,' mat uriv date IR65 Local 
of IR,65 cnabcd the larmet s to have cash before the 

h;nrt Price IS/kg) 0.15 0.15Ir.cst. 
Gross returns (A) 791.30 683.30 

"Io reduce the d rndgcry, time, and fuel Labor and power costs (B) 247.45 218.60 

in processing, engineers front the Agricultural 	 Land preparation 58.05 51.15 

Engineering Department developed two pieces of Crop establishment 28.75 28.45 
Weed control n 05 0.30 

equipment: a eook inog device wvithI a woodei rotar lFertilizer application d.70 0.55 

paddle, and a wooden iicchanical portable 	 Insecticide application 0.10 0.10 
1.55 1.40delhller. These devices werc tested at IR RI and 	 Other care 

Harvesting 158.25 136.65' 
will be fotrher tested by women at the rainfed site. Materials costs (C) 39.85 30.35 

To delltonsirate inctmoc-gencrating opportiln- Seeds b 	 17.15 5.95 

ities for women, 20 wotnet from each research site Fertilizer 21.25 20.95 
Insecticides 1.45 3.15 

were given hands-on tirain ing in tshrool pro- Other c.ts - 0.30 

d1ction using rice straw is the substrate. These 	 Total variable costs 287.30 248.95 
trained woennc arc now deriving supplentary 	 Returns above variable costs IA/D) 504.00 434.35 

s Returns to labor and power costs 0.15 0.15 

wotcn atc novm derivine sippletncntaty tIlCOle C [(A-C) BI 
fromt Illtshroolli plrodlctiotn in their holmesteads. Returns to materials costs [(A-B) - C1 0.68 0.77 

In coopeatiol with the ( onllutnicltiotl and Yield (kg fresh weiqht/hal 5420 4680 
22 22 

PLIhliCatIommS I )CI)rttCntI A W T' I ( ~W 	 Plots (no.) 
u Av plot size (m' ) 429.79 645.56 

.!owttiltt. rice v.a., intlt dlced to both lch l nd ... . ... . . . . . ... ...... 

wollnil at thle irrigated ,itc. Prctests alld p,)sttests 'Sou rce: Ministry of Agriculture, Crop and Livestock 
Sel. t IProject, Santa Barbara, Pangasinan, Jul-Dec 1986. b5 8 kg 

were giseni to etiti insights nit 0 tie Ic ciofl Itmr" N/ha I R65) and 53 kg N/ha for local varieties. 

technical kImwelgc. tarmers' classc,oi crop1 and 
animal prtsdlitte \yoc cottducted lot Men and 

wometi. irrigated site were organi/ed. These associations 
lo sustillin project atctivities. a farnlrs' associa- aim to provide atcess to credit, technologies, 

lion (including women mncinbers) at the Iainted site markets, and other resources for farm workers, 
as well as an exclusively women's association at the particularly women. 
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JA PAN-IR RI (OI.IABORA I IVI- PRt .IECI ON 

BA("I .RIAL. ItI(;ItI 


Iltt Blreding(hia nwit Pailiroogv' 

l)epuritticis 


We continuned research oil , ,clrial blight (liB) its 
part of the ILow Input (ultivaiilon cchlnologV 

ndr irrigatd onditins irot i cltace 
collaboration with the Tropical Agricuilture
Research Center (IA RC), MinistrvofAgricutturt, 
Forestry .,;,(]l"isherles,"" Japan. The project, is 

ndedbhJa 	 tIdentical 

year of'collabuoriiion, Ihrc studies wcre Conducted 

itt IR R I ;nd I A Rt C. 


bacterial blight ( Pla onlh'e/ing,, anilas for 

htlho l i). I Usingi li3 is. fron aIIPilippin,s 


Table 1. Identification of genes for resistance to bactorial 
blight (BB) in soected rice varieties. IRRI and the Tro-
pical Pgriculture Research Center (TARC), 1983.86. 

Genes identfie 
Resistant variety---------- ..... .... .... ......... 

In earlier slUaeiUes In present study 

IR8 Unknowni Xa- 1 
IR20 Xa-4 Xa- 1, Xa-4 
Semora Mangya Xa-41) Xa.3 
DV85 xa-.5, Xa.7, one xa.5, Xa-7 

dominant qerle
Zenith Xa.6 Xa-3 
Sateng xa-9 Xa-3 
Cempo Selak Unknown Xa-3 

........... 


and Japan, we developed rc;,r-isogcnic lines for 
USe as international differentials. These lines have 
single genes for 1313resistance. We now have 13C4 F1 
to l'i, with either a1-3, Xa-4, xu-5, or Xa- 10. 

Near-isogenic lines with eiher a-I, ,Va-2, Xa-7, 

Xh-, o are H] h3(c 3 toi rin- l 1C4in.stages.the 41 

of resisnce ( ii. Thel"+s of two crosses I o'onishiki (LsCCptible)/
" 1itible) 

.a'i 1 (.a ii 'onishn k i Zenith I a-ri) 
,e ailv.,ed at TARC and the Fi's at IRRI. 

reslis were obtained at IR RI and TARC 

confirn Ing tie rests of F, analysis at TARC and 
the find inug that X-3, Xa-6, alind .a-t arC identical. 

The react ion to four BB1 races of SelnoraI allgga, the originll variety idertitied as having 
.\-4A . wka S i i1i lar to those of .ava 14, Zenith, and 
hiitelg. Ihose varieties have Va-3 arnd arc resistant 

It) I'Mur Pilippine races, whereas iarictics having 
.A-4 such as IR20 are resistant to race 1. itde
ratelv resistant to race 4, but susceptible to races 2 
land 3. An l nopulation from the cross Iav, 

!4 i Seinoi a Magga, consisting of 331 plants, was 
inoculated with 4 races. Ail the plaits were 
resistant. The restilts also confirmed that Semlora 

MI lligga has XAu-3. 
The results of genetic analyses at IRRI and 

TAR" during he last 4 yr re suninarized in 
[aRl dr 
Table I. 

We located Aa-3 of .lava 14 on chromosome I I 
through t risoI ic in heriarICe. Data on the segrega

tion of the F. population are presented in '[able 2. 

Table 2. Reaction to BB race 2 af F2 populations from the crosses of Java 14 with 11 trisomics of IR36. IRRI, 1986. 

Cross combination Generation 

Triple 1/Java 14 F2 
Triple 2/Java 14//1 H24 BC 1 
Triple 3/Java 14 F2 
Triple 3/Java 14//IR24 BC 1 

Triple 5/Java 14 F2 
Triple 6/Java 14 F2 
Triple 7/Java 14 F2 
Triple 8/Java 14 F2 
Triple 9/Java 14 F2 
Triple 10/Java 14 F2 
Triple 1 1/Java 14 F2 

Triplo 11 /Java 14 (2n) F2 
1 riplo 12/Java 14 F2 

Tnese expected valnes culculated the dsiil;isliOn 

F2 population (no.) with indicated reaction 

Resistant Susceptible x 3:1 or 1:1 

95 24 1.4927 
67 87 2.5974 

154 51 0.0020 
92 102 0.5155 

160 52 0.0251 
176 45 2.5459 
158 54 0.0251 
71 20 0.4506 

146 57 1.1017 
144 41 0.8015 
99 66 20.9846 

(101.5) (63.5) 0.1600 (0.62:0.38) a 

168 	 40 3.6923 
54 19 0.0385 

rete to progeny of the extra cnromosome as40%. 
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We also examined the linkage relations of' Xa-3 program for the improvement of rice yields in 
with gene markers from chromosome 1I.As seen adverse soils, we convened a workshop in Novem
in Table 3, ,Va-3 is linked with 1-27 with a her, participated in by Bangladesh, India, Indo
recombination vallue of 22.3C. We also crossed nesia, Pakistan, Philippines. Sri Lanka, Thailand, 
I R 1545-339 (.\a-5 wit If some gene markers I ron and Vietnam. We rcviewed the present status of 
chromosome 5. The 1-1 A.\-5 research andluture needs in varietal improvement.data showed thai is 

very closely linked with t.// (lahlc 4). It waS Cvidclt I1"o111
the discussions ItIat the lack of 

Rice varietal groups based oin reaction to four prebrccding research and the inability of national 
races of bacterial blight ( 'on B,ecdig). We pro)grams lo conduct siuch researc arc the biggest 
continued to evalhatc Icsistant varieties against constraints. 
four IhilippinC Bl races n1 rccOnirucd that We ftorncd a research cooperative wherein 
there are three najor xarietal groups: .lasa 14 (.a- IR RI, incollaboration with national programs 
3), TKNI6 (Va-I). and I1)lZ92 (.%a-). ClCcted for cach adv\crtc soil type, will conduct 

Furtherrllloc. %\c idcnrtiliedcscvcal var ictics ifr()I prb,,m'ding research. I R R I will also a.sist national 
Bnrrl I(MrgladsLRi, MhSc Cos progrrvrs orr.!ai/ing slrittle breedilng, rapidind IRadia r Ctiorr by 
patterrl Issirrilar to that of ("AS209) (.\Va-/). cnrCratiotn adv'alice niethds, exchange uIf germ-
Var icti-s having Xa-I() rriiuhht put intothe ftourth plasm, etc., to develop commercial varieties from 
rrair group. IrlOrllcrtic analysi',, \\c also lourrrd prcbrceding rnaterials The co(rperators identified 
two srialler grotips oI s .rictics: vaiictics that have were India for coastal and inland salinuity, lPakistan 
two gelles either .\a-4 arrd .\a-]O, or .oa-.5and for alkalinity, lraihrd and Vietna foiacid 

Va- 7. sulfate conditions, lndotnc;ia fIr peats, and Sri 
Lanka for Fc toxicity. 

A (')Ot'FRA IIVI IOR R-SI-,\((I I()N AI)VIRS[

S0OILS ~l:;"1':;l I 1111
HIGH MMA*. S PI!II IPIINFS 

P/aImIIh'us'ding )eparluuu 1'/ani Itre'eufiu,, I)('p/)'te 

lie curmplxit arnd location specilicity srI advcrsc ()ftir collaboration with thre Philippine Bureau of 
soils compel research to be carried olt illtarget Plant Industry in improving high altitude rices 
errvsrorlrncnts. Tondevel a collaborative resetrch ontinued, with strU.lg erllphisis on shrortcr growth 

Table 3. F2 data from c-osse.i of Java 14 with gene markers d-27, la, and sp TARC, 1986. 

F2 (no.) k2 Estimated 
Cross .(9:3:3:1) recombination 

+ R (H inS value %) 

d.27/Java 14 tXa-3) 235 30 43 5b 82.286 22.3 
la/Java 14 (Xa-3) 208 46 74 27 8.577 43.1 
sp/Java 14 (Xa-3) 207 65 68 26 0.620 47.2 

= 
a rosistant, S msusceptible, 4- normal type, m marker type. 

Table 4. F2 data from crosses of IR 1545-339 (xa-5) with gone markers g1j, dj, eui, and n1j. IRRI, 1986. 

F2 d (no.) \2 Estimated 
Cross ...... recombination 

mOto S ms (3:9:1:3) value M 

g/I/IR1545.339 (xa-5) 48 137 0 74 30,002 0 
dl/IR1545-339 (xa-5) 3/ 130 7 53 6.967 >50 
oui/IR1545-339 (xa.5) 49 163 14 41 3.202 48.2 
nl/IRl' ;3-339 (xo.5) 49 153 18 37 3.328 44.2 

aR = resIstant, S = susceptible, norm-l type, m = marknr type 
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duration. Field evaluation and selection vcre done Tcble 5. Plant height, duration and yield of entries listedin Blanau (abott 1,0() illelevation). in yield trials. Banaue, Philippines, 1986 WS.
 
In the dry season (S)), 24 F3 and 37 F, bulk


populations were established, and pl s tht Variety or line 
 Height Duration Yield(cm) 
(t/ha)
expressed cold tolerancecComparable to t1at of' 

(d) 

Observationalyield trialColllOy ctllivCultivated local valieties but with 1140094-4-5.2 101 160 5.51shorter growtli dutllion wvCrcll ass selected. A IFI40094-4-5-5 100 160 /.21pedigrecL urry with 367 advanced lines fromt IH40094-5-3.1IR 2 1845-90-3A/11540 92 160 5.14
49 croscs a's evalllated; o1lyv II lsilis w 86 161 4.72found IR21845-90-3A/IR 14753- 104 168 
 7.45
suitable The 196 International Rice Cold 1R120-321845-90-3A/I r19392 89 160 7.33
Tolerance Nunrserx and 257 elite liitis were tested 211-

for adaptability; 30 lites wCre 

1
 
bCttc'r than the local IR2 1845-90.3A/IR20933-
 96 16/ 6.72


variety and wCrC selected 1for ftIther tCti. 68-21.1.2
 
n 2dt1845-90-3A/MR2912. 
 92
dt~lltl<'t 4.88


Will 
ec ;11 0hsCr ;it ilvit+M triallY hT) 81-2-1 

168 
thtrc ;ad\nllC brt+,ditg liuLs and nine 1R46830A/lH50 64 140 4.66hybrlds. \t+r<'lie Clheck. I'htidttm (the popular IR46930A,'RWJ761-19.1 67 
 140 5.96
localllulia land Barakt IR46830A/II-t13292.5.2 62- \ 145 5.97c V20A/Milyanq 46 71 145 7.27tolirant vality). All test line+, weLre+. e'arlier than Barakat (short-duration check) 83 140 3.12Piniidltt. lhe dulationl of, ttrol ilte niine hlri Oinidti (local check) 140 180
\is.compttrable to thatl itakal (Iable ).Ilit ol2061 152269 

4.42

of 

Rvphcjctd yield tt,,al
teritis of x'ie[t, !adxlticd lines+, and six oflthe 92 155all 6.15119202o5-2.2-2 
 88 148 4.51
hybrids wetr sCprior !to the local check: otne elite IF140094.1-5.2 
 103 159 
 7.29
lit1 aid tl ice hyl)rids pro)dttCd liost dIoublC tihe IR40096-2.2-2 
 86 160 6.20
yiedd of I'llidlli. ()Itehybrid 1R40097.1-3-1 85 159with short growth Wi v,)u 64 6.1566 140 6,56
duitioi (\'20A Milvtng 40) \%as ittit)ltg the Vci'V Barakat (short-duration check) 83 140 4.03hih wiclders. and itsprodtltttvt was itio', tharn Piniidua (local clhuck) 131 180 4.13
dtotible that of Ilkitt. Ihrec hvlrids wcrc folly 
 LSD (.05) 0.91
sterile. The rcsults of this yield trial stligest that (.01) 1.26

cropl dtlfriot 1i0i t+ll)be redneed 1w about 3 wk while----------------9-2
 
significartl,, inrc:.sing yield, 
 Sot e hybrid coiln
binatiolsCl It)offer nioresem proItiise ill thal a essential. ilelie\%, lilns. however, may be suitable
reduction of abouti 
 6 wvk in Luratioti is possible other 

withuit arty el fect on yield. 


-fr high-altitude areas where low grain 
s-hedding is not essential.

A replicated yield trial was also conducted with In BlanaaC, r-ice is not grown during tle wetfixe elite liteis anld onte hybrid. It<e chCCks WCr scasonl (Ws). Allcr the ID iarxCst, fields lie hallowlPiiidii and Barakat is itwthe ()Yf. [lie dtratiun ltr about 5 to. Alth1u1h tIe tCmplratureof one elite line al the hybrid \were, sitiilar to thai condititons re tit;dattllging aidt there is noof the short-dttration chek [lile tlither,werc late lortitlge of \waler. ht,d' \Weatici ", ht+avy raiiis,
but were at least . \k earlicr thani Itnidutia. All tet 
 and guisty wind diseoti ritg lirni-is froi girowingenltiel.s except ()ile,utyielded both checks ;Isec{nd crop. \Ve 
lllowvd fairltfer
practices
(Fable 5). ,\s liI ie ()-1, the hx'brid piroduced duirin 1D., and infilefollowiitg WS established a
high yields InspitC of its shotll (ultlriiti, ;ind it Ilirs.ery Consisting of 90 varietics (soni wilh cold(lutyiclle+d the elite line with comlparible liaturiy. tolcrilitc) aind 30 F? and F Ibulk populations. OurAlthough we isolated several hiceditig lireiland obj'ctive xvas to deterillilie whetlier there Cal behybrids with shorter diunationi antd high yicd, their vari'ties ofr ecitotypes thal hixe olera.ire lotrthe
high grailt shedding vas a tnajtl disadvttage. ad\t+lrse ctiolilions. WC observed plant git lhtoAlty lie\\,variety Ior lie ricelad.s i, !.lMilCatitlist be e.rcicly o. hoxering was unusuallyhave low or itilgrail she,ddii, e Ilhlidua. delayed, and gr'ilisteriith was high Cxcept in threeThereflorie, lurt icf.eril .. eits intthis trait are 
 tics and ,ttilre
plant.....o he"bulk poplulations. 
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Table 6. Some promising F1 rice hybrids identified in the Korea.IRRI collaborative trials. Suweon and Iri, Korea, 1986. 

Suweon 

Hybrid Yield Difference 

(t/ha) from check 
(t/ha) 

V20A/Milyang 46 9.2 1.1" 
IR54756A/IR9761-19-1 8.7 0.6 " 

0.2 n s  V20A/IR9761-19-1 8.3 

LSD (0.05) 0.37 

We found varieties or genotypes that can tolerate 

tile adverse weather conditions, but tile major 

limitation is the effect of the decomposition of tie 

DS crop residue. The I)S crop is harvested by 

removing only the panicles, the straw isleft behind, 

Therefore, it may not be possible to introduce a 

second crop unless tile duration of tile I)5; crop is 

reduced by 2 imnor longer, or unless its residues arc 

removed from he field. 


IDFN'rtlICAtoIO 01-ROMtStN6i F, RtCE HYBRCID)5Six 
IN KOR NA, AMANID.Y.CA. )INI)ONI-SIA 
Ilnt Breedipeg D'7rtment 

In the advanct.-d vicld trials conducted att .-.Stwcon 
and Iri, Korea, we identified three Fj combinations 

V20A/Milyang 46, IR54756A/IR9761-19-1, 
and V20Ai IR976 1-19-1 -is promising (Table 6). 
However, they are not acceptable in Korea because 

Table 7. Performance of some experimental riceF1 
hybrids and check varieties in a preliminary yield trial. 
Suweon and Iri, Korea, 1986. 

Yield (t/ha) 
Hybrid or variety ...... . ..... .. . . 

Suweon Iri 

HR1619A/Iri 362 9.7 8.9 
IR54756A/Iri 361 9.3 8.6 
HR1619A/Suweon 318 9.3 8.0 
HR1619A/lri 371 9,3 7,9 
V20A/lri 371 9.2 8.9 
HR1619A/Suweon 294 9.1 8.6 
IR54756A/IR28143-56 8.8 7.7 
Suweon 287 (check) 8.2 -

Suweon 294 (check) 8.1 
Suweon 332 (check) 8.0 -
IR64 (check) 6.4 6.1 
Iri 346 (check) - 7.4 
Iri 362 (check) - 8.8 

LSD(0.05) 0.54 0.98 

Iri 

% of Yield Difference % of 

check t/ha) from check check 
(t/ha) 

114 8.2 0.2 102 
107 8.0 0 100 
102 8.8 0.81 110 

0.64 

of their poor grain quality. In another trial, we 
evaluated a nunber of F, hybrids derived from 
new cytoplam;ic inale sterile (CMS) and restorer 
lines developed at IRRI and in Kor-ea. Some of 
these combinations vieled higher than the check 
varieties at Suweon but not at Iri (Table 7). The 
grain quality of all these hybrids except V20A/ ri 
37 1should be acceptable in Korea because both of 
their parents were derived ft...m locally developed 
elite lines and varieties that were acceptable. 

experimental F1 hybrids were compared 
with local check varieties in Bumbong l.ima, 
Malaysia. in tile 1986 off-season. IR54752A/ 
IR14753-120-3 yielded I.I t/ha higher than the 
best local check (Muda), but the difference was 
statistically nonsignificant (Table 8). 

None of the Fihvbrids developed at IRRI and 
evaluated during the year in Indonesia were found 

Table 8. Performance of some IRRI experimental rice 
hybrids compared with local check varieties. Bumbong 
Lima, Malaysia, 1986 off-season. 

Growth 
Hybrid or variety ( ha) of duration 

best check (d) 

Yield % of yield 

................
 
IR54752A/IR 14753- 5.0a 127 128
 

120-3 
IR54752A/IR20933- 4.7 a 122 129 

68-21 
IR54752A/IR4422- 4.6 a 118 122 

480-2-3-3 
IR54752A/IR19392. 44 a 112 126 

211-1 
IR54752A/IR54R 4,0 alt 102 126 
IR54752A/IR29512. 3.8 ab 97 123 

81-2-1 
IR54R (check) 3.8 ab 97 121 
1R64 (check) 3.0 b 77 114 
Muda (local check) 3.9 ab 100 135 

MR84 (local check) 3,8 ab 99 138 

http:MANID.Y.CA
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significantly superior to the best local checks. We 
sent additional newly developed hybrids derived 
from CMS line lR54752A and elite restorer lines, 

EFFECT 01: IEMAIlIt-T(-MAIF ROW RAII() ON 
0IITCROSSIN(I RA 1: AND HiYBRII) SI:El)I EIL) 0 
('MS LINES 

Plant Breeding Ilepartment 

A cooperative trial at Suweon, Korea, studied the 
t effet i; ourlemae-t-nilertioratios (8:2, 6:2.:21effect row 

4:1, and 3:1 )oil the otttcrossing rate and seed] vicld 
four female-to-male ow (82, 

of two CMS lines (V20A and Zhen Shan 97A). 
Zhen Shan97A synchronized in flowering with the 
restorer liues (Milyang 46R, Milvang 54R. and 
IR9761-19-1R) used in the study. Flowering 
synchronization between V20A and restorer lines 
Milyang 46R and Milyang 54R was not as good. 
Results (Table 9) indicate that 4:1 and 3:1 ratios 
give higher outcrossing rates and seed yields than 
8:2 and 6:2. The outcrossing rate on C MS line 
Zhen Shan 97A ranged from 6.3 to 18.5(,'4 resulting 
in hybrid seed yields of 29.1-76.1 gim 2. V20A 
showed an outcrossing rate ranging from 6.6 to 
38.6%, yielding 29.7-90.8 g in2. The highest seed 
yield (90.8 gim2 ) was obta;ned wit Iha 4:1 row ratio 
ii: V20A/ I1R9761-19-1 R. 

TlSSti-F 't lilt RIE ('01.1AI )RAi ION WIiI KORELA 
AND PERU 

Tissue ('ultre Facility 

In the project with the Rural Development 
Administration (RDA) of Korea for the develop-
ment of cold-tolerant lines through anther culture, 

64 lines were sent to RDA for evaluation, bringing 
the total to 1,248. An experiment to compare the 
anther culturability of 10 SRT crosses under 2 
conditions was begun concurrently by IRRI and 
R I)A, using the same media and in vitro culture 
techniques and conditions. 

The research into tile prod uction of lines adapted 
to latin A merica through anther culture is in 
collaboration with the I'eruvian National Rice 
ogra an the National Ric 

Program and(the National University Pedro Ruiz(jallo. A total of 726 green plants from 6 of 8 
GloAtalf'76genpns rn 6f8 crosses tested were regenerated in the first batch of 
I., hybrids (indica indica). Seeds of 224 anther 
culture lies from 6 crosses were planted in Peru in 
October 1986. A second set of 19 crosses with 
parentagedifferent from that of the first set wa 
inoculated in callus induction medium in 1986 WS. 

(RI;IN I.LAFHIOIPPER "IIIOIYI,'L" AND I tJN6R() 
TRANSMISSION ININDONESIA 

Iant I'athologr' De1lartmeni 

File IRRI-Agency for Agricultural Research and 
)evelopment (AARI)) Collaborative Research on 

Rice ''ungro Virus I)isease was conducted at the 
Maros Research Institute for Food Crops 
(MO RIF), South Sulawesi, Indonesia, from 

August to October 1986. The studies aimed to 
clarify the relations between green leafhopper 
.1-I)"biotypes" alnd tungro (I'ITV) transtlission 

using four GI-I colonies that had been maintained 
on IR20, IR42, IR54, and TNI at MORIF since 
1982. lZ26 and 1130 were selected as possible 
differentials for IR20 colonies; IR36 and 1R42 
were selected for 11 42 colonies; and IR50 and 

Table 9. Effect of female.to-male a 
row ratios on outcrossing rate and seed yield of CMS lines V20A and Zhen Shan 97A. 

Suweon, Korea, 1986. 

Genotype 

V20A/Milyang 46R 
Zhen Shan 97A/Milyang 46R 
V20A/Milyang 54R 
Zhen Shan 97A/Milyang 54R 
V20A/IR9761R 
Zhen Shan 97A/IR9761.19.1R 

Av 

8:2 

6.6 
8.2 
6.6 

14.6 
17.6 
6.3 

9.9 
a , .....r fln, the flrt numher rtifurr. o 

Outcrossing rate (1%) Seed yield (g/m 2 ) 

6:2 4:1 3:1 Av 8:2 6:2 4:1 3:1 Av 

8.7 14.5 17.3 11.8 37.2 43.0 52.9 49.6 45.7 
6.6 6.7 11.1 8.2 33.0 29.2 40.7 38.5 35.4 
9.7 19.9 16.3 13.1 29.7 34.0 40.7 39.9 36.1 

16.2 13.5 18.5 15.7 51.8 52.3 76.6 71.8 63.1 
20.3 28.3 38.6 26.2 69.9 73.6 90.8 82.0 76.6 
10.1 11.8 15.2 10.9 44.3 61.7 70.6 76.1 63.2 
11.9 15.8 19.5 14.3 42.7 49.0 62.1 59.7 53.4 

female rows and the second to male. 

http:97A/IR9761.19.1R


(OOPlERAII VE PItOGIRAMS 579 

1R54 were selected for IR54 colonies. 1R60 was 
selected as the resistant check and TN I as the 
susceptible check. 

Green leaflhopper preference. Piregerminated 
seeds of the selected varieties were planted in a 
plastic tray, in rows of 10 seeds per row per varietv, 
Ten days after planting, 40-60 (il.11 that had led oi 
RTV-infected plants were introduced in the center 
of the tray in acage. The GIA I alighting on the test 
varieties were counted at 24 Ii after infestat ion. 
Two weeks after infestation, the seedlings infected 
with RTV were counted. 

l)epending on the colonies used, (1.1t Showed 
preferential choice of varieties (Fig. I ). Ihose that 
alighted on II126, I1>30, 1136, and 11,42 were 
comparable regardless of origin. The percentage of 
GI1II on 11,50, 1154, and 11(60 was higher with 
I154 colonies than with tire other colonies. ()n 
TNI,tilepercentage of (ii.1t fromi 11(54 colonies 
was less than that Iromlthe other colonies. 

ihe WIV inlfection rate varied depending on the 
varietv and tile (I1,11 colony used (Fig. I). 
Generally, the varieties on which a higher per-
centage of (Ill] alighted had higher 1TV infection 
rates. 11(54 cdonies gave higher R'lV infCction 
rates in IR(50, I1(5,1, and IR60 than tie other 
colonics did. The percentage infection by IR5, 

GLH olighring(O/) 
30 ~~~-____

1?0colony /R4Z7 Colony 
20 

0 I&
 

RTV infection (/)
 
60 ~~
 
50
 

40 

30-m 

20 

10

-0 to 1... 


M t' tL (:O T rc rQ Lr (: 

colonies in TN I was lower than that by the other 
colonies. 

RIV transmission by GI thus varies, de
pending on preference for the variety when GLH 
has a choice of varieties on which to feed. IR54 
colonies preferred IR50, 1154, and IR60, which 
probably have conmnon resistance genes derived 
rom "ani Pai 30-12-15, but other colonies showed 

no characteristic prefercnce ftr any test variety. 
Tungro transmission. Another study aimed to 

determine the effects of IV source and GIH 
colonv on RlV transmission to selected varieties. 
(11.11 adults of the 4.colonies that had fed on 
RV-infectcd plants )fdifferent varieties were 
confined ill a test itbe with test seedlings at I or 3 
( I .lIper sCCdling1 ho I d.Aside from visual scoring 
of infection based on I'V symptoms taken 14 d 
after inoculation I)AI), test plants were also 
indexed fBr the rlrsercCeof ttfligro bacilliform \irus 
(I,[1(V) anrrd tungro spheriWill \ins (IISV) by the 
latex test at 3 I)AI. 

I)isease,sourcedid not affectlIlVinfection rate 
iirici(Fig. 2). RegardlCssolsouirce used, adistinct 
differential reaction of ihc varieties was observed 
when 11(54 colonies were used. ITV transmission 
bv 1R54 colomies on varieties 11(50 and 11(54 was 
higher than that by the other colonies. iR54 

/R54 Colony TA/I colony 

.. O i .. R NO O 

X Of Lr1 F XO Of:T T'r Lzr-

Variety 

I. (recn teaI tlloppc ( Il.11' Iftlighting at24 hattcr iti till ani Iheresulting tungr I RIV) inletior. Marosoin test varictie d 
Rescaich iriitue forFood ('rop, (MOIRIFI. Sulawci, -indom: ia IM 
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S11(1',i1 rate 
of these Colonies III (lie flllrential 
S.ii,..e,vSa, higher than Ile ate of IN I Colonies
I 2). 1his inlav ildiea'Cte. pirtim a(.hpfof 
lR20iand 11(42 colt 

d t .tion 
nies to th.ir respect-. Varieties. 

Reg, dle o,, ue',d., of Ion IR26 andI IR30 were 

I Ik
h L, ith Rin BV ( ( . fKailiCs 
othe. thal IIR2( an! II(3(1 !odr;uh.S 'vith nlcrascd infectioni)oth RIIIV and RISV vhen GI.l 

uh(er ,'Wa,wuu i S frooresMtlI to 3. 
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Infection M/) INCRE-ASIN(i IRRI(GAIION t'H'lIVI-N -SS, CROP 
100 -____-PROI)IJC]ION, AND) FARM EIR INCOME: IN'
 

80 IR2O colony ttANOLAIWSII
 

80 -I 

40oI : x, Ai applied research project was initiated iii 1981 in 

[ 
20.. collaboration with tile Bangladesh Rli: Research 

Institute (HR P. I) and the Bangladesh Water
0--1 1 a i ... ilia....... . I )e\clopiict Board( BWI )1). A mutltidiscilqlinary 

(")U"~i'' / 1 t i.rOtp Of prolessiorals from BRRI and BWDB 
/T-- stidied two irrigat ion sy'stCms tile Ganges

0 ..- 5 1 Kabodak (G-K) irrigation systeni (Phase 1), which 

1 ,is a lift-crr-uravity type facility for irrigating over 

40),000( ha of' rice land, andi the North Bangladesh 
tuhewell irrigation system, which manages 378 
(deep tuhewells. IRI I provided technical support 
in planing, data collection, data ainalv~is, report-
Ig, and t raliiine2. 

It; tihe (i-K irrigation systcm, the research 

assessed the systell's tel ia'ry level water allocation
distributio lllethod :iird its CffCctiveness, intro

tI dticCd iIroproved crop produtiion technologies 
00! -~corirpatihlc with the wa',ter sratus, arnd evaltit,,ed thle 

,ol)rosp'cts ploductio it'ncreases 

liii; 
IN10 t of crop to boost 

oi Il was conductedfarmer income. field research 
ill tile ser\vice arls lofiniC selected tertiary caalI 

4)oftree C'Otdar canlak ls Ii rit Iesng the head, 

O L .. .... aal .. I ikci\,si the read, toiddh:, ard tail areas of each 
ctnal \crc by

IR.0I( ip-lW. M)+ tltialies, olc f rom etch scetioIal area (Fig. 4). 
40N; IRY) M IW) '0 , W.'SCCOnIdliy0) :(' ,Icpresrtnld a set of"three 

i- -I G[I,,,nq -1 1- t H ,;,!dh -m F-rorm each tertiary area. 50 sarplpe fariI plots were 

3. A'm.a ilccl "%ttlil' htt' 'uk t\ I td IllOliitorcd to create a h'IIIm-lCCl database covering 
t1N(R I S\ t,,, 'h', ti, I practices, cropill0.l Iilt'I al \ I',, t ,,l ',1:Littl ,t water Status . Ctultuiral varicty tIse,

M iod . ( 1 11 1l - M--I 11 !c-J)\t'll' . CluCTd (11 [I vl,M W l, k l , al it]t l h 1)
tc ltd stalbislrroil ]V1 ct mml i, .1ict,, ,I I?t. I,"Li,1i . m Pcihtt CIlt date, irnptits use, arid yields. Irriga

ir k[I-. S-,la~,,. htl,,rw , ,'-; tiorI water f'low thrtigh ciach tertiary Canal was 
nIlcasured each season. Rainfall and pall evaporl-

'i) ( )1 Iniasilrcd in1aill agroiletcolologicalIF., I St Ilt I I 1 % () RINt tiolltrrates wve 

h'iotudo' Stitiorr cstUhlishCd fofr cilh rC'ia' CIIIal al.
Impact of irrigation water on crops. Some 

A litmcot \us iitiatd to Ilmritoi thI Sirsceptihility selected findings oi \watcr allocation methods and 
of rice itisect pusis to irisceticidCs iii India, Sri plans, as theyv relate to irmprovemirents ill irrigation 
Iarika, Bairngladesh, l halaid, Victnan, NI iI\ sia, cfflccti\Cncss and crop productio, iLUC stlnilnir'tzed. 

Indonesia, I'hilippins, ('hina, Korci and .hapan Iump o/ratioll .h''dult'. Farm'Iers wailt for the 
The 14 national pruogran sicrlt ists involved hope starl of pul p eraiOnrand waler delivery before 
to stardardi/c rltetluinds Of detertiiirig sirsCep- ',tartir, field uipcrathimrrs lor MIs, the hCli:!ning of 
tibility and to rrrinitur tile horselinr sirseeprihulity of which is isnually very dry. K nowledge of the water 
stern hore,, plaithuippCrs, arid lerfColderS to eight delivery schedule !s needed for farmers to be 
insecticides. prepared for fari level operations such as land 
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Area (ho) grown to NIV Table 10. Averagt, yields and inputs usa of farms in 3 

1500 selec-,ed secondary are&3 and in the head, middle, arid tail 

Au,, reaches of the secondary cane'. '.anges-Kbodak irriga-
Amon tion system, Bangladesh, 1983-86.

Am.an~i ____:________ __::____::___Y___ 
Iinput use (kg/ha) 

Location It/l N P K 

800-
Aus 

S41, 4.0 a 97 43 26 
S9K 4.2 90 48 30 

S1K20b 62 36 21 

Headb 4.2 a 90 50 31 

Middle 3.5 b IS1 43 27 

1982 1983 1984 1985 Tail 3.1 b 65 27 14 

6 Area grok'n to mod In %l ietiCs M Vs) ilnaJ nd iin. 1) Ainan 
research tertiarv areas. (i-K irrin.lioi ns'lem ,anilLclh, S4K 4.8 a 94 36 21 
1982-85. S9K 4.9 a 103 49 19 

S11K 4.1 b 78 41 25 

Head 
b 4.6 a O0, 46 27 

(Fi.,. (), consistent with irAprovements in their Middle 4.5 a 91 43 26 

water management ittis. Su'tahle vatlli ,s for Tii 4.6 a 90 38 21 

aus al: limited, and uncertlintlies inlthe river 'va,,r aWithin a group of 3, figures followed by a common letter 

supply durinig early aus are major limiling factors are not significantly different at the 5% level by DMRT. 

in improving the benefited area and MV adoption b implies the J head-reach tetiar'os -- 1 each froro second
ary S4K, S9K, and Si1K. Middle and tall have similar 

in that season. meaning. 

In 1983-85 aus, scarcity of water was more severe 
in '.he sample areas farthest from the waxer source. 
Farmers' use of inputs and yields were affected in Yield (,/no) 

the :;erv'ce areas of the last secondarv canal (S IIK). 6 T'/59K- , T/o/SsK 

and the tail tertiary of eact secondarv ca.ial. The 5 ...... 

avr,c NP1K use and yield were sgiiad oe 
in SI IK than in the two upper secondary areas. r /S T6/S11KT6/S9K T18/S4 

Similarl.y, the average inputs use ;,nd yields of the L 
10/11

three tail end trtiary areas in aus were significantly 


lower than those of the three head o,three middle 1 h e,,
T"Md 

tertiary areas (Table 10). In anman. when sufficient OL I-- --L__ ___L_ I I I 
i8q1 11483 191,5 !982 1984 1981 1983 1985 

rainfall occurred, by and large all tritiary areas 992 984 1981 )99 1985 1982 19U4 

were well supplied with water to meet their local 7..A'.eree alan rieeteltsol hiriirat headmiddle,andtail 

inpuuts and alil sCZiCIce f I sc,:ondarv ,nalk, 

tertiary areas were similar to the other areas. s1,tcm. ',timi.descih 
requirements, and tis:t yields of end lcrl, areas G-K irrigaiion 

1951-5. 

Among the se, aidary areas, farmers in SI IK, 
which is the last s.condary of the three, used 
slightly lower inputs and had lower yieldk., abeut 1.0 tiIa in 1982-85 compared with the 1981 

Improved irrigation SLrvicc in the nine trtiaries benchnmirk yi,.'ld (Fig. 7). The farmers in the head 

during lQF2-85, coupled with use of btter varieties tur;.iaries also had an average yield increase of 

and higher inlputs, increased rice yields in tie about 0.5 t/ha. Rice production in aus and aman 

service areas. The greatest beneficiaries Of this increased by over 201,T in the 9 tertiaries and by 

improvement were the tail and middlcend farmers, about 50%'Ir in the 3 tail end tertiarie. in 1985 

who achieved an average aman yield increase of compared with that in 1982. 
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Irrigation service and cropping patterns. In theareas where irrigation 'wkater is delivered in both ausand aman, the 11o,. profitahle as well as preferredpattern kkias rice - rice. A three-grain crop systemsuch :Is rice- rice - %%'heatis not recomfiedd. The
third crop, grokvn onl rcidutal soil noisture, shouldbca lf'iurinotis crop ttorintain Solthf-rtilitv andprodactionl sustanabilt\.. lie irrigatiof) s\"t erhad previorsl. tried to deliver wtCr to liitedarcasl or irric.eLmd \khcat i rabialter ,rmirn ice. butthiS prractie - kas, not sirtilithlc and precludedpropel repair rriai rrll.,-,. F111(.lbrtliehrrnroC.xxhat rxxil II fill)] dJlyS ;ru rice Sfibli~shinrilt 
xiihcih if t111itii mlaia,,s ric.ulting in lowcr 

[ice PotlCtiInIciii aiea,, xxhere i iu-io 
i ir'ici.S

\x\iir,.-ll\ ciy iin airs is lateRIot.. III-oduc~ti~ll i ,Itc i, k alld Ics,,, pr lita lc 
or itimtrcqrratdc l~ ,Ir c ice area )I OI)SIK i.such air 'ia. \ttclr-ktoicmx\ tko [ic cropsusual lx dcla. planfiIticS ill bth swi,,mi, resulting inilxxd. l-i lIrea rc .\ic"d of l 1 Il K iIl,*:2- 5 crc 2..0 1 hi- loi it and i. I fot luari,\ thic-li %'c 1.7 tha .lss it rrs aid 1.2r ha lcss iMlIot tIitniari it~rriilk- respectixcaxe-aL.,\.icl I ini th,tcrt iar\ arrea, , retei ChIiiii iMol 

r 
t irk 1',aid IrcCcuatdIcirri~atiou Witr. ii au.r. 

Wc atellilpicd to di,,\\ onl\ arrmr ricc in tireI10 S I IK arcai 1i1w. rcplac.iri, txxo tdcyw-cd ricecrops xxiith rcl\ ir at in xater, tirielyest:rblislrrtirt of i. rird incorpu-atin ti.:hurriss of a grc nirunire crop (sesbaflria) oIf the
precedirg airur,Ir urxirwtcr to irrprx-c the soil Nihi 
.iittl. Ir ;rr replicatc'd c.\peiri ts ill itr,-rrie'
plots, yicd, of HRII x\crc (.3 t hii ill I )9+,1 and6.5 t ha iti 1985raixmt laibuto 50'( -4 rcrrom-recndcd chcmical N. Ihcx \ick, xcic abowr 2.6and 1.9 : haic than laricrns'x ild il lie hifalcs'ason forv 1 tic ' ari rric V il le iira highlk

-r,.omi aci l t\ A ef ita iicl ai rit__,
hafuels can ,ro rv pulse (it mis I'ros Ili r,r'-inrr rc.,idual soil rImisttrc. 

Itl IAM RICtt ltl 1)R.It ('11NAI)t'. INDIA 
i NS 1 It ,\A It 

.glgrii-h.rd~,-(,/ L(-nurni/ . x D'i ,~,,Agrcul•xx , 

Alt',igatio taik is a smiall calilci rescrvrirconstrurt ed across tire gentle slope of a mirror 

valley to catch and store rainfall runoff. Tanirrigation systems are more than a century old an(cover mer 30% of the total irrigated area in TamiNadu. Karnataka, and Andhra Pradesh States irSoitlh India. The tanks irrigate mainly WS rict
from September to l)ecember. 

('tlllilly, the tanks have several performance
c'ritraits. lank siltation, torcshore encr-oach
lmlent, and vcak tank structures (sitc! as tankhblrns. sluices, surplus x\eirs, ctc.) are the mlajorprobleori aboxc the ottlet b :idlv maintained
c.Ilsl, altbslc ol, water tiscr' organizations,
improper tank operation, ard irradLeLuate ground
w:iCl suppliCs to Suoplient tluk wa.ter are the 
rirafir- c~Mstraintstank, I_,lrr\k the ortlet. ichlreheb ishx-outlet aboveoutlet prubhhrirs intro+duceproblerls redlce the water available iniin tire 
eqruitv ill \kirtcr distribil itOn aiinroug the farmers.13oth r \ov.- and blow%-outiCt PrOblCIS result inkatcr .trCss irrd rice yield reductions Hence it istnrp0tarrr to identify appropriate invest Ientstratecics to imprmve water avilibilit, at Il tankand farmlIccls. Ihis study \was, an attempt in thisdirection in Ianartirathaptr-ati l)istlici, FamilNadir, using 1984 field and tank level data. Thcirajor objcctivc of tire strdv was to evaluate ranki!rigation 5,5-stem strttegies b- del-Oping it Simulation 

raelt 
nodel. More specifically, thestutidy estirated thre irice stress days arid yieldreduction under exis.ing as xx'ell as improvedphysical and rrrarageitcint strategics, and evaluated 

tank iruprovenrit strategies. It was done in colkihoriti(0ro \ith tile Water icclrolowy Center oflamil Nadu Agricilturl University.
*lrink irrigation system simulation model. Asialrtif);) lll Is air apprprirte and ad;,anced
tool to :,Ilt(i tie perforiiancf: of 
an irrigationsystemi ais it ciutrldies tire \ariables and relation-


Ships that ch 
 ilatfrit an o -,. tin, i,rigation
shvsttnri. le modlIhI .in,.latcs Jecisron making atscvcral levels of activit\, irclhdiir., water releases
 
for crops arnd crop 
yield reductii. because of\ater tress Irt different crop stages ats well as at
different Icatinirs rr tire system-1ih-, flo chartI o, the tank irrigation svsten
Srrfltitdii rrodcel i.s iVCr in Figure X. The modelirks on a daily basisiard hals tfromr the catchment Ih.se inputs; inlowsand supply channl, seepageand cxaporatior issCs, sill level of the surplus weir, 
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8I. FloW chart of tonk irrigotion system simulaltijon model. Tamil Nadu, Inda, 1986. 
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full tank capacity, number of sluices, sill level of thesluices, values on elevation of tank water surface vs 
tank storage and elevation of tank water surface vs 
tank water surface area, arca and percentage of 
crops in each sluice, delivery efficiency of the 
canals, field water requtrlement of crops. andI lntOfro s, ndS1t 
number -f wells. 


The model computes daily water balance 
 It the 
tank by subtracting the daily crop water require-
ments and seepage and evaroatior losses from the 
tank Y'orage. Thus, storage at the beginning of thie 
day is calculated by adding the previous day's
balance (stcragc) to the inflows on that particular 
day. From the tank storage, corresponding elevi-
tion and surface area arc calculated usine a 
subroutine from v,hich tank evuporation and 

seepage losses for the water . urface are calculated. 

The model automati\:ally calculates the emptying 

as well as surplusing of the tank using the sill level

of the sluices and surplus; weir. It also allows farin 

level pumping ofgrotind, atei when the tank water

level is below the sll level of the slices. The stress 

days at differert periods of crop growth -- early,

middle, and lite -. are calculated when the 

groundwaer available for rice J ;ess than half of its

field requirement. Rice yield reductions are estirr.u-

ted using the calculated stre.is days with de yield-

stress days equation for head, middle, and tail faalm
groups of the irrigation system. Then 
 the total 

stress days and yield reductions are computed for 

the season for each sluice. 


The model was field tested for it:, reliability and 

then rerun for I) different investment strategies

such as restructuring the sluices, lining the main 

calal, and introducing more groundwater wells for 

supplementary irrigations; 
 and 2) improved 

management strategies such as sluice and rotation 

management. With sluice management, tile sluices 

are closed if the daily rainfall exceeds t0 mam; with

rotation management, the 
 4 sluices are rotated 
alteinatively (2 each week) for irrigation. Srivil-
liputhur Big Tank in Ramanathapurani District 
was selected as a representative tank for field 
testing the model. The catchment area is 1,536 ha, 
storage capacity is 14,160 ha-cm, water spre ad is 
53.39 ha, and the irrigated area is 401.87 ha. The
model was applied using 1984 data. 

Equations used in the model 
I. Inflov, from catchment: 

INFN FIJNPERO'A , , XAREACAT
2. \aporaion losses 

EVATKk t)AI-VAk IStR ARIL
 
Seepage losses
 

TK, = DAS1113, '["SUIARF~k 
4. 	Field Water requirement of rice
 

('ROPRIFQ1 WR(PRFQn 
 NIFORIo + SI1PREQkI (RREQk, (R(I'R Qk X AR FSLU,), DEIFI,5. (roundwater supply 
GWA'k -=f (I ST,0k) X NW, 

\V)6. StressIl1)5, :=(SIndysVh W1 -I fSl), ": Wi) 4 S[)R 
7. Yield reduction
 

- - I S, X),iARE,
-SI)CO, 

where 
INFlOCAFk = inflow from catchment onklh day 

inI) m3 (k= 1-243 d), 
RFk rainfall on k"' day in cm, 

AR FACAT = tank catchment area in ha, 
R UNPER = runoff percentage, 
EVATKK evaporation losses from the tank 

on kt ' day in cm, 
DAEVAk = evaporation rate on klh day in 

cm, 
TSURAREk tank surface area on kh day in 

.100 m
 
SEE'I'Kk = seepage losses from 
 the tank on 

kil day i cm, 
DASEPk = seepage rate on k ' day in cm,CROPREQ, = water requirement of rice at I 

fortnight in cm 
NDFOR, = number of days at Ill fortnight
SPREQk = seepage and percolation require

ment on k' day in cm 
TCRREQki = total field water requirement on 

ki day ith sluice
 
TSTOj, = 
initial tank storage on k day in 

100 m 
CROPREQ1. = field water requirement ofrice on 

k"' day in cm, 
ARESLIJi rice aica in i"h sluice in ha (i=1-4 

sluices), 
DELEFI delivery efficiency of the canal in
 

i" sluice in percent,
 
GWATik = groundwater available for
 

pumping on ki day in ith sluice in 
100 n , 

NWi = number of wells in ith sluice, 
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TSDi = total stress days in i h sluice, days range from 17.7 d in sluice I to 37.3 d in sluice 
SDi = number of early stress days in i" 4. The yield reductions are also correspondingly 

sluice, varied, from 79.5 t in sluice I to 150.5 t in sluice 3. 
SD 2, = number of middle stress days in The total yield reduction is about 446 t. The 

i0h sluice, differences in stress days and yield reductions 
SD 3, = number of late stress days in II among the sluices stem from the diffei'ences in.the 

sluice, areas they command. When different tank improve-
Wi and W2 = weight for early and middle stress ment strategies are introduced, the stress days and 

days. yield reductions are minimi, ed. The magnitude of 
YR I)j = rice yieid reduction in falm group the miniiiation of stress days and yield reductions

j, il sluice 	i in t (P!-3 groups) is directly related to the types of st:ategies. Com-

SDCO I = 	stress days coefficient in the yield binaltins of physical strategies such as (anal. 
stress day equation for farm lining or provision of'additional groundwater wells 
group j, and and management strategies piove better than 

AREi =- rice area in farm groupj in sluice i either physical or management stiateLies alone 
in ha. (Table II). 

The effectiveness of each strategy was further 
Stress days and rice yield reduction. The model studied using three criteria, viz., productivity ratio, 

estimate(] the stress days and rice yield reduction eq uity ratio, and financial benefit-cost ratio (B:C) 
for each sluice. With existing conditions, the stress (Table 12). Productivity ratio as the criterion is 

Table 11. Stress days and rice yield reductions under different tank improvement strategies, Ramanathapuram, Tamil Nadu, 
India, 1984. 

Stress days (no.) Yield reduction (t) 
Investment strategies--..-..... 

Sluice 1 Sluice 2 Sluice 3 Sluice 4 Sluice 1 Sluice 2 Sluice 3 Sluice 4 Total 

Existing conditions 17.67 37.76 21.77 37.31 79.50 91.48 150.55 124.61 446.14 

Sluice modification 16.60 38.38 22.65 35.79 74.68 92.98 156.78 119.53 443,97 

Canal lining 0 34.62 0 33.55 0 83.87 0 112,05 195.92 

Additional wells 0 37.76 0 27.86 0 91.48 0 93.05 184.53 

Canal lining and 0 34.62 0 0 0 83.87 0 0 83.87 
additional wells 

Sluice management 13.30 29.0 16.48 27.48 59.97 70.26 114.07 91.78 336.08 

Sluice management 0 25.41 0 23.10 0 61.56 0 77.15 138.71 
and canal lining 

Sluice management 0 29.00 0 20.28 0 70.26 0 67.73 137.99 
and additional wells 

Sluice mi,nagsment, 0 24.96 0 0 0 60.47 0 0 60.47 
additional wells, 
and canal lining 

Rotation management 1.35 20.93 6.75 14.40 6.07 50.71 46.72 48.09 151.59 

Rotation management 0 13.95 0 13.50 0 33.79 0 45.09 78.88 
and canal lining 

Rotation management 0 15.30 0 9.00 0 37.07 0 30.06 67.13 
and additional wells 

Rotation management, 0 13.50 0 0 0 32.71 0 0 32.71 
canal lining, and 
additional wells 
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Table 12. Prcductivity and equity ratios for tank impeovumant strategies, Ramanathapuram, Tamil Nadu, India, 1984. 

Investment strategies Productivity
ratioa 

Equity ratiob 

Existing levels - Very high 
Sluice modificAtion 1.00 Very high 

Canal lining 1.30 1.62 

Additional wells 1.32 1.51 

Canal lining and 1.44 1.27 
additional wells 

Sluice management 1.13 2.66 

Sluice management and 1.37 1.40 
canal lining 

Sluice management and 1.38 1.37 
additional wells 

Sluice management, 1.47 1.23 
additional weils, 
and canal lining 

Rotation management 1.36 1.55 

Rotation management 1.45 1.33 
and canal lining 

Rotation management 1.46 1.26 
and additional wells 

Rotation management, 1.50 1.21 
canal lining, and 
additional wells 

B:C analysisc 

Life B:C 
period (yr) 

6 0.47 
11 0.66 
6 1.79 

11 2.91 
8 1.70 

16 2.09 
8 1.54 

16 1.90 
10 10.04 
15 10.57 
6 2.30 

11 3.68 
8 2.02 

16 2.46 
8 1.74 

16 2.13 

10 10.81 
15 10.91 
6 1.89 

11 2.89 
8 1.94 

16 2.37 
8 1.40 

16 1.81 

aRatio of average riceproductivity with modernization strategies to averaga rice productivity with existing conditions In 
the system. bRatio of per htctare net returns of head farms to per hectare net returns of tall farms in the system. COiscount= 
rate 12.tJ%. 

useful if the objective of tank improvement isto 
increase rice yield. TIe quity ratio criterion is 
useful if the objective is to minimize the income 
inequalities between farmers in diffcrent locations 
within the system. According to these two criteria, 
sluice management in combination with canal 
lining and ,dditional wells ranks first, followed by 
sluice management, additional wells, and canal 
lining. However, both criteria may be useful if the 
investment fund isgenerated from the beneficiaries 
(tank farmers): if the investment is from outside 
borrowing, then financial 13:C may be a useful 
criterion. Accordingly, both strategies are finan-
cially more attractive with their comparatively 
higher 11(s. This may be because o'the lower cost 
of management investment, as the cost may be only 
a variable cost toward the additional labor for 
supervision and operation of the system. 

Analysis. Tamil Nadu has a rice area of more 
than 0.9 million ha under tanks. It is important to 

select relevant modernization strategies to exploit 
the tank irrigation potential fully. The results ofthe 
simulation indicate that several modernization 
strategies such as canal lining, providing additional 
groundwater wells, and proper sluice management 
- when used individually and in combinations 

will improve the overall performance of the tank 
svstcm. However, the priority strategies were 
identified using different evaluation measures. 

The productivity and equity criteria are very 
useful in defining system performance in a consis
tent way so that modernization strategies can be 
compared wh'n the government aims to maximize 
crop productivity and minimize income inequities. 
They are particularly relevant when the respon
sibility for the operation and management of the 
tank system is fully vested in the local community, 
with minimal or no intervention by the govern
ment. Under such situations, farmers will par
ticipate in tank improvement strategies provided 



COOt'FRAIIVE PROGRAMS 589 

that they know tile benefits of participation. Inadequate tank and well water supplies have 
Productivity increases coupled with reduction in both direct and indirect effects on rice yield. They 
income inequities will help achieve improved tank affect yield directly by influencing crop growth 
performance. Then location-neutral moderni/ation through water stress, and they affect growth 
options such as combination of rotaton manage- indirectly by influencing the use of other inputs 
ment, canal lining, and additional wells; combina- such as fertilizer, labor, and management. Poth 
tion of sluice management, canal lining, and water and crop nmanagement affect yield con
additional wells, and combination of rotation siderablv. Farmers with higher levels of water 
management and additional wells will he useful to manaIoement have necessarily higher levels of crop 
;Ichieve increased syscm performance. In cases management and higher yields. In \,ears of 
\. icre improved management ,, difficult to in- adequate tank supplies, farmers concentrate on 
ti ,duce bccau:;c of farner conf1licts and differences, crop management for higher outputi. However, the 
a combination of physical improvements will he effect of water supply in deficit and surplus rainfall 
nloIC approfpriate. \cars oin input use and rice output has rarely been 

The tanks cia possibly he modernized through quantified. Such quauificalion would help in 
heavy 1:tional and iutcr:.,Iional futding. Under developing strategies for tank moderniiation. The 
such conditionS, where the aCClmFulated interest objectives of this study w,.-re I) to determine the 
rates will be high, the government ma\' be interested effect of water supply ol Other in ruts used and on 
inl investing in modernizatioii strategies with higher rice yield. 2) to determine the return to supple
rates 0f return. I 1entar\' ground\valorevaltingirrigation, and 3) to aaalvze1odernitiOn iCtCC, 

investments using H:(.s is important. The simula- the behavior of the groundwater market. The study 
tion results indicate that rotation or sluice manage- \, as done inl collaboration with the Water 
rnent is the singleI most cost-effective strategvy, and lechnology Center, Tamil Nadu Agricultural
if it is achieved with farmier cooperation, the liniversity. 

returns from tank irrigation will be high. because Selection and hasic characteristics of the tanks. 
currently most tanks are run without anv operator, Raimanathapuratn District in Tamil Nadu was 
resulting in wastagc of water. Wherever rotation or selected because of lit; many and varied tanks for 
sluice management is difficult because of farmer irrigation. Fight tanks with varying dimensions 
heterogeneity, catial lining is the next best alter- were identified for the field research. One hundred 
native, followed by provision of additional wells. sixty farmers, selectcd randomly with the help of 

the levenue inspectors, were interviewed. In-depth 
YItt.) GAP tN tANK-tt(,RItAtIt!) ARIAS 1" tAMttt discussions were held with Public Works l)epart-

NAI)t, INDIA merit engineers, agricultural oficers, and Forestry 

.ft,riItdtral tconionic. I',lmrtmcnt l)epartllent officials regarding system operation 
and maiitenance, crop cultivation, and tree 

Siltation, foreshore encroachment, weak tank planting in the catchment and watershed areas. 
strutlires, poor management, and uncertain rain- Data for 4 vr (1981-84) were collected for the 
fall reduce the total water availability to rice from l Septeinmer-I)eccnher crop season because tank 
tank irrigation in South India. [he growing in- irrigation is comton only then. Ott the basis of 

adequacy of tank water supplies has encouraged rainfall distribution and as confirmed by F-test, 
farmers to seek grotudwater supplementation. 1981 was considered a surplus rainfall year, 1982 
particularly at the later stages of tile rice crop. was a failure year. and 1983 and 1984 were deficit 
I-Iowever, the availailhiIity of supplementary vears. lin( he present sttidy, only surplus aid deficit 
groundwater irrigat ion isconstrained by the limited years were used. 
number and capacity of wells in the command Simultaneous equations system. A simple model 
area. This helps develop a monopoly market for of rice yield as a function of water ase, fertilizer 
well owners, who have a noticeable influence upon management, etc. catnnot adequately capture the 
price ard who receive a considerable portion of the effect of these independent variables on rice yield, 

tank irrigation benefits of the nonowners. as each independent variable can again be ex
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pressed as a 	function of several other variables. 
Hence, a system of simultaneous equations was 
considered appropriate to a study of such 
relationship. 

Because of their joint dependence on the depen-
dent and independent variables, the following set 
of (structural) equations constitutes the simul-
taneous equations system for the present study.
The model consists of six equations. As the 
equations were overidentified, the model was 
estimated using the 3SLS method. 
lank water uc ,quaton: )i / I ,,V., . ..s V. X, 

\7. PI )
Well x %aleI seeLl I Y1 1, I) X, 

N use cquation: -I ) I .A'. 	 . XV,,X1,1,g 0 
Iabt iuse equation. X1 /( 1. , .\'14, ,u.\'. 
R1iijyeieldti~ULI o: 'Y I'1.11 1 I 

RICC v'Iek CLtinl1tlfl .,) 	 XXI 7I. Jut)

where, 

'1 = tank water aal hilitY at farm level 
in Ii cm ha, 

Y, = well water ai ai!:1hilitv at t'arm level 
in ha-cm" ha, 

3 N use at farm le:cl;n kg, ha, 
Y4 labor use at farm level indha,= 

Y5 = crop management id,.x, arrived at 

by giving different scores to different 
crop operations and adding a!l the 
scores for each farmer, 

Y(, rice yield at farm level in t ha, 
', 	 water management expenditure for 

main and secondary canal cleaning, 
and diversion labor expcnditnre in 
S!iha, 


Table 13. Input use and rice yield in Ramanathapuram, Tamil Nadu, India, 1981-84. 

Inrp-it 


Tank water 
Well water 
Nitrogen 
Labor 
Water management 

expenditure 
Crop management 
Crop management 

expenditure
Plant protection 
Rice yield 

Unit Deficit year 

Quantity Coefficient of 
variation (% 

ha-cm/ha 74.97 37.05 
ha-cm/ha 22.03 95.85 
kg/ha 102.56 28.81 
d/ha 147.3t 31.89 
$/ha 3.20 33.27 

index 32.79 48.85 
S/ha 1.87 75.14 

S/ha 17.36 42.10 
t/ha 2.68 38.15 

aFor testing the differences between means. 

X2 

Xi 
number of sluices in the tank, 
number of wells in the command 

X 4 

area, 
dummy variable for water 
organization (WUO) (0 if WU
absent, I if WU(O is present), 

users 
O is 

A5 = dummy variable for tank type (0 if 
nonsystem tank, I if system tank), 

(, = dummy variable for tank size (0 if 
minor tank, I if major tank), 

X7 = current season's rainfall over mean 
rainfall, in perzent, 

X8 = ownership ofwell (0 if not owned, I
if ow n ed ) , 

X 9 = well water-to-rice price ratio, 
, = service charges for well water sup

plies in S ha, 

X, i = cost of tertiary canal cleaning in 
S/ha, 

.12= N-to-rice price ratio, 
X-3 	= value of farm assets in $, 
X 14 = credit availability in $, 
X15 = labor-to-rice price ratio, 
Xt,= expected water management ex

penditure by farmers in $/ha, 
X1 7 = expenditure on plant protectin 

chemicals in $/ha, and 
, to pf, = random variables. 

Results and discussion. The input levels and rice 
yields were significantly different between surplus 
and 	deficit years. Considering the seasonal field 
water requirement of 100 ha-cm/ha, in a deficit 
year tank water availability accounted for about 

Surplus year 
t-value a 

Quantity Coefficient of 
variation %) 

118.41 21.78 16.94* 
5.91 127.46 12.18" 

91.41 24.28 4.62* 
134.20 40.25 2.62* 
0.54 73.51 39.54* 

40.83 36.51 5.15* 
2.22 62.55 2.51 

22.97 32.69 7.79* 
3.22 21.17 6.90* 
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68% and groundwater 20%; in a surplus year in the study area, the yield gap caused by current 
availability was in excess (Tabw 13). The results of level of input use is 1.52 t/ha in a deficit year, 
the simultaneous equation model indicate that the accounted for mainly by crop management 
major determinants of'rice yieldinadelicit year arc (-25v'), tank water (-18(;), and well water 
tank water, well water, ferti',izer, labor, crop (- 12%*). In a surplus year, the yield gap is1.23 t/ha, 
management, and plant protection; in a surplus accounted for mainly by crop management (-50%) 
year, the determim.tirts arc fertiiizer and crop and N (---35('') (Table 15). 
management. Most oflh" inputs art as rice yield The study further analyzed the importance of 
constialints in a deficit ve;r because of water supplementary irrigation in a deficit Near. When 
scarcity, ant tionding o, ricefields dflie to ovcrusC of tank water is exhausted hefore the rice season is 

IaIr ilCSuphscsults in 	 over, farmers have to water. TheilaW year a fertilizer and pirchase well 
nlanagement gap ( lahlc 14, 15). average number of suppletnemary irrigations 

The nodcl rcsults WsercalsO uscd to dcrivc thC varied from as low as I to as high as 16. The 
rice yicld gap caused b iiput counstraints. a\erage return per supplementary irrigation also 
Colmpared ith icld and input use levels varied considerably, 5 1.39 $18.54l Iipotential 	 from to 

(Fable 16). The optilmul number of irrigation! 

was deined from the C NatIOn:rable 14. Results of the simultaneous equations system, 

Ramanithapurar, Tamil Nadu, Indi.i, 	 .5131"* i 0909I** .0X361
2* * 

1 9 8 1 -8 4 .a 
.. . .. .. . . ... .	 (,(XX)7I. . .... ....... .. . .. . . 0 .06 511 (0 0 142) 

Deficit year Surplus year in s 135, R2 - 0.24) 
V ariabhj) .. . . . . . . 

Coefficient -value Coefficienz t-value where Y rice yield inI :ha, and 
I number of irrigations. 

Intercept --5.922 -4.85' -3.422 -4.49 * 
InY 1 1.147 5,08"" 0.039 0.2? The optinlum number of irrigations to maximize 
In Y2 0.125 i36 0.012 1.10 yield was 12.5; to maxiini/e net return, the opti-
In Y3 -1.369 -3.71" 0.524 3.01 n w 

1.107 7.37 -0.037 -0.47 nlum number was 9.0. However, tie farmersIn Y4 
In Y5 0.201 1.77' 0.569 9.56 applied only about six irrigations because of the 
In X17 0.198 1.79' 0.012 0.23 inadequate number of wells serving their area. The 
N 320 160 
R 2 0.47 0.44 	 well owners hence acted as monopolists in their 

area, charging a high price for their water. About = a. a signlflcarnt at the 1% level, + significant at the 26-37, of the net return to farners who did not 
10% level, bTho variables are explained In the text. 
Dependent variable: In Y6 owt wells wa, captured by the well owners because 

Table 15. Allocative inefficiencies and rice lield gap, Ramanathapuram, Tamil Nadu, India, 1981-84. 

Deficit year 	 Surplus year 

bY 6 a dY~ Contribution to Y6 dYb "dyb contribution to 
yield gap ...... yield gap 

b)Yi 	 . . . .. .. . . . .. i)Y i 

t/ha t/ha 	 % 

lank water 0.085 3.28 0.27 17.97 ... . 
Well water 0.025 7,61 0.19 12.46 .... . 

cN -0. 0 94 1.4 8c 0 . 14c 9.11 0.036 12.09 .44 35.51 
Labor 0,070 1.77 0.12 8.13 - - -

Management 0.019 20.50 0.39 25.51 0.054 11.40 .02 50.29 
Plant protection 0.032 4,33 0.14 9.05 - - - -

Residual 0.27 17.77 .17 14.20 
Yield gap 1.52 100.00 1.23 100.00 

Refers to the Marginal Physicaj Product (MPP) of input i (i1-5, and X 1 7). The notations are the sama as thosc in the 
simultaneous equations system. "Fefers to the differerce In Input level Yaand X 17 between farmers with deficit and those 
with adequate water supply. CN was overused and MPP is negative. The dY i refers here to the reduction In N use compared 
with currant use. By reducing N use from the oxltlng level, the yield Is Increased. 



C-hls Is as good as no supplementary irrigation. 

Table 17. Well owners' share in tank irrigation benefits ina deficit year in Ramanathapuram Tamil Nadu, India,1981..4. 

Share (S/ha)
Item 

based on 

ACa pI b 

Gross return 282.57 282.57C os oselter 
203.38Coss o 203.38te 25.04Net 24.48return 74.15 54.71 

(26,22)
Cost of well water- 7.00 34.00 

Net return 72.19 45.19 

(37.40)
Value of water at actual cost to the well owners ($0.281

ha.cm). bValuo of water at wellprice ($1.36/ha.cmn). owners' currentFigures In parentheses are sellingpercentagedecrease in net returns from actual cost. CExcluding costof groundwater. dcost of water at farmers'number of irrigations (9) Optimumgto maximize profit. Net returngross return - gross cost cost of well water. eCost of 
= -


water 
at number of irrigations (12.5)Not return = gross return -- gross cost 
to maximize yield.

- cost of well water. 

they priced well water over the actual pumping 

costs (Table 17).
The following conclusions may be made:0 It isimportant to increase tank water supplies

in a deficit year through tank imlanagemnent
activities such as canal cleaning and efficient
diversion of rainfall runoff. Also, it is ilropor-
tant to improve water allocation practices;
because tank water is currently allocated 
through continuous sluice opening, rotation 
ofsliccs at I-wk intervals would help allocate 
the tank water for a longer period, thus 
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Table 16. Returns to supplementary irrigations in a deficit year, Ramanathapuram, Tamil Nadu, India, 1981.84.
Range of 
 Actualsupplementary carmers supplementary Net return/irrigations Rice yield Gross 
a 

(no.) irrigations Net supplementary(t/ha)per ha return returnb(no./ha) irrigation
(S/ha) ($/ha (S/ha)

< 2 21 0,42c 1.142- 4 135.0510 -58.903.24 2.294- 6 240.0720 60.074,98 18.542.186- 8 232.0434 79.337.04 15.538 -10 2.44 253.2824 79.158.88 11.242.70>10 280.0926 97.6814.74 11.002.25 241.23 20.50 1.39Only those farmeror whose tank water supplies arumoreare considered here. or less equal (i.e.,This helps minimize the upward.tank water or downward-blased 
between 60 and 80% of the total requirement)supplies. bExcludlng yield estimates stemming fromthe cost of supplementary higher orirrigations. Thn lowercost per supplementary Irrigation Is $2.73. 

minimizing dependence on well waler. Tankimprovement strategies such as canal lningand SluiCe as well as rotation management 

have already proved financiallv feasible. 
* When tank water is exhausted, increased 

groundwater supply' forsupplemenllary irrigations at a cheaper price i., accc,, ary to exploitthe full benefits of tank irrigation. Currently, 

aboul 15%i of the tank farmers own their wells,and the price of their water is 4 times higherthtan the actual cost. It is important to increase 
the number of wells in the tank command area 
either by farmer investment with adequate 
support fron financial institutions or bygovernment investment, i.e., comnmunity wellsat selected locations in the command area. 

• Poor management is the major contributingfactor to the rice yield gap. Once water 
supplies are nmade adequate, improved cropmanagement must be emphasized to minimize 

the yield gap. 

IAIlI.tSII ')i SYMIltOSIS IN.'IV.,l lANA

i l A1I .Il 
Soil Micru/uiout:t, I)epartnwnt
Separation of the azolla - .naaena complex into
its host and tile endophytic Anabaena has been

reported. 
 The establishment of symbiosis ininahacina-frce azolla has not yet been reported.lnabena cells live in)the backside of the indusium, 
are transferred to the embryo germinating from the 
megasporocarps, and enter into the leaf cavities oftile young azolla seedling. Before tile germination
of megasporocarps, the indusium was removed 
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from the megaspore apparatus so the young awolla 
became free from Analaha',. After itnd usilurn 
removal, the indust urn of the same species or 
another species was grafted onto the original site. 
Azolla plants with symbiotic .,ttahatiau (vclope(l 
from1 these gralft'd HIjgaS)0IOr'earps. 

When the indusiuni from ,I./i/i<'loid., was 
grafted onto A,. iriphi//:, cgasporoeirps. ihe 
identity of the ..m/Iea on the n, l,dIlpcd 
a/olla was cotitllmed by itnilollloclowill iitilod,, 
which Irecds \,ithi.izuh/ ,, iit .I./iiiidu/eidc. 
[he noehCloa iintibode test and iciNsprOcill 

collectiom \sL:ecolducted at the Niiioliiil A\/ilL 
Research (enter in tt/hou, (hiii. 

Ilc-lis inc .- cells isolattd bIA/,eum Nesltion 
or Iai \\rc h1 +innlitedintn m'nasporociips illtItl 
eCmnos,.inc thhi indusitiIII. IehC iuictil;t'ld .-Ati-
(mI,' enterCd mt, tie, le;aIf t es o\l:,iI\wiI,, 

developed ;i+tklla. ,k /uth'ia. theI :t , illn.l' 
inoculltd l,1m/,(I,'ihtI muitsid thIh;d iuieitiil, 

1983 to 1985. The year-to-year results were highly 
consistent; thus s'eCrall results are summarized. 

Agronomic analysis. I he mean yield for the 
simulated firincrs' practice over the 42 experiments 
was 6.2 thIl. ith a minlinmu 4.9 t Ia and a 
maximum 7.7 i ha. I hse are simulated farmers' 
yield, i (he scnsc thlt rese'l-chCrs ,sought to 
duplicate the lv\Cls and mlner iII which farmers 
miaged the1filr lilctors being sttidicd. The mcan 
Yield 'miniremUineiidcd practices was ".7 t Ila. 
55ithIia l 7.1)t liia and a igh_,o I1.1 t hil. 

lh Ic\iCd gall bct\eCn rccoImen tided id 
sillitililitd 1,arn ,"prActices i\r-'ile(h 2.5 t hIa 

"ile, , ihw42 cxperiteunts. Ihe ,mallcst gap was 
I. i ha. d the l~i?.1.7t ha. 

lilliu csiilied Il ',iuifiic l\hiighi atit iclds 
-11o.2 is,\ iIiiialt yield caNiii resulted Ifroll 
li tcr'tm'iiiicndud l I .idcii rate |at sucdhitme 
muii mcii t-it all 42 sites ron it it 33 sites.mnd i 

lc h i!\',-is (f variancc oflthe ptokId data 
Iclc itie.s. Ihe 1,'oll;| iiculil th rlic 11u,,, t iat the diieeit cli cts o the lfour-fctors \\crc 
-1I/I(Iwtl ',mid nI gm\is ;IN-Iric im dlle.ir ilil. 


I \Al I St tiNt I'R SI 
(IM I I . ll'\KI"t \N 

.1mi( u1/u 1ni Fenwu mu.%A1 1 ,11MV, 

lIhe I )(nki Rice Rcs;,rch Inti it (i R ).simid. 
Pakistan, il eII(ipemltil the Acri-ioll IPAkistam 
cultural Re.earch IIPAR( 'Iand(nitiRteil IIRI 
ccotmIllists, cxil [Iiied f actols liiiuitiichetImeii-I iiirm 
sields tfIRIM1 illIpper Sitid. 

('()lisid'.riil(ins,rUse'irIeli, hour fJieLt~l's \\erIsles 

examincd: tillace It comlbitiltiim l acn ofseedIitic 

plus, (hlisitv). fertilizter i ate, see'dlitc imamicrt.:tgt+t 

and /). I) comtilisls ;andlRI and PAR(" alum-
notiits, condutcdnted 42 on-lin \peritctill li I 

hiihl\ ,icimilic zt in CIe the
ch ease att (,'le\el. 
secrif Iliiclur-oidi intrlactiMis \cre :ilsohighl'
 

-Igiiili 'tilloicr" miiliier ate. tillag\ seedlindg 
miimiiaeiii., InalI-gc""eCdlilu 


HinCIn. hiili111em it ie eedlitic"tuMILttiiciet itZn 
ind l tilii iu.ey.,cl I;uiIse dlit iiliCUIlic ill. 

I lie pic\ i|leice' I itMmi.\siciific;tm hichier-o0rde| 
immtclactio)mis fllitke's ibleIt II pIOSS toi1ppi0rtitin tile 
dittccl effts Ito ach i iid tirlIct tr to inter
aeutit. I ;il tile ietds ofI lclnie. ill I,-, maCn 
uachiciitliti.eommiiiiideil tIier,'lescls 
a'J.'ilteeniHmpine~d ss. In'clien1psled user leve ls of the 

l)ticr tactilis. 

Siinilating farmllers' practices. Sinllited falt
fieis' yiel. sere hichm.r thau the 4-5 t h rpor_,d 
b.\tiuIr,,;ii )illnal 6 inlas the sicld 0If IRlk tippCr 

Table 18. Mean yields of ecd h management factor ovr Coomtined levels of remainin lminagmno01t factors in on-farm expe
riments. Dokri Rice Research Institute (DRRI), Sird, Pakistan, 1983-85. 

Mel yield (tha) 

Mafapin n f tcom ru ed Si u lted Difference 

practice fafirer.i' practice 

Land pIpparaitiol 7.6 7.0 0.6"
 
Fertilizer 7.7 6.8 0.9"* 
Seedling manaqement 7.5 7.1 0.4" 
Zn 7.4 7.1 0.3" 

SignIicant at the 1 level,based on paire(d t-usts in 42). 
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Sind. Farmers" yield estiimaltes may hiased 
downiard, particularly ir rcspolldenlts iear that the 
dtta tihey pr'ovide mayI he tuse.d ftl" lax ;I'.ssessinttlit. 

The sinltilatcd I'rlmlers' vi elds ar, rCprCsCntitivte, ol 
those achieved hy prtlss,\ e IO\\Crs IIn the 

District, and the, IIce tract InI \%hich the experimenclts 
were locatcd is recogni/c'd ats mlloll the Illo~t 
productive in1 I ippr ind.oven~ aIli I102hit Sind. p0ih s llbetter 

tFXC'n allo~ilU hit these possibilities. ,Ifiiulted 
tIlncrs' yields \Cc high. I nirmers illtCr\icC\\Cd i1t 


tile rCsearch sitcs attrihuted tiltcse high .iclds,iII 


parl, to tile expelritlnts,' location otl better qtualityV 

land ill better iri-ialtiolltIan i's usulal iI tile

I)ist ret 1abe It)) 


I (than 

Rcst:ureltrs 11lay also lta'. ll intelntionally 


inaitlitned higlt lccxls ofl InarltItIcttttt \\hcll 


silt lln Im lt Ilers'p ctC . its Wits ilso tilte 

hliplncssion of lolltitcrl. For ti pipi, the shitllitCd 


ll'trteI" philtt delnsity I1\ hiIv beien 1t'av ltl" thlnl is
I . 
actutlk pricticed oxcr latec atrcis: vCClin od 
S iall ul s W,%kc',C pt IC (I d too nicklx ;llt( In reioc 
eleet.citl\ tItill latill l , 'cdill pr~ll"clicc 
IherelorC. .iCld .aIps clitlt ed Irom siltmll plots 


IllaV oxeresIlllate thilt , htich occurs In practice at 


I.C;oIIflIInic ailIisj,. I he ptutial huldget altalyses 
aMe stliitttIllr/ted inI I iblc 2(). 1 liietlvIs is partial 
in the sense 111%thatl achtoll included as Cxperi-
Itctital variables are: incorpomratedl: it is assumed 
that all othrtl practices Ii.e., Ittoo)lcxl)elmtllltitl 
variables) are hl.d cotnstntt at the ;lartic'Is level, 

lhe ttet tnlhefit of theirCconttetded technolouv 

. 6I()is a pick ig e\ceXCLCLCd S57) ha, while tie nct 
benefit o[ tihe Sittlated larIllers' technolog (TlI 

Wis about $451) ha. Ilius, ile tcconictided 
tcchttologv rsCoultcd in alddcd nct hcncfits of 
$121 hal atl added cost of S82 ha" abve,\c the 

nlttttttlated faulmers' tcchnolog\. file nilaii;l 
bettefit-cost iatio (,I WltR) of 2.5 ic;tils tltat, o 
tile ;IddilotitIl dollr it \csted in "Il0, titc aeiag ti 
it lCttrtt[ i l.I.S 

While tile tict hCnfit of the slinittlacd tarltt1rs' 
p)raicticC (I1) was Nlvcr that, thC other tretmnt'. 
the M I( Rs itn trat;ielti 19 through A I-t \wl less 
than 2. Ihesc treattlinctls included tile rcconl-
nltended level of land preparation and imply ihli 
the added belltitfimtof high illgc fortliese treanttuelilts 

x'ielded a net ret urn over added costs of less than 

Table 19. Farmers' impressions of experimental sites and 
crop management vs conditions common in Upper Sind,
Pakistan, 1983.85.a 

Farmer response (%) 
Subject of questions 

Agree Disagree Don't know 
- ------ ____________________ 

Land quality 
Trials are located on 99 1 1 

land than 
is usual. 

Researchers have 100 0 0 
better irrigation 
than farmers. 

Farmers' land is 21 79 0 
better leveled 

research sites. 
Resources
 

Researchers apply 95 5 0
 
inputs at a more
 

appropriate time.
 

Farmers spend more 6 93 1
tine on crop care
 
than researchers do,
 
Farmers prepare land 5 95 0
 
better than researchers.
 

Harvest and postharvest
 

operations

Researchers have 13 56 31
higher transporting 
and stacking losses. 
Researchers have less 50 29 21 

threshing and 
winnowing losses. 

Farmers have lower 96 3 1 
grain weight than
researchers because
 

their paddy is drier
 

when weighed.
 
1
Source: survey of 144 farmers, after harvest of 1984
 

rice crop.
 

I()0(, often tegarded as tlile breakevett point for 
tIle adoption oif ier costly technology. High 
tillage is prolitablc however when other Ianage
nltill titols ate also it tecottittiendcd levels. 

()lit %xav to diteCtl v CtnOilp.ire anlld interpret the 
pli ial butget rcp iited in Tahlc 21 is to phlt the niet 

bcnefit of each trcatintit agallt its variable cost 
(IFig. 9). The set of treiitd iettts to the upper left
hand side of tle graph,joited by the solid line, are 
those that provide either the highest net benelit for 
i givell variabl cost or the lowest v'ariable cost for 

a gi'en level if' niet benefits. Treatmlents incor
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Table 20. Partial budget analyses of on-farm constraints Net benefit ($/ho)
 
experiments for the owner-operator, DRR I, Upper Sind,
 

a
19 8 3 -8 5 .
 

1,
Factoib level Output Input Net 


Treatment ............... value cost benefit MBCR c 
600
 

T F S Zn (S/ha) (S/ha) (S/ha) 05
 

Ti Si Si Si Si 559 79 480 n.a.a-
S 15 

T2 Si Si Si R 596 87 499 3.43
 
T3 Si Si R Si 592 85 507 4.92 "0lo a
 
T4 Si Si R R 617 93 523 3.96 sJ~.0 7
- e+14 
T5 Si R Si Si 643 114 529 2.39 0b 013
 
T6 Si R Si l 654 122 532 2.19 .oWO 29%/

T7 Si R R Si 659 121 538 2.37" -

T8 Si R R R 681 129 553 2.46 500 °
 
TC R Si Si Si 600 117 483 1.07 05 tO 

T10 R Si Si R 627 125 502 1.48
 
T1l R Si R Si 632 123 509 1.64 1
 
T12 R Si I 1i 650 131 519 1,73
 
T13 R R Si S 684 152 532 1.71 0

T 
............
 

T14 R 
____
 

II Si H 706 160 546 1.81 100 150
 
T15 IH R R Si /37 159 578 2.22 Voriable cost $/ha)

T1G R R I1 !t 782 167 616 2.54 ) Ni hc clitsurla c l t icaiincts inluded in ot-arm
 

DAll sites uonl)binvd. "
t T - tiliagq, F fertilizer level, S t'\IClhc' 1k. I iciSi 'i in tt. 9'83-5. hin d data.tif, Luit 


seeling marlaq lHuiet, Si simulatedi farmers ' practice, Se I thl 20 I slesetptio 4 ict and their
tis. saiialr.' 
8 recornmre Jert practice. 0mI3CFi - rargioal weefit- t ,t 
cost ratio -- added total returrts added cost, of treat
mlent vith restect iw' flirmrbrs' tractice. .a, not applica

bhIe. 1octn are at recoIllnllerided levels. 'The NIMRR 

tteastured witI respect to T8 is 165f7 while the 
poratilg fite sifitilatcd lartn-lc tillage practices M R R of hoth f'rtillizcr and tillage adoption (given 
(fI-IX) lie On O nealr the solid line that flo tls the Zn and seedling matiagetnent at reconmended 
net betelfit sttrla.cc, %,hilethe reconntittidd tillage practices, i.e.. 14) is 126"(. Thus, the comple
practices, other thanl lr 16, form a clustcr lo\It,cr tn etaritv ofl higher trtili/cr rates and tillage 
and to the rieht o( the net betneit sorfice., combined is evident; that is. lor either practice to be 

If a lartItCr inCreatse>, Ceas inputs his lrolitahle it isnecessary firstb:'Ytod pclealy to have the 
current praetices (tIIl, otiidering all pos'ible cheaper inpots (Zi and seedling nmanatgernent) at 
cormhbinatiotns of larmcrs' ald recotttirenidd ptac- rccotnn,,:nded levels, and second to cotmlbine both 
te,,. it is titost prlitadhle to lit.t adopt the tillage and lertilizer at recorntnended levels. 

reconutdedil ed met ho Of cro)p estabhishnient I3). Slelise adoption of technology. 'theecononic 
The roarginal rt"e of rctttrn (NI R Ri)hront shifting analysis of the otn-lar trials detmonstrated that it 
from Il to 13 exceeds 390)"1. ihe next most i, protlitahle to adopt cotipotietits of i recoti
profitable shilt in niiagctnIllit ts to cotinc the ttended technology it a seiUt-nt il tmanncr, 
recommended levels of Zn and crop establishment depclding oil Cash a,,milability. as opposed to 
(14), retaining fertili/cr and land preparatitl at the adopting thel rCettnttctidations as a package.
farfmers' levels, for which the ,1 RR exceeds 21 Of ('. Ihrefore. the current etnhsis in rice extension 

The addition of the rccot1n1entled fertiliier tech- or the "package of applrach needspracticesa" 
nology to T4, i.e., TX, witi.l I,.rtili/cr, seedlinmg closer examinattion. 
managem t, :arid Alt at recollclded lesels, bill It appears atdvantageott lotff'arlers to adopt 
tillage at the simulated farmers' level, is the next the recommended technology, but in a stepwisc 
choice, manner. First, the application of Zn may be made 

The lex( tnoist profitable shift (f'rom "1-) is to art illportatt extension eICSs.ige. .ilt C SlliLg its 
adopt the rccomrnertdCd tillage practice ( Ft6), availability at standard quality an important 

provided that Zk, fertilizer and seedling Iliallage- ob.jective of the government ano the private sector. 

http:sttrla.cc
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Second. incrcasiring stand density is economically laclurers in the southern states of India nowattractive, htttfill, constraints duie to abir avail- fibricate these machin-es. 
ability at t si
lSplanting timell;arcollsorcogli'iied.
Theref ore, alterllative methods to chleaply IficteIsc 
plant densitv (dirct seeding or tie adoption of 
mechanical transpliliters) may he lilportmant itemllS 
for the reseaicli agenda in I ppr 'Sind. lhird,
increasing fertili/er and tillaige to ret-'olllillileided 
level> i)a,het-'ite all ecensito priurit\ tter the 
loimr-cost icconmllendatuils ha,e heen thor touhl 
extended to farnters. lsahtlatiniiitItcrl.ilate lcvel> 
of fertilizer and till;tt- Iraclices is also \wriit"ate,..

lhc eonlileuCntarit Hetl OWtile eut-Cended 
tillage and fertili/cr practics results inthe benefits 
of one i.tor hin- conditional on the other factor 
also bI',, used at1tile o iltnettldcd level. Illthis 
CaSeC,ittlla\ib.'dlv\tttcIit'U to rCcOltuenld tillaugeh 
and fcrtili/cr isa packagcoeel tIClhIolg\ 

INNtl \1I \IF \1(i\ 'Ru .111 

Philippines. IR RI conpil teid 5yr ofi collhorative 
piotgraitn \Ih the 
cultLfC aid lou1d 
MAF capbibilit ies 
cultiuil cquiMeilnt 
fabhriicaed b\ local 

Plillilppine Ministry of 'i'i-
(MIl 
ldigl t enhnce 

to (!(.\(lop and lirilinote auto-
stblahc 
or slSall larnilerl.s and 
ililulkt.+Ititcrs. 'lile progral 

evaluated iil\\it, Septiber Il9of' by a team i
epresIcrutivites Iloi illnitd Stiaes Ac-i y for 


Itllernalitinal l)c\ elopiicUtI 0 S.\1I)), XI \F,atnd 
lhepox ate sector. Ilie !C\ 1c0 Ctiilconc ltCd thiat 

the rlroti.ll had Su-cCeSS1ll\ devehlOpCd a riumluC 0f
snlall-a.nl tllthitpleniuilts and ntmtchtem that had 
hct well accclpted b\ the lie \thner.If( used ten. 
\t tilerequIest 0f MAI.. the I SAII Ihilipplic 
tni Is al t pplrox idc ildIs it)Il .1 lotu ed 


coriirtlin 
 the IOmn li I'M if a ddimuralM Ill.
The pogi-ant has placed cnriphasis., illitsfital 

stagcs, oil stie ltnhing tile ilistitutioi 
 structure
 
for thL dCClopmenunt, extetsion, and rinirketin 


tl 


of 
low-cost equipnlt slitabl lol-
raired ireas. x itIt
 
highest prioritv i\en to upland areas. 

Iidia. The ( 'cniral Institute of Agricultural 

FlngiHiceriing-1 R RI collahtoration 
 lugrtuall Cate to 
an end i Scptenihr 1986.The llimjor iucei iiiplisi-h_
nents included the illtrducticI I nol 1R R I-dcsigned 
reapers, thrcshtrs, and tr iaspla.iters. Sonic aniin-

"l
he prograin assisted a man Iufactr ie r in adapt
ii the IRRI " 5 ptower tiller with a 1.O-ni ireapelr 
to tbhe poiwered by ilocally made 6 H1) air-cooled 
diesel engine (Flig. 10). Field tests indicated satis
lactolry andc onomiical perfomaiice. Tre machile 
isnow comnir1tcially prtoduced, and other :N-"+a.t
factiircrs have adopted the design.
 

Ilic prograi also 
 assisted nlinufaCtuII-ers in
 
designuie is and fixtures to re(ltlce 
 fabricationi
 
title aiid Csts ill the prodUction of this reaper.


Bangladesh. IR R I lrovidecl assistancet to the
 
B'angladesh 
 Rice Rescach Inistitute (lRRI) in
 
nmiodif.ving the IlRI 
 'I 3 pior tiller to Suit local
 
lailning conditions. A detachahle rotary tiller was
 
designed. and t o plt'otype units 
 llriCIted ait the
 
Iangladesh Machine 
 iool Fiactolv \erc field 

'
tested by, IRIRI fo-IprlornItace aild draility.

Another pruloty.peloig.1 I 
 i as suhtieuly built
 
at the B 
 for IiiiPIwoI rks l oiul mind denIMIn itr

()itIRR1's ret'(lt)itt-ll l l,the Bangladesh
 
\'Iinistre \f :.\ericulturrc, Its apprt\ed 
the pronto
lion andtinuillactiure of tile
IRRI P,1-.
power iiller
 
inlt eoiiu . Ihe PlaF is to 
use ite diesel eneiics 
of o c (tI.(0l0()sllallok \\Cll irrigulion uilinp) sets 
d trile slick pliilpinig periuds for po\,i-ing 
loll\ made po\Cu•tillers. 

I<RI assisted HR RI in COnLducting a traintinug
coise oilthe use arid Fulintetallic- of the IRRI 

'
 

.. w, ,:.. 

-

v. 

I SIpt, 

crlt!!li.Ini 

.' ;. ,''*: 

tillciiC alu 

. 

-

c , lhp ir-cool.,ddiesel 
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a.mditr germplas7 storage facilitv, a ocu

mentation center, an(' dinling, lacilities 

,,.M I I AI . 
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ll1l!1ra1 d:i otI cc ill*di t weIith 11;.111',countriest a 

.... ... :'+:
.±. .
 

MI'hd1!. II d I'rr,1,, IIItllerItml dc,hII, 19"01RgN 

powcr tiller fur 15 engineers Iti thelaimlalc.h 
Agricultn I I )cs elupmnt ( atlconl(illolll )( ' . 

BAI)(' ',,.",et:ct.itl i ortiaiii,'d lo, ,l, 
tCplitl ;iiitl titIlilec I itlhL\CII',..lk- C"\lWCitldilia 
to lintlltc ll ;11 c citng,alc'.. td li' intl 1i if 
po;,cl illics 1:the un1rs.dwlc% 
Mada gascar. N cai I At ,\aiit i lld llo ii\ 
t iii lCop'. it Iau;cas-,ca,,lidlilL att'!i 

IilLc triictir,,liil\-cfiiL,I iihleli-, illli ,ill sIiil 
of lloodcd nicelicl,. Iack 11siiic phwh al lii.h hi 
lilliti lialicc Costs al"ii il t,p1 iioleii 1r)(",.Bill iii 

shorlilC',, d ill"p tlaI! .i lCd 

cliip cstahlhishitit iIl d c;1iI-[ Cc si\ c s 

lx ,still Mid tics hi10ae nli Iil 
priil'riate slcall-flirnimnachils,hithlp 
cropplilt illell it\and pldii tltoll. 

Iu',csli
ill\ 

s %%lie\h n 

\. AieI)-

"\IRRI ene ineel-\,as ais.iencd 1totit.e
IRRI-
\I,~idag~isct. iiol priucIt mo ,wpa:;iclh irfativc 
o'casitOll L it ,ssi lin t_1 a iiv'l,.

, 
it",. iod 

delllollstii iml it IR RI nachiie, 
als) tisetd lo iSses.s ftalIlre ,'lict.- . 

and milchlinir and to ;ssisl the 
deterln i ing iesearch ctis es. 

Ilis isits v.sre. 

fT ctlip!lIll 

LtoCltmilcct ill 
'iths.,trat.ies.,id 

prioritic:, tur nilt;iericultlr[ I lcchaliiatiill 
progrini. Mtdagi.scar tarlcrs Cxprcss,cd 
intcresl IR RI ofeiius,inl the machines ut their 
simple design, low cost, ald suitability to tieil 
scale of' farming olperations. 
The first phass ol development ,t the Rice 

Research Station at Mahitsy was tnplcted. Ihe
station will,-venttally include off ices, laboratories, 

1 


. ,the i[ot ,IIlvhIep,rld I as identifv the research 

that IlRRI can priid as the tihhnu Nls [or 
it omalaerictl iii atrch plinnint and imple
n",lation thes alo -cnahlo national prolgrams to 

li[calt( I 
rati ;I;+oI~tIc cil i( .t'(\ l I,.1o 
cto i t l ;-1111 1."., coope

'c t}h ln 8,"'¢of, tile 
\uk rele', cid.,IaCn:(1t1: oft.Iccl and 1 

,,ip', \%w
I's tc l,:l(Il, ithrlit.("l l ptoy,::Anis 

pas , thrilliuh di l i clit plhises,, %%I technicaltII 

il"ssl llct,,1hi1tinLt,coopel.' ii I(Imall) anld 
ctalouirati,.c rtcW.aich as national res.olius grow. 

C0o11i11 Ilode ot couipitlol 5thI a national 
neiw ,ltural esIl,' "\SI\st'eb gins \,ith IRRIch !1 


I)CiIIiIl il(u to,palrticipatc i itc tillMr\ pro irarm .
 
ild p iiMt ics n',tIll,, ins ol\c humali resolurce
 

Clipllnt itld parlicipatiiin in research 
p-rk,. 

As tilimial capahilits inreases, participation ill 
iie's\il'ks hc i t.m.'s,lorc ,pcciili/ d ald contri
h is. Stitilic ciillalhoation sllSpecific rcsearch 
piiillen- llh:1 It) heciumne thet..lmaJor ingredlient 
(t ;i s all. the lntost ad'anced2oilitl",."pr \t 

ftlitc.iim a12Cl lic l l ICSCalCh systClll mly 

1,1unkc rciiiiiial or tlohil rcspol sibilitics hased oni 
rc iiicleB tiiiipall',iti\c iilro-ccolotical and scienttific 

ads alitail.es. 

()itipelitis edeleements sith some countries 
ille lolni-,ti.lindirL altiliist sinc IRRI's inception. 
()til.i requitelit-re lllicnts- Fcc.llt. ,\It MC1111tlldi 
of iie Ilrlnc ': ssc.cut aie l pcliitd: .tI\'villd tefincd 
to eflect ,icI c\clllcllts llnd to iticorporate newly 

idcntific needs. capaiilities, and priolities. The 
tiilllos ritLpagc, descrihe omls tfew otthe IRRI

cillitrV collahoatiins that illustrate the range of' 
rlationships. 

Bangladesh. I he current 6-sr mniorandumli of' 
understanding with HRRI %sasratified I)ecember 
1985. with the goals of increised productivity. 
cxpan1ded atteltion to rice-based fIaring sstems, 
and increased local manufacture of small-scale
agricultural ma;chitters'. Twvo JR R I outreach 

http:alitail.es
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scientists are an integral part of 1R RI's program, 
Water mianagement research sxith 11HR1RI and 

BWl)H was reported cnrlie, in this section. 
Three IRRI scientists worked 30 mo atIRRI. 

and headquarters scientists prwided I16 d of 
technical support. Twenty-two langladeshi 
scientists participated in work. hops and short-
term training programs at IRRI. One postdoctoral, 
one Ph 1), and two MS schiolarship prograrns wcre 
initiated. ()lieof 10 Ph ) and 2 Af 13 IMS scholars 
completed their training plr)gla iIs anti retlrned to0 
BRRI. The IRRI l)haka office provided support 
to enable tRRI scientists to condunet periodic 
stirvevs of rice crop coinditions .1nd to colnduct 
on-flhrn trials in different regions Of the natioln. 

Bliutan. We have been collaborating w\itli t 

Royal (otcrnlmllnllt olf
ofhit n since 1983 in-C\Cl-

oping and introducing aplhroprialte teclollogies 

that can Inclrese productivity in Ihiccountry', rice-

growing areas. Ih joti
m rst his,bell instito-

tion building, pliniarlY thriugh htinian rourcct 

deelopme llt.Sine I98, 1.,ilhul!ne1se hl',e been 

trained at IRRI. The suleriltCndcni Of the m11in1 

crop researcl station has hegun a NI S dever..c 
program under the -l-olahorative arralgeltier t 
between IR RI arid P.R1 

\Ve are also working closcly wit h the Blurtanll 
Department of AgrliCul 'r to inlploke rice-based 

farling systems. Initially, the collaboratlo ,hals 

focused on thie mediun (IG0;-I51i0 ill)
and lo'wer 

a'titud(- -130)lnric-grl\ inn.,'aihas
taitrc .,nl 
about 80"7 (f' lilnt's,31,000 ha of' riceland. 


In o(r-larin demonstrations and varietal trials at 

Wangdiphodrang and Puriakia, IR0P4
IR36 anrid 
showed excellent adaptation at 1300-1.509 ni. Ili13 
ftarners' field denionstlrations with ilmnvard 
manure as the only fcrtilizcr, IR3, yielded 5. t hi: 
local varietics yielded 4.2 t,ha. With 30 kg N h;a as 
topdressing, IR3(i yiced 5.7 t ha. Local varlietv 
yields were unusually high becaLuse of' IaVorable 
climatic colnd itions. bill lodging was idespread. 

In i set of replicated vakrictal trials, tihe local 
varicty yielded 4.5 t!Iin. JR36 yielded 5.0 t ha, ariid 
IR64 yielded 5.2 t/ha. 

One constraint to the adoption of modern high-
yielding varieties inllhutan may be their straw 
production. Rice str:aw is an important source of 

livestock fced and bedding. ILow-input denonstra
tion trials indicated that IR36 produced an 
estimated 40,(' less straw than the local variety. 
There are! indications that !hutanese ffarners 
prcfer IR64 because it is taller. 

In the lower a,ltitodes of outhcrn lhutan, rice 
vicids !rc restricted by pool soil klrtility and disease 
and pc;.t lem!'. varietiespro Severl promising 
have been identified, anitd green nianure crops have 
btc i introduced. At Blhur Researcli Station, 
(',tIaleophug, incorporating seshania increaseo 
IR36 ields froi 1.3 t ha to 1.9 t,hlia. 

China. ('lihhnesC scientists from the Chinese 
,c;deinvoficilttral Sciences(CAAS), China 
Ni;'lonal Rice RcSrich InstitutC ('NRRI), niod 
provincial acricul icalalnis have participated 
on mortt thall 6 r in the International Rice lesting 

Prorlln, Inltcrnaiiional Network oin Soil Fertility 
and Fcitili/cr l",alai.tionlor Rice (I NSt+FIRt). 
and the Rice Svstems Network.Rian alnlin 

mls, 000 (.hinesc .cicntists and admiristrators 
have, C n trained iatIRRI. as scholars and ;n 
tralninn cou;ses. Scientists from many countries 
hasc pariicipatcd ilijointly sponsored training 
coLurss. svtn I-0 itills,coller 1eces, and workshops 
in( 'hulii.(ierllplasn exchange ha0, heen on atlarge 
scilc.
 

I lie dcveloellnlcl of hybrid rice was a great 
hreakthrough in rice breeding and a technicil
 
innovatioin in rice production. IRRI and 
 China
 

ctivelv colla borate ,indeveloping elite restorer
 
line:; and (MS lines with early maturity, high yield,
 
good cating quallity, and Multiple resistance to
 
dincasc: aid insects. We jointly conduct training 
coLuS an;ive Oublished a training manual on 
hyhrid rice technology. Ilie cosponsored Inter
national S'illiposiuni itHqybrid Rice was hold at 
the -uniai Ilybrid Rice Research (-'enter, 6-10 Oct 
19M6. 
Wi:n t lie ('i nese (;.ovcrnment decided to set up 

a nat ional rice research In:titute, IR ll par-icipated 
Front ihb.beginung, Inits conceptualization and 
development. Five IR RI scientists were consulted 
oin designing CNRRI 61uildings and oil rice 
brceeing, cereal chemistry, grain qualify analysis, 
arid ffarniring systems research. At the same time, 17 
CNRRI scientists came to IRRI to study recent 
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advances in science and research management. agronomic and quality ventures with diverse 
IR RI scientists also have advised on the purchase sources of disease rcsistance ere identified. 
of research equipment The most encouraging aspect of these breeding 

A shuttle breeding project with (NRR I started efforts is that a continuouLs chain of 131-resistant 
in 1983 to collaboratively develop cold-tolerant lines is being developed. These lines are primarily
varieties with superior grain quality and multiple laponicas, hut because IR indicas have short 

disease and insect resistance. Seeds of nine short- duration and goodl resistance to I, they are 
duratihn Chinese varieties were crossed %,ith fotir Ccotlling Illtore COmmltllonl. 
elite IR RI breeding lines. lhe Fi seeds of 36 cross Research in patlology also intensified, with 
combinations wcre planted at IRRI in )c 1983. emphasis on Wentfyingstrong and divers, sources 

The 1", seeds were planted at (CNRRI in late Af resistance, screening breeding lines, identifying 
April 1984, and 1,653 short-duration plants with 131races, 'aw measuring the weather parameters 
blast resistance and good grai appearance were that|l iavur disease developmeit. 
sele,ed in August. The F was planted at I R RI iii Ihe Rice Research Centel at Satlha is uniqtle in 
Novctner and field-inoculated w.ith bacterial the Middle Fast North Africa area. Rice is ',eing 
blight ind evaluated fo! resistance to browkn researched as both a food crop and iaproblen soils 
plulthopper. reclamation crop. 

From this i:., 2,592 selecions were made iI IR RI also ha,, agreements \, ith the UJniversity of 
February-March 1985. [he I:.J was planted in ('airo and the Acadenl of Scientific Research for 
April, half at Ilangehou anfd hall at IRRI. That collaborative graduatc study programls. 
screening .ie(dcd I,915 selections, skith inc i1 India. Scientific and technical cooperation with 
planted in November 1985 at both HIangzhou and the Indian CoLncil of Agricultural Research 
IIRRI. Uniformn rows were bulk harvested in (ICAR) focused initially oil collecting and ex-
Febrtuar 1986, and an additional 2, 128 idividual changing rice gcrnplasm, exchanging and eval
plant selections were made. Ihe I-, was planted ii uating breed ing materials, studying diseases and 
China in early April, and observational yield trials insect biotypes, and conducting crop production 
wer,: planted at both IRRI and CNRRI. research 

Several promising lines were selected for rep- 13, 1986, collaborative efforts also covered 
licated yield trials in 1987. rainled rice, hybrid rict, botanicals for managing 

The National Azolla Research Center at FluIZhoI insect pests in ricc-based cropping systems, the 
is graduilly developing tile capacity for inter- economics of' water management, rice production 
national research and training in the use of azolla constraints, and manuhattre of IRRI-designed 
•s a N source for rice. Azolla has been cultivated in small-farm machi nery. IR RI1 scientists worked 
China for generations., with Indian scientists in 22 agricultural universities, 

The collaborative program of I R RI and CAAS 50 central research institutes, and Q() All-India 
is guided by the Memorandum of Understanding Coordittated Research projects in the country's 
agreed upon during the joint annual planning diflercnt agroclimnatic /ones. 
session, when administrators and scientists of both lIiring 1986, 64 scientists from agricultural 
institutions review progress and f'ormulate tile universities and national research organilations 
program of work for tile next year. participated in training, prolessittal advancement 

Egypt. With '1.; scarcity of its arable land, programs, ind workshops at IRRI. We also 
F:,gypt's agricultiral research program focuses on entered into a lormal agreement with the Indian 
improving productivity and cropping intensity. i.gricuLt ral Research ImHstitute and Andhira 

Breeding to combine high resistance, high yield Pradesh Agricultural Uiniversity for graduate 
potential, resistance to lodging, blast (131) resistance, training of agricultural scientists. A special rice 
and short duratiot in new varieties is a major part prodctetion program was designed for senior 

of the program. Several lines combining desired extension officers of several states. 



600 IRRI ANNI AI RI JOR IRW im, 

Special colllbo ttivc reseach an training and WTV. The Prcsident of Indonesia announced a 
programs were organ i/cd in integrated pest far-teaching 1PM policy that recognizes the adverse 
ni .agcmeltit (IPIPI) for dcepwaitcr rice farming effects of nonselective use of chemicals.
 
systelts and in developing ipiu o\cd varieties for 
 A technical cooperation with the Directorate 
cColiiic;tll, lliilic;Ip -d eIs. I'lncrnaitionatl ieneral of -und Crcp Agriculture provided special 
FLund for \ic'ulturIi I)CvClo(pmCIt appIrtOvCd training and tcehnicall adviscs on constructing the
fuding lfor tl IRRI-I(-AR colltborati: rescatch [IRRI warChousC drver, inluding installing vortex 
progriam for tiledc\cop)ilcit of iainlfed rice wind Imlachile, on traditional Storagc structures in 
pritlction in eastcnl liia. Mali(, coitipotient ofll the \illagcs.
the priojct arc cen i19i86ental itly,.. sarittl Iu 9,6. I1RI stlf ntinhers spent 372 d in
irnprsc tncit. infed rice crop Miltiateicint. Indonesii working with the AARI1-IRRI pro-
IC\ Copinet of mo1re 'diitctisCerainfed croppine grain. InIaddtion to the network programs, atten
pattenl, and 1>)othwIr5,,t tccinitclo tiOn WaS focLsd oi food demnLIdIand supply

Indochina. 'RI siuuted aI Uicltlmio idilll (fl prospects. RI V.and training Iii ediling and pub
t st tilini.2 ithi o A:tlr ilias.1 tie1 (i i. inlt of lication. Short-tcrll traiing coatinued, with the 
cerls inI 91,Sot) dress the prohicills o licc largcst utihor ool patticipatts since 1981: 33 
plotliction if] tho, 1lrleliiiiieIt'oin0Kampluicat persons receis ci trajinite WtRI diing the year.
I nd. \il o. l\iei e I hi ceii ;i, Con' clablt fitlLing the total to -153 incc 1972. A large
ptliCnllt i ll ti 10 riliii. t. nuinl c OfIt .\A RI) "clnitia ilu nio still fpartici-
Ill laini 'll in IP,P\ Ie:ii \isiting p;atcd in 21 tlonlere cts,s\oi kshop,,, and s e ittlars

Kai uho.i Iflrti,:d , 1C,,i:ili c IRRI di\tiii thems~ir.
 
niellt cenltlr ib[itC ,i'-IIl1Ldit\ ItoIliC ce.leratiou(1of \t th 
 Se-enlit .'\nrtial
A R I-IIRRI Ctollabo

"l lt' llt
riCC I thi i .
 rilti\'c Reearch Ilannitig Meeting in Bogor, 24-
IRRI', vtotal is itl Kiiil)iuCIW:t. Iaos,, id 25 .it the lowing priority arcts w re identified
 

\ic'titi ill dell'piil litin lt uintL Jiplrl
for collahrative tesctrch during 19806-87: 
' 
c' ,
lu t i ietat (catn 0 (0cellae rir,dutis ityv Genctic _'\ualiationi tlidtifiation

ill rh o, arlis Mshilk' lerel"I'+,il it (ihr';V tln collection ;iInLipl conservation
 
moilnt ;md nlitoillt ,d iimll-fiiilt htisChlts 
 Fxchantc Of imlpitvcd germlilasin
 
tnd colitnllui tic,. 
 Ivbrid riC
 
Indoneia. I1R I- lli liciai piti\ c research ( it quality
 

has es ols el nti tiuC e llahtii itiIt. Ii a Brown planthoppur 
iMtenititt,initill)t of itt ,tandl jii priorit is Liele RFV 
t(Ieneiie vkitltiti tio rCsolrce Blastl andittili/ allnd 

.- eh~int. upland ic , cultiltioll, licc-hased IWIT
 
arming sstems. \ittr
. nmnllaeiietlit aiarl. Soil and crop IIltlageme

iiarhi lcrv (Ics lti.ejt. iIIerCeCtlil the chnlI 
 ,,oles aFatmiie svstcls research 

base throiilh tiinii. radiiatc studies,. iitidcicc a MachinCry (lc\Cloplncilt
trainintg: at IRR I,Cti)tflcs ald \ir),sliop. anldp 0 \Vand"atrmiallge.+1nient 
c\chi uline()I teulicii i ill iiof to tin llinat itd ltiltiing

o lpihlic lttis . 0o )tla base management 
lindonlit hotid the 195 I plind RiceIResearch Iii 'cptcmber, two .joilit AARD-IRR.I publica

onmlcluetcu. which led t0 IttrIher cOllabor)u;llO ill tion \ec lcased: h/onlc'iatl .armitg .5t'stems 
w(irk ol Illid nana(]
cntict Of acid upland oills. Ji.sr/i Ilfitl ih'-lc/oPmelt: tie .f)od cro) Sub
\llelite IRI bicdil ae bCing evalulatcd as s"'C/cu,
finesCt 
 ;and A.ta.e stai.: t/ impact ofcrolying

itrigated rice il lIlontcmia. IirCc vCrY short- tAiM(us rnm'.wurch in hItdoncsia. IRRI staff assisted 
(iurilon IrCt(itg lines frho t1 1R RI pcrforl iined ,sCll the ('ettral Rescarch Institute for Food Crops in 
tsrainled lowland Iice on I linAbuk Islald. CondintItIe icotnit llId 3-wk training course in 
i\ARD)incolkibition will IRRI intetiliid 
 Fl~itiio and 1iblicatiot for 15 participants from 

res.arcIi on IPM for lntre eCffeCiI\ c lnirol of 1Il1 V:IAjiu, hnstittes o1 AARI),with IDRC funding. 
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Madagascar. During the 2-I/2 yr of the Further strengthening of the collaboration 
Madagascar-IRRI collaboration, a Malagasy rice between IRRI and Phiiippine scientists is anticipa
research team composed of scientists, agricultural ted with the estal)Iishment of the Philippine Rice 
technicians, and administrators from several Research Institute (PhilRice) in 1986. PhilRice is 
departments of tihe National Center for Applied mandated to lc\elop a strong ntatio nat rice research 
Research on Rural Development (FOIl:IFA) was program to sustain and further inprove the gains 
formed. alreadv made in rice production. The Board of 

In addition to IRRI's resident team leader! Irustees of Phil Ric expressed tihe need for close 
agronomist and plant breeder, a number of IRRI collaboration with IRRI inachleving its goals of 
consultants worked with Malagasy scientists in nal onal rice sell-sufficiency and increased income 
1986 on research station developnltc and mianagc- and employment opportunities for 'llipino rice 
ment, soil fertility and advecs soli problems, falnlcrs and their families. 
agricultural machinery, agrocconoinic rcscarch. An iinportlanl nechanisl for exchanging infor
and rice environment nlappilg. Imtion and developing collaborative work plans 

Training is all importan t cOtInptontCrlt ttl OhL with Philippine rice workers is the biannual 
project, with II Mlalagasv scientists havin "o l fIcchtnology 'Iiansfer Workshop. [hc Sth MAF
graduated from IRRI ltraimInteIL urIse. In addlion. IRRI lechndogv Iransler Workshop at I ,l1, 
an Iri-COeuntry training COlrsC \;.is 13-14 Jun 196, focuIsod oloeiUs that CalcOitduicld for On tCCl 
FOFIt.A research as;istils aInd field technicians. reducc prodtiction Costs \,ilhoult losmering yields. 

In the rice research prtgrain, 871 \aiictils ('ollaboralivc piotccls in incgrated nutrient 
passed quarantine and 4560cltiars \scrlc slcd on ttl.Inacliclit aild inltegrated pest control were 
research stations or in fariers' fields at Ii) locationt iitiiite(I. 
representing major rice cn'irotncnllts. ()1 the Ihc 9th NIAI- IR R I 1ccihnology Iransfer 
tropical west coast, under moderately lm inputs, Workshop \kas held in November in Bohol, all 
new materials yieldcd 50"1 mnore than the local upland farming province in the Central Visayas. At 
check. On the high plateau, on-farlm croplping this workshop, 117 pailcilants from IRRI and 
systems research was beguin ill three ditferce it Philippine agencies re\ICwCd the dlevelopment of 
environnents. INSIFF[ R trials were cOnduclCd upland rice farmig systens. Ulpland rice farmers 
both on-station and on-farni. become conincrcialls orientcd when inputs, credit, 

Philippines. Our lcoper~ltioIt and ctfllahOratiOnr Ald ipiihcc markets arc available. In the more 
with the Philippines rectonri/cs tle iole of the :emote slash-and-burn areas, opportunities for 
Philippine (ovcrrnelnn in the establishnlent of selling cxtra pioducc are few. Workshop partici-
IRRI and its continuing support, along with the pants agreed that sumh local variations in upland 
contributions of Filinino aid lortg flmling should considered inour itIif our rice systcms be 
history of partnership with P~hilippine agricultural developing progralns for their irnprosemcnt. 
institutions, notably MAtF and the Iin:,'crsity of Ilarly iii 1986, we couited more than 75 projects 
the Philippines at IL.os Itafios (Il IB). underway in collaboration with Filipino scientists 

and institutions. 
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PUBLICATIONS 

Ateadstrib7ted00 uriCopiof.At least 173,000 copies of'major IRRI publications
tor 4300publicatiens 
were distributed during 1986. Of thse, 43,000 wcrein the English languave; 130,000 were translated 
editions of IRRI publications.

Of the Fnglish publications distributed, ahout 
48% were free, mostly to key[hird World libraries.Distribution of 95,'7 of the translated editions 
Was funded by donor agencies, 

Twelve books in lnglish were released in 1980.An additional seven translations of IRRI publica-
tions were Copublishe1 by cooperator,, i tinatioral 
programs. The section oiI Puiblicatiols and 
Seminars hls a full listing. 

Four issues o tlie IRRI'ortlT(rcrwere pu blislhedand distributed to P0,501 ice workers. Six issues of 
the hac-nlimi/l 6'11 rV'.ed/h nhw/culc" arid its 
, 
 indieVI I]Q'/Y5 VIC distributed to 14,000

rice workcrs. The ,ccond issue f the hu,'rnatina/
(ao/u cwi.hhie(r, tile third issue of the lMW 

,enetlics 11cIei'tst ;1id issues
t 
 iif tI\%

)eeplnater ti'c co /ettcr \Acre published. Nix 

issues of the l?/?!lredr( '/tl wrr
'ame c out. 

hlirtv-eight ne,, s releases wsere written anddistributed. 

[lhe IR RI irifn)Inlitiorl)rochtue \wasv,published

inl Tagalog arid .apuruese. 


A leaflet ()nPhilippine tratlutionial rice varieties
in the IRlRI gerriplasir hank puiblishedvas il 
English and 'aIahmg. 

St; I'tM [t N' 
I 

I()INII.R"..\ It()NI.\lA( ;R tutI' t t.,\R ts I AXp, II ( N tI - ,lMlRtlIi I R(Nl RFIA Iti W 

tliots 0 tleiet'llati 
 iul agri'it/ural rescchthml 
(he' e/ovPI/uit ('e'nter,
aid handled its world dislri-
butioll Otl hchalfof all centers. Tle catalogs, which 
include scielntific rird educItioudil materials pub-
lisheIly ll +CenterstUnder tire ('riSUltjtive (iroup 
on itcrrairinll Aricitrural Rcscarch (i(IAR),
ins Nvell us lthose of rror-('(iIAR centlr, rc 

sponsored an exhibition of center publications at 
the Frankfurt Book Fair. IRR I books wereexhibited at international alsoexhibitions in China, 

IniadteUA
India, and the UA. 

t 
 I IIll lN(i AND I')PI Ot(iNIRAININ( (OIURS[ 

.i(ll)tisa4 cuse, intlysponsored I Ri 
and the International Development Research
Centre of, Canladia to, trainl TIhird World infornia1;
tion specialists. The third EdPub course was 
completed with infotrmation Specialists fron Bar

ad()s. ('hinu, thiopia, India. Nigeria, aplUaNe' (uinea, Phippiues, "ietnam, aad lan/ania. 

R'I.At<('I )\ I I.-II I\ItNI sN . >,'()N(

t\RIt RS it..t .I I A1:s PA/l/ll IN t W(
 
tIttt1 II'PINI I)iAt I C1t4
 
Fhe I aoalog and 111ilioa\ non editions of.h,'rer s 
primer on gron 
' 
rice. which is published in 30 
lnguage, were evaluated for their effectiveness ill 
trIatslerring rice techifhology inrformation to 84 
lilrtiters il ('avite and Negros Occidcntal, Philip
pies. 

A 73 -iterii test \as toused measure initial 
knowledge levcl. [hc larmcrs were then given

copies of tire priuner in la 
 or 

iust-test \0a iven 


ofhlgtliligavrron. /A 
45 d later.
 

()nlv 4( of the Iarirrers hid high knowledge in
 
the pretest, but 4-6' 
 lad high setoies alter reading 
tile book. [Jlie i-test also sho,ed that, althoughfuuraiers Who fiished the book trl those who did 
nNt ',Ac'erektriowledge,not signilicantly di fl.rcrt ii initial ricetile differcice inpost-testIRRI puthlished the 1980 Siq)ph,mnt to Puhlici- scores 
highly sinifc:it. ihe farriners' 

was 

I irird World agrictultural science. 

IooK I-AIRS 

For- the fourth year, IR RI, tie (iermanAgency for 
Technical ('ooperation (GTZ), and the CGIAR 

probably collCctivel\, sugtile w(,Ond's largest c()inll)ili-gcstcd iriproveIllictstion of titles on to increase its effectiveniess, 

knowledge gain
concerlill lcrtili/ers '%as highest. Ilrtie pretest,
only 15f; kic\, tile mrucaing of "24-12-12" on a 
,.rtiliAer sack, blt Af tr tire t ilcIlt,
half knew it.
lie ('avitu ;tri(Negros turmimers gerrerally matched 
vcll illSl.ie)c0nlic vmiables. 

armers cvltI:rttCl tire )rirmer's design, pack
;riing, andin.sagc content lavorably, but 

suchi as the dclctiin Or replhienrrt ofabs'.ractions 
ad syribols that the\' found corifirsirig ofr hard to 

tLldersta ICr.
 
IR RI is using tire findings of this s*tudy to makefort hcorring publications, designed on the primer 

concept, more effective. 
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Rice Genefic Engineering Network. In 1984, IR R I 
organi/ed aConference on Biotechnology Applica-
tions in Agricultural Research, with financial 
support from the Rockefeller Ioundalion. Fol-
lowing this conference, the Rockefeller Fu,,tndation 
decided to sfroiior an international nictsork oil 
ricegCnlcticcngincring in col'ahoration with l RRI 
to generate the knowlhdge and icchnol()jey needed 
to appl.' adaru.es in r)Irocctllar and c'llular hio ,_y 
to the gcnttiip h linnt of i.-c. Re.scarch is 
being dret+ by 27 col!aboriatig ins itutions in 
Australia, Belgiun. (hina, (')limnbia, Franc thei 
:edcral Repuhlic of (ierniar\..apai the RCpuhlic 

(of Korea, tie Nctlcrtlrds. tile Ihilippin,,,. th 
I 'lritcd Kirdom, aid flie l riled StateSt. 

undamiirrcrill\ stiwftion, are hcrig made intohr, 

ee c h:~a.'t;i,'witt CN.
rculatiori, and eXprCsion 

.Ill Coll I!l I'ioul \sit t,.erl pt it) iriciaso tile (I-
ticit+ic\ , ilipIls, r'egeceration. I liese ,irdics 
will 'oriM a i, IMi trH'NirIFIlnatiir ill lice once atIhe l 

suitable liItli tl has h identified. \arious Illodcs 
OfLtlransftornrali+rlr arc heirir initStigitcLI, nallctV 
.i' /l(Il'(r i!/) .i relitt.c f I )N.\ traivrler. micro-
nectioI ' 
lion lort ail illiii:Itcd h.I RR IW\ c al yeals itwo is 
heing further srurlrIered to trat;,rscr aiuirtmo-
mically desirable genes firoio wile 

ii , and lectrl I)ItI Iir (IirI.IlIC wide hv'hridi/a-

()rl:o species 
using both corCitiorlal Cytrog'Cetical and cIrler(I 
rescue procc-furcs. I lie des'ehlpint (d! a more 
ColriplCc generic linkage iiiap ,lrder illis, i wa 
association withrthe Rice , ;,-rnties ('lope:itisc. 

T Wris
oik \\ ill he comrhinud with the dcclhipnicnt 
of improsel cytlgenet cal nips and the piepara-
lion 0fa rCstritctionl fr1grtI lengthl) ly)rr i)isnIl 
Caap h\ ('CrnCll I iisersit,'. 'inills\, studics ()f ti 
genr retics '+pithogericity ardll tile e:stalishirierr of 
suitable tecliiUiiics for race identilicaitiur in selc-
red rice rathoeris ias,. l)Cr!Iln in collahOatitOrr 
with IRRI. Ih scient its piriipating i this 
rescaich col ritiatvemrut at RR in )toher I),"(i. 
I hnext meeting of tire group swill take plat.c mr 
IRRI ini .Ianuarv 1988. 

Rice Genetics (o perative. IieRicc (ienetics 
Cooipcrativc established during tie Internatioral 
Rice (enetics Symnpusium field at IRRI in May 
1985 has as its majir aim fustenri ci opcrative 
research or ill aspe-is tof rice gmiect,. Itn ,cr.-
tariat is at IR RI, its 15-,ncinb- coor hiiatirg 

committee issupported by 4 standing committees. 
The committee on gene symbolization prepared 

a set of rules for symbolizing niarker genes and for 
iitinthering clromosones. The committee on 
gencttie stocks eslablished two centers: iR I and 
Ks usli I nivcrsitv, Japan. The committee on 
genetic engineering compiled a list of possible 
I).NA vccltrs. Volumc 3 of' the Rice (enietics 
Ncwslctter was pulished in )ecemher 1986. The 
second lInternational Rice (;Cectics ,VtpoSillli 
\will he held at IRRI in 1990. 

Integrated Pest ,'anap'ement Project. IRRI is 
w()rkiig with tilieFood and Agriculture 
(rgani/ation-sp ns(red Integrated Pcst Manage
ment inl Rice P'roject folr Asia to establish pest 
poplation thresholds arid to urain extension field 
taff in the integrated pest rIalllgetnent (!PM) 

concepts ol pest control methods. Fach regiion will 
leed a localied set of II'M practices. Wilh verified 
IPM IchIrrIolh s' fr eatch elri irorirneilt region,dIII(I 
lanners can he tlirikl to apply tie echnology to 
i axhlili/c. plrt IIs Ia d ,tahili/e yields. 

('AII Ali)R..\ I ((N I IIf \I)V.N(C'I)
 
INSllItI I INS
 

()ircollaimaflornss\ithads irred research itstitu
tirns irvolke nunreromrs complex interactions. 
So)mC include the issigrrrirrCrt of scientists to IRRI
 
IHcionduct iesearch ofintcrest to IRRI and to the
 
ouganlri/atios seconding the scientists. 
 In other
 
partcnrships. adva ced scientific institutionsapply
 
sj)hiistieted arrlvtical techniriques 
 inl tleir own 
lihoratoricj ro help resolve problems identified at 
IRRI. 1r I198(,vc 'ollahboratcd in more than 
70 pr()jecti,wsiih advanced research centers in 
iliifflent parts (,f tile ,,irid. 

Malr )I tle 'ewiiclrh areas related to rice are 
also) concerns of ,oilie' inetrnaitiomal institutions: 
insect pest rhy,,iolog. and ecology (I nternational 

entre ol' Inset Ih.\.silO(gy ard [eulogy), fertilizer 
icchi{olgy dchlopneit (International Fertilizer 
I)e',cloprlrCnt C'enler, I I-I)C), soil (International 
Hoatd for Soil Research arid Managenent) arid 
water(International Illrigat'o Mariagenient Insti
hutc) nianragcrnerit, and igrictlu al policy analysis 
(Intcrinitional Food Policy Reearch Institute). 

ister institutions funded by the ('onsultative 
Groul oninlIclnatiornal AgriclItral ,Researh that 

http:adaru.es
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include rice research in their agendas are the the primary trisomic technique, and additional 
International Institute of Tropical Agriculture marker genes are being mapped. Such research on 
(IITA) in Nigeria, the West Africa Rice Develop- linkage mapping is expanding through the 
ment Association, and the International Center for Rockefeller Foundation-supported wide hybridiza-
Tropical Agriculture in Colomhia. tion project. 
The International Ser'ice for Nationid Agri- We have already begun wide hybridization. 

cultural R.Cearclh is cur,':erned with Mitrelgt hening Wild species of rice possess genes offpotential value 
national research systems and Contribute tc tihe 'or improv~ngcultivated varieties, but until recently 
increased cffecti\seness of rice research and develop- these genes could not he reached by rice breeders 
meunt imore generally. The Internattional Crops because of crossing and recombination barriers. 
Research Institute for the Scn-i-Arid Tropics and Ihrough enibryo rescue techniques, we have been 
the hiternational Maie and \\'heat ltoproemctit able to produce hybrids butweCn 0.saliva and 0. 
(enter have mandates for crops that are ofifntcresl (qftiiniah, a wild species with high resistance to 
in rice-based farming svstemIs. brown planthopper (Mll)and whitebacked plant-

In addition. nationally funded organi/ations, hopper (WE 'H).We w!ected lines from a s(:cord 
such a; the Centre International de Recherche hackcross t- it look like 0.. ati\a but Ire resistant 
Agrorioiique pour e I )evelopperient. ICIRAI)) to Il]H and NB'4. The nu.xt step is to combine 
iti Francc.pursule activitic closely relCated to globl l these new snil ces of resistance with other breeding 
interests inrice rescarch and development. lies. 

FIlrole collaboration with these atud IMnyN tIseful traits are present inother wild species; we 
othe institutions I1RRI ',cks to identify and re expanling our research ill utliing these traits 
Capitaliic on all the conipleiettritiriics that exist, for lice imnpr)oVellentll. 

In e,,tablislhine cullah-atiye basic and strategic Irotopist cutltutrC ald Iusion beteween wild rices 
research relationships. IR.I applies these and cultivated species could solve prcfertili/ation 

rtilcil es: 	 incompatib'litics. Regeicration of platts through 
SlIle reCSit[ch is identilicd by IRRI as necessary in vitro culture is a prerequisite to soccess lil 

to solve specific probletmi. 	 pratoplast fusion. In addition to 0. piereinis. 
e lihe collaborating institution has a clear coot- which has shown regenrtill in sotatic cultures, 

paativC advantage and comlpetcncc in tile ve h:ive produced callus from 0. Ilivara and 
type of work im lved. (). rn1i/t go,/(. wltiva and are st udying regenera

* 	 lhe reasonabie expectation is that the reseatcli lion lroin the induced calli. In1addition, we have 
will yield significant ru,,ults \ thin a given stucccssfully gecrminated iiniature seeds of I'or

little. 	 1(r0 ( -,(co(rtat t, a wild 
* Necessary lund ing is available, species that is an iminportant source Of genes for 

Such collaboration helps 1ucaptuire he po ,er of salinit\ and subeigence tolciace. Plants have 
upstreatl research for '.olvig complex dovtil- been raised front prottplasts of ajaponlica variety 
stream prohilenis. In addition, it hilps to adiiicc at the I.Jnitersit, oifNottingham, UK. 
the Irotiet', (t knowiwldgc. a basic r,:luisite lot the (,(toperative experiinetts x('ith the Tissue Culture 
contintiuis Ilow of icw tcchnologies. A few repotls for ('rops Project, Colorado State University, 
of rt'1rss oil( sS ta1 l slcearcltfronts follow. UJS,\, are exploring the use of bioteclimiology in 

Genetic engineering. The tderstanditg of rice itproving rices for adverse etivironumeints. solle 
genetics lags far behind that of other itmportant ,"ottachoinal variants isolated already have pro
fI'd crops. 1" accelerte outt applicatiotl of duiced superior bleeding iaterials for salt 
Cile.ging tcchliques iaigenetic engincering to tolerance. 
in1p1rme rice, we have intensified our research il We studied the physiological and genetic aspects 
basic gencetics and our collaborations with basic of tolerance for problem soils in cooperation with 
rescurchb institutes. the IUniversity of Sussex, Etigland. The research 

Gen'tic narkets and trisotnic stocks have been has been directed mainly toward explaining the 
assembled or produced; linkage maps havc been basic mechanisms of salt tolerance in rice. The 
associated with respective chromosomes through importance of growth rate, tissue tolerance, leaf 
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compartmentation, and root selectivity of Na 
uptake for salinity tolcrancc illricc has been
established, -ind screening methods have been
dcvclopcd, 


Serodiagnosis of rice viruses. Serology
as esscn-
tial
in virus research. We have isolated pure formrs 
of rice ftngro hacilliforin an(i spherical viruses 
froiro rice plants infected with tungro and have 
purified rice grassY stunt (iSV) and ragged stuntviruses. 

Ior inununi/atitn'vce:parafekr 
 injected pul-

lied xirtses into r[;)hits and obtained antiscr-a
speci Fietocachvi nirs. ihe.cl olo.iCal tcs.s we have 
dexeloped (en/yie-linked iinIuritsobenl aSar 
and latex) are effIcient i,1(leteet In tho vi ruse,, inrice plitilis CCitoiand e ise-t ,. I lie 1te.,\ tsl Is
par-tiet harlvysimple and does nor rtocyl csophistica-
led labhoatolrv ckliiipriieslt to till. 
We also obtiliied a irnorrcuforal irnlithods to

(iSV il coll~iboratiloll withi the Al-;cricarl I\pC
('ltiIe (Collection. Marylitnl, I \. 


I Isirng tire aitlscr i. \% Ca] l kel mikci 
 plogressOilun.l-,stndini virus et"iec and epide-
lillolog. ltccause tn ilitisCMi avatilable 1i;MTbeen
\ery unte serology w;tisriot \\idel\ athpted iii
iriost cititrics ofSouth ard Nolithcast Asia..N\o, 
nitmts RI hkc hc ntCI'on IR, ;itpplIcd inlIiatioit ;tl 
reseiauch I)[ OvI 'll,O il u,,1c."it nccXand cpietLriit ,yloi
at 12 i stitotcs in 7 citinlrcs. A
special tr1iiniiig coure, for serological ic hii~qiiC,,
aild their applicat io ill tle sttld\ of \SI Isist;ircc 

and vilts ecolo, 
 has Ibell tartcd.

Resistance to b'iosn planthopper. \Ve are col-
laboratirng \il the Tropical )ecoprncnt and 

Research Instilute (I I )R I),I.ordo, 
 to deutenriie 

tie nrechlanisi. of lice 
 resistance to 1Ili. fie
acceptability of at\irietv to 1311 I can be quanitified 

by tHIe 
 tine roill lI tilall of insect piobini' tothe :itle of 'ustained Leeding, sil,1ithigh-
rcsolution \idei sVdste . We detected a resistance l
rrnlrrinsrrn isoci~itcd xith thbe plain s,,tirlae)at.a 
soggest ntbh1 sis, a ltllpr-'lerlC. nleclarisirl, 
that is sItIiel ill resistant %imcit\- IR62 than in 
IR40. 

Wh'ln we ccctricallx iimonitorId lI'I I fcdirgi 
on other vinitiCs, \%C oInld ri)ditreIc,.. ill tile 
insect's ability to Iocatc its l)rin~iiv fcedi Nitle (tht,
phlocl) regardless of the resistance oft1 li vmictv. 

Biological control of fungal diseases. We col-
laborated with the l)cpartnert of Microbiology 

and Microbial Genetics at the University ofGhent,
Belgium, to isolate and test the taxonomy of 23
bacteria strains from Korean ricefields. On the
basis of phenotypic and biochemical tests, the 
bacteria were identified as Bacillus Inliih/s, H. 
Iaterosporus. I.et'omonas aerogiosa, P. fluo.. 
rescens, and P. ru ri.stubalhica,. Ser,'atia mar
('scenfs and a Species of 'Erivinia also were 
dcntilied. 

As part of the application of biotechnology to
rice improvelment, scientists from diverse dis
ciplines discussed the problems and research 
strategies related to blast, bacterial blight, and 
virus diseases at a Rockefeller l-oundation.. 
sponsored workshop. 

Botanicals for insect control. We expanded our 
studies on ncern ,lzadirachttj inlica*seed deriva
live or-pest allagellerll. National programs in 
Bniladesh, (hinra. India, and tile Philippines are 
c'laloriniii\ithi IRRIand thelast-WestCenter, 
Hawaii, t IsA, inadaptive experiments in farmers' 
filIds. 

.'\ sillfple pr'Lcc(uii- was developed to extract 
nculr seed bitters (1inmoloids) as itcrystalline
brownish powder. lie powder is water soluble,
relatively photostable, and nonplivttoxic. A 500
ppnisulSlutio nsprayed on rice phatscheck d RPI, 
\VBHI'I. and green lcafho)per populations. W ithboth W()O arid 500 ppm sprays, the first generation
HI-I niales to erlierge had significantly low fre
qirncies ,Ofnriciotic cells. reducing their insemila
lion proteutial. 

Natrral enemies of rice-damaging insects were 
not hirmied bY the reean spray. The mirid predator

cottinued to consure about 50((' of the eggs and
 
about 25"1 oftli 
 PlII nymphs. The extract, which
 
also hls systcrnic ,ttion, 
 is being evaluated illfield
 
t1rials.
 

Soluble 
 Zn2' i Zn-deficient soils. After N
 
deficieney. Zn dcriciyIeC alv be tile most 
wide
spread triutiicit deficiencv ill
flooded rice. A scientist
 
roni tile I irer.sity of Minniiesota, St. Paul, USA,


inixestigated at IRRI the factus coltrollhrig soluble
 
1n2 in flooded soils. 

Results so flisuggest that tile formation ofZnS,
pissibly in itinixed phase with Fe 2' , is an impor
taut factor ilr tire Control Of solu.le Zn2 . But soil
solutions remain highly oversaturaled (3-4 orders
of I naginitude) illrespect ofto the precipitation
crystallizcd ZnS (wurtzite). This suggests severe 
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kinetic constraints on the formation of separate Rice straw decomposition. We labeled rice straw 
phase ZS. with 14C to lneasule its decomposition pattern in 

Sulfide ton concentrations appear to be Con- aerobic and submerged soils in collaboration with 
trolled by the formation of amorphous FeS, but the Soil Science Institute. Inlversit\ of Hamnburg. 
the S2 concentrations ir, 3 to I) tile, g!re:ter than In h.hboratOrv studies, tnineratliatiol rates were 
that predicted 1bthe if pure, tnirilphousOofribiilit' highly retarded under sirbmliergence. Bot in the 

2Fc: . Ir-o and Il In artc alSO ove-,,tlitiateLd in field, [ninraliiation was v.Iv rapidl, regardless of 
respect to the 'olillatiori of sep;inixl; alli>e pir- xxtler tegir, aid lo\ed a logarithrric funclion 
pilates anrd car tilels.,, in all "oils. Ilie decoripositlon of ri tilning, more 

Siiplired techiihue to estimate NIlI volklli a- resistialt rittaohlitcS arid residuS isSsimilar f[or all 
tiOll. in ilr ciOlll it cii with the ( Miiilol' .thisoill, wit Ii lill-li'C Of ilbolUt 2 yr. 
Sciertificf iliJ Industriil l(cscalcl ( )rlritriii/ri iI I-se iCslts are ill line" with lune-ter il >tti.des at 
((]'SIR)I()i itionof lilrt lidtlr'Yxc:,\lrsliI iI il. I1, onCthe eect ofl \iter inallagellit in straw-
USed aisiriplificti 11!iiotlltl Itiispoli-t irrioh d to iltncildicl plots. 
es;tiirat NIl; los, ilt differntICirt iI/cu Iirli!,- EfIfect of tillage ill soil lhysicali properties. 
int tircatiiiiA '"N hilric, tecnilque was I ilL1c ie ll S'tlkiirtidjliti. IlIdonesia, 1' sOy-

LIsed to Cstiiiitc tlotll N i<klsv oii iriai tlc bhan loll x ill, irr1intud rice are paralleled by
fields at 3 Philippine sitcs o\cl . tdic, ;tI los Blos of ringbllllhearfollowilig 

'Ilie silipliId tc'h'iqelc ilrdictictd tlri NilI irrieatcd ricC. Ilth soVbaCi iid llUrbe'al fol
volatilization loss loii Ire 3 slite as 30-Pwiig dcv'.,ater rice mill he ,tirtdid ill An G(iang, 
when N fertiliAcr ts siilfacc-applic, ito hietrIn i [ tldis lie siirillnile ecxreririnriltal 
waterlit 10 (1 ;iltci traiisplallinig, the coiriorr dciers aiisl uMii iriiilanr rret-edires t rrreasitelsur!,il
practice ursed h\ niiliV Asian ftrlliirs. Basil iatci rid soil-s trength variablcs. 
incorporat;ion 0 N fcrtili/cr without statdirii 
watter bIlt xxith soil Sittr;iti nil r:i:liitlled fIr -4 
g-eatly rviniilinited Nll loss and increased crop 

For the los Baiiis experiments, the !IA 
lror,ii in (iraii legume Irrioxcileiit is pro
xitlini iritentsIxen exaluation ofcrol-\xiter rclations 

leccriy if applied N itoil 'iold. [ie estiirated 
nitrification-dcitrificatiu 10115', was Lc'ierallx till-
affected b, fertili/er application rlate aid ctllod. 

lfo plroilisinig cultivars, arid IF ) is lelping with 
stutdies Of soil-nitrite cor!;i'raitlorll by weeds in 
legiinie - fallowx - rice IequeinIeIs. These studies are 

Aggregation in puddled soils.I lie cloddy, poorly 
aglgaCtd suril left ifter ric'., hinder tIr establiis_ 

plt ofta large collaboration with the lJliversity of' 
Icalirit, Iin ,fitlid, that is exanilling water and N 

nerit ofsccoid crops. Ve studied tIre ltillatioii il 
Soil aggregaltes arid their stabilir\ ill putddlel 'oils 

clationsllils in rice - legulleicropping systems. 
(iroxr.th-chanber studiCs are being done in 

after rice ill colllabr;tiol with the Soil Stienc_, [-ne-Iland. 
Institute, I rniversivf Iutlatill-rg.Fedcunt I lepihlic 
ifl ( icrirlart. 

Slpecial Lacilities at the Consiglio Nazionale delle 
IRicerChei. Pisa. ItMaI\', used different implements 

Speciatl '.t SCirninril_ ltl,_,s estlltlilctld 
systeim. b) \ywhich the xxWtltstability of ieltl,s lc, 

a trt xiarying levels of puddling water aid energy to 
ieasure Lous llairs s amSmples for the soil

carti be dci i\,:d frolit the niltiCa! dhita comllirtorly\ 
gathered Ill Soil sir\cvs. ile S,stell, iow being 

iiCrorntorphrolugiC;,l 
NC\ ICq'LIleCs 

effects of' puddling. 
of plneuaitic f'ractle for 

tcsted il 20110 soils ill thre Philippines. could be a 
silIpnle tool for Soil surveyingadll forMi ppli silit 
aggrle'atiiln Ii puldled Soils whWre data if o WrtiiL ' 

ilctsurigsoll strength \wre applied to soil samples 
frSini l os iaiios tillitge expCIinlents tt tie' (Jni
xiritv of N iillesota. 

chemical anialvses are already available. 
L\x aluatiol uf wter retention Ctlr\Cs ill long- is 

Fhe suitability 
iSlfiUenlC'tt by 

if soil for dry tillage or puddling 
the mechaniical strength and 

term experinents with diffrclent orgtlilik ' ailiind-
merits indicates that irginic llatter is ffectixei ill 

stabilityx 
vaious 

of aggregates. lhe appropriateness of 
rice ,oils for alternative lorinis of' land 

illcreasing lthe water-holding capacity as well as the 
porosity of the l'ropaqucptss (l Iapluos 

pIrlprar til is being 
agr'ega t.;tat dee 

C'aluatcd, using tests of' 
p for terrperatc-la itude 

tested. soils from ('SI11,, Auistrialian (Fig. 1). 
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The studies show that effective puddling can be detect constraints to light utilization and yieldachieved with lower inputs of puddling water and formation at different developmental stages of theenergy than farmers generally use, and that rice crop in collaboration with the Botany Inst iute,yields do not suiffcr with lower inputs. We deter- University of ILamburg (Fig. 2).mined that the mininm energy needed to decrease In both \vet and dr' season studies, traditionalwater infiltration to an aceptably Ilow I mm d was transplanting caused severe physiological shock,3 k.l m'eround ;uca with plov,ing and 5 kJ o 2 strongly reducing tilicring and dClaying cropwith rdtetilline. (lvelopment by 2wk. Dibble-seeded rice birIned aA new lh at inpg rolltil ler was able to puddle a closed canopy in a shorter time ad produced moreunait area of riceficld 1tlor2 LuiCkl,, and cons cniently dry matter than transplanted rice.than either a skid-su1ported rtottiller or a plow.v lBlue-green algae. A better understanding of thea;td iarrow. Il tcscr, it \%a less effective iII ecology of blue-green algae (BGA) in wetlandcontrolling wCCs and it \'takoned a shallhwcr ricefields would permit developing cultural prac
/(Ine of oil a feattic that could minair root and tices that consistently maximize the contribution ofcrT(I r'li' ,tluiuL, perilCd:, v, hen field suimetCr- phutodependent N+ fixation to tlhN, ntrition of2eit'c c'tutut be i1aintaillid. rice. A S.enior scientist ftrm the leiench ScientificMonifiorig caniopy iloltsYnthi.sis. Wc nioni- Rescalch Itistitute for I)evelopment has beentored cirmpitp photoynthcsis and nigltl Icfpiration researching frCC-living 1(,A at IRRI since 1981.inIirrigated ricC and usd cnt ptcr-1Idline to Studies of dIe comnposition, productivity, and N 

available to rice havc shown that N-fixing 13GA 
______': . have a potential 0f about 30 kg N ha per rice crop. 

.. '~~~~ ' .. + L.,.;+ 

, 2 

~~~~it+.+m 

I. SoI siSHil it h I Hh iL I IIIII l ( II 11,11;g1is Lh h11,111heI I'Md l lll In cl i( (0 citthle Intchll cal lCl , h and qt at-IltII l ItCt 
il 11h1ot5 y lheis, IR Rl.t i l ;Candl Stlik, ctt Ill ]I%tillafge icc sods 198tt A tlI-allpri lcillChaimbl liiI11n h1,0tJ;ll p.iCI' Cetc than ailllntlt o rI% placed t1ILr theI Cropi tIlnllnihlr llessC0(., tlplake,ll l vptof ickaset: l ie 

sudedl I'Illnt [? .,\dCe~l tc~i c nilUt,, <il IPRI 11118. planl<,IIC% A ottailet gneto t mnake.,,lhe %meml mnobil. 

VI 



Depending on the nature of the algal material and 
the application method. 15-36 i of the N from 
BGA is available to the 2crops following applica-
tion. Litmiting lactols art' i' deiheicticv and inver-
tchratc pests. 

We have found Itht Nlixiti~il artc uitl i-
tots in rice soils. I uir abudancc correlacs v, ith 
soil p14I and availle 1. In1most iCe '.oils, 
indigenou, N+--lixing I( iA occr'at dcnsitiCs oIuch 
higher than can he brought aboutl b i!toctiltion 
with strains sulctcd in thle ahorator. .\pplving 1'. 

-CtroMtlling 'ra/rU popIilattions With ganic psiti 
cides, tiitg deep-place'd N, 'and intoculatite with ml 
inoculuml ploduccd Iotil the illigcmuot, soil had 
poSitiu ilc.'t , tPN, T.\titt ih\it' .tllItct. 
accutitl:ithin od N, v anti ral\-A(ttl plant mth ill 

5,,ciuhi. 

;reen manure crops. Izscaitch ol the -,te-
mu duatreouccic~oti, )ir 11a,urtemtsrt ted 

itt collah ratiou ,%ith the [ e'i,.It% )I ( ;ie..,.en. 

icrlmy. (GI/.. an t 'dRA, 
Inceasing yields of shmrl-dttlratiit 

Short-dur;1ti '" s'arietits isii;illv lt %ci r , lI-
than nlucdiuit-durriatiomt \ ati.ti lt c(fllaor:Itihl 
wi the It.'pical ..\gicltiirC Reseitoh (eteIr. 
.litpimi. e studicd N I\el itIid spacing \11 ',I\ 
slholt-dfirt tliil \arietic:, andI )[veditl , ilm c ,. Im\s, 
yields comild he ,xpiaincd , e s,,,siitk, sshich is 
attributed to Iess N in lli nI.:nt at los\etting. 

l his can1 flt coser "pacing"be pli ., 
rcsultirqg itl toi,t;int tiller itilibcrs bclotc patiiclc 
initiatiol. I':itiicl, ntmtber type varieties ate less 
rCsptii\ ., cutlturtal prt'ati'cCs tha are' patiClC 
wcight mi vi etis. 

Optinl rIOssIth duration amtd nuaxiinmu1 yield 
my vary wth cultural practi,:cs and soil fertility, 

When growth duratio is ,hortCr than) optiont, 
Vields dcci esC becoise t the iimIoiint of ditCren-
tlatCd ',itnk c:uCd 1\ los N iii the pltnt at the 

spikclct initiatioti ,tagc. When urowth duiatiot is 
longer thal optimU, vield, dccreasc because t aHl 
increas. in degenerated sink. 

Nla:Iximuin N Cfficmnucv in sink torriuatiO was 
obscr\cdin I25-d\arictiesat2(- , 20-cmspacing. 

Grain qualit,. Ihue nujor aromia principle in 
citokCd MilIed ricC o eight ar'omilatic variCties from 
five coutt ies was identitied as 2-acetyl-Ipyrroine 
through gas chrrontattgrphy-rnass slctruAroetry 
studies by flavor chemists at the UllnitCd States 
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)epartmcnt of Agriculture \Vestern Regional
 
Research Center, Albany,( alifornia. IR RI cereal
 
chemists identified the rices. Piirtdarl leaves comn

ionly added during cooking to impart aroma
 
contain the samc chemical. 

II".RI crceal chemists carlier found that hard gel 
contsistenc\ rices, haC harde! . ; rices than 
those swith soft to nicditilr gel cton:,stency. A 
cooperative stUdy With Static' ChCnlits :i'K.ga, 
Shiiiia IVtnit'site, l)alli dciimnstt",itcd that tile 
anttloscs o hard tel outsistenev rices have pmpet
tic, inilaito thooe of I, -atlos. Japanese rice 
stalchcs. 

Ili-lohe citi .) rices have lower 

plasti lu s al.;dl iiisiilin respi Than wax , 
Illd itetinediate-A( ices. Lstlinl;aus 1wv 

nutritiotmits it the i,,.istty A I ltomito ol the 
g-s eumic index ofl thrc hi-\-A(cl ttdithlriig ill 
Cl aid '\iulocr.aph cossec i liel: tuia 
tio l tettl ltl"e tli', it proc -sed ic products, 

parbol t atlli li,c idle +,t.!c-t that IOW 
larivs.tt, Ii-e hihertCntHIciatllC hasc 

.2s c Itlti. ide", thMtl iltt'i Hiidi:,tC rues. Ihic major 
tactor ',eetit. to be shrter 'rkit tithe. POcessed 
fte pitdict also) tctul to h'w. Ihat I\.Ccllic 

indexes than riilled ric. 
Ieed quali, o i',,trm , Ilie rinltll,tnt Ited ,.iilitt 

oI the o IRRI ,.irictic tudiud(dtrass sas it 
cotpetation \itli mlilll scientits at the Institute 
oftlitt'icnc. [Ini\ci sitS (fl the Philippiic.s at 

,los laifio amid the touiMIsrits of Niclboumitc amnd 
I I lobe I tiw:emit,..\i:,ltualia. Varietal srconing 
of1both hich-si.lini atd traditional VaictiCs V%S 
;11"iiot,.ilti-t!,.ulo done with tle atinual leeds section, lIPRI, 
I mrloi. I ) inatlte attd orlatnic miaittCr diucstibi
litics dillcred bteccn \et a.d (11\ season crops, 
stiegetilg a sigruilicit eflect fl ellvirtirflient oi 
tle Icd valtie o rice ,ttis\ 

RAINING 

A prcvious section gives at oversiew of IRR I's 
extetnsive actiities in training. We highlight here 
two new courscs With special intCrnational 
connections. 

Genetic Resources (otlservm'ttioul and Ivanage
mNten '!raining ('ourse. The first (icnetl ic Resources 
('OttvrS'ati.t and ManaCtlt IriitirtttCourse 
officially started I ()ct It),5 and etde' inl 

http:larivs.tt
http:ie..,.en
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30 Sep 1986. It was designed to provide a systems 
approach to an intense study of plant genetic 
ic" evalaltie-n, docmlnenta-y I'CeS Conservation, 
tion, managem-rent., arnd disserillatioll 

Ihe course had four components: 
field collection of traditional cultivars and 
vild species in the participats' home countries 

* a 2-wk Rice i'-odlction I raining Coulsc 
* a 3 1 2-mo Hrningciturseinenetic hvlitt-
lioni
and Iitili/,att0n 


* 
grCiebtnk operiltiions and migutilcmient 
1herc were 12 participarl") frot l countries in 

Asia and 2 in Afrtca. An additioitil participant 
attended the forth cotuponeult. 

Fle overall trahrtittg pr(rartil ciphasi,cd the 
pr,)ccSs of leiarniri_ by doi ri. PaIrticipants were 
requiredI t)pti:ice all tie ill, anF,:ind procedtrcs 
taught. 

I lecl t iers ltd lihoratiorv ilnstrlctors citllc 
o:tolitie sti fI R RI,csecitll fron the iter-
li;tiOrllll ( Clittp]ltn ('Cltert ItlRIC R(i): ite 
Institute ol llnt lcedinii (IPIt,). I)Cparttrctt of 
.\gron tm.% I flfI lrirticiltrlrC, aridv. ()prtt 
Institute of ttiolovic~il Scienccs olI PITII: the 
Iriternat ionl toaird I'mllant (icitic Resources 
(111)( IR): the I.,rd Inisthtte (oSllitt . Kanrtsas thre 
Rural Adsaiceiie;t tid literiittiorril: tIre Bari 
and Nordic (ieitebankv atd the Itrivcjsitv of 
"Iuscia in Itl. IThts, the course ,re\ m the 
combind expertise and CxplCpicitc ott the world's 
largest crop-specific gencbnk (IR(('), a national 
plant genetic 
t\\o regional gcnchiriks (Bitari and Nordic), an 
ilnttat'!UI Cotrdinaittingunit btod\ (I1I3(PR), aId 
other relevant ortlii/atiotni. 

I lie paliciptlits went rlh.milh a 'wries tif tcch-
nricai lectures, cl ' i,totlscsions, oral report,, 
and variotus field arid itbirotm\ c.rviciscs. il{v;lurt-
tin was based parl. ()ivt ittCit and partly til 
practical exattiiatons. 

'Ihe lectures irtCltided basic tipic.s in biology 
,tub as the morphohgy and phvsiology of the rice 
pianit. hiosy.tcnatics, phytutgeogranphy, taxororry, 
evolution, biostatistics, ptpulation and pralltia-
tive genelics, and secd physilogv. Tihe lectures on 
the basic r"incipis of genetic curiscrvatioll and 
managernent of gencbanks included topics On 
preservation of seed viability, refrigeration and 
dehunridificatiitl, seed viability arid mnotritoring, 

seed health testing, documentation, in ,itroand in 
situ conservation, evaluation of germplasn z.:id 
genebank design. There were IlSO leLtures ana 
laboratory exercises on the genetic resources and 
conservation of crops other than rice.
 

I)i:cussions on the availability of 
crop germ
plisi and on related politico-s0Cih-econ 1 tc 
issuCs wrCe held vitli several internationally known 
cxperts on plant cxnctic [csOUrccs. 

lid trips includcd if climb lhall'a\ op Mt. 
Makiling: ittou11 of the mcdiCeal plait Uc:cb,!nk 
and tiletre species collection of UIIB itvisit to 
wikl rice sites in Ianrgil. lipgina: and a trnp to the 
icetertIcCe of Itugao Province. 

The statislIts , pitrtlicnt held intensivescssions 
ott the use of nicrocolpnitrs. ditaabse manage
tent software, t inicro-bitsed statistical package 
specially LCsinCd for meichanks, and a micro
bhswd seed iln,.etor S,\stcll. A I'e,participants 
.tllcd cioutil ahout word processing to he able 

Itoprcplitte writtel rcpotl V thieiselves on tihe 
ctMiputer. 

\ tiuicluc feattire ol the etotlisc the special 
projecct was on seed inceailse and .he charac
leri/allon o vice ctiltiears onigilatlu from life 
participintt's ilo;mc Country. 1lie participants each 
planted 100 entries. mostly materials they had 
c(rllectcd themselves.I hey then carried out on 
these entries all tileoperations involved ill seed 
incrcas,. systernltic description, harvesting, and 
see] preserviliion that are normally followed by 

resources lahor~ittry (IIlB-t I).l1),IR(i('. It the process, the participants became 
fainiliar riot only with cultivars fron their own 
countries but with those from their fellow parti
cilanrts' cotlntries Is well. I)OClmnClltatiol was 
doe with tilehelp of personal computers. The 
participatnts illay/ed their own daila statistically 
and stbnitted written reports otl their special 
pruijccts. 

lre participanit also joited IRG(' staff in 
several activities: pullirg olseedlings and arranging 
the harvested material. All activities were closely 
stLipCrvisc il a spirit of tcooperatiorl and tcarilwork. 

All the activities were designed to provide 
acideric training and first-hand experience in 
field collection, genebank management, and docu
imeitation, along with the evaluation and utiliza

tio1n facets of er-rp gCrFnlansnI. In addition, the 
c,:rs,'ee ainred to develop arn attitude of service as 



wedl as expertise inintegrating technical operations 
to ftulfill tileultimate goals of' crop improvement. 

At the end of the course, the participants were 
awarded the Diploma of' Associateship of thc 
Iriternational Rice Rescarch Instilite in (ICnctic 
Resources ('otcrv ttioland Nlianeciul. IHis 
was the first IRRI training course to confer such a 
diplomla. 

;'stems analNsis and simulation for ,'ice produc-
tion. lie iltiiate ohjCcti\c of thi, proIjct is 0 

pOItlotc ieCUIltturl ,rwtl i iii d,.fopitue cIIIn-
trics on a sustainable basis,. aitd in parti.'ular to 
iiiproc rice-based croplino sytems tider rainf,.d 
upland and loland coiditi ions. llhis beis Ito 
Iccomplishcd tihrouIh ad'aptm crCsearch aid actisc 
coopcratioml with oatiotal ,escuih institutes in 
rice-erMitI, cottilllics. [lie mediumt- and short-
termim,0h 'cotenCIt andotlhis pojcct \\CrC the d% 
the prectntiltil of a traitiin! CoUrsV on moditnIiII 
iilld io o1siIuhlkItiu ice piodrtion, 


minulatiOt inods siniplified, nalenuatieul 
rcprescnltations of reality rc ltl)%\ much utorc 

'-"'"t. i 

(01'TRIAI I\ . PRO(R.AMS; 613 

accessible because of the availabililty of personal 
comp Uters. Models of'crop prodLictio,1 with no soil 
or biolouical constraints now help predict potential 
;ield, fo0r ncw site'. WaItCl status and t1e effect Of' 
,ater strcss on clpgro)wth can c simuliated fairly 
\Cll, pairticlIrl\ tOra field v i,a deep soil water 
table. No% models, are bne ". eloped aISk owl
cdeC of cqop procecssCs rows. 
Wc ha\ bven collaborating wIt the (entre for 

:\ertbiolicl R.esercch ('. Wagenngen, 

ie Ncthcrland.. in this tIat;titue coursC. Basic 
material>+\ctc Crop SiMtila.tton n1iodes developed 
at \'agetmln.cn and rice crop data front I ,RI. A 
coure o 2 mo \was presented to 7 nultidisciplinary 
tcamn, of 4 scientists fron: dilfercnt national insti
liieS (India IMso times. Indonesia. lahaysi:u. 
Phillippitis. Sri at md Ilhiland and to II n 
leam of IRRI rCsearch assistitits. lIach teamn 
"us"Cuiicntly completed arcsClch stldy inolving 
hoth a crop lcowlt sinulatiounmodel and crop 
romth \alidation icscarch (lig. .,).Some partici

pait conputed potcntial rice production illtheir 

3. Crop gruwth simulation rodeling sas studied by 32 scienlists from 6 countries attd IRRI. ('enre for Agr bitigical Research 
(AIt). Wagcningen,the Netherlands, I996. 

http:agetmln.cn
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LIliRA'.!1 AND DOCUNI MAN,,VIN ('I2NI FR 

Thle following publicat~ionIs Were issue~d by tle 
1"h 	 v dfollo 1986:i 

a International bihligraph-' of rice research, 
1985 supplement 

* International bibliography of rice rcsCarch, 
cuiulativeC indexes, 198-8i 

* ThCss nilldisscrttions oinice available IiI 
the library of the International Rice Research 
ItrsitUtC, 1980 sl)liletrICrt 

* 

were not for rice literature alone, but f'orworks in 
other disciplines as well. 
The addition of 4,13) monographs (books,

pamphlets, and reprints) increased the total monographic collection to 78034. An additional 173 
serial itlICs \\'tI aCtlnitCd diring the year. Maps. 
tratiSlatkaitS, anid rnicrofilhns were also added. 

Ili1986 ie Ihirar\ actluired a significant number 
f publicationls oilWOnCll i Friculure. Rice 

pirlItiotrS o0n the Asian Istite of Tech
oiolgv and Ih~ilin sat I nieisitY, both il

12 issles of i~brar\ list of, recelit cLces!on,Ib, lhrilnd, %%Ce also acc s',ioled. 
(JAintpilrVV to I)CCCl I )I 


As in.! vIt
ious, +.\Cal-,alltilepuhl+ti itli~ \ lcdisitrib ortc ',siktho k chla l!C, to Iore thn 000 
libraries id ,\OC , tlnor tirerLceiturer cellc. +ill 

prodlcri trne
world. A iuIrber ssCreilko idl 
subscribers. 

At the end M tile Ri it, airl SeaillcSof h 
Systerril wich becair )pCratIorrail itl 905, had
88.956 rice ltcraile etiric', co line tire 'carl, 1967 
thro gh 19806. lieru arc nio\k 17 i stried I RI 
literatui-lic Search S\stmi/ tlcs allirahlied by tihe 
staff of tht', )epl-tniti. lIn additiotn toStatistics 
two tcrinhtalsaid a IiIte irethlibrary, theler.eil 
three I)public te iiii t thIlt 0triiter 1(0;KSputtIr (ilaI ( or 
Ide1ratriteCcarchi ne. 

Nuniiors rCCLiest ftr it irlnlitoll iid phtto-
copyinrg scrvices \\'r tecilvccuoiM 1986. hlie liibrar\ 
also irrihisetl ;assistanice ililibiry orgarii/ationl 
and iall igtnet, sClccion1 ;trit) ofauiluisitiotr 

a&riCuIltiral iiterials, IInI tire processing olspecial 

riraterialls Stch iicrOlifhr,suer niillS. panMphlelts. iltdi 

ephemrera. 

The library it'. Iri-srvice llriig to ilt 
catalog librarill o tie BillangladCeSh RiceIResearuch 
Institute. 

As il plevious ye.'rs. icciurC Onilitertire 
scarching and uising tlie library, plus library tours, 
were given to IRRI scholars, traiices, antd visitors. 
('oiputer literature searches. purchasc of tcxl-
books, binding of theses inti d ssertatioris, anid 
pronvision of ,certificate folders were also handled 
by the library,. 

The number of books anod ituialls btorrowcd 
withil tire lrstitutc ,+cched l a ill-tirni Iigh. 
Researchers and students frorm the I<us Baflt n 
con run nit,, Met ro Manila, arid as fiar as ('entral 
Luzon used the liI.ira y tilitICs. I emlciiands 

lt 

1 keep scieltists itloi ried ofthe latest publica
t itln ontilre, c'hcrlllrr of lthe tables olcontents ofcw Y trrc e d oulils was continued withlin 
I:NRI arid to scveral stations itl Indonesia, Bang
desli. aid Africa. ('itationis of lapanesc and 
I('hinSC
publicatlons \erC ISO for1uwardCC orn m lt. 	 to the( rll ihAgricultural Bureaux, resulting in 

r1fitucx
irtnirier+tlflIlrUfrpooois < for iiottocopie~s. 

I \ Pr k I tI AI RM 

A tieC'pcl l\vithiatcapacity of4,000 liters/ min was 
insliled in block iUK to supp-ly water to blocks, 
I K. I ( . Il . arid LJl. Block', IJZ, UR,UQ, 
II..mid I7.\ \\illthus be aidCtlatelv supplied with 

10i1r rucservoir illUIX. Water in theIrtriC 
uplandiarea vill io longer be ;iproblm it the dry 
sca son.
 

le lreet ucS id~IactII to the trplald farm 
were 
hianiid to the uteltn"filby tie llniversitv of the 
Philippiines at I os Barlos (1 PI.B) on the condition 
thbat IR R I will vacate the land UpOnI a I-yr notice if 
itis, 	 raiinfed area, and noneeded by [FI'.B. Ihis is ai 
puddling of.soil will lie done isper agreement. Tile 

, 'soil isaiIvp i r rilli with an11f 111,, ,:,.inC 

inn atilrargillic subsurface horizon.The thickness'of 

1)
A-horizo
tIhe varies 'fron to 36 cm. The ':oil has 
a loany to clay texture. lie 1, horizon is clearly 

tildicated by irtcreased clay content (Table I). The 
substratum OW(B)consists of highly fr'agmented, 
vellowish brown,wcatliercd tuff and call be found 
it i depth of 50-9)0 cn. h'lievariation iii soil 
characteristics is small (Table I).'Vile very high K 
conteil i tie topsoil is airelic of previous sugar
cane eroppi) rig. "Though direct K toxicity has never 
beenu reported, tilehigh K content might aggravate 

lriti. il balances in rice caused by tlie low 



RI 'I AM II SIT(i R I SI RVI( IS h17 

Table 1. Soil characteristics of the new rainfed area, IRRI, 1986. 

Depth Clay Silt Sand pH Orgaric
Horizon (cLrn %) " ( H20) matter 

%) 

Ap 0-21 35 41 24 6.0 1.4 

B2t 21.50 52 37 11 5.7 0.9 

BC 50- 51 32 17 5,8 0.5 


All 0-1C 25 43 32 5.7 1.6 

A 12  07-36 27 41 32 5.7 1.1 

B2 1 t  36-53 49 31 20 5.6 0.9 

B22 t 53-87 56 26 18 5.7 0.6 

BC 87. 59 30 11 5.7 0.5 


Ar 0-19 42 39 19 5.5 1.0 

B11 19-43 58 31 11 5.6 0.5 

1221 43-65 61 31 8 5.6 0.,4 

BC 65- 60 32 8 5.6 0.3 


Ap 0-19 41 42 1/ 5.7 1.3 

B2 19.51 56 $1 13 5.7 0.6 

BC 51- '14 29 27 5.8 0.4 


('1: Mg of aohut 2. P fertilization is essential 
because of thc soil's low available P. 

The l:.xpcrimental Farrn continued to repair and 
construct peripheral fences t) prevent pilferage and 
to keep stray animals froni cntering the station. 
Repair and colstruction of roads likewise con-
tillled. Constructiotn fAsmall roads was pursued to 
provide access to all expciuirnntal plots. 

The SuLpply of topsoil From the farm for grccn-
house use was becoming a prollem, so, recycling f 
soil was begun. 

Bird and rat control continued to be major 
activities. Improved sprairtgwith better protective 
equipment Ws establisihed. 

Monthly meetings wrc held with research 
assistants, research aides, andi assistait scientists to 
solicit their comments, suggestions, and problems 
so that the operations of the farm could be 
optimized, 

The depairtinct prepared and planted more 
than 256 ha for other depatmnts during tltAyear 

an increase of 27.5 ha over 1985. Major users 
were Ilarit Beediring (97 ha). Experimental Farm 
(42 ha). Agronomy (30 ha), Entomology (19 ha), 
and the Internaitional Rice Geriplasin ('enter 
(IRIGC) (15 ha). 

Cation Exchang-able cations Base Olsen 
Nt exchanqe (men/ 100 g) saturation P 

capacity . .l%) (my/kg)
Ni K Mg Ca 

Profile 1 
0.12 25,1 0.11 0.76 5.59 12.8 76 10 
0.09 30.7 0.48 0.20 1.75 16.3 80 3 
0.05 34.6 1.20 0.18 8.74 18.3 82 9 

Pro f0v 2 
0.15 22.9 0.09 1 '4 5.02 10.8 75 19 
0.12 22.6 0.09 0.88 1.,1 10.9 73 16 
0.10 28.8 0.31 0.33 7.3/ 15.7 82 2 
0.06 31.0 0 41 0.23 8.69 16.4 83 2 
0.05 32. 0.63 0.22 8,86 16.6 80 9 

Profile, 3 
0.12 25.1 0.08 0.,3 5.79 12.7 77 6 
0.07 30.4 0.34 0.24 M.8016.6 82 2 
0.05 3 1.i 0.42 0.19 8.12 16.9 83 4 
0.04 32,7 0.59 0.21 8..93 17.0 82 11 

Profile 4 
0,13 2G.6 0.13 0.5. 6.47 13.1 76 4 
0.06 33.2 0.58, 0.23 9.05 17.3 82 2 
0.05 35.4 0.84 0.18 10.00 18.1 82 6 

\Vc planted o,:r 42 hli for sced multiplication 
and for rice for IRRI employees during the 
(hristmas siaso::. I'hc following varieties and 
sclections were planlcd: IR29, IR.;,',, IR48., 1R54, 
11160, IH(62, IR(4, IR65, IR41-85- .-2, IR841
67-1, IR2071-137-5-5-1,,and 1132307-1(7-3-3-2. In 
addition we also muitiplied scsania, crotaliria, 

and a/olla. 
We -,pent S226,481 or contract labor for land 

preparii)n, planting, weeding, and bird watching, 
lhe last activity requiring considerably more 
expenditure than the other three combined. 

In 1986 we made S63,265 from sales off farm 
products (Table 2). At year's end we hlad in our 
seed room 19,053 kg of sced valued at $4,521 and 
17,142 kg of rough rice valued at $2,571. 

A tottel of 18,4 17 rats wrte killed during the year 
by electric fence, digging, mowing, trapping, and 
flame throwin4 operations. 

NA I'.,I RVI(CF 1.Al0IRA IOR!1 St CA I 

Output. The Chernical Analysis l.aboratorv ran 
141,221 analyses on J8.905 samples for 63 para
meters in 1986. About half of the work was devoted 
to analyses of plant samples, muaI ihe remaining 
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Table 2. Farm income, IFIRI, 1986. Table 3. Analyses done by program area, Chemical Analy
sis Laboratory, IRRI, 1986.

Item Value ($) 
SedProgram area PercentSeed 

IR29 3IR36 65 
IR42 55 
IR43 25 
IR44 2 
IR45 2 
IR48 13 
IR50 67 
IR52 

10
IR56 2 
IR58 
 50

IR60 358 
IR62 127 
IR64 10,955
IR65 


539
 
IR32307-107.32-2 64 
IR841 5

Rice for milling 39,846 
Milled rice 3,816 
Soybean 70
Glutinous rice 3,925 
Glutinous maize 167 
Rejected SUpcrsweet maize seeds 81
Yellow flint maize 116 
Sorghum 13
 
Rice bran 37 

Sweet potato 4 
String bean 277 
Potato 489 

Cowpea 
 103
 
Pechay 23
 
Supersweet maize (green) 
 1,749Wheat 2 
Tumato 

Vegetable maize ibaby maize) 

121
 
89 

Sesbania seed 85 
Tutat 63,265 

.. . . . . -*.. . .....-----

half was almost equally distributed bctween soils 
and solutions. Fertilizer analysis ;IcCOIIItIed for less 
than I ' of the total work load. The distribution 
according to program area is shown in Table 3. 

The year's; output was consistent wilh fihe mean 
annual output of tile preceding 5 yr (Fig. I) and is 
an indicator of the maxinisrum capability of the 
laborato r. 

'I lie Mass Spcclromnctry [ aboratory 8,611ran 
15N analyses ott (I 'N!,bS()4t derived from soil, 
plant, atnd floodwater samples. Malfunction of the 
MMM622 resulted inta downtime of more than 7 tio. 
The capability oftlhc iaho r;i ry was !aterenhanced 
by an additional unit, a VG Isogas MM 9031ES, 
made operational in August. 

Soil and crop manag~inent 71.1Genetic evaluation anu utilization program 9.7 
Cropping systems prcgram 5.4 
Irrigation water managernent 4.2 
Control and management of rice pests 3.9 
Constraints on rice yields 3.5 
Cooperative programs 1.2 
Others 1.0 

"cm'!.,!, ,r, U,r0ayse,(ttousand) 
! . 

10

50 

0
 
1977 1979 1987 
 1983 1985 

1978 180 1982 1984 1986 
I. (Oluput l lw' ( hcmical Analysis laboratrv. IRRI, 

The Radioisotope Laboratory ran activity 

counts on 2,445 samples of soil, plant, and aqueous
solutions, ge'ner'ated mainly by research on organic 
matter in tropical rice soils. Annual maintenance 
operations pcrforrned were decontam ination of the 
plant growth chamber, cleaning and degreasing of 
the two high-vacuu in sample preparation lines,
and running of diagnostic tests and calibration of 
the liLluid scintillation counter. 

Research. Rapid tcchnological advances and 
changing research needs necessitate updating of 
existing analytical niethods and adoption of new 
ones. Research to improve the methods of analysis 
was continued. 

IA'.i\actim of phim .amph's. Ten methods of 
extraction of' plait samnples for the analysis of the 
macroelemenits and inicroelements by atomic 
absorption speetrophotometry were compared. 
)ry ashirg was decred a suitable preparative 

tiethod for determination of 1), K, Ca, Mg, Zn, 
and, M b,hut not for Na, ' ..'rid tile trace elements 
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Fe, Al, and Cu. Wet ashing is preferred to dry 
ashing when determining the microelcments Fe, 
Al, Mn, and Cu and is the only choice for theanlyisofcrdetrctTetComplete 
analysis of crud iSilica. |xtraction with normal 
HCI is a Simple and convenient preparative 
procedure for the analysis of Na. K, ('I,Mg, ZrI, 
C.l, and Mri, but not If'r ),F, tnd Al. 

S,'111#lt )#l an~(I elt (111alll'.sis.l elolus1-1/'/h /1i/'lro
til eOlIS ;Ull 11'tll~Cand N cotetels of'
lta 'IviS (_" 


a nPMC 

organic samples with the Perkin 1Inlter Fletnital 
aluathlcd ,dto dt 

give .anl accuracy (fI -21;1 1K takl~dyir k
Analyzer Model 2401 w.as c e to 

g i Ltlr V ;II(]N> oall/
Ilc i. ) ;hIIm 

possible the itdit eOf C and N i Sl '. rinll 
samnles (0-5Ing). 

Complutvtdri.cdl dia at qw I.itv lt(- J~llt_ 

"-


numhers of ,samuples requirinrg IIalmkss ;(1d th 

dCllld 11or last delivery o)f" ncccssitatc there0'Slts 

al tecIniqlles.use of couputter-itided ,k'tiecal An 
e Ily-enterattiolt (d-kihvte North Star icro-

computer .svstcnr was upgridcd wit i a 15 Mbytc 

hard disk. This Cxpauled sto ragc gics the 
conlputtcr the cpahilitv to acquire data from1 ais 

imany as 32 analog sWignal ,ourccS. !,ir channels 
wocre interfalce( to the lechiicon If alrto;tialyzers. 
Programs to handle data accluisition ati iMnaii-

puiun procetdures were writtcn in Nih.rosolf01 
BASIC and cotiillcl fr0spCd. IlIC incIude 
algoriluins thait hlntdle pCak (etectci)n. signal to 
ntoisC discrirninltiont, atl correction for drift, 
blanks, and other factors. ('otiplications arising 
fron the simtltanleous accc.ss l sCveral chalitiels 
include event tirning, which is nloriiall iot it 

COTiCClll ill:Srhiele-chalinel acquiition. .SilliilatiOl 
delays wCere incorporated inIthe prograillto liii--

tair eve u-sigial Spacinrg dti- rig atcess. The peak-
detcton suboioutirie, hlow ,r. breaks down when 
it relatiiclv flat peak is being accc'sed. Several 
peak-sCrering alluorilhtS \sCre testedd forianrdling 
a wide range of peak shapes. 

Service fees. A rtew sChedile (oservice fees was 
implemented in 'May.Fhe rItew rates rolcci actual 

costs of Ihe services. 

PF., (II)1.II-;tt it]- t ARIII)A I (tRY 

The Pesticide R.esiduc .boratory received 2,332 
samples for coriplete analysis in 1986. Of these, 
1,560 were water saTriples tested for residues of 
,cgularly applied organlophosphates .itlcarba-

Table 4. Analyses performed by the Pesticide Rmsidue 
Laboratory, IRRI, 1986. 

GLCainiections 
Test analyses 

only 

Monociotophos 1,742
 
Carbofuran 1,709

Diazinon 1,698
Butachlor 1,694 

1,638 

I"opricarb 1,626 
,kceph.iu 1,o,?.J
 

('ai baryl 1,560 
Chloi pyrifos 1,560 

Niclosainide 16 
Triphe/Irtin acetate 6
 
Paraquat 2
 
Carosulfanl 1 

i 352Others 


Total 14,812 352 
- ...............-...... 
aGaF liquid chroinlatoglplhy. 

mates lfor the sp,.cial Fxperimlental Farm Wiater-

V :tYs Nmitriint I oJect to r pesticide runofT. The 
Flonoiog. , l)epartment subaitted 395 form1ula
tions o varils pesticides. 22 water samples for 
niolluscicidc residue analysis, and 6 a/olla samples 
for dhiainon residue' analy'sis. The IRRI Cnltral 
SCItfevt'tComlnleetubmitted 196 gauie patches 
rum its pesticide ipliicator expostire studies for 

deternlinat olollf PMC arid riollocrotophos 
levels. The Agronomnv i)epatrtment turned in 134 
soil and waitcr samples flor butachor analysis. 
The rerricuainder were samtples fron the Cereal 
('hcis'tiy taid Agricultural F-nginecrhng Depart
tients tnd the ~xtperinleltal I-atrtn. \ total of 
14,812 arnalyse., were done oil these 2,332 samples 
('ablc-1). 

I Ile Plant Ili siology I)eupartnien sent in258 
arnd the Iri BrLeeding )epartment 60 rice leaf 
extracts Ior e"iCuticuhu"ar WaX deterrminatioi. Cereal 
('lIem istrs submitted 34 aldoroniitril' aeatceite 
derivatives of cell Wa SugarSll for injection and 
quantitatioll. 

l'ItY RON 

T1he entire 40 environment rooms were used for 57 
iescatch projects of I I departmnrits from .anuary 
to October 1986. Of these projects, 32 were new 
studies aid the remainder were experiments con

http:kceph.iu
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tinlng front 1985. lb-main users were 20 senior 

staff, 3 visiting scientists, and 19 rescarch fellows 

arid scholars. 


The glasshouse rools haid 
 the highest occu-

paricy rate 
 (921), followed I' the arlificiallv 
lihtcd cabiinets (on\iron, IINI., K(i 1,9-9(i ').In 
tile rOOIiis, otculpilIre hevcIs tanged trml 3 t (tl're 
to x 2 .lie cxp rimnrtts lastcd frin 6 d it)f) nuo,
 
with it th0v itine of 2-5 d hetwcci cxpcrinntris.

As iIItihe past, the (Irvin, o(\Cn ;ind cold Tooi 
wCre used heavily by pih'ttlrutn' n irt:addition. 
36 ruclUsts Irot other departtents \,crc ICeOm11-
modeated, 1(forthCoVecid ?( fr 11thec olromn. 
.Six depaittmicn.is 138ctlusts) used tic ii tic 
lcit area uIIICteT. 

I1 pIhtotrton spent $I .20,1)05f(r Clcc!,icitv and 
$(.06 t) fto,liesc ftul 11 1986. IIW eneruy Co,,t., iln, and theru rCciach depr1nlnM ,lt.Rirititc seedincluded elctricitv supplied tot lhe \ Spectro-,Ia) health tests vev'cetIn ol 2,441 sed lotI,froi whichtuietr Lilhoratolry, lrstemnl Scientifi,c Suppl\-ailplcs could he draiwii. Phvtos"aniatioi treat-Store lhiildinig..oi, I aboritovry. and lisue 
('ulture lkicilitx. SiiXecn ,ct-heluled aid t.4un-I-
scheduled powcr triptins were rcoided v,itl 

an clapscd time oI' mi 
228 h. I )arhte iter-

rtIptions, tire two plivtrti giriic:c 
 tused. 

'hi't-ine tiaiti anid huir Suppoirt facilitics wer 
setviced inl Novcunih I )ecertibr. 
eight rtificiallV and rit1irall ,,lightcd cahitUIS wrC 
thoroughly checked atd testd by pihyttroi 

aLI(l Ivcntv-

staff: 
in the pa.st, calibratlon and testi.ng, lid hcull 
cond cted b\ arn IgitiC- frotM. Jalplt. 

-our Coolinug ceils for seivicc arcas (cort iol, 
K.i ttuumri lie//atlie, prepaaion runoip intlnd five 
bluwrs fmr glisslionuse and picliiation tiloois 
were rchlaceud. 'Iwn lain power circuit bicukers 
Ior aitomtic tranrst- switches aind gceleratols 

vere also replaced. Tihe power titering device was 


repaired and calibrated, and a new KWH meter 
was installed. 

An artificially lighted cabinet (Koitotron IINL
15-A Speci lal), donated by tIleSoil Microbiology 
I)epartment, was installed in the K( room for 
iLrVr
iv uolli. 

lre Seed Health I lit fid-inspected 9.809 entries 
fronil tile ncrcasc plots of the Internationalsee]d 
Ricet Ic,liiig nlririiit (II<0IP). IR(W',the lant 
Ilrtueding )eparmennt, and the Korean scud 
Int'ris, program in1898,. lhr,c, re 518icquests 
li Ph'to ,itarv crtiihcIor tf 4.513 oltgjnim 
weed lots comiuif Ir!Pnllll ),IIR( ( , lIl,lit Breed

lcius vi hoit wamr 52-57 "U, 15 imill)(tI
1t1nuicide slurry with hiiarico/ch olid hcnIorvl 
itapplied it(f.31 6, seed igh. All inaterials vcre 
lumigated v itf \ phospJhide. 

%City-t', CCd parcels rcpreniutii 4,892 seed 
hits 'tec 1ccived and tcsted fr posttintry ilaaill
iinc clear-ing. ,,ut-up, WCr druWir fruiiI 644 seced 

i ris Inrot utine test ire tile i emaining lots wecre 
)f liuited intr;o itics. All incoming secd lots 

\%":,rLifcn phvtosaiiitatiotl trcatille.its of hot 
\Vahi (52-57 o(C, 15 rnn), foltIlowed by marco.:ch 
aid - seoI dresire. l:dostcntrv field Iris pec-
tiillwas thll, oil all plarin t17Sof inCOmnliiig seeds. 

I y \'iizanlcsC trainees attetiding the Gi+U 
Seed Ihtodtictioi Prtograin spent 2 wk in tileSeed 
Ilealth I Ilit. fnliliatiuine thltcllselvCs with seed 
health testing and quiliartline fOr rice. 

http:testi.ng
http:depaittmicn.is


Publications and seminars 
I IIIlIC \Ili()N\ 

ildcl Institutc puhlliciltils ale I,sttd ile 11 maior bonoks produced by the (C.ommunicatil andhiblications 
I)eI)a ii'ni t, 2of tihiI\.'It coIt l)IsIcd in ( li itilanguattgc cdimio 6 t0it tilgraphII, 
 I,i tle IRRI Recsearch Paper Series 
Ml a1\ hl'iIt\

, o tIpils., aItd C\_mil Ilerl ickij,. SiisCIetit SectiM s list the OtltpI t o.iiviiduill Scicnt ts by deL I tIcltepartm 

and addiiitiio lol li'ti r',j ili ttlicd h\ tlieI.it, i dIRI) ItIcttl 1ttit)('enter. 

I ns,,lhtth, 
plblicatiol,, 

Irt;/r p/,,/,/Ir,o,,,) 

RiJc IIIjIIrro\IlII.t III Ia',tii. (cittail. land S uithetl 
\tr I IcrI 

If\ lrhyIlh hriI 5. I l t,.RI 	 t., 

cih:t+ I I rIIliAhl\ dr IIdIkr'iti.. 7,1). 

+
I'tLUIr", ii 1pJtild i' 5,' p. 
I! hm climIt', ,Cli)I i cICiilitnt to photItlc!'i,,dr 

rex r,v r,!ii. lilciatlilic i .. Ix It. S.V luara 
iil I h , (tI 

\ l'ihv t Ic; : ,"kulit\ M \ sit. \ It Roc,.104 1p. 
.\rrildro ii iitr lO 	SS. 

imil koHhlo 1).kltl1lr, l i hlo i MIrlllll 

R Ic t(r''llt', IItitLTdill!" liltI eiiC i r
IS " i IItIIi ; fll walhcll 

+ 

p.IntelXt.'ntt,+"t).S % tlp<)!+i~lll 


t'i Irtt',-H lailtcd hIt I ,.et. 1)tr\L ;iti -I,i 
t
M%\H c I IC l'

\rrr~lhinn \\'ao,,. iulnt .taelifaitlar cdiitirll,), hv, 
It "> \ r'taia 221 p. 

Il h px(IItnl ,,III ll I a I Ne iall 

.\! 	 iM(I pi 1Ile1 M)!"I i ( ',t. Pa1lllillal. 

'l itptllr t, I1.,I nld 
cditoi ).17.) p. 

ItI,.' bitlro aiId.i I [e,_',eIch: 1)85 snp-iIorial hI 

pic nt. 7,.+(P 
P'tIlIcatiM,,i ofl IliC iiieiintrliill riei1tinal;1 escacilch 

il,ltl ot iltl Ilukf, th lti ,Iti, ,(,-pplei . (i71tp. 

-,rrrorr 'i ,s ;ii 
Illit~n: I Ic\ itL "I ICIliie.irik%\i,t hil.i\;11 It. S 
\'Vcrai u. 12 p. 

I IX 	 I l( RI-Kinier caillh t it, pV, hli tilt dr,(-hp 

117, %1.,I . :iiijl Ik,ipil'il :Ifo t lop+ 

tilL'tiOf+ 	]CO h i ci
-hOICl/tli;[il't:, t a tl ,:liICt. 

/d[tlt. 

I t,Io Ii/o, I . It A;lilili 


bv I-..I. I. R. Alnliiita, .\. (I. \ vr+It). 
\.M. Nla/ar.do, 

R. MI.\'ipui &.. Ml. '. I il. aid II 1. Moon. 7 p. 

it). I'lo lil ,il;v, Ipotenlial ica, hoti d\cv sils-


t I iiMirlein Sniil n Asa.
tleasi.. :tI, 
I1'(\i Ioic-Klcin, .13 p 

I1). (ialgc illsinall-lalIl inc Ililteshing technotdogy in 
hllailnd and Ile Philippines,. I' It. I )Iit. 2.4p. 

121. 	 I idtnihills and llttdcri lice sallctis, by R.A. 
Nlnriis. .1.If. Kim, and .1rIf. Valcra. 15 p. 

122., Yihld stability and todert tice tcchiology, btV..-'. 
.
ii and I).I) (iaily. 18 p. 

P,-rio.,lh/.1,
 

IItCeiltihI~Il 

ph11'uslICjLt iILI.\X
 

A/illa Ilvslctt r. Vol 2 in. I
 
e_1p).teC 


l; ticc re-cMC nIiew',leitCrL \OI. 10, nos. 1-6, 

I tI IiTc.N ,.1-80. .,80
 

R k.,.t IIc , ict,\'f..L
 
IRRI cvp l ,.A .8 ,.2 X . 3 60
 

.\ ltinirlation 
(irco'nland Ii.1. ur\ii' I) Irrigation) . -Rlts 11 (1986) 

11:11id III htni'id ica ,.Phil. Irni s. R. Soc. Lood. 

A 3 0(r:265-20S. 
l'attihk NI . hali,vul (i S (1980) Insect ontrol. PagesM l), 

357%7ixm (	ilbal aspeacs it11od pirduction. vI. S. 
all and S. K. Sillilt,Cd., ly Nly 

national Publishing (Comipall, (Oxford. 

Sss aniiiathan NI S (i 98() lPlat r-esearch itid world 
agiiculutc. 'lant 'Ml.iol. Rep. 4( I): 1-17. 

SA+atinathan M S (I1i98():uIistjtinable nuitriion seculity 
lotAfrica: lesIns roin India. -lhelungCr -Projcct 
Pal rs 5. 331p 

Swaininathan NI , (NJ196)1 odas ' rcseaelth and tolnio.
row"s food prcductit p[ spct:s. Impact ,fSciencc 

oil Society 12:105-110. 
Swaninatian Ni S. ,Sitha S K, ed. (1986) (ilobal 

Ofspctsa d pridi:u:,::.. !'::. ly ilntr tional,OL 


()'f.ord. rcl ) p
u 

Ilialti I NM ,Khoklhar It I. Biohi II, 'hatIi,IB.l lii 
.1 A, NIHnIsu M, Soontt G S, Flinn .1 (' (1986) 
lecltninh ical(;ptio to otl-lll itce,ls increase 
Yields in lai kana I )istrict, I. Agric.Pakistan. Pak. 
es,.
lII 	1(1):92-131+ 

(astillo (i T (1980) Filipinto \VlllIe illIice taln ing 
systemns: sottci eipirical evidencc. Pages 583-621 in 
Small larm equipment fotdeveloping countries. 
International Rice Research Institute, P.O. Box 
933, Manila, Philippines. 

I )e 	Datta S K, Flinn .1 ( (1986) 'Icchnlogy and 
economics of weed control in broadcast-seeded 
flooded tropical rice. Pages 51-74 in Weeds and the 
environment in the tropics. K. Noda and B. L. 
Mercado, eds., Asia Pacific Weed Science Society 
and 	 Japan International (oope.atin Agency, 
Bangkok. 

http:Nla/ar.do


622 	 IRRt ANNIAIL RI 'O I IW nOR 

I)uff..11(1086) Changes in smaill tarni paddy threshing
technology in J hailand and the Philippines. Page
24 ill MIacro-pilicies for ap)ro priat e technology. 
F.Stewart, ed., Westview Press. tIouldel-, ('ol-
rado. 


I)ull J1 It ( NY) Cilaigcs inl ,irill-lain rice Ireshihg
tcclrlllogy inl Ihailild anid tile hiliippinehs. IRRI 
Re. Ptp. ci. 12). 2.1 p).

Dulfl .1 It (1'),") S'Oili ClllsCtii lCC, of il iicUhlral 
flichalii,,,itir, iontir i'hilippiic> lihailiitd aidiages
Inliniotesia. I'.gc, 5Q84 in Snall alili Cluiple it 
lr de clohpirt cotUlilics. litteliational Rice Re-
Crilch llilstiilCt , P.). io . 933, ailaI'.Plliliippirles.

111111 C('larrv I)t P( 19 ) Yield miaihilitv itniil odert 
ricI,:neclloligy. IR RI ReI". Pap. S t. 122. I p.


Maidac A N, (iclcesila N: P, 
 liiti .I C'(1986) le)ecv'lip-
ig techinllolv for ulpiar lair, ii ll th 
Mlintdanrao, Ihilipplhles. P'hilipp. J. Crop Sci. 
I j(2):69-79. 

Maidac A NI, Nlor ai P b,PiNovct ro NI .1(1986).\ 
syst s lr liewolrk lot imlltll arit eillil lirt 
rcscaclih and developt. Pa 'ves 559-5/5 iii Sriall 
It-itt Cltiipeliit for CciveJlVii cLn111iittrie. liter-
naniitnal Rice Reseach Instittc P.). 933,ox 
Manila, Plhilip ilies. 


Salaiar (i, [birri I., 
 lcitlo If. I)ufl It, Stickneyi R F 
(1986) Rice scedling traiisplatrrters in the Philip
pinrres.
Pages 213-232 iti Sinall iiarr eqtipimenifOr(lvehlophrig dorrntri lt ttitlll Rice Research 
Institute, P.). [lox 933, \fanaiil, IPiilippiics.


Stickley I( F, I'erianrdo/( C , .
 air/Mir Ci C', P-Iarialiiid 
1-II, .lrracz i: S, I )ill .1 13, hirckhtop C'W (1986)
CAAMS-IRRI icIhaitical reipcr: experiences in 
teP Ilippines. Pages 341-35h in Snall farn 
-quiprcrnt for dcxcloping coulitrils. Iriteriational 
Rice Research UilstitUte, P.(. Box 933, Manila. 
Philippirtes. 

A gricultiral En1Kigineering 

Hock lOl 
 C'W, Stickrt-y R F, I laliliOnid Ni NI, C'ochranr 

1.1, RCddV V R, Nichoils F F, L.aho SC((198()" lire 
RR I induslrial liaisin prog.iranm. Pages 479-486 in 

Sriif farl quilrlCt for dCClipinig conttriLs. 
Intcrnatio:al Rice Research Institute, P>.(O. 3ox 
933, Manila, Plhilippines. 

(-hotriharyM A, Ahianr N (l)IiTrds ,irccssfrul 
crop esta lisiniert afltrrice. Philipp. Agi 1c. rig..I. 
17(2), Secornd qtarter. 

.Jerin Y W, Halos 1. 5, 3eloriio A. lEepai o A (1986)
IRkI warchousc Irying Systee t. Ill Ciired fish 
production in lie tIrlpics. A. Reilly iid I  . I Harilc, 
eds., College of' Fisircries, Jniversity of tire Philip-
pines in the Visayas and I)eutsche Gesellschialt fiir 
Technische Zusanritcnarhei t ((fIZ) G til.-I 

Khan A I1(1986) The A.:i:,:, ii;l-flow threshers. Pages
373-388 in Small farm equipment for developing 
COunt'ics. Intern ational Rice Research Institute, 
1P.O. Box 933. Manila, Philippines. 

K han A IJ, Bautist a F U, Haititisti R, Caballes A, Diestro 
NI S, K irnco L., Vasallo A ( 198() Input saving
inecliani/atioi i wCtkld paldies. ILilipp. Agric. 
1ig. .1.17(I). First tirtecr.
 

Kharn A J, Bautista F i, Vasall 
 A f,1986) Efficient 
fertili,,r injector.s or p1.d f'arecrs. 295-308 
il S1til1 filn qiipiernit iti dCeCvelopilg Countries. 
Internationali Rice Research Institute, P'.O. Rox 
933, Manihit. Philippines. 

Sala/r l , ror, I.. Icatlo I, l)ulf It, Stickney R E 
(1986) Rice eedling trarspianters in the Philip
pines. lges 21 3-237 itt Sriall firni equipment for 
tNoitdcvdheloping countlrics. Intelnalional Rice Research 
Institute, P.O. Box 933, Manila, Philippines.
 

Stickiey R F,Sala al 
 (', Ialialigod II I, .Itarc/ F,
I)ulf It, Itockhlop C W, :ernandei (' 1 	 (1986)
C'A,\ MS-IRRI techanticail rteal: exeriences in 
tire 	 Philippines. Pages 341-35!: ilt Smlall farm 
eqtipmeit tior developiig coiunt rics. Internationral 
Rice Research Institute, P.O. Blox 	 933, Maniila, 
iPhilippines. 

Agronomy 
Hlernasor P C, )o I)atta 9; K (1986) Chemical and 

culturnil control of htrirish (Srcirplna narilinttsL.)
arid ari.ll wced s in lowland rice (Orza':tamwI).
 
Woed Res. 26(4):233.
 

C'liin .1 C, Mooidy' 
 K (1985) S lmeic tactorsaffectrig
gerritiatiot aid growth of L'(hino-hIla ,'oma. 
Korean .1. Weed Sci. 5(2):103-109. 

(ifu 	 F I), Moiod ' K. de Ranios NI Itl198 ) Reducing

'ariability it samplirng weeds il 
 uiplanttd rice (Ori':a 

saliva). Philipp. .J. Weed Sci. 13:56-67.Cr.'! R 1, )1 ool c .1 C' 1985) Water stress al re
prirdiliVc stage idld grain yield of drylarid rice 
()riu saiva .) Philipp. Agric. 68:55 1-561. 

C'm/ II T. !,,.t t, idri M,('a-,ihao . 13, 
lingarraj NI. I )c l):tta S K (1980) Shoot and root 

responses to water deficits in rainfed hlowland rice. 
Airst. .1. Pant IPhysiol. 13:567-575. 

D)M )atta S K (1986) Improving nitrogen fertilizer 
efficictcy i! I wland rice intropicail Asia. Fert. Res. 
9:17 1-186. 

I)e 	l)tta S K (198(0) Rclevant techrolirogy for ilproving 
eniliicr rise eciet ntcv in iowland rice. Pages 177

196 m Rice. Progr ess issessmrile ittant orieniation in 
the 198(is. IPrliceedings of the 16th session of' (ie
Inlcrniltiorila Rice ('oirinissiton, 10-14 Jnl 1985. 
Ios Hahis, IPhilippines. 



PtUItI.l('AIION. .\NI) Sf;MINARS 623 

De 	 Datta S K (1986) Iechnology development and potential for rice-based farming systems. Pages 251
spread of' direct-seedcd flooded rice in Southeast 255 in Rice. Progress assessment and orientation in 
Asia. Exp. Agric. 22:417-420. tie 1980s. Proceedings of the 16th ;ession of the 

De Datta S K, [inn ,I ( (190f6) Technology and International Rice Commission, 10-14 fun 1985, 
economics of weed control in broadcast-seeded L.os Bafios, Philippines. 
lIooted tropical l ice. Pagc' 51-77 in Wceds and the Mabbayad M (0, Moody K ( 1985) Improving butachlor 

environment in tihe t opics. Ploccediings of tIc 1111 selectivity and weed control in wet-sceued rice. J.
 
Asian-lPai.ific Weed Scienc Soicty ('tnilerloe:, plant Prot. liop. 2(2):117-124.
 
24-30 Nov 1985. ('iiang-Mai, Thailand. Asian- Mabbayad NI I, 1\1o10dy K, Argente A M (1986) Effect
 
Pacific Weed Mel:-:,.c ociety, Thailand. type, and soil on
we of soil tenpernitre, moisture 

I)c l)atta S K. Moodv K,. ankaran S(1980) Inttegiated butachlor disipation. P~hilipp. .1. Weed Mci. 
weed nariigement practice,; for upland rice. Pages 13:1-10.
 
447-460 in Progress in upland rice research. Inter- Mengel K, Scholl It (. Kecrthiiinghlc (, l)c l)atta S i
 
national Rice Research Inittitutc, P.(. Box 933, (1986) Ammoniun dvnamics of puddled soil in
 
Manila, Philippines. relation to growth and yielt of lowland rice. Fert.
 

Fkanavakc I .I, )t)[oole .1(, .,;arrity I) 1PD Iasajo I NI Res. 9:117-130. 
(1985) Itleritane ,f rtoot characters and their Nligo TR, lercado 1I 1., )c [)atla SK (1986) Response 
relations to drioug ht ,esistantcc it rice. ('top Mci. of Sphenoclha :cewvlica to 2,4-) and other 
25.927-933. recommended herbicides ftor weed cttrol ill low

llliot PC, Ni.vare, I ) ' ICjairl-o I F, Moody K (1985) land rice. lPhilipp. .1.Weed Sci 13:28-38. 
l'tt~ttrittmitry es :iiOuititoi of ss coMtti l )iltotices in Motdy K (1986) A Iiterature review of weeds in nnaize 
tratsplhitc, ticc (Or:a vativa) itt (juinba, Nueva (Ze'mays) in the Philippines. Philipp. .1.Weed. Sci.
Icija. I'hilipp. .1.\Vced M;ci. 12:568. 	 13:19-27. 

Fillcry I R ), I)e l)atta S K (1986) Atti. :rtia volatili,/a- Moody K (1986) Role of plant growth regulators in 
tioln ft-om nitrtgen sources applie,. ) rice fields. I. tropical rice ctltivation. Pages 138-148 in Plant 
Methodology, anitonia fluxes, and nitrogen-15 growth regulators in agriculture. FI*C Book Ser. 
loss. Stil "ci. MtSoc. .. 34. laipci, Taiwan, Republic of Chin;.At. 50:80-86. 

Fillery I R P, l)e Dlatta M K, (raswcll 1:1(1986) Effect ofl Moudy K (1985) Weed control in cassava, a review. J. 
phettyl phosphortdiatidai on the fate of urca Plant Prot. Triop. 2(l):27-.t0 
applied to wetland rice fields. ert. Res. 9:251-263. Moody K (1980) Weed control in intercropping in the 

Fillery I R 1),Roger P)A, )e I)attta S K(1986) Ammonia Philippines. Pages 122-152 it Weed control in 
volatilization frot nitrogen sources applied tt rice tropical crops. Vol. 2. K. Moody, ed., Weed Science 
fields. I1. Floodwater properties an(td subinerged Society of tile Philippines and Southeast Asian 
photosynthetic Iitass. Soil Sci. Moc. Am..J. Regional Center 1(or Graduate Study and Research 
50:86-91. in Agriculture, Los Bafios, laguna, Philippines. 

Fillery I R P, S"ntpson .1 R, )e Datia S K (1986) Moody K, Navarez 1) C, Pablico P P, .storninos I. E, 
Contril .tin of anlniottia volatilization to total .Jr. (1986) Labelling and pricing of phenoxy herbi
nitrogen loss after applications of urea to wetland cides in the Philippines. Philipp. I. Weed Sci. 
rice fields. Fei t. RL,. 8: 193-202. 13:68-80. 

Garrity 1)P, Vidal F T, 01oole .1 ( 1986) Nliinipullat- Moody K, Robles R P, E'loresca E TI (1986) Weed 
ing paniclc tianspiration resistance to increase rice control itt leguies in the lhilippines. Pages 212-267 
spikclet fertility during fliweriig stage water stress. in Weed control in tropical crops. VI. 2. 
Crop Mci. 26:789-795. K. Moody, ed., Weed Science S.'ciety of the Philip-

Ilsiao I C, OToole .1C, YambaO F 13,lurner N C pines and Southeast Asian Regional Center for 
(1984) InfluenceIof0 tsmtt ic adjustment On le:if Graduate Study and Research in Agriculture, Los 
rolling and tissue death il rike (O'rza saliva I..). Bafios, Laguna, Philippines. 
Plant Physiol. 75:338-341. N'tnuco 0 S, OToole J C (1986) Reproductive stage 

I.lagas N! A, Mercado IB , )c Datta S K (1985) water stress and sterility. I. Effect of stress during 
Reduced volune application of 2,4-I) using con- irciosis. Crop Sci. 26:317-321.
 
trolled drop applicators in rainfed rice (Oryza Navarez 1) C, Elliot P C, Estfio D B, Moody K,
 
sativa). 'hilipp .1.Weed Sci. 12:28-34. Tamargo A 2 (1985) Evaluation of tillage and weed
 

Mabbayad B B, )e Datta S K (1986) Prosperity through control practices in munghcan ( Vigna radiata). 
rice: astrategy to improve income and employment Philipp. J. Weed Sci. 12:7-21. 

http:2(l):27-.t0


624 IRRI ANNUAL RItORT FOR 19 6 

Novero R I, Foolc J( Crui RT, Garrity D P(1985) 
Leaf water potential, crop growth response, and 
microclimate of dryland rice tinder line Source 
spritkler irrigation. Aric. Yocs( Metcotol. 
35:71-82. 

07oole.1 C, Real .1( 9(986) Estimation 0taerodtt.,ati tic 
and crop rcsis;lances froin catiopy telmiperature. 
Ag.uo. .J. 78: 105- It) 

lPablicn P P,MoodN K (I 985) A strcv o( lowland rice 
()rla .ilva) weeds in CintIral id Southern 
I U/0ii, PhililppisC,. Philip. J.\ced Sci. 12:4.1-55. 

I'ablico P P. Mtodv K(1980) \ driNC ;
- o t land rice 
I.rt-':o.siva) ,cd iVC : iCcttal arid s.",ifih:
I-./ol1, Fhihppirct. Phiii 0 . \. .tdSe. 13:39-49. 

Shad Rashid A, ) l):atta S K (P180W)ReiCeI tillage 
tecliuiilues for wctland rice as aflectc,. h5 hchicide. 
Soil I-ill.Res. 0:291-303. 


Sh:iima 1' K, Dre 
 )altia S K 198(6) Phsical pripertics 
anld proceCss of ptUddled rice S0til. AdsV. Soil S c. 
5:140- 178. 

ItlIIer N C'. Wlool .J C(iu/R'. I, NaitncO ) S, 
Ariiad -{1980) l,,poscs of ev.elldiverse rice 
CUltiV ;to WIwr delicits iS. ress deve lpittent,
catlo py tell) perat tIc, leal rolling and grtwth. Ficld 
Crops Res. I 3257-271. 

Turntier N C, 0'loole .I C, a'tJ'R T, Yaiibo F 1H, 
Abroad S, Nanituco ) S, )iigklin M (1986)
iResptonses of sevent divere rice cuitik ais to water 
delicits. H1.Osiotic aliustmnt, leaf elasticity, leaf 
extension, leaf death, stotiatai condutictance anid 

plot~osytthcsis. lield (rps (es. 13:273-280. 

Cereal Chemistry 
Biliaderis C G, Pac C IM,Matlicc ' I..ltliao It ) 

!986) Thermal claractcri/atio oflrice starches: a 
polyrmeric approach to ph;Its ransitons ofgraniuiar 
starch. .1. Agric. Food Cliei. 34:0(-14.

Ciabrera-S anti ago IM IIte nga t C 1.1, Roxas It V, 
Juliano It0, Pert C N, I.o"yola A S, Alcitndro F: 
R,Abadilla JN, Yu (GF It.Mallillan A C (1986) 
Proteill requiretietits of preschttl childrert con-
seminig rice-riilk, rice-ttstcd nLig bean, and iCC 
diets. Qual. Plant. Pl:int Foods I-IiIm. Nutr. 
36:167-178. 

Darnardjati 1)S,Hari,:i, SockartO S ,SiWI It,lUlialio 
1 ) (1986) Major factots of' physictcl:ical 
properties affecting the eating qualitv ftsoie 
Indonesian rice varieties. Indonesitn .1. Crop Sci. 
2:1-16. 

Eggum 1 0, Juliano B 0, lbab.;o NI Ci 1, Pere/ C M 
(1986) Effect of extrusion cooking oitnutritional 
value of rice floutr. Food ('hem. 19:235-240. 

Ellis J R, Villareal C P, Ju':'ino B 0 (1986) Protein 
content, distribution and ietention during milling 
of brown rice. Qual. Plant. Plant Foods Hum. 
Nutr. 36:17-26. 

ulliano I ) (1086) The composition a:nd properties of 
rice in relation to actcptabilitv. Pages 869-871 in 
Proceedings of' the XIll international congress of 
nutrition 1985. T. (. Taylor and N. K. Jenkins. 
cds., I. Lihby, ILndon. 

Juliano B ) (1986) :lctor. aftccting nutritional proper
ties of'rice protein. r:ins. Natl. Acad. Sci. Technol. 
(Philipp.)7:2(5-2 10. 

lul:ino it 0, ( oddard M S (1986) Cause of varietal 
difference itt insuli) atlldg losc responses to 
ingested rice. Qual.Plant. Pllt Foods Humn. Nutr. 
36:35-1i. 

.luliano 1 0, lbabta NI G . l'erc C M, ('lark R d, 
Maranville .1 W, Ma:ril C P,t'houdhury N H, 
Mornuat ( .1S, Corpu I .11T (1986) ffect of soil 
sulfu rdelicincv ot su lfur ain ino acids and elements 
itt brown rice. Cercal Chem. f-4(l):627-630. 

Ifiliano H0, Pcre/ C NI ( 19861 Studie!; ot cooking of 
trtpical milled rice. Food Cietm. 20:97-105. 

Khander A K, de Mnsqueda N It,dcl Rosario R R, 
.Juliano I ) (1986) Factors affecting properties of 
rice noodles prepared with an extruder. ASFAN 
Food .1.2:3 1-35. 

de MosqUcda M 11,'ert/C M, Juliarto H3O, dcl Ros'rrio 
R R, Bechtel D 1t(1986) Varietal differences itt 
properties of extrusion - ctoked rice flour. Food 
('Chem. 19:173-187. 

Takeda Y, Hizuku i S,.hltiaito 1 ) (1986) Purification 
and structure of atylose from rice starch. Carbo
hydr. Res. 148:299-308. 

Villareal C P. .luliano 1 C)(1986) Waxy gene factor 'Ind 
residual protein of rice grantles. ;thirke 38:118-119. 

Communication and Publications 
C'rbanilla V I., Ilargirtve T R (1986) Cpublication itt 

the third world: breaking the language barrier. 
Scholarly Puhlishing 17:165-180. 

Ilargrove T R (1986) Sn bitmged Spanish era towns in 
LakcTaal, l'hilippines: an underwater and archival 
:ivestigatiomi of a legend. Int. J.Nau. Arch. Under
wat. Explor 15(4):323-337. 

Entomology 
1ln 1)J,Shepard B M, Aguda R M (1986) Amino acids 

of the granulosis virus of rice brown semilooper, 
Nlocis frtugalis (Fba.). Korea1 J.Plant Prot. 
25:191-192. 



i 

Khan Z R, Saxena R C( 108')6) Fftici of'steutH distillate 
extracts of* resistant and susceptible inec cultivai.% 
onl behavior of .\oguielh i.&- ib tr (Ilonopltra: 
IDelphacidae). J. Fcon. FnitonAl. 71):1)28-935. 

Klian Z R, Saxeria R( C ( 1986) 1 i~hiiiiue o0110Oc6itin 

lltlihIppCI IIoilipieil: iciidcllidaic) cggc Ill icc 


plants. 1. 1 co i toiit. 79):27 1-17.1. 

Khani Z' R, C( l)i Vailcitil csisMiliL' ill 110:
Raei( 

aia2iillsi .SiciI'Iefa fillrill-ar,[~ (,ot(Hlaiii iiip 

5 1):1 5-)5.
 

tropicA Asia. Pajic'. I7-27min, 'ihi~ii 0iii (illC ii 

Nioclilit 0. \'dicii S 1_ BIisli R i, ( 6 lIlC:I1;Il 


COili1 Of cicen to i! it
r HCI lea liIopm It;11 :1 

Agile. iRc, SciI (57) 

Peiia N, Slhitd \1 C198(6 S,-,i~imi liliulict: ()l 


pclrs,.\i''/i i6'It Ipp51 1 %% pliltiid liltelmickel 
houjpeis.uuinI fl; /l I(~t illi ui It,: (Addlc-1 

ldie) ill I aikIiii 'til 0cc. l'ilm mn.IilmIo 

Fritorio!. I5:203-267. 

Roinhicli NI (" Auinda P, NI. Sltcpimd 11 NI. iRuici is 

I) \V (1981t Iillttuunluani il c I ()entllCiu-
1it1"uc iili) ill cmuiiiul (0 lilt- uLik irmjki t 11 C .

A 1I1.Cl ciut !'aItli, VI"14 

I uiitlsh;i NII I-NtLIJ~ I I) I Ws1u1 I , tI 1WPA J I. Rult 
I) ' (t Icc I Iu IIttluuI wc6 p) Iile9 iiui,1ii c al h I c 

Vila,' ut/II u, ltugit:.u IlIuft1itiopicit; I:1k) 1;lI: icc. bt, 

Ilt's aI )ilileiuit il of ilii l Iopt iluuil 11 I IV )IMiiuI 

CC7 ( I17.3.11oC 0 )\I-)IHt l 

Sic' ( (' -1 1)()ioltiiti scilnet 

Ifitiiii:I 1C i(d llCl(ii tliie~il NI lI) 11icL-1 no) I' 
A . Iled ill, cdt. I 'lu 1. cAIi I.(hlnt ui-)IIn i 
NO)61.12 I S9. il~hlltitoti. I ) , 

Saxciit R C , Bati IiI~m A 11)8(1) Nlejoic choliosuu(mite 

pi/iai .'iilici (still. P'hilippi. hniittiil. 00i5:455-

Sixili R C , Khiii /' R I 19X8(')Alsciritjiiii, causecd h.s 
icem il oill i ucii !cutioipi Ict-ilIui "ii iliceuihr 

Sitepard NI. :\ida (GS 1 !980) I'm~stlsni anI picilatori 
(fl, vclloxw stein hotet A(KirIpophu/ioc lliiurluvu. 
(\W:tlker) II epidolperi: I'vialidaue eg iill ialis-
piam'ed and direct seedcd rice. .1. I:imtilioI. Sci. 
2?1:10-2. 

Slic-paid MI. Ferirer F R, Kc'iliuortc 1) L, Sulialigil .11 
( 1980) Sequentiial Samrphlng: plant hopner-s ill rice. 
(rop Plot. .5:3 1()..1 

Shecpard Ni. (icclic I 1Q80) Larval piopulation 
saiiiiliit nti idt cllilId. 30t-401m'IIlmIC Pagpe. 

AipisinildIIlIAOI~IXMCti Of Cihhbic loopcle 
popilimn I'. 1). I micict L (.I..(iecile,eds., 
I ,l ),\ A*\' ith cli ill. (i6. 

lii: IiI',~ I1w o ein'aiind caiil.\ ciilit~ic, ftile 

C . 1. Wane) 1. \cric (\seilia 112:1-IN. 
( h1iait I I P i l') it. :isuiLlIlIt. ofi ieililplaill. iiiics 

Sot. I iiiliili't wl,'i 7'liStuclcei.1 1Itild.m 
liaicinI I li~cwiliiii itndlplidttcI )5), 	 ol tile 

Clitiiic. ic-) tm o li il, %i ;iii0clii. iloiiic ii 
Palil's'ii -\ilCil i uijui. I2 p).thu I iii.I I 

(.uinaiic 1 1 (u)V I.lic liacs.8-8 illiM 0I fiIill 
sun fI6sn \it(1lruss-Hill,ill I(Tilmtiuc' 
Ne i k. 

( tune I I~ 186, Rc tc tililtinC ICMHC olicltMLInIoc 
\ ildl litilliCci Iliad hl'.t1 lilt. Is-ni 5):?.) 1. 

( 19",(,cii ticlc!~d1: iiii1I)>i) (1, oc OiH t 
milkI utl i uuiIlli 1,'sI'-IAiPtc 11) ice 0 i1 --a t(liv 

)1. I'I t .7 RuICLc cimltiLs. I 1Hii l ii iii 
Ikincc lktsitchlt tc. P'k . h10\ 1) 1), Maniilai. 

( 	 iiin 1 11.I t-- i'i~i I.Iul'itru \ )6 lu iu i 

l i tt' 1 1. kc III/iin 'I in' n t-Ii it Vtcd it uldstiti'. \ 

111Lt~cliiiit] 'Ii' Iml.!M toNi ''ls iltl cold 

( hml I I., I ru t I )iX, ( m- am kiisi (d I uct' 

iiiu lV', 'I A(- II LCiui tic.1iitdimpl11', \Ih~ I ii 
calloiiiiii iiicc hwetljily'. I' ics 213-220) it New 
loinietsI Ill hLTsieeli ecIcis l'ioeCd ruieSi1 ile 

Pet1t iiid s s\uilin.c' ~s~~i tls 

( lill. I I , I ous I( i 198)8( Wcimiilli eicesl-L! 
aiid Isletdin! im 'It muugi i c'liicc, ';wics 199-212 

Rice RCNeamcli lin- tunic P.(. Hoi\ 9)33. N-Iimilit 
Philippines. 

('tn I , ILurt'suu ( 1)8(i SctciiiiL ic.li~jicicsli 
diroiughit resist icc ;M rIcWe.Pagets 1OX-1I2) ill 
Appruiiuics lor itucorpiii0 i HIP drought aind salnity 

http:NO)61.12


626 IRRI ANNUAL RIPOR I FOR)t1955 

resistance in crop plants. V. L. Chopra and R. S. 
Paroda, eds., Oxford and India Book House, New 
Delhi. 

International Rice Germplasm Center (1986) Philippine 
traditional rice varieties in the IRRI gcrmplasn 
bank. International Rice Research Institute, P.O. 
Box 933, Manila, Philippines. 

Loresto G C, Zhang W X, Chaudhary I),Chang T T 
(1983) Aeroponic technique for screening the 
drought avoidance mechanism of rice genotypes by 
the root characters. Ser. Estud. Agron. 10(1-2): 
77-82. 

International Rice Testing Program 
Akbar M, Gunawardeena I F, PTonnamperuma F N 

(1986) Rainfed lowland rice breeding for soil 
stresses. Pages 263-272 in Progress in rainfed 
lowland rice. International Rice Research Institute, 
P.O. Box 933, Manila, Philippines. 

Akbar M, Khush G S,HilleRisl.anbers I) (1986) 
Genetics of salt tolerance in rice. Pages 399-410 in 
Rice genetics. International Rice Research Insti-
tute, P'.O. Box 933, Manila, Philippines. 

Seshu I) V (1986) Rice varietal testing in rainfed 
lowlands of South and Southeast Asia. Pages 77-
101 in Progress in rainfed lowland rice. Inter-
national Rice Research Institute, P.O. Box 933, 
Manila, Philippines. 

Seshu D V, Garrity I) P (1986) Ivalation of inter
national upland rice nurseries. Pages 219-234 in 
Progress in upland rice research. International Rice 
Research Institute, P.O. Box 933, Manila, Philip-
pines. 

Sesiu iD0Kwak T S, Mackill I) J (1986) Global 

evaluation of rice varietal reactions to blast disease. 

Pages 335-351 in Progress in upland rice research, 
International Rice Research Institute, 1P.O. Box 
933, Manila, Philippines. 

Seshu D V,Sorrells M E (1986) Genetic studies on seed 
dormancy in -ice. Pages 369-382 in Rice genetics. 
International Rice Research Institute, P.O. Box 
933, Manila, Philippines. 

Library and Documentation Center 
International bibliography of rice research. 1985 sup-

plement. 
International bibliography of rice research. Cumulative 

indexes 1981-i985. 
Theses and dissertations on rice available in the library of 

the International Rice Research Institute. 1986 
supplement. 

Multiple Cropping 
Garrity D P,Agustin P C (1986) The characteristics of 

rainfed lowland rice ecosystems in Asia. lPage 41 in 
Agronomy abstracts. 

liboon S P,Morris R A (1986) Responses of four wheat 
cultivars to planting dates and fertilizer in the 
Cagayan Valley. Pages 50-65 in Wheat review and 
planning. Book Ser. 381 986, Philippine Council 
for Agriculture and Resources Research and 
Development, Los Bafios, l.aguna, Philippines. 

Liboon S P, Morris R A (1986) Responses of wheat to 
planting dates and fertilizer in the Cagayan River 
Valley. Philipp. J. Crop Sci. 11:37-45. 

Meelu Q P,Morris R A (1986) Green manuring research 
in the Philippines a review Philipp..I. Crop Sci. 
11:53-59. 

Morris R A, Furoc R F, Dizon M A (1986) Rice 
responses to a short-duration green manure. I. 
Grain yield. Agron. J. 78:409-412. 

Morris R A, Furoc R E, l)izon M A (1986) Rice 
responses to a short-duration green manure. I1. 
N recovery and utilization. Agron. J. 78:413416. 

Morris R A,Kim. H, Valera J 13(1986) l.andforms and 
modern rice varieties. IRRI Res. Pap. Ser. 121. 
15 p. 

Pandey R K, Pendleton JW (1986) Soybeans as green 
manure in a maize intercropping system. Expl. 
Agric. 22:179-185. 

Plant Breeding 
Akbar M, Khush G S, HillcRisl.ambers D (1986)
 

Genetics of salt tolerance in rice. Pages 399-410 in
 
Rice genetics. International Rice Research Insti
tute, P.O. Box 933, Manila, Philippines.
 

Akita S,Blanco L, Virmani S S (1986) Physiological
 
analysis of heterosis in rice plant..Ipn. J.Crop Sci.
 
55 (Suppl. 1):14-15.
 

Angeles F R, Khush G S, Heinrichs F A (1986) 
Inheritance of resistance to planthoppers and leaf
hoppers in rice. Pages 537-550 in Rice genetics. 
International Rice Research Institute, P.O. Box 
933, Manila, Philippines. 

Blanco L, Akita S,Virmani S S 11986) Growth and yield
of F, hybrids in different levels of nitrogen. Jpn. J. 
CropSci. 55 (Suppl. I): 12-13. 

Brar D S,Khush Gi S (1986) Wide hybridization and 
chronosomal manipulation in cereals. Pages 221
263 in Handbook of plant cell culture. Vol. 4. D. A. 
Evans, W. R. Sharp, and P. V. Ammirato, eds., 
MacMillan Publishing Co., New York. 

Chaudhary B 1), Srivastava P S,Shrivastava M N, 
Khush G S (1986) Inheritance of resistance to gall 



P( 't.1CArII)NS ANt) SIM INARS 627 

midge in some culilvdis of rice. Pages 523-528 in Mackill DJ, Bonman.1 M, Suh H S,Srilingam R (1985) 
Rice genetics. International Rice Research Insti- Genes for resistance to Philippine isolates of the rice 
tute, P.O. Box 933, Manila. Philippines. blast pathogen. Rice Genet. Newsl. 2:80-81. 

Govinda Raj K, Virmani S S (1986) (ienetics of fertility Mackill D.J, Garrity ) P, Seshu 1) V, Zan K (1986) The 
restoration in rice. Pages 78-7') ill Agronomy breeding experience from Asia. Pages 115-132 in 
abstracts. Amroerican Society of Agronomy., Wis- The wetlands and rice in subSaha ran Africa. A. S. 
consin, USA. R..leo and .1, A. Lowe, eds.. International IIstitute 

HilleRis[.ambers 1), (ionlosta A 1R,KupkanchanakulT of ' ropical Agriculture, Ibadan, Nigeria. 
(1986) Screening for submergence tolerlancc. Pages Nwe K T, Mackill 1) .1(1986) Plotoperiod sensitivity in 
177-190 in Progress in rainfed lowland lice. Inter- three rice crosses. I uphytica 35:751-760. 
national Ric, Research Institute, P.O. Box 933, Pleng .1 V Glasimaln .I C, Virmani S S 0986) Yield 
Manila, Philippines. hetterosis in relation to isoyivie patterns of parents 

.ena K K, Khtluh (i S (1986) (cunomre analysis of 0. in indica rice ItYbrids. Page 77 in Agronomy 
q/winal/s complex. Rice (icnct. NtCwsrld. 2:44. abstracts. American Society of Agronomy, Wis-

Jena K K, Khush (GS (1986) Production of nonosoinic coisil, [JSA. 
alien addition lines of Or*via.sail,a having a single F'erera A I. T, Scnadhira ), lI.areincc M JI (1986) 
chronmsome of 0. oficioali.s. Palecs 199-208 in Genetic architct nrc of economically ipoitait 
Rice genectic,. Internatioial Rice Rcsearch Ihsti- characters atndl prediction of perolirmance of re
lute, '.). Box 933, Mafila., Philippines. conthinant inbred lincs in rice. Pages 565-578 in 

Kaw R N, Khush (i S ( 1986) (oihhiline abilit\ for low Rice genletiLs. International Rice Research Insti
telperature tolClance in rice. l'aecs 59)-,12 in Rice tutc, '.O. Box 933, Manila, Philippines. 
genetics. Interinational Rice Rcserch In,,tititc, Shahi B B, Khnsh G S (1986) Gcnetic analysis ofcold 
P.O. 	Box 933. Manila, lliilippiies. tolerance in rice. Pages 429-436 inl Rice geietics. 

Kaw 	R,N, Khush (; S(985) llcterosisin traits related to Intcrnatiomil Rice Research Institute, P.O. Box 
low tellpCaturc tolerance ill rice. Philipp. .1.Crop 933. Manila, Philippines. 
Sci. 10:93-105. Virmani S S(1986)yI Ybrid rice. Pages 63-73 in I)iamond 

Khan I ) R, Mackill I) M, Vcrgaia IfB S (1986) Selection jubilee souvenir 1925-85. Agricultural Research 
for tolerance to low tcnperamri-iiilcci spikelct Station, Maruteru., A. 1'. AgitLtIthral Ulniversity, 
sterilitv in rice. Crop Sci. 26:094-6%)8. India. 188 p. 

Khtush 6 S (1985) Ricc varietal inipiovemcnt. lit. R/ice Virmani S S (1986) Prospccts of hybrid rice in develop-
Comim. News!. 3,1(2):Ill-125. ing countries. Rice: progress assessment and 

Khush GS, l.ibrojo A I.( 1986) Naked ed lice (NSR) is orientation ill the 19 80s. Int. Rice Comn. Newsl. 
allelic to oq and Ihs. Rice Gcnet. Nevsl. 2:71. 34(2):143-152. 

Khtish (I S. R-,aul Karim . N M. Angeles F R (1980) Virtoani S S (1986) Use of male sterility iii crop 
Genetics of resistance o rIcr 'Cltivar ARC(10550 to improvemenit. Pages 161-183 ill (Cetic itnaipula-
Baigladesh browii planthop pcr hiotyp. J. (ietiet. tion for crop ;mproveient . I.. Chopra, ed, 
64:12 1-125. 	 Oxfo d and India Hnok Housc, New Delhi. 

Khu:l: Ci S, Siigh 11,.1(1986) Relation,hiip, hetw..'et Virirani S S, (iovinda Raj K, Casal C, I)alntacio R ), 
linkage groups anll cytologically identiliable Aurin P A (1986) C'urrent knowledge of and 
chromosomes of rice. Pages 239-248 in Rice Otitlook on cyt oplasioic-gettetic male sterility and 
genetics. International Rice Rescarch Institute, fertility restorationi in rice. Pages 633-647 inl Rice 
P.O. Box 933, Manila, Philippinies. genetics. Ilicrllatolinal ice RcSCarch Institute, 

Kunar 1, Khush (i S(1986) Genetics ofanylose content P.O. Box 933, Manilal,Philippines. 
in rice (Oryza saliva 1..). .. Genet. 65:1- I. 

I-ibrojo A I., KIush G S ( 1986) C'hronosonmal location Plan Pathology 
of sonoe itmitant gen es tItrOugh tile use ' uio ag R 1), Jonson G B,of prinary ,ajet N B3,AguiCrO V M, I )a 
trisoitics of rice. Pages 249-255 in Rice genetics. CabLliagain I C, Mcsinia F. NI, HIibino H (1986) 
International Rice Rescarch Institute, P.(). Box 0cc lrlenCC itead spread of rice tungro spherical 
933, Manila, lhilippines. virus itt the Phuilippines. Ilant l)is. 70:971-973. 

M;,ckill I).1 ( 1986) Rainfed lowlad rice inproveient itn IHnvoan .1 M, Vergel de l)ios T 1, Khi M M (1986) 
South and Southeast Asia: restilts of a survey. Physiologic specialization of' P' riculariaortzae ill 
Pages 115-144 in Priogress itt rainled lowland rice. tihe Philippines. Plant Dis. 70:767-769. 
International Rice Research Institute, P.O. Box ltagiwara K, Minobe Y, Noiui Y, Ilibino I, Kimtra 1, 
933, Manila, Philippines. Ontmra T (1986) Component proteins and structure 



628 1tRI ,\NA t . RI i()R I I (11.kIsl 

of rice ragcd stunit I. Gen. Virol. (8): 71I-virus. 
1716. 

Flibino H (1986) Rice gravso stunt virtts.[rop. Agric.
Res. Ser. 19. Japan. 

Hihino H, Cabinagan R C ( 1986) Rice ttnlgro-
associated viruws anltheir iclations to host plants
and \cctor lealliopprcs. I rop. Agleic. Res. Ser. 19. 
Japan. 

Kivosawit S. Mackill I) J.,lonitaui,l M,I lalaka Y,ling
Z Z ( 1986) ,\n attellipt at classilication of world's 
rice varieties based oi icactioni pattern to blast 
ftlneLs Strlai's. Bull. Nmitl. Int. .\grobiol. Resour . 
2:13-39. 

Ling DH11-Vl: )ckan' l llrroco [ S,Zapata I.,
Mew T W ( 196) In vitro ,,:r.tin 1 ,lrice tern-
plasm for rcsitacc to biro\n spot dis c using 
ph.,totoxin. I li,,. Appl. (icnc. 71-133-135.Mackll A C), motaii n .N, (1i,1;o) Nes\ hosts of 
[Ir/iuduriaoiit, l'lt;mt I)ik.7(:125(-127.

Mew F W, Rosailes .\M I1)8O) hlctiilttui; of rice 
plants lot Sheath bliLut e1u1,ttl. I oplthiloL\.I76( 11):1260-126.1. 

NMew FW. Vera (i/ C NI 1198)8('tlhMi:; toll of [lost 
atd Iinot-host plmt)\ epiph.tub.l, litoip.thogenic

bacteria, liouth intil iatioinil ss Ilposiunil oiltile 
nlicrtioiolipg of ! I lto(ph
irc. 1'ages 269-282 hi 
Microbiology ii the phlh,,llc N. I. Fkkerna 
andl I. Vat: duliIhneilll cil'.. C':iinhriilue I nisersit' 
Press, Ioutdott. 

Vidlyasckiran iPP , mm.I S, Nit\\ T %V(1986) 
Ilost-spccific oxiii Ioductioll [; Il.mIi 'hi1o.v.
rium orv:ac. lht opatltiilogx 7 6:2()1-266. 

Yell W H, tlittniti .1 NI ( 1980)p As,,ssmiti of partial 
resistance to I'viiil/aria ,r -a' in six rice cultivars. 
Plant Pathol. 35:39I-323. 

Plant P']ysiology 
Ahn .1 K, Vergiira H3S (19 86) icc of sorce si/c and 

position li g:ain filling i rice. Ahtr. Philipp. .1. 

Crop Sci. II (Sippil. IL3c-3a. 


Akita S,Blaco I. C. Virmani S ,"'I
198o) Plivsiol.gical
analysis of licrrosis inlice plait.31. oip Sci. 55.J 
I tra issue 1:14-15. Iabstr.) 

Akila S,('abusliy (iS (198(0) Illvsiolog III varictal 
rsf0polso to salinito,. II. Respollc Iodilcirctt salt 
ci cetirat lll. rit.Cop Sci. 55. I:xt i suc 1:28-
29. (abstr.) 

Bl3anco I.. ,\,ia!;.Vili ani SS( 1(i) (1iowt i!id ield 
of F rice hybrids it)di',lCilt lccls of iitrogen. Ipm. 
('rp Sci. 55. [.xtr: Issue 1:12 13. 1absti.)

('ahusla\ i, Akita S (0)8(0) Plhtysiology of varictal 
response to salinity,. I. Eff't if nutitrient concentria-
tiont antd pAI on salt toleratc..Iptn. Crop Sci. 55. 
E-xtra issue 1:26-27. (abstr.) 

Khan 1) R, Mackill DI.Vergara 1 S (1986) Selection to1 
tolerance to low temperature-induced spikcle
sterility at antiesis in rice. Crop Sci. 26:694-698. 

Patera G F. Scshu 1)V,Vergara B S (1986) Screenint 
for low temperature tolerance in rice at Korea,
Ahstr. Philipp. I. Crop Sci. II (Suppl. I):3c-la.

Shoji S. Ando 11,Wada (G(1986) Fate of nitrogen in 
padd. lields and nitrogen absorption bv rice plants.
.JARQ 20(2):!27-134. 

Tstichiva M, Vergara B S, Wiada ( (1986) Varietal 
ditference of rice plants it nitrogel response under 
low niitroigen icvci. .1pn. ,1.Crop Sci. 55. Extra 
issuc :50-5I. 

Venkate;warln 1H,Parao 1: .F Vergara B S (1986)
(curtencc of good and (Iqoality grain in panicles of 
rice I(Ori-a .mautia I..). Alstr. Philipp. .1.Crop Sci. 
II (Suppl. I):3c-a.

eikateswarh, l ar.o . Visperas R M, Vergaral IS 
(1986) Scrcenittg tquality ,raiis of ice with a seed 
blowe.r\bstr. 'hilipp. .1. Crop Sci. I I (Suppl. 
1:2c-7i.
 

Venkateswarli 13.
Plarao I. , Vispera, R NI. Vergara H3S 
I1986) Srctcning quality grains of rice with a seed 
blower. SAHRA().J. 18: 19-24. 

Vergara BS, (tang [ 'I (1985) lhe Iloweritig response
of the rice plait to photoperiod. A rcview of the 
literature. ,4th cd. International Rice Research 
Institute, P.). Hox 933. Manila, Philippines.
 

Wada (i,
Sh.loi S. Mac I (1986) Relationship between 
nitrogen ab,orption and growth and yield of rice 
plants. JARO 20(2):f1,5-145. 

Xi X 1H,Vergara H S (1986) M orplhlogical changes in 
rice panichle dCvclopnIetntt. A review of literature. 
IRRI Res. Pap. Se. I 117. 13 p.

Zapata F .1,Ald.mita R R. Nover<*A U,Torrizo L 13, 
Magaling . 1, Maaredo A M, Visperas R M, LirM S, Moon - P)1!980 )R R[-Korea collaborative 
project for tie development of cold-tolerant lines 
through anther culture. IRRI Res. Pap. Ser. 118. 
7 P. 

Rice farming systems programn 
Roxas I) M, Karim S M R,Lapilan R M, L.apitan L A,

P'ascual - Sd, Castillo I. S,Carangal V R (1986)
Composition and in vitro digestibility of residules 
fromt selected cmipea ( I "un tguictuaa)varieties. 
Pages 127-130 hiRUtrliriant feeding systems utilil
ing fibrous agricultural residues. Proceedings of the 
filth atnrnual workshop of the AtLstralian-r-Asiait 
Fibrous Agricultural Residunes Research Net\ork, 
Balai Icnelitian Tcrnak, Ciawi, Bogor, Indonesia, 
Apr 13-17, 1985. R. M. Dixon, ed., International 
I)cvclopructl Program of Australian Univensities 
ard ('olleges I.imited, Canberra. 

http:plait.31
http:epiph.tu


PIt IA IIONS ANt) SI',NARS 629 

Soil Microbiology straw incorporation. Soil Sci. Plant Nutr. 32(l ):91-
Ali S,Watanabe 1(1986) Response of azolla to P,K, and 106. 

Zn in different wetland rice ,oils relation ti Roger P A, Tirol A C,Ardales S,Watanabe I (1986)in 
chemistry of floodwater. Sil Sci. Plant Nutir C he icd coin tmositiOis of cultursa1nd natiral 
32(2):239-254. samples of N -fixing blue-green algae from rice 

App A, Santiago-Ventural, Bravo NI. lDac (U,Vcntura fields. Biol. [ciI. Soils 2:13 1-140.
 
W, Watanabe 1(1980) Efects of N-fcrtiliers. ira, Roger 1)A, Watanabe 1(1986) Technologies for ulili/ing
 
and dry fallow on the nitrogen balance of 'ahloded biological uitrogen fi.xatio iII ",.tland nc: Poten
soil planted with rice. Plant Soil 93:405-111. tialitiCs, curCnt usage, and liiting faktors. [cit.
 

App A A,Watattabe I, Santiago-\'cutura 1.Biaw I Rcs. 9:39-77.
 
)ael-Julcy C"I 86) The cflcct of cultivated ain \VatIaiihC H 1986) ,lijeroreanistits in wCtlanid and dry
 

wild rice varieties, on the nitrogen :balanc tf soils in.lalalcs. No an (ivosoti tunkatK K)ukai,
 
flooded soil. Soil Sci. lt(6):4X-452. Tok\o. 245 p).
 

Barraquio W I.. Darov NI I Ili oi \ C, I atlfa .1 K. \V:taneh I (NSI)Nitr1 ci f\clite il l todcd [ice soils
 
WatanabC I (1980)1a0,oritov !cetvlCnc rcdutiion it) )( and
lit .lpanccj.K:tgakt to ibL ,-,n ictmistr' 
assay for relative nictcis tncit ol N -li.\iini! liolog. 1 24:103-170,ictii-
ties associated with ficid 'lwi, vctland [ice plant. \VtIIn;Ihc I (19S6) li.viti, -gt:uesNitroeti h.\ion- le it 
I~iant Soil 9)0:359-372. toUpicatl aeri iturt v,iihsp)cial lClicice to wel

;
W L.. .
Harit)li Ikilha K, ).,I() HiQ, \Vattmib,.w I(IL)S) land rice.Plant .Sol90:341-157, 

/'ilmitoi I, Iiuhtjhi 
strain 118 to vaiInts known cltulcs :tlldrice nitrogeit ill soil. ilanslmiaihciie 

Antigenic rhelt;onship of N'-lixiii, Watatihc K ( 198h,))vt;Iniic, ol as ailable 
padil ( in N 

riii/osplterc islidtes tlied h\ ildiret CH/IM- diittriceI tci.itiolt and oi -ill of N. Soil Sci. 
linked iniuuttosorhcnt is+,\(F:IIS \ C. Plait Niti.(ni..1 32( 1):37-5).
 
M icrohiol. 32(5):412-412.
 

Barraquio W I.,- Padre B C .Ir. Waitatiith I. KtoM ,R 'Soils 
(1986) Nitrogent fixatittii hy /I.iido/lmoiIll, a(c/W- Boic-Klein (i 198(j ]lFblcil soils, apotentia! areas for 
ropliilla l)oudortff AT('(i 15946. un(. Ni icrolioi. advrs, soils-titleritit varieties M,South :itd Siuth
132(2):237-242. easi Aia. IRI I Res. Pap. Set. 119. 53 p. 

Fillery I R P),Roger P A. l) l)atta S K ) '\6 Amntiotia Kundu I) K (1986) Nut-C a antd ('a-Mg cxchatngc equi
olatilizationl itrmittitogen "ottrces applied to ice lihia insoils as inflitetced by clav mineralogy and 

fields. II. 1:loodwv.atcr proCrtiCs atid sutltCtrIcd organltuc tldtier. Philipp. .1. Crop Sci. II:S46. 
photosynthetic biotmass. Soil Sci, Soic. Ail. .I. (abstr.) 
50:86-91. koattiin R S.,()ticio NI R. Qiiai, C C' Recvs R Y, 

Grant I F,I':,e. P A. Wataniabc I( 198(-,; f.:vsteit Silivas .1I.. Ncic II 1 I198() Soil prohem, iII e 
manipulation for inticeain, biilogical N, fixatit thifippicts their Coti:t1itin. delittoit and 

by bhlue-grecn algael(Cyaititncteria) in htwlatd rice taiagenttelii. ptPerm prcclntd at tile Sccotnd 
fields. Biol. Agiic. Ilortic. 3(2,3):299-315. Aniual Nleeting of the I-cdcratict of (rop ScienFce 

Herd Y R, Cutter F G, Watatabe I (198i) ,\itulrta- Societits ot tiheit ilippiles. 13clegiltt State [Iniver
structural study of postineitic develop ient inithe sit.,, 30 Apr-2 NMay IQ8i. I a I finidad. Ilctigt.et. 
mcgasporocarp o ..Izolla miroph/tylt. Cati... Bot. NIcclu ( ) P. NI uris IR.\. Naviailah S (191M6) Studies ott 
64:822-833. the intcr+ated nlanailcnulcit ollcrtili/er and orgaitic 

Inubushi K, Watanahe I (1986) )ytttamics of availaible titanurCS illclt)ppintig squlelnces. 2. N-itumtapcmnt 
nitrogen in paddy soils. I1.Minerali/cd N of in -oppirtl/itg sclticnecs. Ihilipp. .1. Crop Sci. 
cltlorotorit-funtigdttcd soil as a nutilent oilce for 11)1:.14. Iibhstil .. /.so Page 862 in I raisactitts of 
rice. Stil Sci. Ilant Nutr. 32:561-577. ilte ::otigrcss the SocictXIII ttl iteirntational of 

L.adha .1 K, Navak 1)N. Watanabc I (1986) lie late (1 Soil ScietCe. Vol. III. lntcritatita Society of Soil 
marker .zo.pir/il lipo/trutl inoculatcd iitwo rice Sciece. It hlt rg. I-cIc ra I R'public of G ermany. 
and its cffect on growth, yield and N fixatiton ot Muliantted S. Ncuc II 1i, cnIe,'/oa BS)(1986) Fffcct of 
planits s tIdied by acetylete tedLttctin. "N., feeding gypsuiri on the g .owiltantd mineral nutrit ion of 
and 1.N dilution techniquts. Biol. Fert. Soils 2:7-14. K-efficient rices Itctastal saline-stdic soils. Paper 

Ladha.1 K. Tirol A C, Dliroy NI I.. ('aldo (I, Ventura W, presesied at the 2nd Annual Sciestific Meeting of 
Watan abe I (1986) Iflait-associated N: fixation tlie Fcedratin of C'rop Science Societies of the 
(CHi-reduction) by five rice varieties, and rclation- Philippines, 30 Apr-2 May 1986, BIMguCt State 
ship withI plait growth ctaracters itsaffected by Inivcrsity, La'ITrinid ad, Bengtict. 

http:11)1:.14
http:Ilctigt.et


6301 IRRI ANNI t I IORI I(OR 1980 

Nagarajah S,Robielos M C G,Netie 11U (1986) Effect 

of incorporation of .S'esbania rostrala, Azolla 

tii'ro/thirl: and rice straw ilthe soilsoltioni 

kinetics of itflooded Aquoll. Philipp. .1.Crop Sci. 


1(11):44.(ah,,lr.) 
Neoc I1 I; (1986t) Iie'icelichli 1i we(elhl, .ttlitei 

Reishdcn il den ttlein. Il111h. IBodenkd Arh. 
lid.i:215-231. 

Nciuc II I',SC.o, pheu1ceCCl IlWt Ield dcctt0cIoposi-II Q0 
M'1 ,(of ii:c striw in upland atild"-laheled fI!t,,0 ! 
lo. 1tTid soils o tlw Pliilippiies. Pagcs 405-4100 il 
lilnstctittus ot the ,"I1 conglcss oo the 1iter-

Inaillial SOi.t\-f SoI ScicC. VoI. 11.Intier-
natinal Socict.\ of Soil ScicH'I'. 1illnhil e, 
fcdcl IRcpothlic o ( jet rlin,. 

()llcinintl 1,R, 'odlt IIid()Ph\,i.:,! ,peci, ofARcp. 
uplanid it e en It (;Ill llit5Ot'llelli, Mi i 
melit). Piages 3-tiat Ittg ic, iii uplattd ricic,,:li. 
Iilnlteilati'itl lRioe Re earch In<titte, I).() .otl1in 
)33, .1l:uil. l'filippinsc,. 

(Q)iIfott (( N o'(,tlI lit,-t) tlicitexdh: to ricC ol 
I'ltilippilic peat tlil . 1.17- Ck, silical-ltes 51 to 
Ititi., Clm;lttcli/ilttittt ilt 1ittli/;itii tf pcit Iilld. 
II. tFs\,,u;tn. .\. I ,llt+'t i, S I';itichipong. 

iloo0 1, .. phi . 
llad I ),,:lttpteniet I )CIlMiuiicilit Nlinistrv tt Alli-
ct0lturC llit) ( tuICtlli\ ,.ltatigkOk, I halilad. 

Rtsc I ) Wtttdlieald Sintl1tltitll t) ,Illaill-

I. ( li ltht Ctl itto.ll l I)i,.isitu 

I, I (11)<\) 
h ldCr rice i-l lll t,-,Itill, A i,.1littn ill Stttilhi-,i 
Plitcecdillg ti tcilt: iiteunlittial cllt. lcc til 
sinfultiti. Pci'rgitiilttlPrlc., ()xlit. N !). 

sooIt. VtBthdlead I11980i)Alc\iatitol oistil ph. ,rieal
 
limits ti p[tttllt,,its of Ictllells ft itli A,:iali 
farillItig syste-' h I/ Ptji:Cedlll ,of theIllirla-
titltl \ rkSlill, 111htl Ic01111112 illipioclenicii. 

All\Utaill ( 'ict lr Ito[ ittiotnl ,\giicultir;l 
RLsc",irlII ( 'ai:i A 

\Votul il d t4 \',ritlhilitv Of ,'IlS;ti,ilidI 1%) i il illit-lu l 
rtinlall [(ttil, it LastAi. F;t1Afric. Agric.Fotr. 
.I.45:74-82. 

Statistics
 
(onez K A ( 1986) Data base for soil management
 

network. FIges 433-145 in.
Soil management under 
humid conditions in Asia and Pacific. Intcrnational 
Board for Soil Research and Management 
IIISRA ) rioccedings No. 5. 

Tissue Culhure 
I ing Ding-hlo, Vidlhviskanr P, 1orromco F S, 

Zapata IFI,NliUo I)onghua (I986) In vitro screen
ing o rice grtiplasm lotrcsistance to hrown spot 
disease using ph'toioxin. Aria (enet. Sin. 13(3): 
!94-200) 

Mercv t I, Zpata FI 19'O)(hroiosomal hcl,.siorof
 
rinthrit Culrt-deri;cetl piI.S of rice. Plant Cell
 

5:2:. -21,S.
 
II o'f:t i/o I I. /apala lI.I1986) Aitei cutlife in rice. IV.
 

Ihe eLff'ct
f! ;,hsesic acid (,0 pltit regeneration. 
Cell Rep.5:136-139. 

/apaut I: .I,Aldcmiita R , Noero A II, lorrizo 1 13, 
Mligiling I. I.L,.;t,,cdtt A M, Visperas R MI, lim 
NI S. Mtnii 1)( 61 RRI-Korca collabrative 
prttjectl iie devcltpllleilt of ctld-w leralitlltt liles 
Ilthttthullner culitirc. IRRI Res Pap. Set. 118. 
7 1). 

/Zipatli FI1, Itt .jtt I.. AldeItita1 R,Novero A, 'lagaling 
1. I9 )[ilhancetiement I green plant regeneration 
hV :h',cjiSic lnither chiurC.Page 124;clid] (AIA) i 

i Irttccedin tiftle VI iiiic ,itiiiial congress of 
pliln tissue alld cell culure., Aig 3-8, 1986. Univer
sitv tof Miliiestta, USA. 

Water Mngltuitemnti 
dcht Vifia W C),Aligcin \I M, Bhuiivan S I(1986) Rice 

irrigation strategics during droLight-hit seasons in 
the Upper Paripittgai River Integrated Irrigation 
Sv:;ystem. Philipp. Agric. Eng. .1.17(2): 11-19. 
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SEMINARS 

Thursday se,.,inars and special seminars cover awide range of top,,,.. Saturday seminars report ongoing IRRI research. 
Unless otherwise stated, the speakers were IRRI staff members. 

Thursday seminars 

1986: A look alhead. i)r. M. S. Swaminathan. 

Sheath blight managenicot in future rice farming the 

role ot rice varieties. I)r. S. W. Ahn, visiting 
associate plant pathologist, Plant Pathology 
l)epa rimont. 

Scicntific phiotography. Nit. NI. Scontt, arstnian Kodak 
('o, Ne York. I SA. 

13;dan cing productisit,. i ii., aid stastinrbilitv of 
ice farming s ,stcms. I)r. ( I.. 1)crnin. 

;Ctdiiig equiiiprilent for upland crIop establishmlient. 
I)i. NI. A. (haudhary, vi-sitin, scicivist, Agricul-
tlral . iiccirg I)cpa rimcit. 

I cohI 'y alid c ill oif rncedc irleCitl ode l'araloiiiidortt 
austra/i.N on rice Ill North Ouccislarnd. I)r. (. R. 
Sterlirig, Agiculiural Rc-',rch I aboratorics, 
Qucerislrd. Aur, rlalia 

Some lactor., atllottirig v il potentil o cutereals. l)r. I.. 
1. Fvais, l)ivisiioi ol Plant lnmtstrv, (SI RO, 
Australia. 

Ethylenc as a blochicniical marker for tolerance in rice. 
Dr. A. .. \. Khan. visitiag scientist, International 
Rice Iestig Irogram. 

Ihc clectoral proccss in the 'hilippines. I)r. R. 1P.de 
(Gulliall,chancehllo, [JiiversitY ([ the Philippines 

at Los llafio ( 111,B). ( ollcgc, ILaguna. 
Biotechnology research in the IS: its imiplication for 

developing countries. I)r. R. Barker, professor, 
)cpartmenc it if Agricuhi ral Fconornics, (oncll 

Slniversity, Ithaca, Ne\w York. 
Philippine rice research. I)r. R. Villarcal, dean. College 

of Agriculture, I.I' 1. 
Policies and institutional issues iin the Philippinc agri-

cultural sector: a dutiour\ s.ic,. Nm. I). .1.Clark, 
chief. Rural and Agricultural l)veliopicnt ()ffice, 
USAI1), Manila. 

Upland rice ireedinig for difficult cnvirjnircnis. Mr. M. 
Arraudeau, VIsiting sciCntit,, Plant ICtdirig 
l1epartunort. 

I)istribution fifustice ili the Philippines: a historical 
perspective. I )r. M, agalas, consultant, 11hlip-
pine Social Science ('enter, I)iliian, Qucron ( tv. 

PIssible biocherical role o photorcspiration in plants. 
)r. M. S. Naik, head, liochemistry )epartment. 

Indian Research Institute. New )elhi, India. 
Fnvironcrimtal 	 perspectives in upland developrient. 

I)r. P. .. saJise, director, Prograin oii Environ-

mcniarl Science and Nanagernent, UP113. 

Poverty and plenty I R I's role and responsibility and 
national program perspective. Dr. C. Lightfoot 
(Cornell University), Farming Systems Develop
rinent Project .astern Visava; Ministry ofAgri
culture and Food. Tacloban, Leyte. 

i anagement of rice research in the Philippines. Dr. D. 
P. Gapasin, deputy executive director for research, 
Philippine Council for Agriculture and Resources 
Research and I)evclopiient, Los Bafios, L.aguna. 

Education in a third world country: the need for 
reorientation. )r. F. Bantilan, Jr., director, listi
rtte of Applied Mathematics and Physics, UPI.B. 

Constraints on turnaround time in bangladesh: a 
regional study. I)r. A. Orr, agricultural economist, 
IRRI-OI)A postdoctora' fellow, IRRI-1I1RI 
project. 

Carbon metabolism in soybean nodules. Dr. S.Tajima, 
associate professor. Department of Agricultural 
Chemistry, Kagawa University, Kagawa, Japan. 

Cabbage looper resistance in soybeans Dr. Z. R. Khan, 
collaborati.e research scientist, ICIPE-IRRI Col
laborative Program. 

The 	CGIAR: vision for tire future. I)r. M. S. Swatii
nathan. 

Competition and control over aind resources in a Cavite 

municipality: implications for capital accumula
tionsand class conflict. Mr..]. McAndrew, research 
specialist-anthropologist, and Ms. T. Cantada, 
research assistant, International Institute for Rural 
Reconstruction, Silag, Cavite, Philippines. 

Comparative lexicography of the voca bulary of the rice 
plant. Ms. N. Revel-MacDonald, researcher on 
Philippine culture, environment and language, Ce 
1)RA%:;MI CNRS, Paris. 

The availabirity of crop geriiplasii. )r. T. I. Chang. 
Prospects for structural adjustment in .Japanese agri

culture. Dr. Y. IHayani , professir of economics, 
Sthool of International Politics, Economics and 
Business, Ayaia (iakuin IUniversity, Tokyo, 
.Iapan. 

hieta-linked dynainical modes in I)NA as the basis for 
sLetJlcC-dcpcndenit promoter interaction. Dr. A. 
I). Na;,area, professoriof biophysics, National 
Institute of Physics, College of Science, University 
of tile Philippines, l)ilinian. Que/on City. 

Analysis 	of crosses between strains of the rice blast 
pathogen. )r. .1.I.. Nottegheri, plant pathologist, 

Inslitut de Rccherches Agrortoiniques Tropicales 
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her In en rice Of resistance tn green leaifhopper. Dr. B,France. Rungsook, resec flljjow%; andl~'Ngrtiirl Illrillalton arid th csColtiloli of fitriil-
Dr. G. S. Klhnshi,

plantf hreederi and hecad. Planlt Brecdini eatig svStclits ill Sit.ahri Atc. I r . . eit. e ai 
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I. 

Ili ii I is ,,iiRik 1.il 1II it I bIi o ciii'11. I, i iili Jipe him

P>spc 

of lowi c i lc lit ll ticier). 1it culotsr( i (MIC MMOi I Iiiii'l Im Il potel oit l IH M atln sIltl(.S lee i li . pinttI Huh itt piti 11 11 10JLI [Ii t N15''(CN R111 Ii ii , '11i1i HeeICCfi U sl siii~111 z I [)I 

put a11cl,1CIIi 
IIC Mnislp~ llt l t htp i icsidllii h e lit 

11I J, mLwIh) it ii Iic ll. \ i5;t I)Cij I t Ij kd lii i np aridI %rI.A 

iCI,'iCi
kullI ITl fiii 
 tt mufifith D[utlliiiili 1:i Aiituliclperi
1li'itislI t. 

Snhnnrda snInn 
P. NI 11 fdl(11.uiis1 diutoa feI So10112Ii Ii 'd~Il Ill, illtii i NI ihih~Il (.iie 111 P ifii- d dw~ PltipitI ly'ci I )cpart titeitvifIlisouc" i a d irl iold lo ic ohfrat e 

ulilt"Si11\i101LI ~ iNli h.s.51cu' fic'hs.>.I.Phiipiith
\I tccu t serum researchl if Ithit,'i Ill , 1'1 l ianidc IIRcaU )'Si l tlc-l rd eerh isiIc' )I.lffcii~I wljhiii ,i~P1illcI II t12n' title a dwlcliull Illclatil 
iccI cl f-).11ills c i liii iiitl tc-jniii II.
th111)Im 

i Osil I) i C Illl l l co li il i pralc rice i.111 )1ht)e 1 1lli tsr itic-il'I )r .N.IB a tgal a rn IotJ.sA.P capc iXIi I I flli I ii0 wIto c ''i is i f<ic mIl iti.. ni sscis I igitn: m 0I.
I ichiitic titP . hlils - l~iii ill'p m i tititic-i f icc' tio lisi .N itiiiitl co t' i\tiinld hIlitl 
 ene el, 

1:h~~iIl1alud ;Iltt'liol 
5s11co tupf l\ 'tco picil antiiet ifpit icin a,i faratei s 

P1Cil01 I 1 llll11V11111 IIii'l u;In a "1111oeil ei l cks.' is.ito'.M. Pereiiceuo
Pc'loili \tllsliit ,tn dc< I Vi la \1ri.ectiNA, mil Ns.N o.I ' Silra. .. Bino e irrsacALc'rI~ IA . I I1t) Is. I l l l , i l o i c , o i a l %~ p I cI I a d R s a c l s 



I'TIII(Al IONS AND SI MINARS 633 

The 	 effect of climate on rice development and yield. Weeds and their control in farmers' transplanted rice-
Dr. A. B. Dua, postdoctoral fellow, Multiple fields. Dr.A. N. Rao, postdoctoral scientist; and 
Cropping Department. Dr. K. Moody, agronomist, Agronomy Depart-

A new nitrogen-fixing species of PR'elromrna.s:1).ia- merint. 
zotrirldicus sp. nov. isolated liorr the roots of Effeect of urease inhibitors oilnitrogen fertilizer loss and 
wetlandI rice. Nir. R. So. rice yield. NIr..I. .. Padilla, Dr.R. ,l.Buresh, Dr. S. 

Temperature response of'alolla species. Nis.. Ventura K. )cI)atta, Ms. M. Samsor, and Ms. T.Chuat. 
[fleeCtie use 0e' water ald erIe rgy ill rice-soil and Effects of direct-seeding or canopy gas exchange, dev

puddling. l)r. 1).K. Plainuli, prsrdeCroral fellow, eloprcrirt, and yicld in IR64. l)r. M. Dingkuhn, 
Physics Unit, Soils I)eparltnelit. collaborativc research scientist, Agrinorny Depart-

Rice response te waterlog-erlerat gcen rallrems. tnelt. 
Nir. R. F. Ftroc,Sr. A simplified technique to cstiriate anononia velatiliza-

Zee flux plane p-tierlation, watCr Use, arrd ,atcr use tion in INlard rice. Ms. W. N. tObcerea, Senior 
effliecy trider pOstrice iiieeicrrpped aid inter- research assistant; Mr. .1.(i. Real, research assis
cropped cowpea and sotivr'hn. )r. R. A.Morriis, tart; lr. S. K. lDe I)atta, principal scientist aid 
agloreere isr head; .. \. N. Villeas, icsearcih head,Agroomv l)epatne'lit; l)r. A. (1."Frevitt,allid ,s. 

'sislant; Mr. A. Peltheine reserich fellow; and visiting scientist, I)rs .1. R. 'reiey and I. R. 
NIs. II. ('erlterlto, reaCrttch ide, Multiple ('oppiug Simpson, serior principal scientists. )ivision of, 

e)epartment. Plhin idestr R(), ('ariberra,(';SI, Aestralia. 
Eflect of ,lhadireg sequences ,irrtilating relay cropling I se of fairrescr\vrces If increasing ricelard product

and iritcrcropping oetsrevhces. ID1.R. A. Nhorris ivity and furner itrcone in rained areas. Mir. W. C. 
egroronist and head: NIr \V. I . 1icrelna, assistant dela Vif., )] S. 1. llihuiyai.,and Mr. T. B. Moya. 
scientist; I). 1P.K. .\ggr,.el. v ringresearch Fxcess water preebleees in rice productini irlie Bicol 
scicrit r; and NIs. II. ('enten . es.arlch aide. River Basin. Mir. NI. M. Agria, research assistant; 
Multiple Cropping I )Cparlmlcll. )r. R. C. ljrndarn, lestdrectoral fcllow; aidI)r. S. I. 

Fftect of gypsur addition aid of Na ('aand Na K Bheriyarl, agricultural enginecer an idlad, Water 
ratios oti fice groksli and inieral rinutritiou of K- Marnagercler l)epartmeet. 
elficiCret rices ill c,1Srtl salirnC-scdic soils. I S)r..S. A :irreerlatioer treedel fot optimizing the operation of 
Merharrrire. ,isitinlg 	 niullipurnip irrigatictr systems lor rice preduction.scientist. Soils I)epaltnecit. 

[7flect of iico'rratioe rfsesbalia. r/olla. arl rice straw Mr. A. I.. (ialarg ard Dr.S. I. lihliya. 
oM itrtoger release patteri ill heded [ice soils. Epideniology rf blast ire upland rice. Mr. 1-1.Pinn
lDr. S. Nagarajah. visiting scientist; NIs. M. C. i. schmidt, research fellew; and Dr. I. M. Ionman, 
Reebiels, rcscarI assistant; and I)r. 11.11.Ncte, associate plaint patliogist, Plant Pathology 
soil elcheist and iced. soils I)prrreccrill. )epartmernt. 

Serrencutg rices lee edtersC soils tcelcracice. Ms.C. C. Flectror micrscopy: techniques aned applications. 
Qnieiario. Ms. F. C. Sta. (ret. 

Drough respense (ef s ybearn cie vpes during repro- i-ffect of plant age il the expression of resistance to 
tuctive growth plhase enrder irrigation gradient. l'cricularia eoryzae ('av. inupland rice cultivars. 
I)r. C. ScrIirrg, pestdocloral fellow: Mr. K. Mr.C. Q.Torres. 
Tcdia, reserrch felhew NI r. F.A. Barlaan,iresearch Pirospects for integrated rice sheath blight maragement. 
assistart; and I)r. R. K. Pardey, agrniist, )r. A. K. M. Shahejahan, poestdoctoral fellow; 
bleeder, Rice IFarming Systeis Piograne. Mr. N. 6. Fabellar, research assistant; ard lhr. T. 

Variabiliy iredorrnaricv and tolerance to accelerated W. Mew, plant pallrhlogist and head, Plant 
seCd ige irg ire rice. )r. S. . SiddiqeC, resCarh Palthlgy )epartment.II 

fellr:; andI )r. I). V. .Sshu.plant breeder and Observations on genetic purity ane groewth characteris-
I RIPI cordiratrr. Ilite[national Rice ]esting ties el'sone IR cultivars. Dr.S. Akita. 

Factors affecting Ihe lrori..ity rl rice cultivars (()r'=ze 
saliva I..). Ms. F.de (rr/eni, Ms. V. T.lrelertinro, Special seminars 
ard I)r. T.1".Chang. Recent trends inautomatic designing techniques. 

Qua rantinreaspect of rice seed licalth te:t. M r, S. Merca, M. Koike, MieUniversity, Japan. 
Ms. F-. The rt-al unemployment problem. R. Sinha, Inter-Cergon, arid [)r. T.W. Mew. 

Ways of reducing herbicide toxicity inwet-seeded rice. natioral Excharge Department (IDE), Tokyo, 
Ms. M. 0. Mabbayad and Dr. K. Moody. Japan. 
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Chemodynamics of pesticides in ecosystems. Dr. J. 
Jayaraman, professor of biochemistry, Madurai 
Kamaraj University, Madurai, India. 

Science and human values. Shri Swami Ranganatha-
nanda, Ramakrislna Mission, Hydeabad, India. 

A total genetic map of tomato. Dr. S. Tanksley, 
Department of lant Breeding, Cornell University, 
USA. 

Can algicides improve nitrogen use efficiency in rice by 
reducing ammonia volatilization? Dr. W. A. Muir-
head, principal research assistant, CSIRO Centre 
for Irrigation Research, Griffith, N. S. W., 
Australia, and vikitiigscientist, Agronomy l)epart-
ment. 

Epidemiological crop loss assessinent: elements of a 
systems approach to pest management in the 
tropics. Dr. P. S. Tng, associate professor and 
tee hnicai assistiTce specialis,., Consortium for 
International Crop Pirotcclion, College Park, 
Maryland, USA. 

The scientist-cditor rel atio ship. an interactive seminar. 
l)r. S. .1.Banta, visiting editor, Communication 
and Publications l)epartment. 

The 	role of international agricultural research centers 
(IARCs) in the improvement of the seed sector. 

J. E.Douglas, head, Seed Unit, CIAT, Palmira, 
Colombia. 

The application of alien germplasm for wheat improve
ment. Dr. 1. A. Sitch, postdoctoral fellow, Wheat 
Wide Cross Programme, International Maize and 
Wheat Improvement Centre (CIMMYT), Mexico. 

The Aquino government: constraints and possibilities. 
Dr. R. S. David, director, Third World Studies 
(enter, University of the Philippines, Diliman, 
Quezon City. 

l)NA-mediated transformation studies in rice and 
tobacco. Dr. H. Uchimiya, associate professor of 
plant biology, Institute of Biological Sciences, 
University of Tsukuba.. Ibaraki, Japan.

Integrated new breeding procedures and ecological 
breeding for rice in China. Dr.Huang Yao-xiang, 
research scientist (rice breeding), China. 

The 	 law of the seed. Mr. P. R. Moo.icy, Rural 
Advancement Fund International, Manitoba, 
Canada. 

The role of African universities in national development: 
the case of agricultural universities Prof. G.R. V. 
Mmari, vice chancellor, Sokoine Ilnisersity of 
Agriculture, Morogoro, Tanzania. 



Finances
 

core ald to special and collaborative projects received in 1986.a 
. ummary of financial support to IRRIRR 

USS 

S),alotorO gerlc ('ore 
Special and 

collabrortive Total 
Unrestricted Restricted projects 

'nited States Agcr, "+ forInrmiretional 
lDei.chlpnllet 

6-,,050,0X) 2,231,825 8.281,825 

Jlapanese (iio errrrelrr 5,205.670 884,182 6,089,852 
Internartional Bank fllRck'ltIructiol anrd IM(M, fX) 1,5(X),(X) 

l-%clopircrlr 
Cimadian International i)chrprrel\t AIrlC'v 1,229,951) 1,196.259 2,420,209 
'UnitedN;tit.i I)cr.'h.: I'rhLrri!.1 IIIIIIC 2,183,9M0 412.)37 2,226,837 

I Irlopiit',I:Coikll C (' rllllltllilt\ 3,574,980 3,574.980 
I))Ces,I rclit *\hlrrillrtrilr tl. 1,140,1102 1,140,102 

I nirild Ku wkirmr 
I rClollRClM WIuhlrb .I4 t I ', -1611,793 150)100 235,440 946,233 
1 tCl .itiiti)itI )c II I IrCeIIILRL -c',Ilr1 ('CItIrr. (I,il;Ida 111,190 624,822 735,012 
ArIINrIhi 6 tlr,'lCIIMrtriIt 573,549 123.391 06,940 
(imi uritrlit it Il;\ 173.853 537.307 711 160 
r I )x .Icrr lIn k 30X,1(X0 3()(.1( 
( rit trTurets! iIr. s' dCl 4,10,96440. 
(io cIsnI)Crilt id1h. \,clherrlld 141,692 141,692 
Itrellioirl IkrindIt \ILil rltrlll)c,,clrpllrr 300,000 3()UM00 
(imr'llilwitl ,I rlie I'hnlippirlnes 10S,821 82,029 190,849 
1 indI ilrarr s 300,000 70,001 98,500 468,5(0 
Ow r'rncltit,I )crlirll 266,102 266,102 
( "cIRUs,1iI )te\ehnrilCrLt.KOIe 9,(X) 9LA(() 
( mcl s'lltrllitlM\l t 37,022 .7,022 
G i r s,'lirii Noirs I', 136,027 136,027 

Os en'.:rneit'nt ((rm. II1),O(81 2.,,000 120,000 
S\ I,.I )c\Clollrrrnr ( oopctl iloll 350,000 45,0) 395,00 
Ro,kcc-cr Irrlrndrio 704,740 86,853 791,593 

ofiSpin;rr 35,1101 35,(XX) 
( sen\t rr I oiiil N \ /NC\\lIlijt 12,537 12,537 
t rirnrClertolofFince 74,174 74,074 
'I i1CcI'HICOrliol erCCIrc .rlirtnS 102,374 102,374 

1ord , rimbur.medritlhr (.llaborative rr'ar' Iirogram 
Re',ornrccs 1N r rllilescli rertrIlr orritonal.Indornessia 134,01 134,018 
Irterrathonal I-oordI'olicvR scerrtchIirstitute 104,318 104,318 
1ntlt[lltrrlialInsitire ofIpical Arnlicrrltilic 61,729 61,729 
Irrlite[ nllrrl ( rrr Iisrect Ph\siolo)and 120,221 12),221 

Irrtcrlrrilrrill I'crtriln r I)('clrrrncrrIn Ceiter 30,769 30,769 
Inrteriatirr Ihard Ior Plant (entic Resorilces 21,647 21,{,47 
Fo rdldAgricrrllir (i)r t,,ral rinof(lie 

I rrrrcd Natroirr 14,M00 11,1(,X) 

I alal 12,5(A,7 19 13,307,1(W) (,753.8 5 ) 32.025,586 

"lcccits ;toeI tIhat
ciiccoutcr lii rrr1r erasr Iashsis. Ai(irrlrs sliowir in boldfaoce differ lrorr 1986 pledges fror gratrtois inn they miy 
riclect19i7 prlcdgs reccerd in1986, or may Irit rellcclire fullinuint of 1986 pledges thalo F e receivedare anticipated tr 
Ii1987. lhe (Irllerrrltrl rI lr rrce (Ihrlogh rle researclh rrrraniariions ORSIOM and IRAT) provided IRRI theservices of 
rwro residCrl icirrtis; file \itr oftheirservices canrot be quartified. 
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Staff changes 
,hntiarr 
Dr. Surajiit K. e) I)atta, agloIomist and head of the 

Agronomy I)epartuint, was appointed principal 
agronoinist. 

Dr. (ulRdCV S. KI ish, pIatit brccdcr and head of' the 
Plait Brteeding I )cpa rt Inlit, was appointed prin-
cipal pl.nt breeder.
 

I )r. (ilenn I. 
 Denning, visiting associaic field sIpCcialist, 
was appointed associate scientist - [ccliiology 
lianisfer. 

I)r. Francisco .1. Zap;ita. associate plant physiologist, 
was appitcitid plaiint lh]ysi h.olist. 

I)r,Stephen .I. Ilanita, editolin-ichicl. Island Iullishing 
IHouse, temari a (-ino 8si elimnct is,visiting citolr 
with tile ( 'immoictt titli itd itblications 
I)pal Ititetlt. 

l)r. llei ILeting, Itirnteils' with [he I !iivise-it\ ol 
(Calliftroni'ii, I)e lIItei)t I \'cgt.ihle C'rops, at iCd 
1t iS tsiiti_ tite positito 1i i ,ssoci'tc plant pathol-
ogist in the Platt Iiltholov I )Cpaitnicinl. 

Dr. Warreni Niilicild, ('Cllic fot Iltigation Research, 
(SIR, atlivd to hein a 0-too a.ssiglteit is 
\isiting scientist ill Ih< gttiivllollI )epartnIent, 

DT. 1). Ilamitiond lotray -R,,t. ;associate agricultural 
eigiieer, Watcr Nlallga tllicll )eli;uitncint, ic-
signed to jii the lteie maioal llipatiot Man-
ietulcnt histitc it Sri I itika. 

Ith/rar' 
Mr. 	Rolert I.. BohrtUciti. It)Ii cnitollCr,. , SAll) 


Sudan, arivel to assume 
the positiotn of dircctor 
[Or adttiiiistraionl 

Mr. 	Edwin A. 'lout, associate editir, ('oninunicatiott 
and Publications I)epartment, resigned. 

Aftrc/i 
I)r. (01huttg Ik Clio, visiting scietist, Plant lreeding 

)epartmei.n LAII R RI to .oiin the I lonatti 'rol) 
EIxp)crilent Station. Republicof Koea, as director 
genieral. 

I)r. 	 ('lalene W. Hock holp, aglicultirlil cingineer and 
head, Agricultural Etiin eimig I)eparlieit, 
retired. 

April 

Mr. 	R. Vaidyanatnan, muailager, I tuichasc and Supplies 
Division ofI CR1ISAT, left IR RI lfter ctmplcting a 
6-nio coItsuilt aicy assigninlet in tle Adlinistra-
tion. 

Dr. M. D. Pathak. director, research and training, left to 
begin a 6-mo study leave. 

Dr. Chong Ilo Kini, senior researcher, Crop Experiment 
Station, Rural I)evelopment Administration, ar
rived to begin in assignment as visiting scientist in 
the Plant leeding )epartment. 

Ma' 
Dr. 	 M. A. Clioudt a rv Massey I vii\'trsity, left after 

Conpleting a 6-mio sabbitic leave with the Agri
cultural Engincering l upartlcint. 

I)r. 1. Merle Shcpai(, head Entomology I)epartmeit, 
Iejoined IRR I alter a leavc of absetnce 

.Iul' 
I). 	 Iligilo A. .\ hles, liroicss , ( ollege or Agr iculture, 

I Iniversity of the Philippins at I ous talos artived 
to begin a 5-tim asignitmenit aisvisiting scientist in 
the Oftice of tie I)irectot lot Research and 
Ilraining. 

I)t. 	 Anwar A. Klan. New York Statk Agricultural 
E'xperimtilt Statioll. CornCll nivcrsity, left after 
cottipleting a I-yr assigiment as visiting scientist in 
the Intcrnati+onal Rice 'esling Program. 

I)r. Pald R. Bloom, associate professor, University of 
MiiineCsoi,, arrivcl to begin a I-yr sabbatic leave as 
visiting scietitist :I the Soils I)cparttiet. 

.lu/i 
I )r.. 	 Stephen I. Banta wai appointed editor in the 

( ommunication and Publications Department 
alte i 6-llo assigniment as visiting editor.
 

)r. 
 LaRuc Pollard, forner lirofcssor oif Journalisl and 
Mass Cotununication, lowa State University, 
arrived to aissiillie the position of editor ill the 
Cotnictliation and Publications I)epartmiett. 

I )w. Marlin (i. Van )er Vell, agricultural econonist, 
left upon ieriniIatioi uf his project. 

I)r. 	 Rosendo K. Palil rejoined tile Institle staff its 
fatiriing syslei s agrtomitist and plroject leader in 
the IR R I-Ilurnia I'arriing Systems Prtoject. 

I)r. Kcijiio (tsuka, associate prtflessoi otlithc aculty of 
I:.conotlics, ToIkyo Metropolitan Uiniversity, ar
rived to begin a;i -yr saibbatic leave as visiting
scientist in the Agricultural 1ticonimics Depart
ment. 

I)r. R icard A. Moris, agrontmist and head, Multiple 
Cropping Department, resigned to join Oregon, 
State University. 
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Dr. 1. P. Ghildyal, former program officer, -he Ford Dr. Kissen Kanungo, adviser, Agriculture Planning 
Foundation, India, joined the Institute as IRRI Commission, Government of India, joined the 
liaison scientist in India. 	 Institute staff as aconsultant for6 mu, to prepare a 

Dr. 	 Fall H. Tryon, visiting associate scientist, Fn- comprehensive paper on "Strengthening the 
to nology )epairtment, left upon cotnpletion of his National Systems." 
assignmcnt. IDr. leinz-tIhich NeCUe Was appointed head of the Soils 

Department. 
'Iuigusi Dr. Amir U.. Khan was appointed head of the Agri-
Dr. \Va rriin M tirheaid, (SIRO, Australi,,. !cft upon Culturadl Fngineritg I)epartnlent. 

coipietion of a 6-ito assignten itin tile Agrononv Dr. Higino A. Ahles, visitinag scientist. Office of tile 
Ic partment. )irector for Research and lraiing, left after tile 

completion of his assignilent. 
,Sept'mb'r Dr. M. 1). lathak, director, training and research, 
Dr. Fred 1'. Nichols, aigrictltural engineer, (IA F I R R I arrived lIronm a 6-ino studNv leave. 

Industrial E:,xtelsion Projcct, left wpoii termination 
of tile pro-ject. I) c. nher 

i)r. Robert F. I lukc, I)airtmnouth College, arrived as 
()cobcr visiting scientist ill tile Agricultural Fconomics 
Dr. Alastair Orr, torme IN,constltat-ecoioiunsi, Over- l)epartmeti ol i ilt). 

seas D~evelopmcnt Administration, Btangkok, I). F. W. I. lPemmig (iCVries, fornierly acting head of 
.joited tile Institute is visiting associate eco mnlist, the I)partimu f (orf0op Sciences, CABO, joined 
Agricultural Economics I )epartmient. the Institute as Nisiting scientist ill tile Multiple 

Dr. I.eslcv A. Sitch of the Rockefeller totnidatiotjoined Crpping Deparitment. 
the Institute ;as associate plant breeder in lietPlaint I)r. Marcos R. Vega, deputy diirector general of tile 
Breeding IDepa rtilitct. Institute, retired. 
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Weather summary 
The 1986 annual rainfall totals were 3,092 mm forthe dryland (upland) site and 2,821 mm for the 

wetland (lowland) site (TI'ahle I). The rainfall 
in 1986 was about 50"', higher than normal 
(2,074 mm) although prolonged dryness was 
experienced between March and early May 
(Fig. I). October was exceptionally wet, with 
731 mm rainfall at the dryland site and 792 mm at 
the wetland site, because of 3 tropical storms 
Oyang, Pasing, and Rusing. 

The averagc solar ad iation was 15.0 M.l/ m2 per 
day at the dryland site and 14.8 M.J m2 per daV at 
the wetland site (Table I). Sohar radiation was 
highest in April (19.3 M.l/ in2) at both sites, and 
lowest in January (10.6 M.Iin 2 at the dryland site 
and 9.7 M.Jl 2 at the wetland site) (Fig. 2). Bright 
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sunshine at the wetland site was also highest 
in April (8.4 h) and lowest in January (2.9 h) 
(Table 1). 

The average maximium temperature was lowest--
in January. with 27.9 o(, ,tthe dryland site and 
26.8 'C at tile wetland site, and highest in May, 

with 33.6 0( at the dryland site and .32.8 0C a. the 
wetland site (Fig. 3). Th minimum temperature 

averages were lowest in February,with 21.2 '( at 
the dryland site and 20.5 'C at the wetland site. The 
average daily temperatures were 30.9 'Cmaximum 
and 22.9 'C0minimum at the dryld site, and 

30.2 o maximum and 22.4 ( minimum at the 
wetland site. 

Windspeed ecasured at 2 in above the ground 

was highest ini.lauary, with 2.3 mis at the dryland 
site and 2.1 im/s at the wetland site (Table I). 

Total evaporation from the Class A pan was 
higher at the dryland site (1715 am) than at tile 

wetland site ( 1630 am) (Table I, Fig. I). 
Of the 21 tropical cyclones that passed through 

the Philippine area of responsibility during 1986, 

WEATHt-R SUMMARY 639 

Temperature (°C) 

[--D,,,d
 
7 

ecn] 

32 Moxmuf"-

-


- , ...Meon 

26 
2Mnmur1 

F ---- ---------\ 
2 

-
I... L ... . . . ] 

F Mj, 1 N J A S 0 N 0 

3.A,.crag monlh, lcmpcrature. IRRI, 1980. 

15 affected Los Bafios. although not directly, 

bringing forth intensified rainfall, moderate winds, 
and widespread flooding in low-lying areas. 


