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Dlisa 
It5Vlagtl . I/Ai'tt'ni /tMiiit 

. IAitni . 011.nt'tt'tirItintntf 

iai I. I aiupts(I, B.xlS.ti hewrntshtitrii'ih 

jniet (3.titi. I, 1S'itr/aroni it/fttr'nt 

.htsticesitlR'.Alititt /t IS. itinr / tttttut Resnald S.rattill I/S ai.ti/tftt 
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Edwin B. Nuevo, BS,.lart sutperisor 

Zacarias D. Dacula, BS. /hro, sqwrvi'sor 

Jose R. Tagaro, Jr., BS.. itrtsupertior 

Lo-cto B. Aclan, tN.junioriirin stilrw'-or 

Eladio M. Baradas, AIS, seniorgrounds sitqwr',ivor 

Nestor C. Gon/ales, grotzmnd,siqperi'or 

Fabian B. Alcantara ire nnds st/ier'i tir 
Florencio 1).RcvilIc/a.grtttt/, .loer'Lt r 

International rice germplasm center 
T-t-u Chang, P/i I). trincipalgenci'til and head 

Liwayway M. Engl, / I), it4g (I itn 

Genoveva C Lorcsto, AIS, axmiLltt tient 

Mercdes B.Parker, IS, axvitmt ,wtIntist 

Oscar 0. lagunipay,BS,seior re.'sariitaxvisitant 


Flora Credo. AI, re.w'ardh
axIiant 


Rogelio PairCfo, BS, re'.wartI
asxsimant 


re./'arct 

Verena Iolntino.I1S. rescar/h amistan 

Carina Zulo. BN. rewsarirux%t'.O/li 
Ma.Socorro ,hna/a. BS, re.%arI atte 
lonas Clement. . rt.wrht aide 

,i/aino Poril,BS.,. tatitian 

Myrna Dial, IBS.re.war ai t 
4 

Marcelo Espirito. AS. rw'atrih ai& 

J lic (holilat, RB., itetarih aid' 
Margarito )hien. I1..wt'('arIt
aide 


Renato ,eafl, I1., re'car tlt/c 

International rice testing program 
asla. '111).V. Scshtt ID)tr'. pham /ri'lr aid global co-

orthntntr 

MNuhao ilad Akbar. I'hl 1). p!ant tr.'der4 

Dennis P. Garrity, !'I/I). a.(o('iatc rirottoi.l 

Anwar A. Khan, PitI). iiio~'ii.tsi 
K.,ung LZ),R'hD. vi~ilttg4 Sicltt,I 

1.Ebrtn. Jr..IS, t'/ltw 

Maio N: Movilhol. IS,re.'warti iuttani 
Patricio C. Agustin,. ,A/S. rv.scult ammt'ttt 

lori,:,t r'warit au.istant 


Edilbto1).Redna,A.IS, rc'.a/it amstatlI 
Victoria C. ILope/, .'Srewar h tt.1111 
Paul Cornclio 1. Maturan, v3'.scanh asmflan 


Frisco M. Malahanan, 1 hwar n lm 
IhnieldaP.Malabanan. 1A, et'w'arths.'taIn 

EcIln A. lorres. B.S.rtit 'tlht/i siatnat 

Library and documentation center 
ina M. Vergara, iS, /,lrarum ladatntd 


Y. Iakalasli, 1 -I1,r.par-itn-t IImeI ri'kintrII atilti 

OIlagros C. /.nlora.A,.I' a ilntlit'ariatt 

A/I.atiatntNIila\I. Ramos, /i'ritritn 
Carmnelita S.Aitria.A11., wtnior libran stqwtivisor 
Elaine II. IEnriquc,., rI/3 libra .tupt'nA'itr 

-dilha S.Ians c .1/.., Ihrar" 4itw'/'ivotr
~cla. 


(-.
Ka/tuko Mhoro)oka, B, '\cr oin.hipaii) 

Y uttko .' a Itt./I.. itt'r (in Itttpan) 

Multiple cropping 
Richa rd A. Mon' iI,I' I). t itilttuttli/ aIClhtst 

V
l)Cn i P. liPahlrii'.I). tt.1tili' i,'r thi/ll.i
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0. P. Meclu, PI D visitilg.jcienti 

Leonard R. Oldeman, PHi , visiting scitlisi
 
Chirtchart Smitohol, Pi 1), visithlg
scienjist 
Wilhelmino A.T. Ierrera, MIS, asisiant scientist
 

Hermenegildo C. Gines, AIS. se'tior
researdt ax'istant
 

Manuel M. Tainisin, A/S. nor rese'irto ssistai!r 

Roberto T. Bantilan, AI. senior researh a.ssistant
 

Benigno 1. Sainson, .AIS', senior research assitant
 
Tercsila S. Laudet, AIS, .%e'nhrr(.ca'rt
asvirant
 

Roglio I). Magbanua, AIS, st'nior a.istatrt,.,,ardi 


Ronnlo E. [lrOc, AIN, witior re.c'sari/ a.stant 

Sainuel1P. liboon, BS.researt l islta.h 


Rolando 0.Torres, AI.' rearht tstan!
'/ 


Cecilia H. Re'es, 1, re.seardt a.xv.ttnt
 

Anacorita N. Villegas.,S/, re.s ardi an.,istant
 

MS.rv.'sttl'I
Patricio C. Agustin,.Jr., axvitant) 
Victor A. Qinising .1., re/,art/ axvis/a/n tt 

Bienvenido I'. researdt i
GarrotC A1, asistant 


Maridellc A. Di/on. BS,re earn/ altc
 
Zenaida P.Pascual, B., rist'AlvIa
aide 
Rogelio G. Pe nilo,H, rc.n Iti 
aide-6
 
Na rcisoA. Fdilo, B, aide'
ris-eardi 


Anaslacia P. Aclan, IS, restarli oltt 

I elen-( race IS,riesearthS. Centeno, aide 

Bettina R. So Otos, BS.researthI aul
 
Reynaldo C. Rdrigue/, IN, re.sarth aid'
 

Pesticide residue laboratory 

BiCnoenido 0. .lliatt.l'i 1.1cereal hemit
 
Redentor A.R.Natividad . RN, resartli axilstant
 

4

Eli/aheth F. Awdo. UN, restart/ a..t ti

Auitora M. Argcntc.A S,re.cartI t.%sivani 

.hittlvn V. Iichanco.BS,rt'tardt am5istatil 

Phytotron 

Beinito i/y.iht
S. Vergara, IHt I). ltla/l /tgi, 

('elestit I. tRivCra. .AIS, 0551ailtaenicnil
 
B'iecnicth B. %lanontin,BS. ai.%si,tuant
ri'.scarn 


Plant breeding 
Curdev S".Kti, A' A. plant Ir,rd'r and head 

cRis /, 

SanltS.Virnani, i ). pl/tittriv/t'r 
)erk I lill 0,bIA //tnt bri tler 

Mackill. P/ I). ati 

Istgtllulli()ga (a.I) ,p, 1ttonitite Iall 

David .1. latephmt I/trt'dr 

lI hr(,'der 
I). Senadhira, // 1 /), tt(Oaitv philt/r,tr 
Pedro B. I:sitr,.t IthI). Ihtttlt n'd'r /

' 

)lt (G. Kantcr, /'/i1). ihtnit br''r 
B. B. Shahi, Iil 1). /htli/trtt't/'r, 

tA. Stddtiq,t-hrahimnali /h , //it hr't-t/ir

Michel A. Arautlla, 'i/t. Il'ilt4.ti
%(tll.%I 
Chtlng Ik-('ht. Ih I). ii.ottt ti (itenl 
R.N. Kilm., I'll tti')ittI). viv0ilif 
R. IhA11r. I'1l 

1
I).1-llit: vi(tt

.Ieat-('hris it IPh ), tl tti joliat'ienisphc (i,/alln, 
]oth ]loC. :\L1111110 WA,.t\ ~tt!V'etit 

i
Fleutncrio . kcitetnliv
I. Mcndta. S.ti.sttl/ 

.iIntcC'. .Icsus,..r., ,I' t.xtin~tt fl/liUvi 
Rimal M . .oitlisIleIcra /S, usislatit 
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Vicente T. Librojo, Jr., MS, senior research ax'ilant 
Regina D. Dalmacio, MS, senior researd axvistant 
Enrique R. Angeles, MS, senior rescarct asvistani 
Normita M. de la Cruz, BS. senior research ass istant 
Felipe B. Lasala, BS. senior researth assistant 

Filomena C. Sta. Cruz, BS, research axvistant 
l.eandro M. Sanchez, HS, research asvtiat 
Maichu E. Alvenda, BS, researt aik' 
Gilda B. Jonson, BS, researh aide 
Robert C. de la Pefia, BS, research aide 

fleraldina R.Salonga, BS. researt/ ax istant// 
Alicia V. Alzona, /S,. research axvistant6 

Erumanuel N. Sison. US, re.seard assitant 
Esperanza II. B calagco, BS, resear(h a.vvtiant 
I'rcsquito A. Aurin, MS, researdt ax '.iatit 

Plant physiology 
Benito S. Vergara, Pit D. plant phshiologist and head 
Shigerni Akita, 1) ,,gr.plant phrsioloist 
Genshichi Wada, D Agr, pl/ant lhllrVoo/Wjsvt 

4 

Benito 11.Romena, BS, re.ward ax'.vitant 
Antonio A. Evangelista. B/S. retseart, askvitvt 

Fra ncisco J. 7Zapata, Ph D. asociate planIt ptysiologist
D. S. Brar, Ph 1), vsiitin scietiti i 

Mldesto M. Arnante. IS, researdt asvistant 
A!icia A. Capiral, BS, rcsearth axvsitant 
Nestor R. laratoidtan, /S. re.eor h axistant 

S. I. Mercy, Ph D. t'i'.iti, scien/ist 
B. Vcnkatcswarlu, PhI1). vivititit sci'ttit 
Francisco T. l'arao. MIS. asiinantscientist 

Alma I. l.brojo, MS. revcardt asvistant omto M. Vispcras., MS.MSa.,tOl scientist 
Georgina V. Vergara, MS. re.ardth axwl.tant' 
Rodollt S. Iolcdo, BS. r'.w'artht.. ivtsiit4'. 
Carlos I. Caal,Ir., BS. r'.wardi aih"e 
Nor. L I. I.Manigbas, /1S,re.art iaide 
Alvaro NI. l'amplmla. /, rewI'arc/ ahh 

Victoria 1'. Coronel, 11S. ,t/iot research axsistant 
Aurora M. Ma/ atedo, . S,. rewsarot asistatlt 
Gloria S. Cabtslay. .11S. rewardt axistant 
Ma. Rbecca C. I /a, MS, ric ardt axvistant' 
Evangeline S. Ella, MS. research asvitant12 

Gcotrgc A. lht,,to, Jr., B.,rewardt aide 
I'aulino I). lenorio..1[.. IS. res ardti aile 

Librada Blantco, IBS, rescarth au,isant 
George Patefia. M/S. riewairt a.i, tant 

I)sc1). Id tfin. P, resardi ai 
,4 

Silvino B. ('h cro, IS. r'ewardt aid
& 

. 
F. Sherwin [,ope/, /BS, restartIaid' 
Annabelle 1). Novero, BS, researd ahle

12 

Jose P. Rt as, B.S. re tachaide-4 

Plant pathology 
I \%ng-Wah Mew, IY)0, phtntilalhoIi.t and lead 
Ilirynuki Illbiino, P).gr. /ht Iiatiholoqist 

Rice farming systems program
Virgilio R. Carangal, I'h 1).agrrottionvt and head 
Ran K. I arivde, IhP. ai'rt'o,, .mi'A 
.Jaes R. Iloopper, I'll 1). ai,'roiioni.t " 

.1. Iiacel Bollinan, PhI1. a 
Il I. g. Ith i). ' , iil .'ittt 

pociatcItlott ptitltoli'isl 
4 

eIrv .. McIntosh,t I 1)., ttroioniA 
Rosend, K. Palis, Ph 1). tigronomt ii 

Arcatlio .1).Quin o, I'l 1), nI x.ciQt 4 
Noel P. Nlagor, .1/ .'lir.aittt a'llj'rt ,4oiot 

I'. VidSekautni, I'll . i" itbigitN(i"nti 
Song-Won Ahin, I'l 1). ci iin aat. I/ant 
I'attsto I.. Niitique, Ai S.tiita, t %ititot 
.lose M. IBlondong, .I[A, a(Imitltl ti lltt 
Bien.cnitlo A. strada. .1/5, am.itant vicitlIot 

tit'/hi.,t4 
Arsenio 1). Cahlb, Ph 1). tititotg ilentm 
Rolando V. I ibios, IIS, . oir r'.searth axvla,jtt 
Anltonio C. Morales, /.. witior r'.it'arc asatil 
Ratnon A. ()lieros, .MS. wnioi researdt a.'. lat 6 

Nicasio G. I'utt, .I.S wnioi rtwartl auxsitantt ' . 
Francisco A. EIa/egui, Vi. a aiiit.ta cittm Ed\tard A. Barlaan, M. rettardt tsittait 
Eitint1anlcl I lit rtgeo. A/SI.xtilaitl t iit1t 
Vladinialne M. Aguicto. MS, itnior rewarth aiiiitatt 
Pepito Q. Chabauaan, MA. vitor rwartth a. illa t 

Esteban C. (Godilano, 1. rt'arti axsitalol 
I.eoila A. Ianlican. /iS, ri tw tait o05tittt 
Eleutleritt I. Rebarico, . ISS,.re.wri titant' 

Casiana NI. Vera CrOw, ASS i'm, ritward a.,i /ant Cionradto \I. Siota, I/S. rt'art Iita.xtwit " 

Rogelio C, Cabunagai . MS. rewairdi aiI. 
Claro 0. Iorrcs, A/S. rt.i'ardti at . it/i 
Renato C. Rcyes, ,I/A. rewai i a ivtat 

tIt Primitivo I.. Iengo. S.,rc art 
Ray irllndo ( n.IBisit.BS i'art 

Ceso r C. Malialig, BS. rt''ttajl 

ataitatloot 
axtiatt 

e 
Marietta R. liaraoidan, MS. r'.iart/t aoiitait 
lemesita I. Vcrgel de )ios,. M.Me i 'artItxitat 
E:rerlito S. Fltiroreo, .%S,rt.itardtaw'stiil 
Bylol I.. ('othloc,l./S. (l'ill'tIi.wxijtt 
Itdtroo C'.Aballa, 1/S. rt'.tarih a.wiltt 

A\clita M. Rosales, SS. rs.wardt at.itat 
Ahla (). Mackill, ,IIS. r,'it'tlrwart/ iiant 
[Edna Y. ,'\rdalcs, S/',resar h ax imint' 

uillerinio Z. Salaiar, It.. BSritwardit a.x lant 

Soil chemistry/physics 
Felix N. Iliiriaipcriiirn . /t /). /1i),itittl .%oil /temi.tt 

/eati 
Ilciri/- I 'llich Ncic. Ih /..uildi'ol a d tiIt /ead 
I crenrce Wottdlrad //, ). phlitvt.t 
shal I tllrnild, I'lt /.1iiviitt.ll i wittl 
Nagamiah Sitbraarian / 1). vi.oiting i(t itit' 
(erhild bolc-KIcit. Ph/ ). vi.ittii.K awoitlte oil di.vit t 

atid 

Ricardo 1). I)atuioag. /IS. rt'st't.rh 
Soria Il.Lr Irt./S ri'hstrt (.'ittt 

.aritt/ittwRuby IUCasto. 1/S. axitiatlittitt'lltit 

Rhda S. I tin, M S. axvitait .iientttl 
Nestoir G. l'abellar. /S. rew'art axmit.tat't 
Zenaida M. l'locs, B/S. rt.wardt a attt 

('trinita C'.Q1ltialloW,.' Oxvitttitt Oti'/ttit 
Bernardita E. Mandac. M./S. sinr t''a.tth i.iinto/U 
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Myrna R. Orticio, BS,senior researt/ axivtant 
Ma. Theresa C. Cayton, MS; senior researo/i assistant 

Alma Ma. B. Capati, MS,senior research a.sistant 

Rodolfo Y. Reyes, MS.re.iarh axsisw,'t /( 

Victor A Qsiimsing, A S, re.warch oxvistan 

Nida B. 11y, M.S. res arih assista/a 

Josefina L Solivas, BS, rese'antII a s tant 

Jocelyn B. Ballestcros, B1S. researct asisttatit 

Ma. Carmelita (1. Robiclos, BS, .ewarch assistant 

Cynthia M. Chart/, BS,re.warch as .wstant 

Virgilio Q. Gaddi, BS.r.varch assistant 

Roberto P. llaittista, BS,re.s'arih asisita 

Ricardo F. ('apistrano. IBS, rscs irIan a witant 

Nancy Ili/a. BSA.remeari asstia" 

Delfila R. \alencia, 's'tessri! t1.N, avsisS. 

Silsalna G. Nia ha ri, B'S.wa / as iWtI.ini 

F-dna A. de Sain Ag stin,USi'.re.seaih aetsant 
Celesite C. Patlla, /S rs.s'arSi 1/111 

. obles. ,Ahnn M s. rears h an 
)ial.o~B'S. aidReii R. ssi-S'arsoll 

Ncnita B. Iiri . ',.sesa/i itl 

Maisy Ethcl U. I l'licdolsi.it I,,siscais l/adil' 

Soil microbiology 

Ivas Watiaiiabr.) .. ?,,' tslII,r/isot am/ head 

.agd ish K. Iad ha, I'/l). as,,iatc' n rsio,'i.w.l rti 


11ital, 

tallF. (laill, P/i ). vti/tll llts' s/ //iclob'I loi si1 
Pierre A. Roger, I Pc'd,,Ksts'. 1I/il/st 

la 


Wilbur It. Vcitia, .M.'S iiltst 


llla tA. \oil 


flnilant %iss 

Agnes C. 1iris-Padre, .INi.sintiur rs.sc'arl/i is/l/it 
,


C. IPatllt.lenjamin J.r., rc'asrtiha.5isis/i 

1 .F spilias. titlll 


Ielesila BSitiags-\;iiitIra,s 


Cs rai.l/o .11S.,rs's 'a s/ll ass 

I/.s'.resar asststlit 

Susa i .1iitiago-Aidtales, BS. re'ari a.sgslsa/it 

it5 
rse's'arst/
Reynaldo I. Olise ss. M'. assat 

Mia. l.uisa . rs''ar,/hamli.i/j(i. lDarss/t'. 

Grace cli r-NI;ls alri/ia. Ia. ',.s' aB% rwlleia ll tal 

Rosario Reliiulh;-.iilenic.'. /./.si/sari/I llwi.slivilt 

Ma. Iheresa It,I ais, IA. rs's'l'l/in assita.lit 

(UiriaCaldo-Putli/lai.S. wIS'a, as%itll
n 

sila/il
Rollldo I. iSo.MS. i's'arwi a'l 

Statistics 
(, lle I lstKwanchaIIC .. O /'/ ). . ilh'lia/t il/ill lua'uii 

I 


Nora Fpilania N. Nao/s.1'S 'I ri/sart a.x~rIta/it 

l)a\id .1.I:iilc\, tll I). wiostisllal 

irace Bi'S.st/lior itw'i l/KsslaI..eysc,, '/h a',sisi 

Vilcla I. Isoloiie, It', nSca/silti ii tallt 

.hoselicc I. ('aballcs., IS's. iea/1 ta/l/il 

Ilhalla II. Cdatli/B', ri alri/ alS Slll: 

1 l (/\s.ItalllsIta
Victira NI. ('laseria./.'.A 'S, 

.'s. /st,nabella I. ('iil/, rwiwai i aais 
Ksosnel F. Feido. Bi., asitiittlr'e.s'aril/ 


Alinlaf'llc [Clesila ili';lils'/.l' 
' , a/ istt/t
Iv. i''\ll 

Josel Ri/ald. (i. /LS. rw/ arI/i a.sitsllshl¢.. 


Ili hes K. l de sinai.,1'. ri'sarih aits\ta/l 


I conr-doI I'. re aril/|
I.op'/. /'s. / .itll t 

Adelina Nenette C. Mendo'a, BS,research assxstant4 
Rubetn '. Palabasan, IS,research axistant 

llelma H. Parado, BS.risears/ asnistant 

Priscilla A. Piguing, BS, research asvisant6taiRs D Rn oi n /. ree as •/ 

Rise D. Ronqulo,BS,researit a.v.iatm
 

Heraldina R. Salonga, I3S, researh as istat
 

Julie 1). Zanora, BS,research assistant
 

Dennis A. Benigno, BS,;research aide
 

Sussani V. Feinande, /S, research aide'
1
'
 

Iynn Coraaon NI. Mulinibavan BS,reswarch ai&
 

AugmttssC. Rivera, BS,research aidh'
 

Tihsue culture 

~Fricisca .1. Lipaia, h I, avociateplant Iph/siiolqist 

Mclcy, Ph I visiting .s'is'ntvi.t 

55 tantt
B. I ii/o, S, awiorre.s-earlh tla. 

Manuel S. Alejar. BS. re.scasIh assWtantt 
4 

E'ange linaS. I'lla, VI..r ,'a'ilts as tat LI 

(Gsena I). I ricaiacion , B.S' sso'ax/i.s 
Editha M. Abrigt, BN, r'.sear/assistala
 
A /S. re.sar i assistant
Rhsdora I,.Aldncmit, 


I.eoiiardo II. Nlagaling. /S.r.s'ari/ 
 .iltsltt
 

,,AnnalI (!.No\ci, /.S,'erli aii/' 
i 

llitC, de Calti. /. i-si tle"a 

Training and tet'hnolog) transfer 

I )aiinR. Minnick, I'l/1t. sa/ti/I .swi i' t '/wt'ad 

It. . I ripall. I /P ), vtlst/se N('lltist 
. ;leii I . /itI. imc'iatl'ID)clsiisii, I% iit. /sie.sifsiah;t 
has I I. I 1an. l/ I).visiltn t'aiiti.' ialisttoxmlat' .iei 

/tiis fi/ .aflah.i
.JIuiall A. I ap itin,WS.vollits ials s/ 
C . I Ii I llic lcs. . i l1 p. l5 '1 il/asti /I .sps isllt/st 

ICo Iale las,Ph I).r i' /lrs li/l Irtlilfinn4 pialist 
, 


I' It. ,5 Ir Ii(h .sp'ial./tI)esllNI. Wososd. /, lit 

AIlredio A. I)lmingos. ,asts,/I tivi'lllst 

Ri/alitisI. B., s'ii r /es'ar/ asila/ta 

EllietiioV. Iipa. ,.1.. iwi/ti/tltswiltlr alss 'irs/i 

NocilliM. Yapili I.'s. lit/lill,' SLWsMlilll1Slu'sll 

Eneso (i sA',r Irillli;' ins 1.\1'.'ee, l/it 

tsitntllI/C aw\salf0scar A. (icia,//.S. 

.al adsol I. Nilb's., l's. trl lalillt 

Cri,ina .I.lI-iiet. li's. ira'/liIC ,ia nmli 

)rkl;d o ! . NIagisirado, ,Mi. i/i/t,, i/il/i 

.hIst'la I. /iilt,1.i'. a AsINIs//il,,Ii M S litl/tl.i 

Aslhci,: C. Alnia. IS, traimlt: a t1nit 

1Eii11q1ic IL.";ia 1.'s. lralill/ a/i/taltlIri.. 


. ti//l 

Rebecca II.Paiale I. tt aiiing amist5.ll 
1.( einti/,/ Ir's asxi/ti//it 

A*. 
Ii'll.JoseV.del Calle, .1.ei. il laslill 

line S. Niciolas, lS. res'lri axsistiawlt 

Rsdoillss K. ,4llhcdhrA. It'an/h aJ55lsll 

Regalado M. Ascsin, B' . i'.i'war(s / av'i/It 

RllamaT'iL S. Necesarios. riv'.s'r/lr ] 
t
'I'. si./lt 

/15/
ArsenioI 1. anial|io, //'S. re''ari/ i/ti//It 

Raiion NI. Cu./S'.r'.warh/i/./atitl 

Renedins A. Fscobisi HS.re./ar]ta/ aint 

(icinjan ). 1 rii i ail'ta. 'S,r.'.sslritr 
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Water ntanageim1mt 
Sadiqul 1. Bhtliyao, PhiD, agricuhuroal ei'tgutrand head 
DI. Hammond Mu,-ray-Rust, /i- D. asciate qqiricnliurel 

engineer, 
Domingo F. rrihhal, M.S, a~stai nich-is 
lolentino B3.Moya, t!S, se 'ju)r ri..:yllrdi axvianii 
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About this report
 

This 24th annual report reviews research conducted by institute staff during 1985. 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 headings, as this volume is necessarily abbreviated. IRRI 

scientists also report their results in IRRI highlights, the Internationalrice research 

newsletter (IRRN), the IRRI research naper series (IRPS), conference proceedings, 
monographs, and technical journals. 

Each year, the institute intensifies its cooperative work with national and international 

agencies, based on priorities expressed at work plan meetings. Although almost every 

section of this renort mentions this collaboration, it is covered specifically in the 

Cooperative Programs section. Three programs that are predicated on international 

cooperation - the International Rice Testing Program (IRTP), the Internaional 
Network on Soil Fertility and Fertilizer Evaluation for Rice (INS FFER), and the Asian 
Rice Farming Systems Network (AR FSN) - are discussed under 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 abbreviatiop.s thereafter. 
This report refers to fur fundamental types of rice culture. Upland culture means rice 

grown without irrigation in unbunded fields. Rainfed lowland culture means rice grown 
without irrigation but in fieldsthat are bunded to impound water. Irrigated culture means 
rice grown with irrigation in bunded fields. Deep water culture means rice grown in 
unbunded fields that become submerged under 50 cm or more of water. The adjectives 
upland and lowland describe rice and rice-growing soils. 

The report usesthe International System of Units(SI), with a few exceptions. Monetary 
units are usually in U.S. dollars (S); if not, exchange rates are provided. Control or check 
normally means an untrcated control. Grain yield is calculated as rough rice at 14% 
moisture, and protein content as a percentage of brown rice at 14% moisture. Yield refers 
to grain yield unlet,, othe rwise noted. Fertilizieramounts are given in terms of the elements 
(N, P. K, Zn, etc.) and not in the older conventional oxide formulation (P205, KO, etc.). 

To derive the real costs of production in cncrgy-terms, we have developed a table of 

energyequivalences of inputs for rice production. This is given and discussed in the section 
Consequences of New Telhnology under the heading Energy and Rice Production. 

Pedigrees are indicated by a slant bar(/) rather than by a multiplication sign (X). For 

example, PT'33 X IR30 is written PT1333/ IR30. The sequence of crosses is illustrated by 
the numberof slant bars:( PTB33 X IR30)X IR36 is written PTB33/ IR30// 1R36. Fourth 

,and further crossus are designated !4' /5,', and so on. lackcrosses are indicated by a 
superscript numeral. 

Unless othe rwise noted, scoring of morphological character's and of damage attributed 

to rice pests and physiochemical stresses is based on scales in the Standardevwahation 

systenfor rice (SES), 2d ed., 1980. Copies are available from the IRTP, IRRI. 
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A single asterisk (*) means difference at the 5% level of significance, and a double 
asterisk (**) means a significant difference at the 1%!cvel; ns means not significant. Unless 
otherwise stated, separation of means in table columns is by Duncan's multiple range test 
at the 5%lev;. 

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. ro use it, bend the 
book slightly and follow the margin index to the page with the black edge marker. 
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Abbreviations and acronyms
 

AARD = Agency for Agricultural Researrh and Development, Indonesia 
ABA = abscisic acid 
AC = arnylose content 
ACIAR = \ustralian Centre for International Agricultural Research 
ADB = A,,n Development Bank 
ADF = acid detergent fiber 
ai = active ingredient 
ARA = acetylene-reducing activity 
ARFSN = Asian Rice Fanning Systems Network 
AU = animal unit 
AVRDC = Asian Vegetable Research and Development Center 
AW = annyworm 

Bak = bakanac 
BARI = Bangladesh Agricultural Research Institute 
BB - bacterial blight 
BB&! = basal, broadcast and incorporated 
BC backcross 
B:C benefit-cost ratio 
BGA = blue-green algae 
B&I = broadcast and incorporated 
BI = blast 
BPH = brown planthopper 
BPI = Bureau of Plant Industry, Philippines 
BR broadcast seeded rice 
BRP = brown rice protein 
BRRI = Bangladesh Ric Research Institute 
BS = best split 
BWDB = Bangladesh Water l)evelopm'ent Board 

CAAMS = Chinese Academy of Agricultural Mechanization Sciences 
CAAS = Chinese Academy of Agricultural Sciences 
CAI = cellulolysis adequacy index 
CCC = chlorniquat chloride 
CFU - colony-forming unit 
CGIAR = Consultative Group on International AgricultUral Research 
CIMMYT = Centro Intcrnacional de Mejorarniento de Maiz y Trigo 
CIP = International Potato Center 
CIPR = Christmas Island phosphate rock 
CMS = cytoplasmic male sterile 
C:N = carbon to nitrogen ratio 
CNRRI = China National Rice Research Institute 
CRIFC = Central Research Institute for Food Crops, Indonesia 
CRPS = continuous rice production system 
CSIRO = Commonwealth Scientific and Industrial Research Organization 
CV common variance, coefficient of variation 
CW cuseworm 
CWSI = crop water stre.ss index 
CY = crop year 
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DAI = days after inoculation
 
DAP = dlas after planting
 
DAPI = days after panicle initiation
 
DAS = daNvs after seeding, days after sowing
 
I)AT= days after treaumnt
 
DBPI = da,s before panicle initiation 
DBS = da., before seeding, da.'s before sowing
 
DE = da_,s after emergence
 
DEI = distribution equity index
 
DI = days after infestation
 
DM = dry matter
 
DMRT = )uncan's multiple range test
 
DNA = deoxyribonucleic acid
 
DP =dccp pla~ed. dccp placement
 
DPRK = DcrmocratiL People's Reptblic of Korea 
DS = dry season
 
DSC = differential scanning calorimetry
 
DSR = dry seeded rice
 
DT= da,,s after transplanting
 
DITF = dabs to flowering
 

EIJSA = en/yme-linked immunosorbent assay
 
EMC = equilibrium moisture content
 
EMS = ethyl methane sulfonate
 
ER = effective rainfall
 
ES = elemental sulfur
 

fb = followed by 
FCRI = Field Crops Research Institute, Thailand 
FMIP = ftLsed magnesium phosphate 
FRT floating rototillcr
 
FTM = fertilizer testing model
 
FYM = farnyard manure
 

GB = gcrmplasm xi nk. gerruplasmn computer data bRnk 
GBIRET= Germplasm Bank Information Retrieval system 
GBSRI = Gunn-ljellani solar radiation integrator 
GC = gel consistency 
GCA = general :ombining ability 
GEU = genetic evaluation and utiliation 
G-K Ganges-Kabodak Irrigation System. Bangladt-sh 
GLH green leafhupper 
GMRC = Grain Marketing Research Center, Manhattan, KS, USA 
GSV = grassy stunt virus 
GT = gelatini/ation temperature 

HI = harvest index 
HRP = highly reactive rock phosphate 
lit = height 
HW = hand weeded 
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iARC = international agricultural rusearch center
 

IAS = Institute ot Animal Science, UPLB
 
IBE = isobutyl ester
 
IBPGR = International Board for Plant Genetic Resources
 

ICAR = Indian Council of Agricultural Research
 
= 
ICRISAT International Crop.; Research Institute for the Semi-Arid Tropics 

IFDC = International Fertilizer Development Center 

IFPzRI International Food Policy Research Institute 

IFRON = International Floating Rice Observational Nursery 

lITA = International Institute of Tropical Agriculture 

INSFFER = International Network on Soil Felility and Fertilizer Evaluation for Rice 

IPB = Institute of Plant Breeding, UPLB 
IPE = isopropyl ester 
IRAT= Institut de Rceherches Agronomriqucs Tropicalcs et des Cultures Vivrieres, France 

IRBBN = International Rice Bacterial Blight Nursery 

IR1BN = International Rice Blast Nursery 

IRBPHN = Int;rnational Rice Brown Planthopper Nursery 

IRCIN =International Rice Cold Tolerance Nursery 

IRDWON IInternational Rice [)cep Water Observational Nursery 

IRGC= International Rice Germplasm Center 

IRON = International Rice Obserational Nursery 
:RR = internal rate of return 
IRRI International R;,.,c Rcsearch Institute 

IRRSWON = I;nternational Rice Rainfed Shallow Water Observational Nursery 

IRRSWYN = International Rice Rainfed Shallow Water Yield Nursery 

IRSATON = International Rice Salinity and Alkalinity Toleance Observational Nursery 

IRSBN =International Rice Stem fBo'er Nursery 

IRSTYN = International Ric Salinity Tolerance Yield Nurserv 

I R I= infrared thermometer 
IRTN = International Rice Tnngro Nursery 
IRIP = International Rix Testing Program 

= 
IRUSS International Rice Ufra Scree-ning Set
 

IRWBPI-IN = International Rice Wh;tetxicked Planthopper Nursery
 

IRWIT = International Ric - Wheat Integrated Trials
 

IRYN-E = International Rice Yield Nursery Early
 

IRYN-M International Rice Yield Nursery Medium
 

IRYN-VE = International Rice Yield Nursery Very Ea;ly
 

ITPRON = International Tide-Prone Rice Observational Nursery
 

IURON = International Upland Rice Observational Nursery
 

IURYN-E International Upland Riwc Yield Nursery-- Early
 

IURYN-M International Upland Rice Yield Nursery - Medium
 

IV = improved variety
 

LAI = leaf area index
 
LCPIS - I.ibmanan-Cabusao Pump Irrigation System, Philippines
 

LF= leaffolder
 
LRP les': reactive rock phosphate
 
LSc = leaf scald
 
LSD least significant difference
 
LSS = line source sprinkler
 

MAF = Ministry of Agriculture and Food, Philippines
 
MBCR =-marginal benefit-cost ratio
 
M LF = maximum likelihood estimate
 
MLR = multiple linear regression
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MRIFC= Maros Research Institute for Food Crops, Indonesia 
MRM = multifertilizer response model 
MRRTC = Maligaya Rice Research and Training Center, Philippines 
MV = modern variety 

NDF = neutral detergent fiber 
NIA = National Irigation Administration, Philippines 

OC = organic carbon 
OLS = squares estimate ordinary least 
OM = organic matter 
O&M = operation and maintenance 
OSP = ordinary superphosphate 
OYT = observational yield trial 

PAR= photosynthetically active radiance 
PARC = Pakistan Agricultural Research Council 
PFA = paraformaldehyde 
P+H = plow and hanow 
P!= panicle initiation 
PMC = pollen mother cell 
PPD phenyl phosphorodiamidate 
PR = percolation rate 
PSU = Pangasinan State University, Philippines 
PU prilled urea 

RA = Rice abstracts 
RAVC = return above variable costs 
RB = rice bug 
RCBD = randomized complete block design 
RDA= Rural Development Administration, Korea 
RF = rainfall 
RGA = rapid generation advance 
RH = relative humidity 
RRI. = relative root length 
RSV = ragged stunt virus 
RTBV = rice tungro 1xicilliform virus 
RTSV = rice tungro spherical vints 
RTV = rice tungro virs, tungro 
RWM rice whorl maggot 
RWS relative water supply 
RYT = replicated yield trial 

SB = stein borer 
SCA specific combining ability 
SCU sulfur-coated urea 
SD = standard deviation 
SES = Standardevahbation sstem for rice 
ShB= sheath blight 
SMT = soil moisture tension 
SMU = soil mapping unit 
SR = solar radiation 
SRT = skid-supported power rototiller 
SSAc = salicylic-sulfosalicylic acid 
SSB = striped stem borer 
SWCB = southwestern corn borer 
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Ta = air temperature
 
TARC = Tropical Agriculture Research Center, Japan
 
Tc = canopy temperature
 
TDMY = total di), matter yield
 
TMA = thermomechanical analysis
 
TPR = transplanted rice
 
TSP = triple superphosphate
 

UPB = University of the Philippines at Los Bafios
 
UPN = Upland Pedigree Nursery
 
URYT = upland rice yield trial
 
US = urea sulfur
 
USDA = United States Department of Agriculture
 
USG = urea supergranules
 

VAM = vesicular-arbuscular mycorrhizal fungi 
VISCA = Visayas State College of Agriculture, Philippines 

WA = wild aborted 
WAI = weeks after inoculation 
WARDA = West Africa Rice Development Association 
WAS = weks after seeding, weeks after sowing 
WBPH = whitebacked planthopper 
WE = weeks after emergence 
WRRC = Western Regional Research Center, USDA 
WS = wet season 
WSR = wet seeded rice 
wt = weight 
WT = weeks after transplanting 
WIJE = water use efficiency 

YSB = yellow stem borer 

ZIF zigzag leafhopper 
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FIELD COLLECIION 

InternationalRice Germplasm Center (IRGC) 

Coilaborative efforts with national and state 
centers in canvassingand collecting indigenous rice 
var~eties continued in the first half of 1985 with 
financial assistance from the International Board 
for Plant Cenetic Resources(IBPGR). Joint efforts 
with Sabah State of Malaysia resulted in the 
acquisition of 227 traditional varieties and 4 
samples of wild rices. During the remainder of the 
crop season, local staff gathered 49 samples. A 
third mission to Madagasar collected 112 varie-
ties; local workers sustained the collection efforts 
during the staggered planting seasons at different 
altitudes. 

During the second half of the year, efforts were 
directed to prepare some of the germplasm-rich 
countries in Southeast Asia to continue the 
momentum of field exploration and sampling on 
their own. Short-term training courses for field 
collectors of national and provincial centers were 
held in Indonesia. Burma, and Vietnam. The 
courses included field trips to practice varietal 
identification and sampling method!,. Ihe field 
collectors trained by the IRRI-IBI(iIR field 
collector numbered 30 in Indonesia, 51 in Burma, 
and 42 in Vietnam. On tile island of Kalimantan, 
Indonesian workers and IRRI staff collected 48 
local varietics. [hc training course emphasis was 

on the collection of wild species, which had not 

been adequately sampled in the past. 
Since the collaborative and coordinated field 

collection of rice germplasm was initiated in 1971, 
more than40,000 seed samples were collected in 14 
Asian countries, of which about 13,000 were 
gathered with IRR's direct participation. Finan
cial inputs from IBPGR accounted for 14,614 seed 
samples collected from 1978 to 1985 (Table 1). A 
large proportion of the samples came from remote 
areas, where :,mall rice farms face various edaphic 
or biotic ,.tresses. 

A number of institutions continued field activ
ities, either with IBPGR assistance or on their own. 
Duplicate seed samples were received from the 
International Institute of Tropical Agriculture 
(IFA) in Nigeria, Institut de Recherches Agro
nomiques Tropicales et des Cultures Vivrieres 
(IRAT) in France, West Africa Rice Development 
Association (WARI)A) in Liberia, Agricultural 
Research Institute of Burma, Centro Nacional de 
Pcsquisa - Arroz y Feijio of Bra/il, Agricultural 
Research Council of Pakistvn, Rice Research 
Institute of Thailand, and University of Kenya. 

Participants in tile first Genetic Resources Con
servation and Management Training Course 
coming from Burma, China, Ethiopia, Ghana, 
India, Indonesia, Maiaysia, Philippines, Sri Lanka, 
and Vietnan also implemented field collections in 
their countries before coming to IRRI in 1986. 

Table 1. Rice seed samples collected under cotllaborative arrangements with IBPGR funding, 1978-85. 

Country 

Bangladesh 
thutan 
Burma 
Indonesia 
Malagasy 
Malaysia (Sabah) 
Nepa, 

Pakistan 
Sri Lanka 

Thailand 
Vietnam 

Total 

Seed samples (no.) 

1978 1979 1980 1981 1982 1983 1984 1985 Total 

276a 
...... 
13 

590 
-

246 

183 
6 8 8 b 

-

57 

263 
387 
-

62 
534 
-
-

139 
102 
-

-

95 
83 

-

46 

103 
66 

-

193c 
98 

-

-
-
2 

49 
123 
276c 

916 
251 
523 

2,487 
221 
276 

9 
-
402 
804 
-

16 
-

236d 
121 
. 

720 
. 
145 
218 
-

297 

-
1,140 

-

.-

4 
-

666 
-

-

1,943 
-

-

122 e 

2,996 
-

100 
-
-

g 

1,042 
104 
905 

7,888 
1 

2,094 1,490 1,790 2,033 911 2,167 3,578 551 14,614 

aincluding 20 wild rices. blncluding 7 wild rices. clncluding 4 wild rices. dlncluding 16 wild rices. elncluding 14 wild rices. 

!tncluding 123 wild rices, gWild rice. 
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INSTI UTIONAL EXCHANGES 

InternationalRice GermNpasmn Center 

During 1985, 24 state, national, and international 
centers deposited 4,3(X) seed samples of Oryvza 
sativa, 83 strains of 0. glaherrima(from IITA), 
and 242 wild species in the IRGC. The major 
donors were 

* 	 lunan, ltubei, Yunnan. and Guangdong 
Provincial Acdemies of Agricultural Sciences 
through the Chinese Academy of Agricuultral 
Sciences 992 varieties and 15 wil rices 

* 	Department of Agriculture, Thailand 565 
varieties and 162 wild species 

• 	 1ITA, Nigeria 570 varicties and 83 strains of 
0. glaherrima 

• 	Centre National de fa Recherche Appliquceau 
Developpement Rural, Malagasy 460 
varieties and . wild rices 


a IRA ', France 426 vaneties 

• 	 Sabah State, ,Malaia 425 ri'ctis 
* 	WAR )A stall in I.iberi-iia nd Sierra I.cone 

205 varictics 
* 	Zonal A.tricirltIral Rkc,,arcli Station. Madhva 

Pradesh. India 202 aI icties 
* 	1'iiversitv of Kenya. Nairobl 181 .:,icties 

and 4 \wild rice.s 
a Agricultural Resca ch (Council. Pakistan 


163 ,arieties 

* 	National Rice Rescarch Inititnitc. Cuba 107 

xartiecs. I wkild rice, arid 13 bi)edirig lines 
* 	NlalavsiaiI .\gricultural RCcaich and l )e\el-

opnient Insuittote IX va tictls 
lttraI ri 


varieties 

* Agic Rc,,cach Ir, turC. Ilurria 99 

* 	Ccot,. Na,:ionaldci iiisa - Arroy I-eijhio, 
Brazil 95 varieties 

0 I istit uto de lox est igaclii Agropec uaria, 
Panama 91 vanctics 

0 	National Institutc of (icuetics, Japan 7 
varieties a nd 30 \ild ta xa 

o National Institte of Agrobiological Re-
source., f.apa i 5-1 \ancties 

* 	C'entrial Researca1 ilstitute for Food Crops, 
Indonesia 4-) '.arletic, 

* 	Tamil Nadu Agricultural Iniveri ty, India 

43 varieties 


* 	Centre National de la RMechcrlic Scientifique. 
France 33 Orv.:a species and 9 varieties 

* 	Bureau of Plant Industry, Philippines -- 30 

varieties 
9 Rural Development Administration, Republic

of 	 Korea 28 varieties 
0 United States l)epartment of Agriculture 

10 varieties 
IRRI also iri:iatcd the first seed exchange with 

the Democratic People's Republic of Korea, in 
which seven commercial varietieswere provided by 
its Rice Research Institute. 

INVN IORY, CIIARACI FRIZA I ION. AND I)AIA
 
I'RM((ISS IN(
 

InterationalRice Germlilasnm C'enter and 
Staist's I)eparmient 

At the end of the year, IRGC holdings were 71,621 
accessions of 0. mativa, 2,970 strains of 0. glaber
rima, 2,142 populations of wild species, and 695 
gienetic testers and mutants. Another4,5(X) recently 
reccived sced sarmples of 0. mitiva were sown in 
November or Deceruber. which reduced the 
number of newly received and Implanted samples 
to about 9(X). 

For initial seed increase aind characteriizttion, 
3,1(X) samples were grown. Another 4,484 acces
sions \were grown for cliiracterization, resulting in 
4,8(7 accessions being completely chartcteri/ed 
both in the field and in the lItboratory. lhese efforts 
brought the total number if accessions comirpletely 
characterized to 57,047. Forthe othcrcategories of 
rice, chtricteri/ation was completed on 7(X) wild 
riccs a id 1,245 0. glaerrimastrains. [he cha rac
teri/ation of wild rices was diflicult, beca use many 
annual wild Iorms were hybrids b.twen 0. saliva 
and its wild relatives. 

Microcomputer proigrans were initiated in 1985 
to spccd tip the recordingand processing of various 
forms of information that require continuous 
IR(iC staff inputs. Such programs will store the 
huge backlog of inrIfoiration acquired during field 
collection, data on acquisitions of different cate
gories, changes in narue of donor agencies, and 
records of" seed samples distributed. 

With tle acquisitioi of all III-PC Xl in 1985, 
a system analysis was undertaken to computerize 
the various rnianual operations from the time seeds 
of a given entry are received until they are planted 
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and the data recorded, as well as to link these 
operations to the centralized mainframe-based 
GEL. Data Management System. Such computed-
zation is expected to markedly improve the speed 
and efficiency of record-keeping operations, red uce 
labor, and enhance tle precision of data handling. 

The system is divided into three parts according 
to the type of activity: preplanting, planting, and 
postplanting. The preplanting component of the 
system was implemented during ihe last quarter of 
1985. 

SEED INCREASE. RIJVFNAI ION, AN Din 

DISI RIBUTION 
nteniational Rice (ermt)lasmt Center and 

Ineati elmrieern ~ & annologists 
Statistics Departnwnt 

The land area devoted to seed production inside 
and outside IRRI totaled 33 ha, which surpassed 
the 1984 area by 2.2 ha. Unfortunately, seed 
prod uction in a rented field at l)ayap, Laguna, 
suffered from severe Zn deficiency in drv season 
and from flooding shortly after transplanting in 
wet season (WS). Suhbscqently, the allnouns of 
seed harvested in both seasons were below average, 
Since plots (12,801) planted for seed rejuvenation 
were much more than those planted for initial seed 
increase (3,098) a nd for charnacteriation (4,484), 
the ntimber of accessions that were canned for 
medium- and long-term storage and for (uplicate 
storage in the U.S. was proportionally reduced. 

The IRGC also grew special seed incre:ase plots 
for older accessions that have been determined by 
G II tea ls to have resistance to or tolerance for 
one or more biotic or cdaphic stresses. These 
accessions were provided to other GIEl teaims for 
screening of additional GEU traits. In 1985, 889 
such accessions were grown. 

The construction of a headhousc for seed pro-
cessing and a double screened area for wild rices 
and difficult-to-grow accessions was completed in 
August. During the rcioainder of the year. 860 wil! 
rices were grown in pots for seed increase and 
re-identification. while 960 0. saiva accessions 
were planted for maintaining the small but in-
valuable seed stocks. 

Seed distribution to researchers at IRRI and in 
other countries continued to be a major service of 
the IRGC. A total of 30,709 packages of 6.sativa 
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(306 requests) and 1,138 wild rices and 0. gla
herriua strains (24 requests) were supplied to 
scientists, research fellows, and scholars of IRRI, 
while foreign researchers requested and obtained 
4,736 0.sativa accessions (172 requests) and 1,174 
samples of wild species and 0. glaberrinia strains 
(36 requests). Although the number of O. sativa 
accessions supplied by IRRI remained about the 
same for 7 yr, the demand for wild rices signif
icantly increased. 

Many novel resistancesto or tolerances for pests 
and diseases have been identified by IRRI scientists 

recent years. The markedly large nu,mber of seed 
requests for exotic materials from molecular 
geneticists, cellular biologists, and other biotech

may account fora large proportion of the 
foreign requests. The IRGC staff had to plant 

special seed increase plotsto meet the demands for 
exotic germplasm. 

In the early 1970s, a file of original seeds coming 
from every source was set up. It has proved to be an 
invaluable check on the identity of numerous 
samples through comparison of seed characters. In 
recent years, we have bccn referring to the original 
seeds in tile file before storage, rejuvcnation, and 
distribution. It iSone of the most effective quality 
control measures that a gencba nk can have. 

SFI) IRISRV \ I ION 

/Inwrnaiontal Rk'i' ('ernlkiasm Centter 

Because of the problems encountered in seed 
production in rented fields, only 3,401 accessions 
were canned and stored inthe mcdiun-and long
term rooms, and a duplicate packag. of each was 
sent to the National Seed Sterage laboratory in 
the U.S. for safekeeping. "he nium,,r is much 
below the average of 5,500 accessions canned 
during 1983-84. At the end of 1985, 23,901 acccs
sions were so prcserve(l. 

Since many of the new accessions caine from 
farmers' fields, mechanical mixtires posed serious 
strains on tile hand-picking operation prior to 
caniing and thus lowered the rate of canning the 
rejunenated accessions. Beginningin WS and prior 
to threshing, harvc,;ted accessions were initially 
selected paniicle by panicle, each of which con
ained more than IX) seeds. This new control 



measu.e speeded up the subsequent seed selection 
operation in the laboratory. 

RESCULE OF NONVIABLE SEEDS BY IISSUE 

CULTURE 

Iflterational Rice Germl!asm Center andI 7'.eil 
Culture Facilitr 

We continued to use the tissue culture technique to 
grow plants fron the nonviable seeds of accessions 
that had lost seed viability sooner than expected 
(luring cold storage. Fifty-eight accessions were 
thus restored to our collection. Some of these 
accessions were no longc r a vaila ble elsewherre. 

S IUD)II.S ON SEED) VIAItII.I I ' 

h'rnatioal Rice (Germpl)asi Celer 


Ini a study on seed hygroscopicity and longevity, 
glutinous and nonglutinols vaine ties were foun id to 
difler tiore inI cil ilibi urn 1110siture content than 
;'ailtics (if the two ecogcogra phic races, indica and 
sinica. C'orrClation between etluti libilurn Moisture 
content and amylose content was foulnd to be 
positive (r= O.,S) at 801"relatli\e htimiditv (R [-); 
however. this relationship may not be entirely 
linear. beca use no ultiv,, r with 54)"'1 amylose was 
availal,,: iithe experirmit. 

Under simulated sced aging corditions (35 'C, 
80j RI-I), tropically based indica .'aicties gen
emlly sh(wed a greater ;7iability retention rate than 
temperate van,.t;s, which agreed with otr seed 
longevity studiescovering a period oi22 yr(Fig. I). 
However, amnylose content did not show anyv
association with viability loss and seedling vigor at 
different sampling dates. 

A comparison of fully protecAd IR varieties and 
lines and the same set of 4 varieties infected with 
tungro virus and grown in 19, I showed that ihe 
infected seeds had an initially lower viability level 
(88 vs96%) inhealthyseeds;after2 yrstorage in the 
medium-term room (2 0C, 8", i moisture content), 
the viability level of the infected seeds began to 
drop. After4 yr of storage, the mean viability levels 
of the IR varieties and lines differed by 11% 
(Fig. 2). The findingsjustified our time-consuning 
efforts in discarding the distinctly discolored seeds 

Seed viability (/) 

100

80,
 

60 

' 2-*9 "o, 

,--,-o 6aco 

2°i
 

1965 '67 '69 '71 '73 '75 '77 '79 '81 '83 '85 

1. Sted viabilily of 3 rice varieties maintained at 2 'C, 8% 
moisture content, 1984-85. 

Germination (%) 
100 

90 

80 

7-0 [ - 0 e--,i-eedE -

-- TunJro- niected seeds 

0 1 2 3 4 

3torage ,eod ,y,) 

2. Percentage gemiination of heatihy and tUngro-infected rice 
cvds at 2"C,8"imoisture contcnt. IRRI. 1985. 

from vinis-infected plants prior to canning and 
preservation. 

A comparati\ studv of diffcrent seed packing 
materials showed that seeds with 12% moisture 
content thatare stored in paperenvelopeslose their 
viability in less than 2 yr under very damp and 
warm conditions (24-32 ° C, 80-10% RH) and in a 
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deep-freeze, locker (-200 C). Aluminum foil envel-
opes preserved seed viability up to 3 yr in the same 
damp room, 4.5-6 yr in the short4erm room 
(19 'C, 50% RH), and with no appreciable loss 
after 7.5 yr in a deep freezer. Among different 
varieties, the strongly dormant H4 showed a slower 

loss in viability than the weakly dormant IR34 and 
nondormant IR36 under different storage condi
tions, except in the deep freezir. Again, this 
observation agreed with our 22-yr storage experi
ment (Fig. 1). 
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MAXIMUM YIELD EXPERIMENT 3-3-2 consistently gave highest yields at both sites 

Agronomy Departmnent 

IRRI. Ten rices of early, medium, and late 
maturities received varying N rates. Urea super-
granules were deep-placed, followed by a top-
dressing of prillcd urea as required. Planting dates 
were staggered for uniform ripening at two IRRI 
sity-(old and new). 

In dry season tDS), IR21820-154-3-2-2-3 yielded 
the highest (7.1 tiha) at medium N rate at the old 
site (Fig. I). Other late maturing rices gave com-
parable yields at the same rale and site. At the new 
site, 11(29723-143-3-2-1 yielded the highest (6.8 
t/ha). Early mnaturing IR32429-47-3-2-2 yielded 
higherthan IR59 at both sites. Among the medium 
maturing rices, the highest yielders were 1118348. 
36-3-3 (named I (4by the lhilippine Seed Board) 
at the new ,Site and Ik,31868-,4-2-3-3-3 at the old 
site. 

Yields obtained wcre generally lower in 1985 DS 
than in 1983 DS because solar radiation at the 
ripening stage was low. Using 35-d-old scedlings of 
!".tc
maturing rices might have also a' cted yield. 
Lodging was more severe at high N doses. 

!n wet season (WS) late maturing 11(29723-143-
3-2-1(6.1 t/ha)and nedium maturing 1135546-52-

Early 4!v;udm Late 

Groin ye!d(/ho) 

7 -old ,1, I 

5 -- --. 

3 

7Alewr.te~ . 

5 -

S, 

(Fig. 2). Insect pests and diseases affected sus
ceptible rices in both seasons. In general, maximum 
yields usually came from the medium N rate. 

Farmer's field. In a farmer's field during DS, 
11R29723-143-3-2-l and ll(31917-31-3-2 of the late 
maturing group gave the highest yields (Fig. 3). In 
the medium maturing group, I1118348-36-3-3 
(IRM)had the best performance. Among the rices 
tested, only the early maturing 1(32429-47-3-2-2 
responded tip to the highest level of N application, 
while IR58 had no significant yield response to N. 
Two rices had their maximum yield at the lowest 
level of N. 

l)uring WS, a typhoon devastated the crop 
dutring the reproductive stage. 1142 gave the 
highest grain yield of 5.2 t/ha (Fig. 4). However, 
the maximum grain yield in the farmer's field was 
I t ha lower than at IIRRI. 

I 1I(iNO R[FSISI ANCE
.4,ifi-m t' Del'artn 

I.odging reduced grain yield even in modern 
sentidwarf rices. In a field study, 11R64 and 
l1R32429-47-3-2-2 did not lodge, whereas lodging 

Ea'/ /4edum Late 

,rwiyield W/ho) 

'. 0/C sA 4 

A 

}0IR29713-813-2-3-3 C). 

1 1 91. 84321 3 -1,4 , 4223-W3-3-2-1 

- 1428222-9-2-2-2-2 

041111-51i• ,UP281O.
64 -3-32
 

31 1. _ _ _ _ 1_ 1 L 1 1 1 ;1 1 1 _1. 1 1_ 
294M?0414 30_%4q30 2') 30,14 30 67 .30 21) M),1 +30 13,'-',O 2) .i ,Hc4 50)t974 3'0 P2930 58+30 87+.,0 29430 58}130 B7 0.

40 30 4R) 

N eoolied (Ng/hr) N opr.lied (kg/ho) 

1.N response and grain yield of carly, mcdiim,. and lite 2. N response and grain yield of early, medi, im,and late 
maturing rices at 2sites. IRRI, 1985 )S. maturing rices at 2 sites. IRRI. 1985 WS. 
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Groin yield (t/ho) 

Ear ly aUrlng Meodlum maturIng Late lwturlng 

R3429-47-3-2-2 IR13348-36-3-' 
7- , CRCA) 

6 - R36 

(0) N5-ngr 74r43186e fNnCe-d oe Rh2)8150-R-.-3-- -30Taiave,-32-2-3 
R58 CIR'9/23-1,13-3-2-1 

U V3191e-31-3-2 

4 Nu\CE1a Phlppns 195r 1 
29+30 44±30 58+30 29430 44+30 87±30 29±30 41+30 87+30 

N rote (kc/ho) 430 ±30 +30 
3. Yield of rices as affected by varying rates of Nin the maximum yield trial in the farmer's field. Talavera, 
Nueva Ecija, Philippines, 1985 DS. 

Groin Cr/hei o eeld 

5 Earlreakage. in7 asupporteAeaounBase yueI 

I 4 

21 ii PIj 'l.H 

29 30 5R830 4 7 +C4 58 30 87430 29±30 58±30 8730 
Njro]te CIs/ha) 

4. Yield of riesa affected by varvi g rates of N in the maximum yield trial in the farmer's field. Taavera,
Nueva Ecijg. hilippines, 1985 S. 

of 11R21 820-154-3-2-2-3 incre.ased in direct propor- Grnin Vield Ci 0 - 
tion to applied N. Lodging Occurred at ripening 7

and involved bending of thle whole plant with no 
ster breakage. Based on yields in a supported 
treatment (Fig. 5), lodging reduced grain yield of 6 

iR21820-154-3-2-2-3 by a owut1.7 t/ha for a yield 
of about 7.0 t; ha at 89 :nd 104 kg N.ha when 
lodging was prevented. That line showed the 5 5 
highest. Nai length, h by anddd /hO)followed IptR64 {k-3 
110t2429-47-3-2-2 (Fig. 6); howeer, the response 3r R1 5ie.otpen p t mt 
of culm length to N was not clear. lIZ04 and V P64 

IR32429-47-3-2-2 had a highe r crop elasticity index 0 ____42 

while 11(21820-154-3-2-2-3 showed a linear de- I__ 
crease in crop elasticity index with increasing N 0 50 75 100 125 

(Fig. 7). Namnounts and crop characteristics could N applied Ckg/haC 

have interacted to ca se lodging in lIZ21 820-154-3- 5.Yield of 3 rice genotypes inunsupported treatment and of 
lR21820-154-.-2-2-3 in supported treatment. A 3- X 3-rn2-2-3. Knowledge o ciuim properties, i.e., node and nylon net was installed in one-half of the test plot to prevent 

internode physiological characteristics, root dis- lodging. IRRI, 1985 DS. 

GENETIC EVALUATION AND UTILIZA-TION (GEU) PROGRAM 

150 

9 



Culm length (cm) 

80 


75 -

70-AC 

65 

7- 'I29-47-3-2-2

60 

55 L-I 1 

0 50 75 ICQ 125 150 


N opplied (kg/ha) 

6. Culmlength of3 rice genotypes measured in the unsupported 
treatment. IRRI. 1985 DS. 

tribution, and soil moisture condition, is essential 
in developing appropriate selection criteria. 

YIELD PERFORIMAN(E Ot- IIYIRII) RICE 

Algronony Departent 

During DS, four hybrid rices, their high yielding 
parents (IR36, IR0, IR13429-75-3-1-1-3-2, and 
IR 13429-150-3-2-1-2), two early maturing varieties 
(1R60 and 1R62), and two medium maturing 
varieties (IR8 and IR42) were tested at three N 
rates. The hybrids were badly affected by bacterial 
leaf blight, sheath rot, sheath blisht, and Cer-

h aparentscospora leaf spot. Thus without applied N, their 

yields were lower than those of their parents and 
other t, Atrices. 

At. iterinediate N (75 kg; th,), yields of hybrid 
rices except MR365A 11030 were comparable to 
those obtained with most of the test rices(Table 1). 

The highest yield recorded among the hybrid 
rices--- 6.4 t/ ha for lR747B 2.-6-3A; ll(50 at 150 kg 
N/ha-- was0.6t,,ha lowerthanthat of IRatthe 
intermediate N rate. 

The hybrid rices had unproductive tillers and a
high percentage of unfilled spikelkts. 

Because of their disease susceptibility, the four 
hybrid rices were not further evaluated in WS. 

Instead, another hybrid rice, I(21845-90-3Ai
IR54, was tested. Its high yielding parents, 
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Crop elosticity index
 
072
 

068 

064 - 11 ,IR32429-47-3-2-2 

060 

056

052 -4l I 
0 50 75 100 125 150 

N"O.pl;ed (kg/ha) 

7. Crop elasticity index (CEI), or ability to recover from an 
applied horizontal push, of 3 rio: cultivars in the unsupported 
treatment. IRRI, 1985. 

initial angle - final angle 

= initial angle - 30V ) 

KAU1727, anu seven other IR varieties were 
included in the study.

Without N, the hybrid rice yield was similar to 

those of its parents and most of the test varieties 
(Table 2). 

IR64 at high N application had the highest grain 
yield (5.3 t/ ha). Exccpt for this varety, optimum 

Table 1. Yields of hybrid rices and their high yielding 
at 3 N levels in an irrigated field. IRRI, 1985 DS. 

Yield (t/ha) 

Variety 
N/ha N/ha N/ha 

IR36 3.9 abc 5.2 de 6.0 ab 
MR365A/IR36 2.7 de 4.1 f 4.4 d 
IRSO 4.1 ab 6.4 ab 4.8 d 

IR747B2-6-3A/IR50 3.4 bcde 5.6 bcde 6.4 ab 

IR13429-75-3-1-1-3-2 3.6 bed 6.1 abed 5.8 be 
MR365A/IRt3429- 3.0 de 6.2 abc 5.1 cd 

75-3-1-1-3-2 
IR] 3429-150-3-2-1-2 4.6 a 5.4 ede 6.3 ab 
MR365A/IR13429- 2.5 e 5.0 e 5.8 be

150-3-3-1-2 
1R8 3.5 bed 7.0 a 6.7 ab 
IR42 4.5 a 5.9 bcde 6.8 a 
IR60 4.1 ab 5.8 bede 6.2 ab 
IR62 3.1 cde 6.4 ab 6.2 ab 



___________________________________ 

-- 

11136 

Table 2. Yields of h, brid rices and high yielding parents 
at 3 N levels in an irrigated field. IR 1I,1985 WS. 

Vaiety 

IR8 a 

IR42 
IR50 

IR60 
IR62 
IR64 
IR21845-90-3B (P1) 

IR54 (P2) 
IR21845-90-3A/ 

IR54 (F 1 ) 
KAU1727 

Yield (t/ha) 

0 kg 60 kg 120 kg 
N/ha N/ha N/ha 

- _ _ 
2.7 c 4.1 bcd 4.1 cde 
3.4 ab 4.4 abcd 4.6 bc 
2.9 bc 4.4 abcd 3.9 je 
2.8 bc 4.3 abcd 4.9 ab 
3.1 abc 4.7 ab 4.2 cde 
3.2 abc 4.5 abc 5.3 a
3.2 abc 4.1 bed 3.8 e 

2.9 bc 4.0 cd 3.9 de 
3.6 a 4.9 a 4.5 bcdc 

3.2 abc 3.8 d 4.2 cde 
aCompletely damaged by RTV. 

yields of hybrid and all test rices were at 60 kg 
N,' ha. IR8 was severely damaged by tungro, and 
no yields were obtained. 

YIEI.I) PE RFORIMANCE AND ,I1RO(;E:' RESPONSE 
OF VARII IFS AND IIRIEH)ING lINES 

Agronon'D)epartnwni 

Irrigated rice. Yield performance and responsive-
ness to N of IR varieties and promising breeding 
lines were evaluated at IR RI, in farrners' fields, and 
at three Philippine Bureau of Plant Industry (BPI) 
stations. N rates during DS were higher than 
during WS. 
 durin WS. 

IRRI. The 28 rices tested in irrigated plots with 

5 N level ,during DS consisted of 10 early (:L: 115 d), 
12 medium (116-126 d), and 6 meditim-late varie-
ties. A medium maturing line, IR28150-84-3-3-2, 
gave the highest yield of 8.2 t/ha at 150 kg N/ha. 
Without N, another medium maturing line, 
1R21820-154-3-2-2-3, yielded 4.4 t/ha. IR29692-
65-2-3-3 had the best yield response of about 4.0 
t/ha to the first increment of 60 kg N/ha; however, 
it had the lowest yield at zero fertilizer N. 

Twelve rices reached their maximum yield. The 
rest did not - ailindication that the highest rate of 
N application was not enough for the other test 
rices to express their yield potential.
ncs o xpesshiryildpoenia.I

WS yields were con:;iderably lower than DS 

yilds when N was applied. Only 7 rices failed to 
reach their maximum yield, even at 120 kg N/ha. 

Figures 8 and 9 show tne actual yields of rices 

Groin yield Wt/ho) 

8 !',-1/5d 
I 
- 15d 

- 6

0 

-

/1 R2hv, 3-3-2-1R.rl-l,

f N29Y- ,'3,
3 R 


V P!131'1 48 r 


1 I ! I 

f/ 
* R183.ll8-363-3(I1f, 

3 -

V , ,IR:-

-i-- I I 

8 

7
 

6
 

5
 

4 

3 1 ,R 453-2o-3-2-2 

.,,H42
 
o 1R29723-88-2-3-3 

2 - T IR29723-143-3-2-! 
v Peo 

I I Ii
0 L 60 90 120 ,5 

Nrole (kq,ha) 

o16 - 4 ---2 3
2-9-1-3-3-3 

T-133229 --

I I t I I 

0 R2820-154-3-2--3 

73,13-2-

V IR35353-94-2-1-3 
V 1R35361-59-3-3-2 

, I I I I 
60O 90 120 150role (kq'ho) 

at 6 N rates. IRRI,8. Yield of rices 1985 DS. 
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6 
Grain yield (t/ha' 

109 d 	 1/0d1119d 

3
3 IR64
 

* IR29692-65-2-3-3 0 IR29692-95-3-2-1 	 e IR36 
2 	 - 0 R31851-63-1-2-3-2 o IR31802-48-2-2-2 -- 0 IR29658-43"'3-2-I 

H IR32429-68-3-3-3 U IR32429-47-3-2-2 M IR31868-54-"-3-3-3 

o iR39422-i8-,-2-2 	 C3 IR32429-122-3-,-2 n IR35546-i7-3-1-3 

22 d 123-130 d 
 134 d 

5 

4 

3 
0 IR35546-52-3-3-2 

* IR28222-9-2-2-2-2 0 IR28150-84-3-3-2 0 IR42 
2- 0 IR28228-12-3-1-1-3 a IR20 o IR29723-88-2-3-3 

* IR28228-28-1-3-3-2 0 1R25587-133-3-2-2-2 U IR29723-143-3-2-1 

o I 
n
I 

IR3561-59-3-3-2 
I __ I I I I 

T IR29723-17-3-2-1
L I I I I _ 

:R35353-94-2-1-3 
_-jI I 

0 .30 60 90 120 0 30 60 90 120 0 30 60 90 120 

N rate(kg/ha) 

9. Yield of rices at 5 N rates. IRRI, 1985 WS. 

with varying levels of N in DS and WS under Grain yield (t/ha) 

irrigated conditions. -/rrgated 

Farmer's field. The promising breeding line 6*------------. 
IR29723-143-3-2-1, which outyielded all test rices 5 - - -.- --. 

in the same field during the previous DS (Annual >,' 
report for 1984), also gave the highest yield at all 4 

levels of N in 1985 DS (Table 3). Although yields of ILSD05) 

Table 3. Yields of JR varieties and promising br.,eding 6 o 
lines at 4 N levels (0-150 kg N/na) in irrigated farmer's Remfed 
field, 1985 DS. T . , 

Variety Duration[4 Grain yielda (t/ha) 	 _1. - -

(d) 0 50 100 150 -

IR36 111 3.1 3.9 6.0 7.1 r *1R36 olR42 IlR64 
IR42 142 6.2 7.1 7.8 8.2 3 - o IR28150-84-3-3-2 

8.5 	 V IR29723-143-3-2-IIR18348-36-3-3 111 4.0 5.6 7.6 
IR28150-84-3-3-2 123 5.5 6.2 7.6 8.2 V IR3802-48-2-2-2 

IR29723-143-3-2-1 142 6.7 8.3 8.6 8.6 280 2
40N rate (kg/ha)7.0 7.4 0IR31868-64-2-3-3-3 111 4.3 5.3 

1R32429-47-3-2-2 101 3.2 3.3 4.5 5.8 
__________________101_3.2_ 3.3_ 4.5_ 5.8- 10. Yield of rices at 4 N rates in farmer's field (irrigated and 
aAv of 3 replications. LSD (0.05) = 0.8 t/ha. rainfed). Cabuyao, Laguna, Philippines, 1985 WS. 
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test rices increased with increasing N rate, re- Without N, the breeding line IR28222-9-2-2-2-2 
sponses to N application were not spectacular, as 
yields without fertilizer N were high (6.7 t/ ha from 
IR29723-143-3-2-1). 

During WS, appli, : on of 40-80 kg N/ha 
appeared to be optimal (Fig. 10). The medium-late 
maturing line IR29723-143-3-2-1 had better yield 
at all N levels. 

BPI stations. The optimum rate of N in 
Maligaya during DS seemed to be 120 kg N/ha 
(Fig. II). Three rices, however -- IR18348-36-3-3 
(IR64), IR28150-84-3-3-2, and IR29723-88-2-3-3 
- had increasing yield up to 180 kg N/ ha. With the 
exception of IR 18348-36-3-3 and IR29658-43-3-2-
1,test rices had high yields less than 8.0 t/ha. 

Grainyield (/ha) 

8 

7 LSD (0', 

63

5 /lhocid0 

4 , I29/5P-43-13-2-

0 1R311351-63-1-2-13-2 
8 !;132429-473-2-2 

3 IRK2429-Gf!-3--3 

2 

8 

7 

6 

4 
* 1820 
0 _235_-5-3-2-2-2 

3 n' Q281-0-84-3-3-2 

13 'P28222-9-2-2-2-2 

2 

t I i I I 


0 60 120 180 

outyielded the rest with 4.3 t/ha. 
In WS a typhoon devastated the crop. Test rices 

generally lodged, and shattering was heavy. 
Maximum yields were below 5 t/ha. 

DS planting in Bicol showed that rices maturing 
in 120d or longergenerally yielded higherthanthe 
early maturing rices (Fig. 12). Water supply was 
insufficient during the reproductive stage; hence, 
yields were relatively lowerthan thoseatlR Rl and 
Maligaya. Only 1R29723-143-3-2-1 yielded more 
than 7.0 t/ha. 

As in Maligaya, the Bicol area was also affected 
by a typhoon during WS. Maximum yields were 
5-6 t/ha. 

0 R3 

0 R18348-36-3-30(154) 
" 1l31802-48-2-2-2 

1 iR3l868"64-2-5-3-3 

I I 

12'3-
/40d 

A 

* IRS 

o .42 

U 409723-88-2-'3-3 

* 3129723-143-3-2-1 
V I835361-59-3-3-2 

PtVF? 

I i 1 I I 

0 60 120 180 

N role(kg/ro) 

I1. Yield of rices at 4 N rates. Maligaya, Muioz,. Nueva Ecija, Philippines, 1985 
DS. 
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Groin yield (f/ha) 
7 

<//O d 

6

5 

4

* 1529658 43-3-2-I 

3- UIR385-63-I-2-3-2 
0 iR32429-47-3-2-2 
V IR32429-68-3 "3-3 

F 20 -,31d 

;* 

o520 
2 2I3-4332~IR35361-59 

0 R28222-9-2-2-2-2 

0 60 120 

110-119 d 

0 :525587-133-3-2-2-2 
U 153802-48-2-2-2 

R31166-64-2-33-3 

o8 29723-883-2-3-30 

N 1529723-143_3 2_'
 
_-332
 

y Peta 

180 0 60 120 180 

N rate (kg/ho) 

12. Yield of rices at 4 N rates. Bicol Experiment Station, Pili,Camarines Sur. Philippines, 
1985 DS. 

Figure 13 summarizes the yields obtained from 
the Visayas when N was applied during DS. 
IR18348-36-3-3 (IR64), 1R29723-143-3-2-1, and 
IR35361-59-3-3-2 had higher yields than the rest. 
Without fertilizer N, only the breeding line 
IR29723-88-2-3-3 produced more than 4.0 t/lia. 
The optimum rate of N application at the Visayas 
station was about 120 kg N/ha. 

At the Visayas station, WS yields were com-. 
parable to DS yields and generally higher than 
those in Maligaya and Bicol during WS (Fig. 14). 
IR64 again outyielded all Lest rices. I1R32429-47-3-
2-2, 1IR29723-143-3-2-1, and 11035546-52-3-3-2 
were found to increase yields with increasing N rate 
up to 120 kg N/ha. Most rices had their highest 
yield at 60-90 kg N/ha. 

Rainfed rice. IRRI. Twelve rices were tested in 
IRRI rainfed plots. IR04 gave the highest yield(5.1 
t/ha) at 120 kg N/ha (Table 4). Without fertilizer 
N,however, IR46 and IR28150-84-3-3-2 produced 
grain yields of 4.0 t/ha. 

Farnier 'fiehl. Application of 40-80 kg N/ha 
appeared to be optimal under rainfed conditions 
and gave yields similar to those under irrigated 
conditions (Fig. 10). 

Q AI.I I Y (iRAIN AN[) YIELID I'OI[ENTIAL 

Platt Phtysio/ogy Department 

High density or quality grains are heavier. The 
standard 1R8 grain weighs 28 mg, and a high 
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density grain is 31 mg. The rice grain yield is and causes collection of heavier grains. Milling 
heterogeneous, and the lower density grains recovery and head rice recovery showed lineara 
comprise the major proportion of the yield in IR8. relationship [r = 0.969**, Y = 26.62 (X)- 2.47] with 
Yield could be increased by 35% if the low density biower opening (Fig. 15). At the widest opening 
grains could be changed into quality grains. (6.4 cm or 2.5 in), milling recovery was high (70%) 

Sink size. Potential grain weight is higherforany and head rice recovery was 64%; it was 91% based 
given variety than the reported standard (Table 5). on milled rice. Besides indicating highergrain yield, 
In IR8, improvement of grain weight could in- selecting varieties with high percentage of high 
crease the yield from 7.0 to 7.8 t/ ha. density grains would also give higher milling and 

1R29725 has a very higo percentage of high head rice yields. 
density grains. The varietal differences ar- large Potential yields. Potential grain yield could be 
and suggest vast scope for improvement of this determined for a cultivar by multiplying total 
character. spikelet number by the individual grain weight of 

Milling recovery. Different grades of grain were high density grain. 
obtained by using the full spectrum of the seed 
blower opening, i.e., from 0.6 to 7.6 cm (0.25 to Potential yield = total spikelets produced/in 2 X 
3.0 in) at intervals of 0.6 cm (0.25 in), to vary the air 1,000-grain weight of high 
pressure. Air velocity increases with larger opening, density grain 

Groin yield (t/ha) 

<105d 106-115d 

4 0 IR2385-63--2-3-2
 

? o IR29658-43-3-2-1 

I3 

* IR32429-47-3-2-2 013 
0 30 01 90 150 0 0 0900R18348-36-3-320 0 (1R64)

3-~~~ ~ iR22-83--~ ~ 131902-48-2-2-26-

L] iR3868-64-2-3-3-3 

7 
116 -125 d >2 

N rate (kg/ha) 
13. Yield of rices at 7 N rates. V/isayas Experiment Station, Iloilo, Philippines, 1985 DS. 
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Grai 	 yield (t/ha) 

0 IR3802-48-2-2-2 16 	 0 IR32429-47-3-2-2 

0 IR35546-52-3-3-2
 
O IR39422-iB-1-2-? 

5-5 

4-
LSD( 05) * IR36 

0 IR64 
3 - IR29658-43-3-2-1 

[ IR31868-64-2-3-3-3 

V IR32429-122-3-1-2 

. I 12 	 I 

7 	 120-130 d 131-143.d 

6 

5

4 

* R8 

3 	 oCR20 
? IR25587-133-3-2-2-2 0 JR42 

a IR28150-84-3-3-2 0 R29723-88-2-3-3 
2 - N26222-9-2-2-2-2 IR29723-143-3-2--I 

0 POWO 

I I J I ] I __Ji __ _ __ _ __ __ _ __ _ 

0 30 60 90 120 150 0 30 60 90 120 150 

N rate (kg/ho) 

Philippines,14. Yield of ries at 6 N rates. Visayas Experiment Station. Iloilo, 
1985 WS. 

Table 4. Yields of IR varieties and promising breeding In these studies the potential yield is 10.4 t/ ha for 
lines at 5 N levels (0-120 kg N/ha). IRRI rainfed farm, IR8, 8.8 I/ha for Peta, 8.3 t/ha for IR58, and 7.6 
1985 WS. t/ha lor Binato. But the actual yields realized were 

Grain yielda (/ha) only 7.9, 5.9, 7.0, and 4.8 t/ha, respectively. In 
Variety Duratio'. 

(d) 	 0 30 60 90 120 som field experiments, the spikelet number 
rc,!ized was as high as 48.2 X 10:, which amounts

IR36 	 112 2.5 3.2 3.6 3.6 3.2 
136 3.2 3.7 3.9 4.2 4.0 to a potential yield of 14.9 t/ ha.IR42 

IR46 127 4.0 4.5 4.4 4.0 3.6 Growth duration. The duration of vegetative 
IR64 127 3.5 3.5 3.9 4.3 5.1 growth in BPI-76 was varied by photoperiod 
IR25587-133-3-2-2 136 3.7 3.4 3.2 3.3 3.3 

4.0 	 treatments from 45 to 105 d at 20-d intervals toIR28150.84-3-3-2 136 4.0 4.0 3.9 4.5 
IR28228-12-3-1-1-2 136 3.5 3.8 3.9 3.7 3.9 examine the relationship between growth duration 
IR29723-88-2-3-3 136 3.3 S.1 3.7 4.2 3.4 and quality grain. Although a higher shoot dry 
IR29723-143-3-2-1 136 3.2 3.8 3.6 4.4 4.1 
IR31802-48-2-2-2 112 2.9 2.9 3.9 3.8 3.3 weight was advantageous f t roduction 
IR31868-64-2-3-3-3 112 2.8 3.8 3.6 3.5 3.6 larger sink, high density grain production was not 
IR32429-122-3-1-2 112 2.6 2.8 2.8 3.0 3.6 related to shoot weight at all growth durations. It 
aAv of 3 replications. LSD (0.05) = 0.8 t/ha. should be possible to put the high density grain 
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Table 5.Distribution of different grades of grains.a IRRI, 1985. 

Variety Chaff Poor 

1.00-1.06 

IR29725 18.4 7.3 
(17.0) 


IR42 8.0 8.7 

(11.8) 


IR28222 15.1 12.7 

(17.6) 

IR28178 23.8 13.1 
(15.2) 


IR29744 16.1 15.5 

(12.3) 


Peta 19.5 12.7 

(16.7) 


IR58 9.9 11.0 

(15.3) 


1R8 11.5 17.0 

(22.5) 


Binato 20.0 12.3 

(16.9) 

aFigures in pa:entheses are weight (rag) of a single grain. 

Head rice
Milling recovery (%) 	 from ied ,ie( 

70 	 Milling recovery
S~varying 
Hed,,ie from60-	 r ug rie( 

50o 	 D ooKernel5 of milled riee 

40-

_80 

30 ialways 
60 

20 410 

0-
 20 

0 -. L IL>L IL JLi 
025 075 	 125 175 225 2 79 (in) 

06 13 19 25 	 32 38 45 5r 57 64 70 76(cm) 
Blower opening 

15. Milled riL,! atdifferent openings of the seedand head rice 
blower. IRRI, 1985. 

Distribution (%) 
Average Good Quality or 

1.08-1.14 1.16-1.20 high density 
>1.20 

3.0 	 8.6 63.0 
(19.4) 	 (22.3) (25.3) 

10.8 	 15.0 57.4 
(15.5) 	 (18.7) (20.6) 

5.5 	 12.5 54.1 
(21.8) 	 (24.5) (27.9) 

4.6 	 8.5 49.8 
(17.6) 	 (19.8) (22.9) 

5.8 	 15.4 47.3 
(14.2) 	 (15.4) (18.4) 

8.4 	 15.6 43.7 
(21.5) 	 (24.6) (28.0) 

8.5 	 30.3 40.3 
(18.7) 	 (21.6) (24.0) 

7.0 	 26.0 39.0 
(25.9) 	 (29.1) (31.0) 
12.0 	 23.9 32.0 

(21.5) 	 (25.0) (26.5) 

character in 	 the background of a vaicty of any
growth duration. 

Localion. Eleven rice cultivars with grain sizes 
from 15 to 40 g 1,000 grains were 

examined for the occurrence of medium (submerged at 1.1specific gravity) and high densi2 


(submerged at 1.20 specific gravity) grains. 
Medium and high density grains were concentrated 
on the primary axis, followed by the secondaries; 
tertiaries did not have any (Fig. 16). The order of 
appearance of medium and high density grains was 

basipctal in a branch. It was hypothesized
that I) the rice panicle is an assemblage of small, 
independent sinks (spikelets), 2) the topmost sink 
in each branch isthe first one to become active, and 

3) this creates a translocation gradient for the 
assimilates, which flow toward the terminal sink 
.,nd fillit to its potential site. This terminal sink 
influences the subsequent sink thaIt will be filled. 

Ihese studies indicate the following possibilities 
for enhancing yield potential: 

S Combine high grain number with high pro

portions of 	 intermediate and high density 
grains. 
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http:1.16-1.20
http:1.08-1.14
http:1.00-1.06


1.18specific gravity I20 specific gravity 
(good grain) (good grain) 

-

IR30 

IR747 

IR29692-99-3-2-1 

16. Location of good and quality grain in 3 rioe varieties. IRRI, 
1985 DS. 

* 	Combine varieties with high density grains on 
primaries with those possessing higher number 
on the secondaries so that both types of 
branches receive the advantage. 
lailor new varieties to minimize secondary 
and tertiary branches so that the number of 
primaries increases. 

High density grain index. A high density grain is 
a manifestation of certain vital physiological 

processes such as assimilation, translocation, con
version, and low respiration. An increa!:ed propor
tion of high density grain as such, or increasing the 

given grain or spikelct number, would 
same at a 

enhance yield potential. Furthermore, it would 
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ensure higher milling and kernel recoveries. This 

trait might be useful in screening varieties for high 
yield potential; it could be calculated as follows: 

High density - number of quality grains/ ml X 100 
grain index total number of spikelets/ m2 

From this formula, the high density grain index is 
47% in Peta, 39% in IR8, 30% in IR58, 40% in 

Binato, and 57% in IR42. IR29275 registered 63%. 
Heritability. The possibility of attaining an 

increased high density gram index 'i, the progeny 
of crosses is of great significance. Five hybrid 
combinations with their respective parents were 
examined. The characterwas found ata lowerlevel 
inthe F, ofthe H1 cross(Fig. 17). In crosses H2, H3, 

Quality grain index (/) 

405H 

Co. 
10- m 

0t 	 0 

3 

20

10 
K) W 

o .. 
40 

5 

30 

20 

o LZ 

0

0 

17. Quality grain in parents and hybrids. IRRI, 1985. 



H4, and H5, Fis showed a higher proportion of 
high density grains than their respective superior 
parents. Cross H5 showed the highest heterosis for 
this character. High density grain index is heritable 
and heterotic, which means it is amenable to 
manipulation for higher yield potential. 

VARIEIAI. DIFFt -NCIS IN DAR K RFSIVIRAIION 

RATE 

Plant Ph.fiolog il)elartment 

Low dark respiration rate at later growth stages 
has been considered a contributory factor in 
improving crop growth rate. Identifying rice varie-
ties with low maintenance dark respiration is one 
way of improving crop growth rate. )ark respira-
tion is affected 1y both environmental f'actors and 
physiological factors, 

The diurnal pattern of dark respiration in 16 
field-grown rice Varieties was Studied. Ihe mate-

Respirotion rote (rug CO2 I dry weqhjht per h) 
2 

-,---- - -~- Pe---- -. 

0 I I I I 

1200 1800 

Time of 

rials were sown on 15 Aug and transplanted on 
30 Aug. Forty kg N/ha as urea was applied 
basally. The dark respiration rate at heading of 
detached flag leaves sampled early in the morning 
was measured. After enclosing tile leaves in a 
temperature-regulated chamber (24 ± 0.5 oC), the 
rate of CO, evolution was measured by infrared 
gas analyzer (Fig. 18). The rate decreased during 
the first 6 h (Ra) and was almost constant for the 
next 6 h1(Rb). After 12 h, it increased again, and 
eventually leveled off(Re). Little varietal difference 
was found in the diurnal pattern. 

In comparing dark respiration rate among varie
ties, it is dsirable to find the rate that is stable fora 
certain period and is littl: affected by preceding 
environmental conditions. Dark respiration rate in 
Rb showed a quite constant rate for about 6 h and 
was only slightly affected by the solar radiation of 
the preceding day, except with extremely low solar 
radiation (Fig. 18). Thus, Rb isa suitable phase for 
comparing varietal differcnees. The relation:;hips 

Rc- - --

V V 

I I I I I 

2400 0600 

day 

18. Diurnal change of dark respiration in detached flag leaves of IR58. Symbols show solar radiation 
(mWh/cm 2) ofthe day beforc sampling: 9 =475.0 = 445, V = 355 V = 155. 
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Table 6. Average dark respiration rate, N content, plant height, and days to heading of 16 rice varieties. IRRI, 1985. 

Days (no.)
Variety fNom seeding N 

to heading 

ADT28 66 3.99 
IR58 69 3.83 

TKM6 70 3.69 
IR36 72 3.90 
Azucena 73 3.66 
Nona Bokra 76 3.33 
Zenith 77 3.55 
Basmati 78 3.19 
IR52 79 3.52 
IR8 80 2.81 
20A 83 3.19 
ERlO 84 3.02 
H5 86 2.36 
Milfor 87 2.57 
Mahsuri 90 2.21 
Peta 91 2.42 

among the Rbs of 16 varieties and various plant 

factors were examined. The Rb was not related to 

plant height (Table 6) and was negatively cor

related with duration from seeding to heading (r 

-0.568*), partly because of the lower N content of 

leaves of longer growth duration (r 0.557*). N 
content was highly and negatively correlated with 

growth duration (r -0.937**). 

EFFECI OF DEFP PIACEMENT FER ILIZATION AT 
LATER GIROWTI SIAGE ON SI'I KELET 

FORM ATION 

Plant Phsiology Department 

Experiments in 1985 DS evaluated the influence of 
late deep placement of N on plant growth, yield 

components, and grain yield. The fertilizer method 
and rate are shown in Table 7. 

Table 7. Fertilizer application. IRRI, 1985 DS. 

a
rate (kg/ha) 

Deep placement at 
Variety Standard split later growth stage 

Basal 5 DBPI 5 DBF Basal 5 DBPIb 

IR36 110 40 0 40 Ito 

Peta 60 40 0 40 100 
IR8 110 40 40 40 150IR42 110 40 40 40 150 


aSource: :omplete fertilizer (12-12-12). DBII = days 

before panicle initiation, DBF = days before flowering. 
bDeep-placed at 10-15 cm. 
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Average dark :espiration ratePlant height 

at heading (ig C02/g dry weight per h)
 

(cm) Ra Rb Re 

119 1.58 1.12 1.45 
92 1.36 1.21 1.80 

134 2.16 1.63 1.94 
91 1.34 1.07 1.28 

139 1.77 1.41 1.73 
152 2.31 2.00 2.31 
125 2.04 1.81 2.09 
130 1.23 1.20 1.50 
105 1.23 0.96 1.30 
86 1.18 0.69 0.93 

168 1.17 0.89 1.23 
103 1.02 0.72 1.02 
159 0.95 0.74 0.96 
118 1.00 0.87 1.24 
126 1.16 0.89 1.09 
145 1.07 0.73 0.86 

Punicles/m 
2 Spikelets/pance 

120500 

4c)k -100 

............ ::::::::::::
.................................


............
 
3o -C. 

200 - 50

.
 
................. .....

......... 


:::::::::::::
 
.......................
 

100 - 4
 

............
 

............
 

0
 
Filled grains MO/o) 1,000 groir weight g)
 

80 24 
split
Standard 


. .e deep placemen 

...........
 

60 ........
 
............
 

.....::.....:
 

40-,
 

.)
 
19. Yield components in 4 rice varieties (av) as influenaed by 
standard split and late deep placement of N. IRRI, 1985 DS. 



Compared with the standard split method of Spikelets (10
3
/m 

2 
)
 

fertilization (av of four varieties), deep placement 52
 

of N at later growth stages suppressed the growth 48
 

of unproductive tillers, increased tile percentage of 44
 
effective tillers, and reduced the leaf area index. , Northern Japan 
The first three elongated internodes were signif- I 
icantly shortened. Crop growth rate during the 36 / 
reproductive phase and dry matter efficiency in 32 - 0 

producing spikelets were higher. Growth after / ." -Los Bofos and 
southern J28 heading in deep placement plants was also faster. 

Late deep placement prompted more panicles 24 / " 
and higherspikelet numberperpanicle but reduced 2o-/ 

filled grain ratio and 1,000-grain weight slightly 
(Fig. 19). 16 

All varieties showed better yields under standard 2 

split than under late deep placement (Table 8). The * Broadcast 
lower yield in the deep placement plot may have 8 o Deep placement 
been due to slower growth at the earlier growth 4 

stages because of lower N level. With deep place- 0 1 1 1 1 1 1 1 1 1 
ment, thecomparativvbettcryield of 1R8semcd 0 2 4 6 8 10 12 14 16 18 20 

to indicate a varietal difference in grain yield Absorbed N(g/m 
2 ) 

response to late N deep placement. 	 20. Relation between spikelet number and absorbed N byotherNflde lacent 	 heading of IR21850-84-3-3-2%with deep-placed and broadcastAnother field trial was conducted to compare at later growth stage. IRRI. 1985. 

the effect of broadcast and deep-placed N at later 

growth stage on spike let formation using IR21850
84-3-3-2 and different rates of N. The N fertilizer 	 treatment consisted of 40 kg N/ha applied basally 

in all plots and 25-200 kg N/ha either broadcast or 
deep-placed. 

Table 8. Yield response of 4 rice varieties of different The spikelet numbercorrelated with the amount 
maturity to method of Nfertilization. IRRI, 1985 DS. of absorbed N by heading for both broadcast and 

Yield (t/ha) deep-placed N (Fig. 20). This association declined 
Maturity at higher N rates. Up to II g/ m2 of absorbed N,

Variety (d) Standard Deep placement Difference deep-placed N produced more spikelets/m 2 than 
split at later stage broadcast N, meaning the efficiency of N used to 

IR36 107 6.3 5.9 0.4 produce spikelets is higher in deep-placed than in 
IR8 132 7.4 7.2 0.2 broadcast N at low to moderate N levels. The 
IR42 132 7.7 6.8 0.9 efficiency of spikelet production per unit of 
Petaa 141 3 5 2.2 1.3 absorbed N by deep placement was higher than in 

Av 6.2 55 	 Los Bahos, Philippines, and southern Japan, but 

aLodged, still lower than in northern Japan. 
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Genetic e'2hnion and utilization 

Grain quality and nutritional value 

Cereal ChemistrY, Plant Breedig, Agronomy, Entomology, Statistics, Multiple 
Cropping, and Soil Microbiology Departments, Tisue Culture Facility, and 
InternationalRice Testing Program 
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BREEDING PROGRAM AND EVALUATION ture adsorption tolerance (fissuring resistance) was 

Cereal Chemistry, Plant Breeding, Agronomy, developed based on an actual micromilling test. 
antdStatistics Delartinents An infrared moisture balance 1%wasforused5.00 togreduce the weight (moisture) by 

Internediate-amylose lines (Cereal Chemistry and brown rice in 45 sor 2% for 8.00 g rough rice in 90 s. 
Plant Breeding). With intermediate amylose con- The dried grains were then stressed by overnight 
tent (AC) and intermediate gelatinization temper- exposure to ambient conditions of temperature 
aturc(GT)rices being developedand selected in the and humidity, and 5 g brown rice was milled in a 
breeding program, it was observed that AC and Kett Pearlest mill for 30 s. The friction micromill 
GT (indexed by alkali spreading value) were no gave similar results and sample ranking asa McGill 
longer significantly correlated among elite lines mill. A stress study on brown rice ivealed 
(Table 1). AC correlated significantly with Instron differences in endosperm stress tolerance, whereas 
cooked rice hardness and Amylograph consistency the data on rough rice reflected differences in hull 
in the wet season (WS) crop but not in the dry tightness and endosperm stress tolerance. Rough 
season (DS) crop. However, cooked rice hardness rice data are more relevant in the tropics, where it is 
and Amylograph consistency were correlated with mainly rough rice that is stored. 
each other in both crops. Gel consistency (GC) Application of this method to elite lines gave 
using the standard 100 mg rice flour mi.,; , ge'ncrally higher head rice yield for stressed rough 
significantly correlated with cooked rice hardness rice than for stressed brown rice. IR64 and 
and Amylograph consistency than was GC using IR28150-84-3 with intermediate AC and inter
90 mgflour. IR64 had a cooked-rice hardness value mediate GT had better head rice yields from 
of 6.8 kg in the WS crop and 7.7 kg inthe DS crop; stressed rough rice than IR42, but had comparable 
values for IR28 150-84-3 were 7.4 kg for the WS hlad rice yields from stressed brown rice (Table 2). 
cropand 7.7 kg for the DS crop. Additional quality The Indian variety Halubbulu was found to be 
parameiers besides GC would be desirable to stress tolerant and to have high AC and inter
discriminate among samples of similar starch mediate GT. 
properties, such as intermediate-AC, intermediate- Field grain samples of IR varieties were har-
GT lines. vested in 1985 WS at normal maturity and at I wk 

Milling quality studies (Cereal Chenristry and later, oven-dried at 38-40 'C in the laboratory, 
Plant Breed ng). A screening procedure for mois- aged in sealed jars for 2 moo, and then subjected to 

Table 1.Range of values and correlation coefficients among quality characteristics of intermediate-amnylose elite lines. 

IRRI, 1984 WS and 1985 DS. 

Correlation coefficients with 

Property Range of AlaiGel Cooked Anlorpvalues Alkali coedspreading consistency ricenAm yealue hardness consistency 

1984 I'S (n = 17)

Amylose content (%) 20.6- 24.7 0.37 -0.63** 0.82** 0.86**
 
Alkali spreading value 3.0- 6.0 -0.49* 0.48 0.34
 
Gel consistency (am) 29 - 53 -0.69** -0.64**
 
Cooked rice hardness (kg) 5.8- 8.5 0.71**
 
Amylograph consistency (BU) 80 -410 

1985 DS (n = 17)
Amnylose content (%) 17.5- 25.0 -0.04 -0.71** 0.28 0.35 
Alkali spreading value 3.5- 7.0 -0.28 0.28 0.58* 
Gel cor'istency (num) 31 - 54 -0.49* -0.51" 
Cooked rice hardness (kg) 6.7- 9.4 0.58* 
Amylograph consistency (BU) 80 -380 
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Fable 2. Typical responses of IR42, 1R36, 1R64, IR28150-84-3, and llalubbulu rice to moisture-adsorption stress test for 
milling quality. IRRI, 1985 DS and WS. 

[lead milled rice yield" (%of rough rice) 

1% moisture using infrared moisture 

Variety or line Season 
Unstressed Stressed Stressed 

rough ricell brown ricec 

IR42 
IR36 
IR64 
IR28150-84-3 
tlalubbulu 
IR42 
IR36 
IR64 
IR28150-84-3 

DS 
DS 
DS 
DS 

WS 
WS 
WS 
WS 

52 ± 1.5 
43 ± 1.0 
59 ± 0.5 
59 ± 0.5 
57 ± 1.0 
67 ± 0.4 
52 ± 0.4 
63 t 1.6 
66 .t 1.7 

42 t 4.5 
44 ± 1.0 
55 ± 2.2 
59 ± 0.5 
56 ± 3.6 
43 t 9.1 
54 :t 3.3 
54 ± 2.3 
63 ± 4.0 

44 ± 1.5 
27 ± 2.3 
41 ± 4.7 
43 ± 5.0 
43 ±4.2 
51 ± 3.2 
27 ± 0.4 
45 ± 3.5 
45 ± 3.3 

aMean ± SI). bRemoval of 2% moisture using infrared moisture meter. ('Removalof 
meter. 

milling tests with and without stressing of brown 
and rough rice. Lodging contributed to poor head 
rice yield. Total milled rice rcoycry ranged fromtt 
69to73% ofrough rice; head rice yield was46-7 I % 
(mean 61('j) at normal harvest and 47-70"' (lica n 
60% ) with I-wk delayed ha rvest. Ilead rice yield 
was 19-54(i (racan 391) for stressed brown rice 
and 28-64"( (incai 50('j) for stressed rough rice. 
With I wk delay in harvest, hcid rice yield \was 
17-54%'b (/ncan 38f'(') for strsNCd brown rice ilrid 
1543% (ineat 48'7 ) for stressed rough rice. Ithus, 
delaying harvest for I wk in W.S was not relevant in 
screening for fissuring resistance. A fixed artificial 
stress, such as drying to remove I constant rois-
ture content and then exposing to a humid condi-
tion was a morc sensitive riethod. 

Quantitative analysis of aroma (Cereal CwTn-
istrt). In I a cooperatIie stti(Iy, chemists at the 
United States Department of Agricullture(ISI)A) 
Western Regional Rescarch Center (W.RC), 
Albany, California, developed a relatively sirnple 
inethod for the l t ntitative analIis of the arotma 
principle of rice, 2-,'cctyl-l-pyrroline. lhe rtethod 
uses 2-h atmosphcric pressutre steam distillation-
continuous extraction of 2(X) g rice in 6 liter's water 
(with an internal standard collidine) with an acid-
phiase (82 ml 0.46 M stilfuric acid) 120 ml dietlx' 
ethersolvent extraction. The iquCous IICIrcovercd 
with dliethyl etheristlhen ncutraliied with NaIlICO, 
and shaken thoroughlv, and the ether layer is 
concentrated prior to gas-liquid chrornatography' 
at 900 C and 0.4 kgicnn Flc using a 1.2 in X 3 trn 

Pyrex colunin of 80-I(X) mesh Chromosorb G 
coated 10(' by weight with Carhowax 20-M. 
Retention timewwas22 rin for 2-acetyl-l-pyrroline 
and 26 itn for collidiic. Collidine recovery was 
28('7; this factor was used to correct for 2-acctyl-l
pyrroline content. 

Oxygen uptake of developing grains (Cereal 
(7emi. trl'). Im matture grains Contribute to poor 
milling recovery and may also contribute to high 
respiration rates of unith reshcd partijcles. A stidy of 
the O, uptake using a Clrk 0, electrode of 
fresh grains of the ic latively nondormant vainetv 
IR62 about 15, 20, 25, and 30 d after floweririg in 
1985 WS showed similir values (12.0, II .4, 11.4, 
and 10.5 rinol 0, Ihper grin, respectively). Tbus, 
Wet inllattire aind iature grains have simiilar 
respiration rt tes. 

Protein screening of yield trials (Cereal ChTem
istrY, Plaw l3'o'edui,, ,.'lrottM.r'. and Statis'is). 
Brown rice protein (BII ) continued to correlate 
negatively with growth duration in both crops of 
the 1984-85 replicated yield tril s, asdid ron gh rice 
yields (Table 3). Itt o ntrast, the correlation 
between growtl duration and yield was negative 
and significant only in WS;: it \kas posilive in I)S, as 
wits reported in 1984. A Ic'\ entries showed highter 
protein content than the check varieties IR36 and 
I P.42 in either season, but not in both seasons. 
IZ 2 9658-09-2 (I10.6(, BR P) had higher yield (4.8 
t ha)thanIR36( O.5"7 HRIP.4()t ha)ard higher 

yield and protein than IZ42 (9.6(" BR 1), 4.2 t/ hia) 
in 1984 WS. IZ28228-119-2 had higher yield (7.0 vs 
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Table 3. Range and correladon between growth duration, brown rice protein (BRP), and rough rice yield in replicated yield 

tia.ls.a IRRI, 1984 WS and 1985 DS. 

1984 WS (n = 416) 1985 DS (n = 367) 

Correlation Correlation 

Property Range coefficient with coefficient withRange 

Growth 
duration 

Rough 
rice 

Growth 
duration 

Rough 
rice 

yield yield 

BRP(%) 
Growth duration (d) 
Rough rice yield (t/ha) 

6.8- 13.9 
98 -134 

1.5- 5.7 

-0.39** -0.30** 
-0.76** 

6.4- 10.7 
102 -135 

3.9- 7.8 

-0.49** -0.12* 
0.15"* 

aIR.16 and IR42 check varieties. Interactions between checks and trial plots were significant in 1985 DS. 

6.3 t/ha) and BRP (9.6 vs 8.7%) than IR36 in 

1985 DS. 
Flowering in IR58 and IR36 occurred around 

the period of maximum N uptake per hill from 

applied N fertilizer (Fig. 1),which may explain the 
higher N harvest index (I) and higher grain 

protein in these varieties compared with IR42 aid 

H4 (Annual report for 1984). In contra;t, dry 

matter accumulation rates of the four varieties 
were similar(Fig 2). Confirmation of the results in 
1985 DS in experimental plots involving three 
methods of urea fertilizer application showed 

higher protein and N HI only for I 158 (Table 4). 

IR36 had surprisingly low protein content, com-

parable to IR42, in contrast to the higher values in 

replicated yield trials. 
Among 29 IR varieties grown in the 1985 WS 

duration was 100-demonstration plot, growth 

142 d, HI ranged from 0.38 to 0.58, and N HI was 

0.38-0.71. HI was0.57 for 1136, 0.57 for IR58,and 
was 0.70 for IR36 a:-! IR58,0.42 for IR42; N HI were 

and 0.60 for IR42. Highest N His (0.69-0.71) 

obtained from5 IR varieties with highest HI (0.57-
0.60) and growth duration of 100-112 d. Similar 

results were obtained for IR36, 1158, and lIR42 in 
1984 WS. 

Identification of rice varieties (Cereal Chem-
istrv). Electrophoresis of alcjhol-soluble endo

sperm proteins (prolamin) has become a recog-

nized method for identifying varieties of wheat, 
rye, and triticale. However, the prolamin content 

of rice protein is less than 5%. In a cooperative 

study with the Department of Plant Science, 
rice fromUniversity of Manitoba, Canada, milled 

Nitrogen (g/hilI) 
Leaf des 

-R58 , oreaf sheaths
and cum 

- . FFlowe,,,g 
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-
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02 
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I. Changesin Nin leaf blades, leafsheaths plusculm(stcm),and 
panicles of 3 IRvarieties and tM,.IRRI, 1984 WS. 
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Dry matter (g/hil) 
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2. Changes in dr weight in leaf blades, leaf sheaths plus culhn, 

(stem), and panicles of 3 IR varieties and 114. IRRI, 1984 WS. 

six vareties with diverse properties was subjected 
to electrophoretic screening. Proteins were cx-
tracted with 5 N acetic acid and subjected to 
polyacrylamide flat gel electrophoresis in pH 3.1 
aluminum lactate buffer. The six varieties could be 
distinguished on the basis of their electrophoretic 
protein banding pattern, making this method 
potentially useful for variety identification. 

GRAIN QUALITY AND NUTRITIONAL. FACTORS 

Cereal Chemistr', Agronomy, and Multiple 
Cropping Depariments and Tissue Culture 
Faciliti 

Country samples (Cereal Chemisiri). Rice samples 
were received from eight countries (Table 5). Rices 

Table 4. Mean rough rice protein, harvest index, and N 
harvest index of 4 rice varieties that received 116 kg urea 
N/ha. IRRI, 1985 DS. 

Growth Rough rice HlarvestN harvest 
Variety duration protein index index 

(d) (%) 

IR58 101 7.4 0.60 0.74
 
IR36 111 5.9 0.54 0.65
 
IR8 124 6.0 0.49 0.64
 
IR42 125 6.2 0.48 0.67
 

from Argentina showed a shift in selections to low 
and intermediate AC and to soft GC. Most of the 
selections had low AC and intermediate GT, or 
intermediate to high AC and low GT. The check 
rices all had low GT. The combination low AC and 

GT was uncommon except for 
Australian long-grain rices. 
The Burmese rices were either of intermediate 

AC, of low AC, or waxy. The intermediate-AC 
rices had either intermediate or low GT,but theand 

and waxy rices had low GT. Nonwaxy 
ricesI had all three types of GC values, but waxy 
rices had soft GC.The six Chinese rices had the typical high AC for 

indica and low to intermediate AC for japonica 
rices. Protein content and cooked rice hardnessvalues were higher for the indicas than the 

japonicas. 
The Greek rices had low AC and intermediate to 

low GT,or intci-mediate AC and intermediate GT. 
GC values were either soft or medium, and the 
intermediate-AC sample had the hardest cooked 
rice. Protein content of the samples was low. 

Korean samples showed similar properties for 
japonica and indica/japonica rices. However, 
japonicas tended to have lowerlength-width ratios 
(1.8) than indica/japonica rices(1.9-2.7).J.aponicas 
had more homogeneous milled rice lcngths of 4.7
4.9 mm and widths of 2.7-2.8 mam, whereas the 

indica/japonica grains were4.7-5.9 mm long(mean 
5.4 mm) and 2.2-2.5 mm wide. The shortest-grain 

indica/japonica rice, Chilseongbyeo (4.7 mm), was 
narrower (2.4 mm) than the japonicas. 

Pakistani fine-grain selections were high-AC 
rices, and one intermediate-AC, intermediate-GT 
rice. GC was either medium or hard. The selections 
had higher protein content and harder cooked rice 
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Table 5. Range of milled rice properties of country samples. IRRI, 1985. 

Amylose Gelatinization
b 

Gel Protein Cooked rice 
Source Sample contenta temperacure consistencyC (%) hardness d (kg) 

-Argentina 21 selections L, 1>11 L>l S>M>ll 
-9 varieties H>I>L L M>H>S 

Burma 14 nonwaxy I>L L>l H>S,M 	 5.6- 8.1 
5.1- 8.2 11 waxy Wx L S 

China 3 indica 11 L, I H, M 9.7-11.8 8.2- 9.6 

3japonca 1,L L M 6.2- 8.4 7.4- 9.1 

Greece 3 varieties L> I>L S>M 5.2- 6.0 5.1- 8.2 

Korea 6 indica/japonica L L S 7.8- 9.3 5.4- 6.6 

4japonica L L S 7.3- 8.3 6.1- 6.8 

Pakistan 3 varieties I L M, H - 7.8- 8.7 
6 selections 11>1 L>l ll>M - 8.5-11.9 

Suriname 2 varieties and I>L I>L,H1 M,S>H (R)  7.7-11.4 (R) 

10 selections S>M (P) 6.0- 9.3 8.4-13.4(P) 
United States 4 medium grain 11 L S 5.0- 8.6 6.7- 8.1 

10 long 1ra;, I>L, H S>M 6.6- 8.0 7.1- 9.4l>L>11 

aH = high (>25%), I= intermnediate (20-25%), L = low (10-20%), Wx = waxy. bBased on alkali spreading value: L = low 
= 


(6-7), 1 = intermediate (4-5), Il = hi,,h intermediate (3). CS soft (61-100 mm), M= medium (41-60 mm), H = hard (27
40 mm). Boiling time 8 min it, 15 mini ,dCell area of 6.5 cm 2 . eR = raw, P = parboiled. 

than the 3 Basmati check varieties and on cooking in waxy and very low-AC than in intermediate
rices (Fig. 3). In contrast, waxy
gave elongation ratios of 1.7-2.0 that were 	corn- and high-AC 

parable to the 1.8-1.9 ratios of the Basmati checks. milled rices had lower starch lipid levels than 

The Surinam raw and parboiled milled rices intermediate-and high-AC rices. The widerscatter 

showed a wider range of AC, GT, and GC for of nonstarch lipids data may have been due to 

selections than for the check varieties Diwani and 	 differences in degree of milling, which had little
 

effect on starch lipid content.
Eloni (intermcdiate AC, intermediate GT, medium 

GC). Parboiled rices gave softer GC values than Thermal properties ofrice starch (CerealChem

raw rice, despite the longer boiling time of 15 rin istrv). Thermal properties of eight alkaline
protease prepared rice starches were investigated at
to allow for slower dispersion rate. [hey also gave 

harder cooked rice than did raw rices. The pre- General Foods, Inc., Cobourg, Ontario. Canada, 

ferred variety Diwani had 20% AC compared with using thermomechanical analysis (TMA) and dif

22% for Eloni. Cooked parboiled Diwani was also ferential scanning calorimetry (DSC). Total TMA 

1 kg softer by the Instron hardness test. area and volume expansion at 90 and 95 'C 

The U.S. medium-grain rices showed typical correlated negatively with AC (Table 6), verifying 

AC, GT, and GC. The variation in properties 
among long-grain rices was due to the inclusion of 
specialty rices Tojo 2 and Century Patna 231 (low .,,d ,. , . 

had the 6 -AC) and Newrex (high AC). Newiex 


hardest cooked rice. ° 
 °
 

Nonstarch and starch lipids of milled rice (Cereal 	 0 o 
-o
Chemistry). Although starch lipids (complexed 

°
 
with amylose) are important in texture properties 	 0o 0 

08
of cooked rice, nonstarch lipids are probably the 	 0° 
7 1,,

fractions that undergo rancidity during storage of 


milled rice. The content of nonstarch lipids is 4 1 I
 
2o 30 

influenced not only by the degree of milling but 	 00 
Miled rice omylose (%dry bosis)

also by AC. Accumulated data, supplemented in 

!985 with those on low-AC lines and mutants from 3. Relation between AC and nonstarch and starch lipids of 

breeding progntms, showed higher nonstarch lipids milled rices. IRRI, 1981-85. 
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Table 6. Range of physicochemical and thermal properties of 8 rice starches prepared by alkaline-protease treatment of
milled rice. General Foods, Inc., Canada, and IRRI, 198,5. 

Correlation coefficientsa with
Property Range of values 

Amylose content (%) 
Final GT CC) 
Total lipids (%) 
TMA analysis (50% starch in water)

Volume expansion at 90'C (%) 
Volume expansion at 95°C (%) 
Total area under TMA curve (arbitrary units) 

DSC data (20% starch in water) 
Temperature peak CC) 
Mbtlb amylose-lipid (Jg) 

Significant at the 5% (r = 0.707) and 1% (r = 0.834) levels. 

the stabilizing role of amylose in starch gels. DSC 
peak transition temperature correlated positively 
with final GT. Correlation coefficients between GT 
and enthalpies of gelatinization and amylose-lipid 
complex melting were not significant for all 
samples. 'ut were significant for nonwaxy samples. 
AC correlated negatively with gelatinization 
enthalpy and positively with enthalpy of amylo:;e
lipid complex melting. At intermediate to low 
water content, the DSC thermal curve was not 
representative of the initial starch crystallite profile 
but reflected the composite thermal effects of 
several processes that occurred simultaneously 
during heating in DSC: melting, annealing, and 
crystallization, particularly of the amylose-lipid 
complex. Amylose-lipid complex crystallization 
can explain the negative correlation bCtwe,n gela-
tinization enthalpy and AC. 

The TMA volume expansion curves of nonwaxy 
starch (from variety C4-63G) exhibited a two-stage 
swelling pattern (Fig. 4), the first associated with 
the onset of gelatinization phenomena (glass tran-
sition and partial melting)and the second with the 
melting of starch crystallites. The profile of 
IR2071-137-5 provided evidence for both the 
thermally activated processes of glass transition 
and crvstallitc melting. In contrast, waxy starch

"0 
(from 1R29) showed mainly the second phase of 
volume expansion after the glass transition region. 

Processed rice products (C'ereal (h' isrtr'v). 

Pu/ffl rice. Puffed volume of milled rice from 
steeped rough rice previously dry-parboiled at 0kg/cm 2 steam pressure and puffed by heating the 

AC Final GT 

2.1 - 31.2 1.00 -0.30 
60 77 -0.30 1.00 
0.24- 1.65 0.91** -0.35 

18.7 
20.7 
34.8 

61.5 
8.60 

- 64.1 -0.93** 0.06 
-108.7 -0.97** 0.18 
- 86.2 -0.85** -0.18 

- 79.4 -0.36 0.98** 
- 17.1 -0.81" 0.63 (0.84**)c2.8 0.82* -0.64 (-0.94**)c 

bEnthalpy. CExcluding the 2 waxy starches (n = 6). 

Volume expansion (%) Endothermic heal flow 

100 
. R29 

8o 
.5 

6,o 

lOmW 
40 -d- Volumeexponsica {lm 

E.ndothermicheatfloei 
0 

0 

-0 C4-630 

c4-63c 

0"
 
,
 

I 
40 

20 

: i :-00 020 40 60 80 100 120 140 

remperature ("C} 

4. Thermomechanical analysis (125 mg) and differential scan
ning colorimetry (5mg) ofthermal curvca of protease-prepared
waxv(IR29)and nonwaxy (C4-63G) rie starches in50% water.Heating rate: 2 'C, min for TMA and 10 °Cjmin for DSC.General Foods. Inc., Canada. and IRRI, 1985. 
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parboiled milled rice in oil at 210-220' C correlated 
negatively with AC (Annual report for 1972). 
Indian scientists recently reported that, with in-
creasing severity of parboiling conditions, puffed 
volume is optimal for nonwaxy rices with incrcas-
ing AC. Puffed rice may also be obtained from raw 
mille,' rice by prior cooking, drying, and then gun 
puffing. IR rices differing in AC and GT were 
processed into puffed rice by both methods of 

gelatinization, and the properties of the product 
were compared. 

Parboiing of steeped rough rice for 10 man at 
I00 C and wet steam pressure of 0 kg, cn wasW 2 

vcrificd to produce higher puffed volume (volume 
expansion ratio 2.8-3.2) in axv and low-AC rices 
with low GT than inintermediate- and high-AC 
rices with low or intermediate GlT(expansion ,atio 
1.8-2.4). Since the grains were not completely 
parboiled at I{,)0 C, steeped rough rices were also 
parboiled at steam pressure 1.5 kg cm2 (127 C) 
for 10 min. Intermediate- and high-AC rices 
showed higher water uptake during parboiling at 
127 ' C (30-37(1) than at 1(X) C(23-29(), whereas 
waxy and low-AC rices showed similar water 
uptake values of 29-34(/ at 1(X) 'C and 29-35'7 at 
127 'C. Volume c.pansi on ratio on puffing 
increased to 5.4-5.9 for waxy and low-AC rices and 
to 4.0-5.8 for intermediate- and high-AC rices. 
Puffed rice hardness was lower for the niore 
expanded products parboiled at 127 'C (1-2 kg) 
than at 1(X) 'C (2-9 kg). IR29 (waxy), IR8,JI-85-1 
(low AC), and IR(64 intermediate AC) nad the 
highest vol imc expansion ratios, but 'R841-85-1 
had the crunchiest grain and lowest hardne.ss value. 
Degree of parboiling as indexed by water uptake 
seems to determine volume expansion ratio and 
hairdness of puffed rice. Whiteness of milled par-
boiled rice decreased with increasing parboiling 
temperature. 

Boiling of milled rice in excess water gave a more 
homogeneous puffed product than steaning of 
steeped milled rice at 0 kg ceii 2 (1(X) ,C) until 
cooked. A 10-rian boiling time was inadequate to 
cook the grain core, ard 13-22 man boiling was 
required to completely cook 9 rices. Cooking time 
was influenced by starch G Uand grain thickness, 
11(42 showed excessive grain cracking during 
cooking, which could refhlct itssusceptibility to 
moisture adsorption stress. Puffed volume cxpan-
sion ratio improved for most samples, particularly 
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the intermediate-GT rices, from 3.3-5.1 after 10
min cooking to 4.8-5.8 after complete cooking. 
Puffed rice hardness of nonwaxy rices dropped 
from 1.6-2.9 kg/grain to 1.6-2.1 kg/grain, whereas 
mean waxy rice hardness remained lowest atabout 
I kg/grain with longer cooking time. Two high
protein ( I%) samiplestended to have lowerpuffed 
volume. Thus, under conditions of complete gela
tinization of rice grains (similar water uptake) by 
parboiling of rough rice orcooking of milled rice in 
excess water, nonwaxy rice and waxy rice gave 
similar volume expansion. 

lay"er cake. Low-AC U.S. rice flours produced 
better layer cakes than intermediate-AC, long
grain rice flours in studies at WRRC. The cake 
used 80 g sugar, 7g baking powder, 15 g vegetable 
oil, and 80 ml water/ 100 g rice flour. The batter 
was baked at 177 0C for 32 min. Since the U.S. 
rices also differed in GT,the relative importance of 
AC and GT on the quality of layer cake was 
reassessed using IR vaiieties.The low-AC, low-GT 
variety lI124 produced very good layer cake. In 
contrast, another low-AC, low-GT variety, 1R43, 
required more water to allow mixing of the batter 
with a cake mixer. More water was also required 
for intermediate-AC lI>48 and high-AC IR1>42 
(Table 7). All these low-CT rices produced good 
quality cake crumb, and cake volume w*,asdirectly 
related to AC. 

High-AC, intermediat'-(I !1136 and low-AC, 
high-G l'Century Patna 2.' 1produced a completely 
collapsed cake. I1 was also more[he >36 batter 
fluid than that of 11(42. Reduction of' water to 
80 miand sugar to40gtoiensure starch gelatiniza
tion imp.oved the cake, but expansion was lower 
and the cake more grainy and harder than that of 
lIZ42 ([able 7). Similarresults wereearlier reported 
for intermediate-AC, intermediate-GT U.S. fices. 
Evidently, higher G and not higher AC is the 
major cause of the harder, grainy texture of cakes 
from long-grain rices con.pared with medium
grain U.S. rice.,. 

For greater volume expansion during baking, 
sheeting of the 11,43 batter five times in a pasta 
maker roller, after prehydrating the rice flour with 
the water ingredient, was slightly superior to 

mixing with a cake mixer (Table 7). 
Rice nomlh's. Samples obtained from com

inercial production of flat noodles in Sydney, 
Australia, and flat and extruded noodles in 
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Table 7. Effect of variety and sheeting on the water requirements, height, and hardness of rice layer cake.a IRRI, 1985. 

SmpleAy e Gelatinization Water-rice Mean ight (ram) Instron 
contentb temperaturec ratio of cake hardness (kg)

of aged cake 

IR24 L L 0.80 49 0.48 
IR43 L L 0.93 50 0.50 
IR43 (sheeted) L L 0.93 52 0.50 
IR48 1 1.00 53 0.58 
IR42 It L 1.13 60 0.40 
IR36d H 1 0.80 42 1.1 
a100 g rice flour, 80 g sugar, 7 g baking powder, 15 g vegetable oil, and water. bll = high (>25%), I = intermediate (20
25%), L = low (10-20%). CBased on alkali spreading value: L 
g/l00 g rice flour. 

Bangkok, Thailand, were characterized for phx-i-

cochernical properties. I he imported Thai milled 

rice used in Sydney had high AC with hald GC. 

The lhai rice used in Bangkok also had high AC 

but had intermediate (;T and medium-soft GC. 

Wet milling resulted in a drop in Amylograph 

pasting viscosity of the flour. Gel viscosity in 0.2 N' 

KOI- dececased progre.si\cly dtring wet milling, 

mixing. molding, and extrIsioni into line noodles, 


R'ie whm- (almr). RI)4 (wa xv) and sccsn IR 
varieties differing in AC were studicd for rice wine 
production b food microhiologists tt the Instittite 
of Food Science and lcclinology, I 'nivceitlv of the 
Philippines at Los Ba-tos. lie process iivo~lsc, 
washing and steaming milled rice. incubation ith 
R/ut/jw.+ ortza' Iallowed liv .h"'-/tar,an, apa\ 
calxu/aris to hydrolyc starch to gltcose, and 
fernientation in jars with .acchar'nt'om''.s '''-
vi.iav. Waxy and low-AC rices gave filete lhcst 
voltirmc (280 il 10X g rice) and alcohol conten, 
(12-1317) of rice \\ill aid the Imest \%eight Af 
urfermented residue. Intericiediatc- and high-A( 
rices generally had l\ocr wine Yield (250 il I(X) g 
rice) and alcohol content (10-12(I). 

Waxy rices had the fsttst rate ol w\inc piroduic-
tion. Alcohol corntcnt leveled off within 0 d of 
fermentatiorn in 6 ol the N rices,. bt vine produc-
tr1r Wia, corplete In 6 of the salriples within 12 d of 
fe rrientation. 

Four rices tsed in tmadititrnal /vit Iriaking were 
characteri/cd. Ihrcc \\crc \tax\ and had It\\ (i 
and soft (iC. I lie torth sariplc \as a r, :'2 with 
25"i AC, lov ( I , and hard (('. 

iysine content of anther culture and mutant 
grains (l'i.sa,' ('ultutr' ad (''arel/ (Ott'mi.sr). 
Anther ctl tt re-dc i vcd lines rorn tlie cross IR9752-
71-3-2 IR 19792-15-2-3-3-31i 26)and its parents 

= low (6-7), 1 = intermediate (4-5). 11Sugar reduced to 40 

and from Taipei 309 (n - 22)and Taipei 177 (n= 1) 
were analyzed for BRP by Kjeldahl and biuret 
analyses, and for relative 1l.,ine content by dye 
binding capacity of Acilane Orange G dye. Brown 
rice samples with high dye binding capacity for 
their protein level were analyzed for lysine content 
by ion-exchange chromatography. Lysine among 
the anther culture samples was no higher than that 
of their parents. Brown rice properties of one high
lysine nutant each front Assain 5 and Calrose 76 
from the IVSI)A Beltsville Agricultural Research 
Center were coripar,:d with those of their parent. 
()ilv the Calrose 70 mutant 397C-R4C-7 had 
higher lysirc content of protein than its parent(4.5 
x 4.011 )and higlic. 3 R1 (9.9 vs 7.81 ). However, 
the iutant had lighter 0PIlqtc grain (I. vs 2.3 
mg graitt) arid thus only II i higher lysine 
content grain. 

Distribution of ty)pes of protein bodies (Cereal 
('/cmistrr). .Japaiesescientists recently reported 
that spherical aind cr\stallinc protein hodies are 
present not oly1 in thlie s,1aleororic laver but also 
il the inner endosperi ()I iaponica rices such as 
Kiniaze. In earlier collaboratike studies with 
scientists at the I'.S. (i-air Narketing Research 
('enter ((iMRC), Manhattan, Vansas. and the 

niversity ofl )tirhai. Frigland. crvstalline protein 
bodies \,Crc obscr cd to be confined mainly to the 
sthalctfroic or otirer Ier. ('onfiriiatofy observa
tion tft Kiiia/c nature Cidospcril ly light 
Inicrocopy it bright and dark fields at (MIRC 
shno cd that the proteci bodics itt the inner endo
spe'lll are Iiarr.i\ siphecal. I rallillission electron 
microscopy ol the Kiirma/c stihalcurorc layer 
corilirlliCd Ithe prcCice of all tilree protein body 
types: lhrge -spherical. small spherical, alld crys
talline. Its Kininac has the same erdosperin 

GFNHlC ElAIA.l'lIOIN ANI U Il IZAl [ION (G-tJ) PROGRAM 31 

http:Ott'mi.sr


protein body distribution as indica and japonica 
rices previously observed at GM RC and Durham: 
only large spherical protein bodies in thz. inner 
endosperm and all three types in the subaleurone 
layer. 

Sulfur amr.io acids and sulfur-deficient soils 
(Cereal Cte.isivtrr and Agronomy). Studis on 
Bangladesh and Indonesian rices in 1981 suj,,ested 
that soil S deficiency does not reduce the content of 
the S amino acids, cvsteine and methionine, in 
BRP (Annual report for 19811. Analysis of field 
samples from the Bangladesh Rice Research 
Institute (BRIRI) and the Maros Research Institute 
for Food Crops (MRI FC. Indonesia) showed 
normal total S amino acids in tilezero-S plots 
([able 8). Pot experiments, howvecr, showed low 
levels of brown rice S amino acids in I ppm S 
samples and normal values for I0ppm S samples. 

The difference can be explained in part b the 

higher protein content of the S-deficient grains. 
since the lysine contrnt difflcr:nce was much less 
than that for cysteinc plis methionine. [hs, most 
lield samples grown in S-deficient soils would have 
normal levels of S amino acids in the grain protein, 
whereaslow.S amino acid lexelscan beobtained in 
pot experiments with S-deficient soils. Amino acid 
S acco, ntcd lor 92(7 of total brown rice S in tile 
BR RI samples, 68"1 in MI RI [C samples. and 741"* 
in I R RI samples.heic ian value wias 76" of total 
S coinp red with 85(( in 1981 samples. 

Energy atl protein yield of nonrice crops 
(('ereal ('/',mi.slrr ald A.ftilh' Croppintg). A 

comparison of the energy and protein yields of 
cereals and legumes in rice farming systems showed 
higher dry matter yields for maize, sorghum, and 
brown rice than for legumes (Table 9). Energy 
yields for peanut and soybean, however, were 
higher than those of other legumes because of their 
higher mean fat contents (48% for peanut, 18% for 
soybean, and <2% for the others). Soybean had 
the highest proteri yield. Cowpea and bush sitao 
(Vigna tiguiculata ssp. sesquilwdalis) had the 
lowest protein yields because of poor dry matter 
yields.Soybean had tilehighest inancrude protein 
content (40%) among the crops. 

US ANt) kt'l)IN TS 
Cerel Ch',istrt. Plant Breedin, Lnihniulogy. 
n Soil Micrvhiulo ilDeparttec'tsand 
hIIr l g 

BY-PRODI71 

rogra
Soi l ic 

Iihrnational Ricsiwing Progran 

Epicuticular wax of rough rice (Cereal Cheinistri 
aind I1ntoniolom.V). Epicuticular wax was extracted 
with chloroform from intact rough rice of 13 IR 
vaneties and lines for 60 s,concentrated, and 
weighed. Values obtained ranged from 1.9 to 6.9 
mg, I(X) g rough rice (mean 4.1 ntg, 100 g). The 
surflace wax content of hulls was not simply related 
to index of suscepti bili ty and weight loss of rough 
rice to Angoumois grain moth. 

Rice straw properties ((ereal (Ctnistrtranl 
Plant Breediht,). fhc compohion of leaf blades, 
leaf shcatlis,an.] stems in hare:,t straw was studied 
oi IR361,IRJ2, I158, and 1-14 grown in 1984 WS in 

Table 8. Effect of S-deficient soils on the content of S amino acids (cysteine and methionine) and lysine in brown rice 
protein. BRRI, MRIFC, and IRRI, 1985. 

Location Treatment 

Bangladesh (BR3) Control 
NPK 
NPKS (30 kg S/ha) 

Indonesia (n = 8) 0 S Range 
Mean 

50 kg S/ha Range 
Mean 

IRRI tn = 6) 1ppma S Range 
Mean 

10 ppm S Range 
Mean 

aValues in parentheses are yield data in g/hill. 
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Contents 
Mean rough Browr rice Brown rice (%in protein) 
rice yielda Weil t protein 

(t/ha) (1ag) (%) Cysteine + Lysine 
nmethionine 

2.2 21 9.5 4.6 3.5 
3.7 23 9.5 4.6 3.4 
6.6 22 9.2 5.6 3.4 

3.24.8 15-20 6.0- 9.6 4.4-5.5 4.0-4.4 
4.0 18 8.3 5.0 4.2 

5.4-7.9 17-21 7.2- 9.8 3.7-5.5 3.5-4.9 
6.3 18 8.0 5.0 4.3 

(39-105) 14-20 6.8-11.8 2.2-4.4 3.6-4.5 
(68) 17 10.4 2.9 3.9 

(95-245) 15-22 6.9- 9.8 5.0-6.3 3.94.6 
(152) 19 8.1 5.2 4.3 

http:samples.he


Table 9. Mean dry matter, energy, and protein yields of various crops in rice farming systems compared with IR58 in repli
cated yield trial. IRRI, 1984-85. 
Crop Season Varieties 

(no.) 

Maize 1984 DS S 
Sorghum 1984 DS 5 
Cowpea 1984 WS 5 
Mungbean 1984 WS 5 
Peanut 1984 DS 5 
Pigeonpea 1984 DS 5 
Bush sitao 1985 IVS 5 
Soybean 1984 D,3 5 
Brown rice (IR58) 1984 WS 1 
Brown rice (IR58) 1985 DS 1 

cooperation with animal nutritionists at the Insti-
tute of Animal Science (IAS), UPLIB. Ihe plots 
received 50 kg N ha basally and 25 kg N ha as 
topdressing. A greater fraction of straw N than 
straw dry weight was removed during grain 
development of nodcrn rices, particularly from 
leaf blades (Fig. I, 2). l.caf blades accounted for 
75% of ncan N decrease and 48t;of inean %weight 
loss of :he vegetative portion of productive tillers 
from flowering to harvest. A contributing factor 
was the higher protein content of leaf blades 
relative to leaf sheaths ;Ius stem. 

l)uring grain development, N translocation 
from straw to developing grain in IR rices was 
accompanied by .in increase in percltage of 
ricutral detergent liber (NI)I:. cell wall content), 
acid detergent fiber (Al)F), lignin, anld silica in 
both leaf bladesand leaf sheaths plus stem. Pcrcent 
henicellulose (NDF - AI)F) decrcascd. L.eaf 
blades had lwcrcellulosccontcnt hut higher lignin 
and ash contents than leaf sheaths plus stetn. 
Because of weight reduction. only silica and lignin 
levels per hill (lid not decruse but remained 
Constant. 

A polxsaccharide fractionation scheme was 

developed to complentent the van Soest fiber 
analysis method. Straw powder was cxtr;,cted in 
sequence with 80%Cethanol, 0.3"i KOH with 
0.018 il sodium borohydride,and I0)'7, KOII with 
0.018 .l sodiurn borohydride. Recovery was 70-
85 of starting straw weight, probably becaause of 

mineral loss during dialysis and alkaline dcgrada-
tion of polsaccliarides. Mainly free sugars, fre 
amino acids, and lipids were extracted with 80% 
ethanol. The 0.3% KOH solvent extracted starch. 

Dry matter Energy yield Protein yield 
yield (t/ha) (103 mJ/ha) (kg/ha) 

2.2 37.5 248 
3.3 60.0 307 
0.8 14.5 199 
1.2 22.6 324 
1.1 33.3 307 
1.5 26.7 313 
0.5 7.2 110 
1.9 42.9 792 
3.2 57.8 355 
4.1 75.3 435
 

6-gluaiis, pectins, some arabinoxylans, and a 
major portion of proteins and silica. The 10c 
KOH solvent extract,:d inainly (90-97%) hemi
cellulose that wassoluble in pH-i 5afteracidification 
with acetic acid. The residue after 10% KOH 
extraction was mainly cellulose. The percentage of 
the l10%C KOHI fraction decreased, and that of the 
cellulose fraction increased in leaf blades during 
grain maturation. The percentage of the 0.3% 
KOIt fraction increased near harvest in both leaf 
bladesand leaf sheaths plus stem, probably due to 
accumulation of carbohydrates. The major neutral 
sugars were xylose, anabinose, glucose, and galac
tosc in the 0.3%,; KOH fraction; xylose in the 10% 
KOH fraction; and glucose in the residue. 

Restilts fon the collaborative study with IAS 
were as follows. The whole plant (minus grains) 
had more ash than the ha rvcst strawafterthreshing 
([able 10). Tie rifed harvest straw had a higher in 
vitro organic matter digestibility value than the 
whole dried plant. IR36 showcd the highest value 

'Fable 10. Ash content and in vitro organic matter digesti
bility (IVOMD), using rumen fluid, of harvest and whole 
plant straw of 4 varieties at grain maturity. Institute of 
Animal Science, UPLB, and IRRI, 1984 WS. 

Ash contenta IVOMD a (%of total 
(%dry weight) organic matter) 

Variety 
Harvest Whole Harvest Wholestraw1) plat strawb plant 

IR36 20.1 - 3.9 23 2 ± 1.5 50.0 ± 0.5 45.6 ± 2.7 
IR42 21.1 ± 0.9 22.8 ±0.6 47.9 ±4.5 38.0 ± 2.4 
IR58 20.7 ± 1.6 25.4 t 1.8 45.1 ±0.4 35.8 ± 3.9 
114 18.5 ± 0.5 22.3 ± 2.8 46.9 ± 0.5 40.5 ± 2.3 

aMean ± Si). b4 0 -60 cm long. 
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Table 11. Comparison of cell wall fractions of straw components of productive tillers of traditional and modern varieties. 

IRRI, 1985. 

Cell wall fraction Leaf blades 

Traditional Modern 

Neutral detergent fiber 56-65 58-63 
Acid detergent fiber 45-50 42.47 
Hemiceilulose 10-18 16-17 
Lignin 5-6 5-6 
Cellulose 18-27 22-24 

Weight percent of total 19-28 28-32 

among the four varieties, but the difference in 

harvest straw digestibility with IR42 was less than 
that in 1982 WS (Annual report for 1984). The 
harvest straw was still quite green at haivest. The 

results indicate that the stubblc had a lower in vitro 

organic matter digestibility value than the harvest 

straw. Stem inter nodes had highervalues(45-57c:,) 

than the leaf blades and leaf sheaths (27-45%) in 

both IR36 and IR42. although stems had higher 

cellulose content. The NDF of elongated inter-

nodes (0(04,4%') was less than that of leaf blades and 
sheaths (67-721 j) for lI136 but was similar in lIR42 
straw (71-72% 67-7l%).(' 

A comparison of the chemical analysis at harvest 

of leaf blades, leaf sheaths, and sterns of productive 

tillers of five traditional and four semidwarf varie-

Percent (air-dry basis) 

Leaf sheaths Stem 

Traditior.al Modem Traditional Modern 

65-73 
50-53 
15-22 
4-5 

29-34 

70-73 
50-54 
17-20 

4-5 
32-33 

46-62 
32-44 
15-21 

3-6 
24-35 

55-58 
36-40 
18-22 
3-4 

28-31 

27-36 31-34 36-50 35-40 

ties differing in lodging susceptibility showed 

similar composition in van Soest cell wall fractions 

(Table 11). IR varieties had more homogeneous 
composition than traditional rices. Leaf sheaths 

had more fiber and cellulose than leaf blades and 

stems. The culm of Century Patna 231 showed the 
highest values of NDF, ADF, lignin, and cellulose. 

The mean weight ratio of blade:sheath:stem was 
29:33:38 for the modern varieties and 24:30:46 for 

the traditional rices. 
Harvest straw stem of 4 brittle-stem mutants of 

Balilla 28 showed 53-04% NDF, 33-38% ADF, 
19-26; . hemicellulose, 5-6% lignin, and 20-28% 

cellulose, suggesting more lignin and less cellulose 

than in tile stem of normal varieties. The mean 

weight ratio of blade:sheath:stemn was 35:36:29. 
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BAC [ERIAL BLIGHT 

Plant Pathology andPlant Breeding Deparitnents 

Screening, testing, and evaluation of resistance 
(Plant Pathology). All pedigree nurseries, repli-
cated yield trials, observational yield trials, germ-
plasm accessions, selected International Rice Testing 
Program nurseries, clitelines, and IR varieties were 
screened and tested for resistance to bacterial blight 
(BB) (Table 1, 2). Currently, resistance genes Xa-4 

and xa-5 are used in the GEU program. Therefore, 
screening and tests were designed specifically to 
ensure their being incorporated in the breeding 
materials by inoculating the rice plants with race I 
(PXO 61) and race 2 (PXO 86) dur ing the tests. 

Resistance assesment (Plant Pathology). Per
formance ofIR varieties in screenhouse.Twelve I R 
varieties were evaluated. One day before trans
planting, inoculum was sprayed onto the plants to 
simulate natural infection. Plants of all varieties 

Table 1. Summary of breeding materials and varieties screened for resistance to bacterial blight race 1. IRRI, 1985. 

Nursery 


Hybridization block (DS) 

Hybridization block (WS) 

Obervational Yield Trial (DS) 

Observational Yield Trial (WS) 

Upland Observational Yield Trial (WS) 

Lowland Rainfed OYT (WS) 

Lowland Irrigated OYT (WS) 

Replicated Yield Trial (DS) 

Upland Replicated Yield Trial (VS) 

Germplasm bank (DS) 

Germplasm bank (WS) 

USDA 

IRTP materials 

Other requests 

Pedigree nurseriesb 


Total 

Entries (no.) with given disease score Not 
tested 

1 3 5 7 9 1/7a (no.) 

160 19 8 102 19 8 1 
152 12 7 96 5 18 3 
291 8 6 99 20 77 3 
330 4 5", 15 

6 4 6 73 10 
346 3 2 71 22 
387 9 18 145 47 
324 3 8 52 13 
80 7 13 110 86 

133 22 101 1,785 31 31 259 
409 46 29 2,031 96 445 

5 162 1 16 
663 11 12 221 6 13 
291 8 6 99 20 77 3 

56,837 10,960 7,346 1,194 
60,414 156 216 16,057 101 7,847 1,937 

aSegregating. blncludes those of Aug, Sep, Oct. Nov, Dec 1984, and Jan, Feb, Mar, Apr, May, Jun, and Jul 1985. 

Table 2. Summary of breeding materials and varieties screened for resistance to bacterial blight race 2. IRRI, 1985. 

Nursery 


Hybridization block (DS) 

Hybridization block OVS) 

Observational Yield Trial (DS) 

Observational Yield Trial (WS) 

Upland Observational Yield Trial (WS) 

Lowland Rainfed Observational Yield Trial 

Lowland Irrigated Observational Yield Trial 

Replicated Yield Trial (DS) 

Upland Replicated Yield Trial (WS) 

USDA 

IRTP materials 

Other requests 

Pedigree nurseriesb 


Total 

Entries (no.) with given disease score Not 
tested 

1 3 5 7 9 1/7a (no.) 

8 20 36 220 28 4 1 
4 11 21 245 3 2 4 
3 15 32 422 21 5 6 

11 41 348 
1 1 64 26 

7 22 18 388 9 
21 60 34 482 3 

1 36 128 235 
8 3 8 244 41 
1 2 1 164 16 
8 42 93 494 7 11 
3 15 32 422 21 5 6 

1 809 3 669 695 56 

1 873 238 445 7 397 80 790 100 

asegregating. blncludes those of Dec 1984 (Ralnfed Lowland), Feb (Rainfed Lowland), Mar (Pedigree), Apr (Deep water),
Apr (Rainfed Lowland), May (Pedigree), Jun (Rainfed Lowland), and Jul (Irrigated). 
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Table 3. Performance of IR varieties against BB in the screenhouse. IRRI, 1985. 

Early tillering stage Booting stage 

Variety Hill infection (%) Leaf infection (%) Hill infection (%) Leaf infection (%) 

Race 1 Race 2 Race 1 Race 2 Race I Race 2 Race 1 Race 2 

IR20 25.0 43.8 7.6 22.4 14.6 56.2 1.8 21.8
IR22 33.4 75.0 7.2 25.2 12.4 56.2 1.2 9.6
IR24 91.6 73.0 29.6 23.8 52.0 75.0 14.8 24.0
IR26 18.8 75.0 3.8 26.2 2.0 60.4 0.4 18.6 
IR36 27.0 66.6 9.6 15.6 0.0 60.4 0.0 9.2 
IR42 37.6 70.8 11.2 23.0 6.2 60.4 0.2 12.0 
IR50 45.8 98.0 11.2 31.8 6.2 58.4 0.2 15.6
IR54 20.8 39.8 5.6 11.8 2.2 60.8 0.0 12.0 
IR56 91.6 95.8 28.4 30.8 56.2 73.0 9.0 10.6 
IR58 33.4 58.4 6.8 16.8 4.2 70.8 0.6 20.8 
IR60 43.8 91.6 11.8 29.2 4.2 58.4 0.2 10.0
 
1R62 27.0 68.8 7.4 17.8 10.4 70.8 2.2 18.2
 

showed a higher pei,;entage of hill and leaf infec- house, the plants were inoculated with a low
 
tion with race 2 except IR24 at early tillering dostge I d before transplanting.
 
(Table 3). IR56 was as susceptible as IR24, an IR In field plots where plants were inoculated,
 
variety that is known to a ry no resistance gene for disease on hills and leaves was significantly higher
 
BB. In all cases, the resistance gene Xa-4 showed than in plots with natural infection, indicating 
incomplete resistance to race I. efficiency of the treatment. IR24 and IR56 showed 

Race 2 induced a high percentage of kresek the highest number of infected hillsand leaves, and 
plants on IR54 and IR62, while race I did so on IR64 the least. The rate of disease development 
IR20 and IZ56 (Fig. 1). indicated a significant difference among the IR 

Perrrmnanceo?"IR varietieshitrmoers'fiel. In varieties. Disease progression based on infected 
1985 wet season (WS), IR24, IR56, IR58, IR60, hills and leaves was most rapid on IR56 and IR24 
and IR64 Aere planted in a farmer's field in for plots where inoculum was introduced into the 
Mabitac, Laguna, where BP was common, to plants. and only on IR56 based on natural infec
evaluate their resistance to BB. As in the screen- tion (Fig. 2, 3). Infected hills was highly correlated 

Hills (%) showing kresek 
100
 

U Race I (PXO 61)
 

Race 2 (PXO 86)
 
80

60

40 - °o - R22 :ii ... -i! 

20 

IR20R22 R24 IR26 IR36 IR42 IR50 IR5'1 IR56 IR58 IR60 IR62 

1. Incidence of kcesck on 12 IR varicties in tile SUMrcenhouse. IRRI. 1985 WS. 
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2. BB progression in 5IR varieties based on percentage of hill 
infection of inoculated and uninoculated plots in a farmer's 
field. Mabitac, Laguna, Philippines, 1985 WS. DAI days 
after inoculation. 
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3. BB progression in 5 IR varieties based on percentage of leaf 
infection of inoculated and uninoculated plots in a farmer's 
field. Mabitac, Laguna, Philippines, 1985 WS. 
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of leaf infection on 5 IR varieties inoculated and naturally 
infected in a fai'mer's field. Mabitac, Laguna, Philippines, 
1985 WS. 

with infected leaves (Fig. 4). Grain yield also 

reflected hill and leaf infection (Table 4). BB 
significantly reduced the grain yield of 1R24, IR56, 

and 1R64. 
Evaluation of re istance. The IRRI breeding 

program has utilized the resistance gene Xa-4 

There are two allelic genes reported at the 
Xa-4 locus: Xa-4" and Xa-4b. The differential 
effects of resistance conditioned by these genes 

studied. 
Pelita I/1, Pelita 1/2, Peruim Kamppan, and 

Sintawati were chosen for this study, with IR24 as 
the susceptible check. Disease severity and lesion 
progression as criteria for assessing resistance 
showed differences in the two groups of varieties
(Table 5). All four varieties exhibited some resis
tance to race I (PXO 61) from maximum tillering 

to booting (Fig. 5). Pelita I/I and Pelita 1/2 had 
higher resistance than Peruim Kamppan and Sinta



Table 4. Grain yield of selected IR varieties inoculated 
and naturally infected with BB in a farmer's field. Mabitac,
Laguna, Philippines, 1985 WS. 

Grain yield (t/ha)
Variety 

Inoculated Uninoculated 

IR24 2.4 2.9 
IR56 3.2 3.8 
IR58 3.9 4.2 
IR60 4.4 4.5 
IR64 3.8 4.4 

Mean 3.6 3.9 

LSD (0.05) 0.24433 - two treatment 
uninoculated) means. 

Difference 

0.5 
0.6 
0.3 
0.1 
0.6 
0.3 

(inoculated and 

wall at maximum tillering, but similar resistance at 
booting. The four showed similar susceptibility to 
races 2 and 3. 

Virulence shift of pathogen population (Plant 
Patholog'). In the Philippines, varieties with Xa-4 
have gradually replaced susceptible cultivars since 
the early 1970s. A shift in vinilence of the pathogen 
population was noted in the mid-1970s. The 
frequency of pathogen races with virulence that 

Table 5. BB severity and lesion development at maximum 

matched the Xa-4 gene was high. In 1985, BB 
incidence in farmers' fields was common and, in 
many cases, severe. Race 2 remained the most 
dominant, but an increase in frequency of race I 
was noted, perhaps because of widespread plantingo rdtoa utvr Fg )of traditional cuhivars (Fig. 6). 

Development of near-isogenic lines (Plant
Breeding and Plant Pathology). In collaboration 

with the Tropical Agriculture Rearch Center 
(TARC), Japan, we continued to develop near
isogenic lines with a nionogenic basis. Using 
Philippine and Japanese races, BC 4F4 progenies 
were developed having either the Xa-3, Xa-4, xa-5, 
Xa-6, xa-9, or Xa-lO genes for resistance. BC4F2 
progenies having Xa-l, Xa-2, Xa-7, or Xa-Il and 
BC3 F, progeny having .a-8 were also developed. 
The resistance gene of Sateng was confirmed to be 
dominant in the backcrossed generations. 

Inheritance of resstance (Plait Breeding end 
Plant Pathologt'). F, and F, analxes of the cross 
Toyonishiki (susceptible)'/Chngoku 45 (Xa-3) 
were carried out at IRRI and the F3 analsis at 
TARC. The F3 segregated into 33 homozygous 
resistant, 100 segregating, and 53 homozygous 

tillering (MT) and postbooting (PB) stages on 5 "ultivars,
induced by 4 races of Xanthomonas campestris pv. ory'zae at inoculum concentration of I X 10' cells/ml in the screen
house. IRRI, 1985. 

Rice 
BB race growth IR24 Pelita 1/1 

stage 

PXO 61 MT 32.9 11.6 
PB 24.8 8.0 

PXO 71 MT 33.8 12.8 
PB 23.8 7.1 

PXO 86 MT 30.3 38.6 
PB 18.0 21.5 

PXO 79 MT 36.5 32.8 
PB 21.3 20.8 

PXO 61 MT 0.42 0.18 
PB 0.29 0.14 

PXO 71 MT 0.39 0.18 
PB 0.25 0.16 

PXO 86 MT 0.44 0.35 
PB 0.23 0.21 

PXO 79 MT 0.46 0.33 
PB 0.25 0.24 

Variety 

Pelita 1/2 

BB severitya 
13.5 
9.3 

11.9 
8.0 

29.7 

20.4 

28.7 

18.5 

Lesion deielopment rateb 
0.20 
0.16 

0.22 
0.10 

0.30 
0.21 

0.27 

0.23 

Peruim Sintawati 
Kamppan 

24.2 21.0 
11.9 10.2 

20.9 23.3 
7.3 10.1 

40.9 34.1 
25.9 19.9 
37.3 36.2 
21.0 22.4 

0.28 0.25 
0.18 0.16 

0.24 0.24 
0.21 0.17 
0.34 0.40 
0.24 0.20 

0.29 0.34 
0.24 0.26 

aPercentage of infected leaf area 30 d after inoculation. blpercentage of increased lesion area per day. 
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susceptible lines. Identical results were obtained at 
IRRI and at TARC, confirming the results of F2 
analysis at IRRI. Therefore, the Xa-3 gene of 

Chugoku 45 is effective against Philippine as well 
as Japanese races. Furthermore, the genetic analy
sis of Chugoku 45 (Xa-3), Zenith (Xa-6), and 
Sateng (xa-9) at TARC indicated that these resis
ant varieties have the same gene (Table 6). F2 and 
F analysescarried out at IRRI and TARC during 

the last 2 yr lead to the conclusion that Xa-6 and 
.xa-9are allelic to Xa-3. 

Varietal classification based on reactions to 
Philippine races(PlantBreedingandPlantPathology). 
We continued to inoculate resistant varieties with 
four Philippine races. We also crossed about 400 
varieties with IR24, which is susceptible to 4 races. 

The reaction of F, hybrids with varieties of group I 
(resistant to four races) was similar to that of the 
resistant donors. The reaction of F, hybrids with 

varieties of group II(resistant to race I,moderately 
resistant to race 4, and susceptible to races 2and 3) 
was also similar to the reaction of resistant donors. 

[he varieties of groups I and II were thus 
confirmed to have a dominant gene for resistance 
to Philippine races. On the other hand, tileF, 
hybrids with the varieties of group III were susceptible to all four Philippine races. Varieties of group I 
belong mostly to the bulu ecotype, while varieties 
of group IlIbelong to the auy ecotype (Table 7). 

Virulent to Xo-10 
Virulent to Xa-4 
Virulent to Xo-4 and Xo-1O 

Virulent to xa-5 and Xa-10 
0--0Virulent to IRB 

SVirulent to Xo-4, Xo-10, 
xo-5, Xa-7, and Xo-I/ 

1972-74 1975-79 1980 1981 1982 1983 1984 1985 

6. Frequency distrihution of field population in 'antonionascan,;estrispv. .rYzat' in the Philippines 
with virulence on a set of differential varieties. IRRI. 1985. 
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Table 6. Reaction a to BB (T7133, Race liA) at booting to flowering stages of F 2 progenies from crosses of resistant 
varieties. TARC, Japan, 1985. 

F2 (no.) showing X2 
Cross indicated reaction 3:1 

R 

Toyonishiki/Chugoku 45 (Xa-3) 232 
Toyonishiki/Java 14 (Xa.3) 275 
Toyonishiki/Zenith (Xa.6) 306 
Toyonishiki/Sateng ':a.9) 299 
Chugoku 45 (Xa-3)/Sateng (xa-9) 356 
Chogoku 45 (Xa.3)/Zenith (Ya-6) 398 
Sateng (-:.9)/Zenith (Xa-6) 302 

=
aR = resistant, S susceptible. 

S 

75 0.027 
75 2.381 
92 0.800 
98 0.021 

0 0 
0 0 
0 0 

Table 7. Major varietal groups based on reaction to 4 Philippine BII races. IRRI, 1985. 

Varietal group 

I 


11 
III 

aR = resistant, MR 

ReprsenttiveReactiona

Major ecotype Gene

Representative
variety Race 1 Race 2 

Java 14 bulu .'a.3 R R 
Zenith 
Sateng
 
TKM6 Xa.4 R S 
DZ192 aus xa.5 R R 

=
= moderately resistant, MS = moderately susceptible, S susceptible. 

Varieties showing reaction patterns different from 
these three groups were also found on the basis of 
continuous inoculation tests of resistant varieties. 

BLAST 

Plant Patlolog, and Plant Breeding 
Deparitents
 

Screening (Plant Pathology and Plant Breeding). 
During 1985 materials from the GEU program, 
n'tional programs, the Intemrational Rice Germ-

plasm Center (IRGC), and the International Rice 
Testing Program were tested in the IRRI blast(B3) 
nursery(Table 8). The equivalent of 126,308 entries 
were screened, most coining from the GEU 
program. 

Introduction ".nd maintenance of certain specific 
races continued to increase the diversity of the 
nursery Pv'ricularia or'zae population. For 
example, variety UPLRi5 was previously resistant 
to the nursery fungus population, but in 1985 a race 
capable of attacking it was found and introduced 
into the nursery. Through continuous sowing of 

UPLRi5, the newly introduced race is being main
tained and used for screening. Constantly increas
ing the number of races within the nursery may 
make it possible to more readily assess relative 
levels of partial resistance in varieties and lines. 

Evaluation of GEU elite lines (Plant Pathology).
The rice BI pathogen can reproduce on partially 

Table 8. Source and number of materials tested at theIRRI Ilnursery. 1985._____B __nursery._1985. 

Source 
F2 populati:ns (158) 
Pedigree nurteries 

Irrigated lwland 
Rainfed lcwland 
Deep water
Cold tolerance 
Upland 

Yield trials elite lines, 
hybridization block

National programs 
IRGC accessions 
IRTP nurseries 

P 

0.8<P<0.9 
0.1<P<0.2 
0.3<P<0.5 
0.8<P<0.9 
1 
1 
1 

Race 3 Race 4 

R R
 

S MR
 
R MS
 

Entries (no.) 

46,798 
19,119 
17,635
3,320 

530 

Total 

18,848 
87,402 

5,008 

7,135 
6,178 
1,737 

126,308 
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resistant varieties, but at a lower rate than on fully 
susceptible varieties. Recent evidence indicates that 

the partial resistance of a variety may be a good 

indicator of how stable its BI resistance will be once 

it is grown widely by farmers. Using a BI nursery 
miniplot technique, the partial resistance of the 

GEU elite lines was measured twice during WS. 
The results from both trials were highly correlatcd 
(r = 0.96) (Table 9). Some lines and varieties, such 

as IR64, were similarto IR36, the partially resistant 
check. However, several lines were assusceptible as 
or more susceptible than IR50, a variety that has 

suffered BI damage at many lowland tropical sites. 
Furthertests with these leaf B-susceptible lines are 
necessary to measure their response to panicle BI. 
Also, a numberIof lines were completely resistant in 

the nursery. It will be necessary to find P. orvzae 
races compatible with these lines before their 

resistance relative to 1136 and IR50 can be 
assessed. 

Evaluation of selected upland accessions (Plant 
Breeding and Plant Pathology). A group of upland 
accessions from the IRGC were selected for pheno-
typic acceptability based on several seasons of tests 

at IRRI and at upland sites in the Philippines. They 
were evaluated for BI resistance in the IRRI BI 
nursery, and those showing very few or no lesions 
were tested again at Caliraya, Philippines, and, 
with the help of Indonesian researchers, at Sitiung, 
West Sumatra. The best accessions from these 

evah1tions are listed in Table 10. 
Effects of variety and plant age on partial 

resistance (Plant Pathology). Resistance to P. 

or'zae infection generally increases with plant age 
during the vegetative stage. Ten upland varieties 
were stagger-planted so that plants of various ages 

could be exposed simultaneously to a single isolate 
of P. orvzae. After inoculation, several com-
ponents of resistance were measured, including the 

relative infection efficiency (expressed as lesion 
number/100 cm2 leaf), lesion size, latent period 
(expressed a; days to 50c%' sporulation), cumulative 

spore production per lesion, and sporulation 
period. 

Plant age greatly affected relative infection 

efficiency, and several of the varieties became 
completely resistant by 40 d after seeding (DAS) 
(Table I1). Lesion size differed with variety, but 

Table 9. Relative blast resistance of GEU elite lines evalu
ated using an upland miniplot technique. IRRI, 1985. 

Line Relative ADPCa Final %DLAb 

Trial I Trial 2 Trial 1 Trial 2 

1R37721-9-2-1-3 0.1 0.1 0.1 0.6 
0.1 0.71R35546-52-3-3-2 0.2 0.5 

IR39422-18-1-2-2 0.2 0.1 0.5 0.4 
IR39423-124-3-3-1 0.3 0.3 0.7 0.7 
IR28224-3-2-3-2 0.4 0.9 1.4 4.8 
IR29658-43-3-2-1 0.4 0.2 1.0 0.8 
IR29658-69-2-1 0.6 0.3 1.3 1.1 
IR31868-64-2-3-3-3 0.6 0.2 1.3 0.9 
IR28222-9-2-2-2-2 0.6 2.1 1.5 9.3 
IR31802-48-2-2-2 1.1 0.6 2.8 2.6 
IR32429-68-3-3-3 1.2 0.8 3.2 2.0 
IR32429-47-3-2-2 1.3 1.2 3.2 3.6 
IR33043-46-1-3 1.7 2.5 6.0 11.5 
IR27078-11-2 1.9 3.5 9.3 16.2 
R28228-12-3-1-1-2 2.0 2.0 9.0 7.2 

IRI0011-16-3-2 2.0 2.0 6.3 6.0 
IR13761-11-3 2.3 2.3 6.7 9.2 
IR5931-113-1 2.3 2.5 8.7 10.3 
.R31851-63-1-2-3-2 2.8 1.9 9.8 7.2 
IR10147-113-5-1-1-5 2.8 2.1 12.8 6.5 
1R32429-122-3-.-2 2.9 2.0 12.0 8.2 
IR28228-119-2-3-1-1 3.3 2.6 14.3 10.8 
IR28228-28-1-3-3-2 4.2 3.6 17.5 21.8 
IR29723-143-3-2-1 4.3 4.3 20.3 22.0 
IR32453-20-3-2-2 4.8 6.1 17.2 30.8 
IR12979-24-1-8 4.8 3.9 15.5 17.3 
1IR13754-5-2 5.1 5.0 16.8 17.7
IR25587-133-3-2-2-2 5.9 5.3 19.2 21.0 
lR3535"1-94-2-1-3 6.0 7.7 20.0 18.3 
IR46 6.2 4.2 30.3 21.2 
IR64 6.3 5.6 22.3 30.0 
IR29708-113-3-2-3 6.6 4.1 24.3 16.0 
IR5420-1-1-2-3 6.8 6.5 22.5 20.7 
IR42 7.4 5.7 29.2 30.5 
IR58 8.6 6.2 40.3 29.2 
1R36 (check) 9.1 6.2 34.2 26.2 
IR32720-138-2-1-1-2 9.6 4.2 45.8 24.5 

5.5 20.0IR25588-7-3-2 9.8 36.3 
IR6023-10-1-1 11.2 3.8 43.3 14.5 
IR29725-109-1-2 11.2 7.8 39.7 34.2 
IR29723-17-3-2-1 12.9 7.9 53.7 52.5 
IR29692-65-2-3-3 13.7 9.1 58.3 42.8 
IR35293-125-3-2-3 16.1 8.1 68.7 41.7 
IR29670-15-2-3 20.7 11.7 72.7 63.0 
IR32307-107-3-2-2 21.4 10.9 58.7 35.0 
IR18818-87-2-2-2 21.8 13.3 70.2 65.0
1R8 22.0 12.8 77.8 62.5 
IR25604-99-1-3-2-2 23.0 11.7 79.2 52.5 
IR20 23.1 12.8 75.5 55.3 
IR35361-593-3-2 23.9 19.7 76.7 75.8
IR29692-99-3-2-1 26.0 14.8 72.2 71.3 
IR50 (check) 27.0 13.0 91.8 73.8 
IR29725-22-3-3-3 28.8 15.0 88.8 55.5 

IR29723-88-2-3-3 29.1 18.2 83.7 76.7 
IR37704-98-3-2-2 30.5 15.2 85.0 56.7 
IR28150-84-3-3-2 31.5 14.5 93.2 69.7 
1R35546-17-3-1-3 33.2 16.3 93.3 80.8 
aRelative area under the disease progress curve, calculated 

little effect of plant age was found. Latent period from 2 replications and 6 dates of scoring, bpercent 

did not differ significantly with either variety or diseased leaf area at the final scoring. 
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Table 10. Selected IRGC upland rice accessions showing plant age. Variety by plant age interaction was
 
Bi resistance at several upland sites. 1985. encountered. Kinandang Patong, for example, had
 

Variety Accession number more '..sions/ 100 cm 2 than C22 at 10 DAS, but 
fewer than C22 at 25 and 40 DAS (Table 1I). 

AP-444 10621 As with relative infection efficienty, there was 
AUSI22 28976 variety by plant age iteraction for cumulative 
C 15165 
Carreon 05993 spore production per lesion. The lesions on C22,
Dodcng B 11826 IAC47, Kele, and ARC7098 on plants inoculated 
Iao Deng 11906 at 25 DAS had a higher cumulative spore pro-
IRATIO4 38558 
IRAT109 28563 duction than those inoculated at 10 DAS (Table 
IRAT113 28566 12). The opposite was true for lquape Cateto. 
Jabahulo 25864 Sporulation period increased w'h plant age,
Ketang Trenggalek 17976 
Khamu 23741 perhaps because older leaves remain active longer
Khao Hae (K.Siw) 29773 and can thus upport sponilating lesions longer.
Khao Hao 11911 
Khao lnpong 25902 The trend was particularly clear in C22 and Kele, 
Khao Khao Kendu 29511 where enough lesions occurred on plants inoc-
Khao Kinon 29793 ulated 40 and 50 DAS to make assessment of 
Khao Panh 11809 
Mack Kheua Hay 11822 sporulation period possible on the older plants 
Mak Bok 12918 (Table 12). There was no significant variety by
Manik-Mundu 25887 plant age interaction for sporulation period.MI-57 00360Ninnoubou 16088 For relative infection efficiency and cumulative 

Padi Babarau 14393 spore production, there was interactioi between 
Pah Yan 274-9-9 23768 variety and plant age. Such differential effectsPhe Done 11909Saket 1 46632 indicate the importance of evaluating leaf BI 

Saket 1 46633 resistance at various stages of plant development,
Sampopoy 26891 not only at the early seedling stage.
Sokan 24048
 
SthaniaShon 31621 Virulence (Plant Pathology). A 1983 study 
Unnamed 51086 indicated that P. orvzae isolates from the upland
Y Lay 11915 rice areas of Zamboanga del Sur, Philippines,
62-441 15136 differed from isolates from South Cotabato and 

Nueva Ecija when tested on widely grown Philip
pine varieties. In 1985 more isolates f:n various 
regions in the Philippines were tested, and the 

Table 11. Effect of plant age on lesion number/100 cm 2 Japanese, Korean, and international differential 
leaf at 7 d after inoculation.a IRRI, 1985. sets were included. Results were similarto those of 

the previous study: isolates from Zamboanga del 
Lesion no./100 cm at given Sur showed a higher frequency of virulence on 

Variety varieties that have been grown there, such as C22 
10 DAS 25 DAS 40 DAS 55 DAS and UPLRi7, and a relatively low frequencyon IR 

Kinandang Patong in 3 L8 0.1 0.0 varieties(Table 13). Conversely, isolatesfrom areas 
C22 6.4 4.5 2.4 1.6 where IR varieties were grown could usually attack 
Kele 4.5 5.1 2.8 0.8 IR varieties, but not C22 and UPLRi7. Perhaps
Iguape Cateto 3.2 0.1 0.0 0.0 more important than the area of origir of an isolate 
Dourado Precose 3.1 1.1 0.0 0.0 
IRAT112 2.8 0.5 0.0 0.0 was its variety of origin. For example, 2 isolates 
IAC47 2.3 0.3 0.0 0.0 from Zamboanga del Sur, representing 11% of the 
ARC7098 1.9 1.6 0.4 0.6 total from the province (Table 13), were collected 
Molladiga 1.7 0.0 0.0 0.1 
Denorado 1.1 0.3 0.0 0.0 from IR varieties and showed virulence patterns 

aLSD (0.05) for comparisons between varieties within similar to those of isolates from areas where IR 

giant age and between plant age within a variety = 0.8. vaneties predominated. 
DAS = days after seeding. Most pathogen samples from Batangas, lfugao, 
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Table 12. Effects of plant age on cumulative spore production (CSP) and sporulation period (SP) per lesion.a IRRI, 1985. 

10 DAS 25 DAS 40 DAS 55 DAS 
Variety CSP SP CSP SP CSP SP CSP SP 

(no.) (d) (no.) (d) (no.) (d) (no.) (d) 

C22 1301 6.0 2254 7.0 2210 14.0 2216 15.5 
Kinandang Patong 491 6.5 598 7.0 .-. 
Molladiga 468 4.0 250 4.0 - -
Iguape Cateto 354 4.5 178 4.0 - -
IAC47 280 3.0 552 5.5 - -
Kele 276 5.5 763 5.0 751 13.0 584 14.5 
Denorado 273 5.5 225 4.0 - - -
IRAT112 228 4.5 180 4.5 - -
Dourado Precose 172 4.0 247 2.5 - -
ARC7098 61 4.0 204 2.5 - 

aLSD (0.05) for comparisons between varieties within plant age 0.32 for CSP and 1.7 for SP. LSD (0.05) for comparisons 
between plant age within a variety = 0.28 for CSP and 1.8 for SP. 

Table 13. Percentage of Pyriculariaoryzae isolates collected from various Philippine sites virulent on Philippine rice varie

ties.a IRRI, 1985. 

Isolates (%) virulent on Philippine rice varieties 

Variety Batangas Ifugao Laguna Nueva Ecija Zamboanga del Sur Others Mean
 
=
n=18 n= 15 n=15 n=18 n 18 n=13 n=97 

IR36 28 60 93 94 11 77 58
 
1R42 61 60 93 100 11 77 66
 
IR50 28 60 93 100 11 
 77 60
 
IR52 28 60 93 100 11 77 60
 
IR54 28 53 73 100 11 69 55
 
IR56 0 0 7 0 0 
 0 1
 
IR58 22 60 87 100 11 77 58
 
IR60 17 20 
 27 89 11 69 38
 
IR62 11 7 7 39 11 
 38 18 
UPLRi3 28 7 0 0 5 70 
UPLRi5 22 13 7 0 0 0 6 
UPLRi7 6 33 13 0 67 23 24
 
C22 11 47 20 0 89 
 23 32 
Kinandang Patong 89 60 60 67 78 54 55 
Denorado 33 13 0 0 0 0 9 
Mal.os 89 73 67 67 78 46 71 

a All isolates tested at least twice. Check variety CO 39 was susceptible to all isolates. 

and Laguna were collected from nurseries and seed Virulence on IR56 was rare, even in areas where 
increase plots planted to many varieties. The virulence on IR varieties was common (Table 13). 
diversity of host germplasm seemed to result in a Only one isolate was virulent on IR56 :nd, as in the 
broader spectrum of virulence. For example, only previous year's study, this isolate could attack the 
five isolates were compatible with both C22 and other tested IR varieties. It originated from line 
one or more IR varieties, and all ofthese originated IR29725-3-1-3-2 that has the variety PTB33 in its 
from Batangas, Ifugao, nd LIguna. Further work pedigree. Unlike the other IR varieties tested, 
is necessary to establish if P. oryzae populations IR56, IR(0, and IR62 have PTB33 in their pedi
from farmers' fields sown to one or a few varieties grces. lR56 may perhaps carry a BI resistance gene 
are less diverse than populations from plots sown from PTB33 that is not present in the other IR 
to many varietics, varieties. 
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The overall frequency of virulence on 1R36, 
1R42, and IR50 was similar (Table 13). Conse-
quently, the more common occurrence of BI 
observed on IR50 in farmers' fields is presumably 
due to other factors, such as the relative partial
resistance of the varieties, rather than to a higher 
frequency of virulence in the fungus population on 
IR0. 

1R62 was released in 1984, and IR(A) and IR58 
were released in 1983. Although virulent isolates 
were lessfrequent onlR62and lR0thanon lR58, 
virulence on these varieties was present in the 
pathogen population (Table 13). Virulence on 
1R36, IR42, IR0, 1152, 1104, and IR58 was 
strongly associated: if an isolate was virulent on 
one of these varieties it was nearly always virulent 
on all of them. Isolates c pable of attacking these 
IR varieties showed either a type 3 or type 4-5 
reaction on IR60 and 1162. Type 3 reactions were 
more common on IR0 and IR62 than on IR58 
(Fig. 7). Against many of the isolates, IR(0 and 
IR62 apparently show incomplete resistance be-
cause they produce lesions capable of sporulation 
(reaction type 3), but these lesions are not typical of 
a fully susceptible reaction. 

Agriculturally important isolates that differed 
from one another, such itsthose virulent or 

Percent oftotal
plants 


IR58 IR60 IR62 CO 39 

60 

L d
30 d 

0 

0 1 2 3 4 5 01 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 

Reaction type 

7. Frequencydistribtion of reaction types for3newly released 
Philippine riovcultivarsand the susmpt,ble check Co 39inoculated with 97 isolatesof I''riulariaor ':ae. IRRI, 1985. 
Data are from about 1,0 plants 'cultivar. 

avirulent on the widely grown IR36, were often 
classified as the same race using the international, 
Japanese, and Korean differentials. Thus, data 
from these differential sets did not provide an 
adequate description of the pathogen population 
in the Philippines. For practical work, widely 
grown varieties and prospective varieties should be 
used in P. orvzae virulence surveys within a rice
producing region or country. 

Genetic studies (Plant Breeding and Plant 
Palhologl'). The genetics of BI resistance was 
studied in the Fl, F2, F3, and BC, generations of 
IR36, IR46, 1R54, 1R56, and IR60 and of four 
highly resistant varieties --Carreon, IPai-kan4ao, 
Pankhari 203, and Tetep. CR 155-5029-216 and 
CO 39 were the susceptible parents. We used three 
Philippine isolates of the fungtLs belonging to the 
international races IB-47, IA-61, and IH-I. In all 
cases, resistance was shown to be inherited as one 
or two major genes (Table 14). Only one recessive 
gene was found -...that in 1l(54 -- for isolate 
P064). All other genes were dominant. 

Inoculation of different sets of F3 lines with more 
than one isolate indicated that resistance to differ
ent isolates was conditioned by different genes 
(Table 15). In several cases, the frequency of 
parental types was more than expected by inde
pendent segregation, indicating that some of the 
resistance genes may be linked. These results 
indicated that several of the recent IR varieties 
possess major genes for resistance to different BI 
races. 

Table 14. Genes for resistance to BI present in some im
proved IR and traditional varieties. IRRI, 1985. 

Genesa (no.) for each isolate 
i' 4
RRR 5436ccbb
IR56 (11147)D_ (IA-6I1)DDD(1lt-1)2I_
Variety P06-6 IK81-3 43 

'3b- 2D ID 
iR46b -2D 2D 

11154" 
IRS6c 

It 
ID 

2D 
2D 

IR60b 
Carreon 

-
2D 

2D 
2D 

ID 
ID 

Pai-kan-tao 
Pankhari 203c 
Tetep 

I D 
ID 
ID 

2D 
2D 
2D 

2D 
-

2D 

a1) = dominant gene, R = recessive gene. bSusceptible to 
isolate 1'06-6. CNot tested against isolate 43. 
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15. Reaction of F 3 lines from crosses between resistant and susceptible parents to combinations of Pyriculariaoryza
Table 

isolates. IRRI, 1985.
 

Lines 
a (no.) observed 

Expected ratio Probability
Cultivar 

R/R R/S SIR S/S 

IR54 148 7 

lR56 159 7 
Carreon 185 14 
Pai-kan-tao 163 4 
Tetep 158 7 

IR36 162 35 
IR46 193 5 
IR60 149 45 
Pai-kan-tao 194 7 

12Pai-kan-tao 155 

P06.6 and IK81.3 
57 2 
39 9 
13 2 
38 9 
41 8 

IK81-3 and 43 
6 11 
4 12 

16 4 
4 9 

P06-6 and 43 
43 4 

45: 3:15:1 0.25-0.50 
45: 3:15:1 <0.01 

255:15:15:1 0.50-0.75 
45: 3:15:1 <0.01 
45: 3:15:1 0.01-0.05 

45:15: 3:1 <0.01 
<0.01225:15:15:1 

45:15: 3:1 0.10-0.25 
<0.01225:15:15:1 

45: 3:15:1 0.50-0.75 

aR/R = resistant to both isolates, R/S = R to first isolate and susceptible to second, S/R = S to first isolate and R to second, 
= S/S S to both isolates. 

Development of isogenic lines (Plant tireeditg 

and Plant Pathology). The major difficulty in the 

genetic analysis of resistance to 131is the large 

number of genes present in individnmtl vanieties, 

making tests for allelisin and linkage very difficult 

because of the small number of susceptible recom-

binants expected in crosses. lo overcome this 
aredifficulty, individ ual resistance genes being 

transferred to a susceptible parent by backcrossing. 
The cultivar CO 39 is highly susceptible to all 

isolates tested so far at IRRI, and its very early 
makes it an excellent recurrentduration (95 d) 


parent. Five backcrosses have been completed 


using the resistant donors lctep, Pai-kan-tao, 


LAC23, and 5173 (a brecding line from Colombia) 


against five Philippine 1I isolates. Homozygous 

lines isolated from these backcrosses should allow 

more detailed genetic analysis of resistance to BIl. 

SHFA III BLIG HI 

Plant Pathology Departnwni 

Screening nursery. A inass screening upland nur-

sery for sheath blight (ShB) was initiated. Its field 

layout is similar to that of the BI nurseryexcept for 

the three-row planting and a wind barrier of a 

moderately resistant variety. Plants are inoculated 

twice, at 45 and 60 DAS, with rice grain-hull 

medium. Damage severity is computed using the 

ShB scoring system developed in 1984. 

Initially, 150 entries wcre evaluated. Many of the 

materials from the germplasm bank were moder

ately resistant or resistant, while some of the GEU 

lines were highly susceptible. Grouping of mate

rials based on maturity and plant height would be 

helpful for determining proper inoculation and 

evaluation time. Maintenance of proper humidity 

and temperature after inoculation isimportant for 

inducing good disease conditions. 
Varietal resistance. Vanetal resistance to ShB 

obscrved in the field isnot well characteriied. Also, 

its long-term effect on the rice-ShB system in 

continuous cropping is not known. A series of 

studies was ths initiated. 
Evaluation at addutstage. To compare two types 

of inoculation -- the injection or syringe method 

and the wrapping method selected rice varieties 

or lines were planted in clay pots (12 cm in 

diameter) at 4 hills/ pot under lowland conditions. 

Uplar.d conditions were then established I wk 

before inoculation. Planting was staggered to 

synchronize flowering. 
All plants were inoculated at booting. In the 

injection method, 0.25 ml of mycelial suspension 

from a 3-day-old culture of Rhizoctoniasolaniwas 

injected into the interstice between the third leaf 

(from the flag leaf) and culm. For the wrapping 

method, a 14-day-old culture of the same fungus in 

rice grain-hull medium was fastened around the 

basal portion of a hill at booting by means of a 

10-cm-high plastic strip. 
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In both methods, a humidifier was turned on at 
night for I wk to provide favorable conditions for 
ShB development and to minimize variation. In-
cubation was thereafter continued for another 7 d 
without humidifier. 

Severity was recorded 14 d after inoculation 
(DAD from a severity scale based on percentage of 
leaf sheath area affected for the wrapping method, 
and on lesion type (Annual report for 1984). The 
disease was generally higher in plants inoculated by 
the wrapping method than in injected plants or 
plants inoculated in the field (Table 16). 

The reactions of some varieties to the two 
methods of inoculation tended to coincide, i.e., 
Kataktara DA2, IR20, and IR26. While disease 
levels with both methods and in field conditions 
differed, the range of their seventies roughly 
coincided. Although varietal reactions were clearly 
differentiated in both methods, variation was 
higher in injected plants than in plants inoculated 
by the wrapping method. 

Assessmwitof resistanceat iisue,lew. Although 
several mechanisms account for ShB resistance 
under field conditions, it is not yet known whether 
they operate in the sheath tissue, leaf tissue, or 
both. 

To assess resistance at the tissue level, electro-
lytic leakage was measured using a conductivity 
meter. Flag leaves and uppermost sheaths of 
different varieties were taken from plants grown in 
the greenhouse and inoculated with R. solh'i by 

Table 16. ShB severity in adult plants of selected rice 
varieties or lines inoculated with Rhizoctonia solani by 
the wrapping and injection methods. IRRI, 1985. 

Severityo 
Wrapping Injection Field 

(1984 DS) 

Tetep 0.00 1.25 5.67 
Ta-poo-cho.z 4.17 19.96 0.00 
Kataktara DA2 6.67 7.88 16.38 
IR26 10.92 7.38 0.25 
IR20 11.50 12.35 1.38 
Nampungbyeo 27.92 14.67 12.00 
IR62 33.81 6.29 6.00 
IR36 94.50 22.10 40.13 
IR58 100.00 45.31 71.63 

= highly resistant, 100 = highly susceptible. Av of 3 
replications. Standard error of the difference: wrapping 
12.9, injection = 6.11. 

a0 

dipping one side of the sheath or leaf tissues into a 
mycelial suspension in a vial. All the vials were kept 
at 26 0 C for 48 h. Later, infected tissues were cut 
into 0.5-cm pieces and shaken in glass double 
distilled water before the electrolytic leakage from 
the infected tissues was measured. Uninoculated 
leaf or sheath tissues were included as controls. 
After 3 h, the percentage increase of electrolytic 
leakage over control was computed and analyzed. 

A wide varietal variation in the degree of both 
leal and leaf sheath tissue leakage was observed 
(Fag. 8). Leakage increase was higher per unit 
l ngth of tissue(4cm)ininfected leaftissue thanin 
sheath tissue, even in several known resistant 
cultivars such as 1R8, Tetep, and Ta-poo-cho-z. 
Although correlation between the increase of 
leakage from leaf tissue and that from sheath tissue 
tended to be negative, it was not statistically 
significant. 

Electrolytic leakage from infected sheath tissue 
(but not leaf tissue) was well correlated with 
damage severity observed in the field (Fig. 9), 
strongly indicating that ShB resistance operates 
mainly in sheath tissue rather than in leaf tissue. 
Hence, increasing resistance at the sheath level 
would decrease ShB damage more efficiently. 

Evaluation alseedling stage. Several methods of 
inoculation wcre tested to evaluate resistance at the 
seedling stage: topdrss inoculation at 25 DAS, 
injection at 35 DAS (Annual report for 1984), and 
dipping at 35 DAS. 

Twenty-day-old rice seedlings of selected cul
ti va rs we re topd ressed with a 14-day-old culture of 
R. solani in rice grain-hull medium. Severity was 
determined based on L, scale devised for adult 

Conduchvity increase of sheath 
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8. Relation between increase of electrolytic leakage from rice 
leaf tissue and sheath tissue. IRRI, 1985. 
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9. Relation betwen increase oi .,lectrolytic leakage from ShB-
infected rice sheath tissue and severity obsened in the field. 
IRRI, 1985. 

plants (Annual report for 1984)and converted for 
pilesedlan(n aepr 

For t e injection and dipping methods, 3-day-

old secdlings of selected cttltivars were inoculated 
with a mycelial suspension of R. solani (Annual 

reor r194 e lgthsof creport for 1984). Another set of the same scedlings 

Table 17. SIll severity on rice seedlings inoculated with 
R. solani by different methods of inoculation in the 
grenhouse. IRRI, 1985. S 

Variety 
Topdres Injection Dipping 

(1984 DS) 
Held 

R1'4-14 17.25 4.82 16.10 10.46 

Ratna 23.75 3.78 13.00 13.00 
Nampungbyeo 26.37 6.89 8.11 12.00 
IR56 39.25 5.82 17.83 61.25 

a0 = highly resistant, 100 = highly susceptible. 

was dipped in mycelial suspension (95% of top 
portion submerged) prepared from 2-day-old
cultures of R. solani in potato dextrose agar 

with 0.8% agar. 
Both medium and mycelial suspension were 

enriched with urea at 1.3 g/ liter. Leaf blades were 
removed prior to inoculation. Severity was deter
mined based on lesion type (Annual report for 
1984). 

Severity in dipped plants was significantly higher 
than in injected plants (Table 17). Although the 

three methods showed a tendency to differentiate 
varietal reactions, ranking was not always con
sistent. However, ranking of varietal reactions in 

the topdressing method was almost comparable to 
field reaction. 

Severity unhr selectd ens'iroitnu'tal/actors.
The stability of resistance of selected rice varieties 
was studied under changes in environment favor

able to S1B development, namely N level and 
humidity. IRK Nampungbyeo, 1R62, and the 
susceptible IR58 were artificially inoculated with
R. solani at booting. Differences among moderate 

or moderately resistant varieties were observed at 
al! level-, of N and at high humidity lasting under 
2 wk (Table 18).

Varietal resistance and inoculum dl'namics.The 

effect of varietal resistance on the disease and 

inoculum dynamics of ShB was studied in con
tinuous cropping of four rice ,tdtivalelsfrsitn. rs with known 
levels of resistance. 

The percentage of R. solani recovered from crop
debris, starting with land preparation of the first 

crop until 15 d after flowering of the second crop, 

Table 18. ShB severity due to varietal reaction at different regimes of N and humidity under greenhouse conditions. IRRI, 
1985. 

Regime 

N level (g/pot) 
0 
1.0 
1.7 

Humidity durationc (wk) 
0 
1 
2 

aAv of 5 replications. 0 = 

IR64 

50.20 b 
62.80 b 
62.80 b 

1.60 b 
52.40 a 
64.60 a 

highly resistant, 100 

5% level. 5Separation of treatment means in the 
97.9% at I and 2 wk. 
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Severity a 

Nanpungbyeo IR62 IR58 Averageb 

46.00 b 53.20 b 100 a 62.35 a 
47.80 b 63.40 b 100 a 68.50 a 
51.80 b 69.40 b 100 a 71.00 a 

16.00 b 23.40 ab 
43.35 a 50.20 a 
67.40 a 74.20 a 

highly susceptible. Separation of varietal means 

40.40 a 20.35 a 
48.20 a 48.54 b 
67.60 a 68.45 

in a row by DMRT at the 

column by DMRT at the 5% level. cRelative humidity was 78% at 0 wk, 

c 



0 

was generally higher with susceptible varieties Table 20. Plant parasitic nematodes in upland rice roots 
(also sorghum). IRRI farm, 1985.IR36 and IR58 than with resistant varieties IR62 

and IR64 (Table 19). 

N EMATOI)E D)ISFEASES OF RILLUQI(L'e) 
Pkailt PllholoirDel~artietit 

Upland rice. lhe upland rice areas of the IRRI 
farm were surveyed for nematode damage. Results 

of nematode extractions, particularly from roots, 
and direct observations of stained plant tissues 
showed extremely high root poJ)ulations of the 
migratory, endoparasitic, lesion nema,tode Prati-
h'thchtszeae. uenematodeswerecausing obvious 
damage to the root systems, stunted growth, poor 

panicle formation, and empty seeds. P. zeae 
occurred at all but one of the upland sites sampled, 
and populations exceeded 1,000 nematodes!g root 
in some cases ([Fable 20). Unquestionably, the 
nematodes were causing yield loss in the upland 
areas. Very few Iclicottrh'nch" crenacaia/aand 
no Ilirschmatni'/la orvza' or I'. mutronata were 

found. 

l.owland rice. An earlier survey of lowland rice 

demonstrated the prcs'nce of damaging levels of 
Hirschmannie/la spp. it, field plots sampled at 
IRRI. Samples taken in 1985 showed lirschman
iiie/la spp. in all lowland riccfields, with numbers 

exceeding 2,000 nematodes, 5 g roots. Yield losses 

in many of the lowland fields were estimated to be 

Table 19. Recovery of R. solani from crop debris of sus-
ceptible and moderately resistant varieties in 2 successive 

acropping seasons. IRRI, 1985. 

% recovery of R. solani1200 g soil 

Time of sampling Susceptible Moderately resistant 

VI V2 VI V2 

Land preparation 6.7 11.0 12 13 

of tirst crop 


llarvest of first crop 12.0 15.5 7 15 

30 I)AS of 40.0 16.012 0 3 


second crop 
15 DAl of 43.0 4.()b 0 0 

second crop 

aAv of 4 replications. Susceptible cropping sequences: 

VI = WR58 - IR58, V2 = 11(36 - 11(36. Moderately resistant 
cropping sequences: VI = Ta-poo-cho-z - 11(64, V2 = 
11. 8350-175-2-3 - iR62. h50% coloniz ion by TIicI2o. 
derma spp. 

Pratylenchus zeae 
Cultivar or breeding linc (no./5 g roots) 

(mixed) 3
(miLxed) 135
 
IR45 20
 
C22 40
 

UQ4
Sucong225

Saucong25
 
UPLRi5 540a
(mixed) 4175
 

IR45 2860
 
C22 70
IR43 1460
 
(mixed) 6840
 
IR18838-7-6-5-2-2 559

IR7807-9-1-2-12-7-24 2280

IR10011-16-3-3-2 330
 
IR10120-7-2-1-8-18 1710
 

IR126d1-6-3-34-4 2275
 
IR5929-12-3-6 3450
IR8990-3-8-1-20-2-3 4290
 
IR18841-37-2 1040
 
IR100704-1-1-2 1524
 
IR2992-2-1 1515
1R10068-11-1-2-25-2-2 2244
 
1R30707-B-1-B-5-1-19 4 6 88b
 

IR30714-B-I-B-3-5-19 5500c
 
1R30686-13-2-13-64 1665
 
IR43 832
 
UPLRi-5 1575
 
I1( 2979-24-3-4 1050
 
1tR27095-20-12 3975
Kinandang Patong 1770
 

0 llus 30 ttelicorylenchus crenacauda bplus 16 H. crenacauda. Cilus 20 II. crenacauda.
 

5-10%, and possibly higher in some fields (Table 
21). No P. ze'ae or H. crenacauda were found. 

Table 21. Plant parasitic nematodes in lowland rice roots 
(also sorghum). IRRI farm, 1985. 

Field site 

827 

UQ4 
UQ4 
UQ4 

UQ4
UD4UW3 

UP3 
U12U02 
UZ3 


UZ3 5031

UZ3 4351 

UZ3 4521 

UZ3 4871 


UZ3 4934 

UZ3 4211
UZ3 4451 

UZ3 5051 

UZ3 4681 

UZ3 4101

UZ3 4661 

UZ2 6754 


UZ2 6872 

UZ4 325 

UZ4 374 

UZ4 331 


UZ4 389 

UZ4 354

UZ4 357 


Field site 

UL7 

329 

UC4 

U113 
218 

418 

629 

113 

SI 

B3 
Farmer's field 
opposite IR600 

Cultivar or Hirsch nanniella oryzae
breeding line and H. mucronata 

(no./5 g roots) 

(mixed) 70
 
IR58 80
 
(mixed) 860
 
1R58 130
 
(mixed) 10
 
IR58 460
 
IR58 525
 
IR64 345

IR58 2224
 

IR25588-7-3-1 680
 
? 820
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TUNGRO 

IR varieties and lines in Mindanao. In northern 
and southern Cotabato, Mindanao, tungro (RTV) 
incidence was high in 1985 WS. Leaf samples were 
randomly collected from plants in experimental 
fields and tested for the presence of rice tungro 
bacilliform(RTBV), rice tungro spherical(RTSV), 
grassy stunt (GSV), and ragged stunt (RSV) 
viruses by enzyme-linked immunosorbent assay 
(ELISA). Most IR varieties showed high RTV 
infection, and many leafsamplescollected from the 
IR varieties contained both RTBV and RTSV 
(Table 22, 23). In northern Cotabato, RTV in-
cidence was low on IR28222-9-2-2-2-2, 1R28224-3-
2-3-2, IR28228-12-3-1-1-2, IR28228-119-2-3-1-1, 
IR29725-109-1-2-1, IR32307-107-3-2-2, 1132453-
20-3-2-2, IR33043-46-1-3, and MR 10993-308; 
IR36 and IR42 showed fairly high RSV infection. 

Reaction of selected varieties to tungro-asso
ciated vinhses. The 1964-82 mass screening for 
RTV resistance data showed that 350 varieties were 
resistant (0-30% infection). The rices were retested 
with the mass screening method, and those that 
showed an average infection of 35% or less after t 
trials were selected. Table 24 shows 20 selected 
varieties used in the study. 

Six-day-old seedlings were exposed individually 
to 5 green leafhoppers (GLH) Nephotettix vires
cens that hwd fed for 2-3 don RTBV+ RTSV-or 
RTSV-infected TN I plants for I d. One month 
later, leaf samples were collected and tested by 
ELISA for their reaction to RTV-associated 
viruses. 

When dually infected plants wcre used as virus 
sources, most varieties showed low RTBV + 
RTSV infection but high RTBV infection. Balimau 
putih is susceptible to RTBV + RTSV, but no 
typical RTV symptoms were observed. Basmati 
376 had the lowest RTBV infection (25%) and was 

Table 22. Virus incidence on IR varieties at Midsayap Experimental Station, North Cotabato, Philippines, determined by 
ELISA, Sep 1985. 

RTV Plants Plants (no.) infected with 
Variety infL:tion tested 

(visual %) (no.) RTBV + RTSV RTBV RTSV GSV RSV 

11 
80 20 4 0 15 0 0 

IR42 90 20 15 0 3 0 7 
IR50 90 20 0 11 0 0 0 

80 20 12 1 5 0 0 
IR54 95 20 17 0 3 0 0 

70 20 11 0 0 0 1 
lR62 10 20 2 0 8 0 0 
IR64 85 20 17 0 3 0 0 

95 20 20 0 0 0 1 

IR36 90 20 15 0 5 2 

Table 23. Virus incidence on IR varieties in Marbel, South Cotabato, Philippines, determined by ELISA, Oct 1985. 

RTV Plants Plants (no.) infected with 
Location Variety incidence 

(visual %) 
tested 
(no.) RTBV + RTSV RTBV RTSV GSV RSV 

Barrio 6 IR62 0 20 0 0 11 0 0 
IR64 0 40 1 0 1 0 0 
IR64 30 41 16 2 19 0 3 

Barrio 3 IR64 20 20 5 8 1 0 0 
IR64 1 20 0 0 8 0 0 

Magsaysay IR64 
IR64 

20 
25 

83 
40 

30 
19 

1 
1 

40 
18 

1 
0 

2 
0 

Namnama IR64 40 82 36 1 37 2 0 
IR64 5 40 3 0 33 0 0 
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Table 24. Reaction of selected RTV-resistant varieties to RTV-associated viruses as determined by ELISA. IRRI, 1985. 

RTBV + RTSV as sourcec RTSV as sourcec 
Acc. no. Designation Reaction to 

Plants infected (%) Total Plants Total 
RTV bGLlI a 

tested infected tested 
RTBV + RTSV RTBV RTSV (no.) (%) (no.) 

177 Adday Sel. 9 32 0 60 5 18 20 15 
3707 Andifrons n. pokhara 1 30 10 80 0 20 37 19 
4021 Binicol 1 35 0 53 0 19 53 19 
5346 Seratus hari T 36 9 31 26 74 0 19 53 15 
7366 PI 184675-2 5 22 40 60 0 20 15 20 
11062 G-378 9 21 21 79 0 14 39 18 
12203 ARC 6064 3 32 6 94 0 18 35 20 
16602 Tjempo kijik 7 33 22 33 11 18 83 18 
16680 Utri inerah 7 17 0 55 5 18 38 16 
7204 Balimau putih 5 13 83 5 12 18 79 19 
19680 ARC10963 9 22 0 95 0 20 45 20 
20533 ARC7140 9 33 6 88 6 18 28 18 
22176 ARC12596 5 27 0 80 0 20 0 18 
22331 APC12778 9 28 0 95 0 20 13 15 
26295 Bale betor 1 17 6 72 0 18 41 17 
26311 llhoro nepa 1 20 7 80 0 15 60 20 
26322 Chingair 1 50 10 
26315 Gachia 5 30 20 75 0 20 16 19 
27827 Basmati 375A 3 35 0 72 0 18 10 20 
27828 lBasmati 376 5 35 0 25 0 20 0 20 

aGLII = green leafhopper. Data from IRI Entomolog Department (I resistant, 3 = moderately resistant, 5 moderate
ly susceptible, 7 susceptible, 9 = highly susceptible). Av percentage infection for 6 confirmation trials by mass screening
niethod. COne-wk-old seedlings were inoculated in test tubes by 5 viruliferous N. virescens after 2-3 d acquisition access 
period on RTEIV + ,TlSV- or l'TSV-infected TN I plants. 

noderately susceptible to the vevtor. When RISV- the presence of RTBV and RTSV by the latex test. 
infected plants were used as vi rs sources, infection IR lines became infected with mostly RfBValone, 
percentages ranged from 0 to 83. Vatieties that while mrnnyTN I seedlings were infected with both 
showed <30i. RISV inlcfon were Adday sel., PI RTBV and RTSV (Table 25). 
184675-2, ARC7140, AR C12596, ARC12778, Reaction to WIN and GIH. Reactions of seven 
Gachia, Basmati 375A, and Basniati 376. rice varieties to RIV infection and its vector GLH 

Reaction of Jite lines. Four elite IR lines and were studied as a part of the 1985 R IV Colla-
TN I were exposed to GI-II that had fed on plants borative Project. Forty 7-to9-day-old scedlingsof 
infected with RITBV and R ISV.at I or 5. seedling each variety were individually exposed for 24 h to I 
in test tubes. Inoculated seedlings were tested for or5 (.ftl that had fed on TN I plants infected with 

Table 25. Reaction of 4 IR linesto RTV infection when exposed to I or 5 viruliferous GLII/seedling. IRRI, 1985. 

Insects/ Seedlings 	 Seedlings to.) infected with 
Line, variety seedling tested 

(no.) RTIIV + RTSV RTiIV RTSV 

IR18348-36-3-3 tIR64) 	 1 36 0 2 0
 
5 39 1 19 0
 

IR31868-64-2-3-3-3 	 1 37 1 4 0 
5 36 	 0 13 0
 

IR32429-47-3-2-2 1 39 1 5 0 
5 38 1 19 0 

IR28150-84-3-3-2 1 34 0 6 0 
5 36 	 0 22 0
 

TNI 	 1 38 10 10 0 
5 30 	 '9 9 1 
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RTBV and RTSV for 4 d. Inoculated seedlings 
were tested for the presence of RTBV and RTSV 
by latex agglutination I mo later. GLH used in I 
GLH/seedling treatments were transtorred to fresh 
seedlings in test tubes to determine theirlifespan on 
the test varieties, 

Despite GLH number for inoculatic a, 
ARCI 1554, Gam Pai 30-12-15, and TKM6 were 
infected with RTBV alone. Utri Rajapan was 
infected mostly with RTBV alone. GLH lifespan 
was shorter on ASD7, ARCI 1554, and Gain Pai 
30-12-15 than on the susceptible check TNI 
(Table 26). 

Field reaction of IRvarieties with TKM6 gene. 
IR20,IR26, 1R30,and 11(40 havea common WI'V 
resistance gene derived from TKM6. Initial tests on 
their reaction to RTV in the greenhouse showed 
their resistance to RTSV infection. A study to 
determine the reaction of the four varieties in the 
field was conductt.d at IRRI in 1985 WS. 

Three-week-old test seedlings were transplanted 
at 2-3 seedlings hill and subjected to natural 
infection. After 30 and 60 d,plant, were scored 
based on symptoms. The presence of RTV-asso
ciated viruses was also detected by the latex 
agglutination test on 80 leaf samples taken at 
random from each plot. 

Low RTV infection was observed at 30 d after 
transplanting (DT). RTSV infection was predo-
minant initially on TN I and 1R36. RTV infection 
increased at 60 DT on both TN I and lR36 but 
remained at a very low level on resistant 1I(50 and 
IR58. 1R20, IR26, IR30, and IR40 remained frec 

from RTSV infection (Table 27) despite the pre
valence of RTSV in the field as indicated on TNI 
and IR36. 

Reaction of green leafhopper-resistant varieties 
to tungro-associated viruses. Varieties with GLH
resistant genes were tested for their reaction to 
RTV-associated viruses. Six-day-old individual 
seedlings of test varieties were inoculated in test 
tubesfor I d by5 GLH thathadfed on RTBVand 
RTSV source plants. ITV-associated viruses were 
detected by the latex test I mo after inoculation. 

Variations in reaction to RTV viruses between 
varieties with the same GLI-l resistance gene were 
observed. Jingasail plants were infected with 
RTI3V + RTSV, and Pankhari 203 with RTBV 
only, although both have the GIh-1 gene. 1R36 and 
TAPIL 796 have Glh-6; IR36 reacted to RTBV + 
RTSV, while I'APL 796 reacted to RTBV alone 
(Table 28). Pankhari 203, Palasithari 601, and 
ASD8 showed low levels of infection. The results 
proved further that resistance to RTV is not always 
correlated with resistance to the vector. 

RAGGI :I-)S'IINI 
Plant Pathol gv Department' 

Plant height reduction and virus accumulation in 
ragged stunt virus-infected tolerant varieties. 
Sitopas and Lemo were susceptible to RSV infec
tion in test tube inoculation, buttheywere tolerant 
and produced moregrainsthan TN I whenim cted 
(Table 29). 

Table 26. Reactions of 7 rice varieties to RTV-associated viruses and GLH. RTV Collaborative Project, IRRI, 1986. 

1GLII/seedling 5 GLH-/seedling 

Variety 
Average 
life sp n 

Plants 
With 

Plants (no.) infected with Plants 
with 

Plants (no.) infected with 

(d) symptoms RTfiV + RTV RTSV None symptoms RTBV + RTBV RTSV None 

(%) RTSV (%) RTSV 

ASD7 
ARCI1554 
Gani Pid 30-12-15 
Kataribhog 
TKM6 
TNI 
Utri R'japan 

3.78 
4.10 
4.40 
8.00 
6.60 
9.30 
7.08 

25.9 
0 

25.0 
38.6 
31.4 
64.9 

8.1 

5 
0 
0 
3 
0 

18 
1 

10 
4 
4 

26 
11 
9 
5 

3 
0 
0 
1 
0 
3 
0 

17 
33 
24 
4 

24 
7 

31 

51.4 
11.1 
25.0 
36.4 
20.0 
94.3 
13.2 

15 
0 
0 
9 
0 

31 
2 

9 
8 
8 
9 
9 
3 

12 

1 
0 
0 
0 
0 
1 

0 

10 
28 
24 
15 
26 
0 

24 
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Table 27. Reaction of IR varieties (with TKM6 RTV resistance gene) to RTV-associated viruses under field conditions. 
IRRI, 1985 WS. 

30 d after transplanting 60 d after transplanting 

Variety Infection a Plantsb (%) infected with Infection a Plantsb (%) infected with 

IR20 
IR26 
IR30 
IR36 (moderately 

resistant check) 
IR40 
IR50 (resistant 

check) 
IR58 (resistant 

check) 
TN1 (susceptible 

check) 

(%) 
RTBV + RTBV RTSV No 

(%) 
RTBV + RTBV RTSV No 

RTSV infection RTSV infection 

0.3 0 1.3 0 98.7 1.2 0 2.5 0 97.5 
0.5 0 3.8 0 96.2 0.7 0 3.8 0 96.2 
0.3 0 0 0 100.0 0.7 0 3.8 0 96.2 
1.6 1.3 0 8.8 89.9 12.2 6.3 0 37.5 56.2 

0.1 1.3 0 0 98.7 0.3 1.3 0 0 98.7 
0.1 1.3 1.3 0 97.4 0.1 1.3 1.3 0 97.4 

0.1 0 0 0 100.0 0.2 0 0 2.5 97.5 

13.2 16.3 1.3 25.0 57.4 98.4 52.5 2.5 37.5 7.5 

aScored based on symptoms, taking all plants/plot. b.l.rorn 80 plants randomly selected and examined by latex test. 

Table 28. Reaction of GLII-resistant varieties to RTV-associated viruses. IRRI, 1985. 

Variety 

Pankhari 203 
Jingasail 
Palasithari 601 
IR8 

Ptb 8 
IR42 

ASD8 
TAPL 796 
IR36 
Moddai Karuppan 
TNI (susceptible 

check) 

esistancc 
gene 

Reaction 
to RTV a 

Plants 
tested 
(no.) RTIV + PTSV 

Plantst (%) with 

RTBV RTSV No infection 

Glh.1 R 65 0.0 27.7 0.0 72.3 
Gilt. 1 I 67 41.8 17.9 6.0 34.3 
;h-2 S 34 0.0 23.5 0.0 76.5 

GIh.3 S 72 8.3 30.6 13.9 47.2 
glh.4 _c 54 13.0 37.0 0.0 50.0 
glh.4 S 51 43.1 19.6 13.8 23.5 
Glh.5 1 42 2.4 26.2 0.0 71.4 
Gh.6 R 60 0.0 50.0 6.7 43.3 
Gh.6 S 49 46.9 24.5 0.0 28.6 
Glt.7 1 71 46.5 11.3 4.2 38.0 
None S 63 87.3 7.9 4.8 0.0 

aGreenhouse mass screening data, IRRI Plant 'athology Department: 0-30% infection = resistant (R), 31-60% = inter
mediate (1), 61-100%= susceptible (S). bplants were inoculated by GLII carrying RTiV and RTSV at 5/seedling and tested 
by latex for the presence of viruses 30 d after inoculation. cNot tested. 

Table 29. Reactions ot 3 rice cultivars to RSV infection. 
IRRI, 1985. 

RSV Plant ht Yield 
Variety infection" reductioni' reductionc 


(%) (%) (%) 

Sitopas 76.9 24.43 39.75 
Lemo 50.0 58.66 56.63 
TN1 76.0 55.72 84.47 

aInoculated in test tubes at 5 Bill /seedling. bCornpared 

with the control at 30 d after inoculation. cTotal weight 
reduction of filled grain in infected plants (inoculated 7 
d after soaking) compared %withthe control, 

Seven-day-old seedlings of Sitopas, Lenmo, and 
TNI were exposed to RSV-viniliferous brown 

platithopper at 5scu d ing for 24 I. Both inoCu

lated m1d uninoctulatcd seedlings Woie ti, lisplanted 
in pots. At 14. 22, 29, 36, and 43 I) , plant height 

was measured, and whole plants except roots were 
weighed and then homogenized with buffer. 

Ilontogenate at I , 2 dilution (volume, weight) was 
tested by EIISA. The relative amount of RSV 
acc unmulated in the plants was indicated as 
absorbance at 405 nm1. IUtninoCtlatCd seedlings of 

each cultivar served as controls. 
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10. Reduction of plant height on Sitopas, Lemo,and TNI
 

infected with RSV at various times after inoculation. IRRI, 

•985. 

Inal1cultiva rs tested, plant lieight reduction was 
low at 15 DAI, increased to a high level at 22-43 
DAI, and then declined at 57 DAI (Fig. 10). In 
moderately tolerant Lemo and less tolerant TN I, 
accumulated RSV was at a low level at 15 and 22 
DAI, increased to the highest level at 29 DAI, and 
then declined; in tolerant Sitopas, accumulated 

Absorbance at A405 
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11.Relative amount of RSV accumulated inplants of Sitopas,
 

L~mo, and TN 1,determined by EIJSA at various times after 
inoculation. IRRI, 1985. 

RSV was at a low level regardless of growth stage 
(Fig. I11). This indicates some correlations between 
tolerance for RSV and amount of ,ccumulated 
RSV in plants. 
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SOURCES OF RESISTANCE 

Entomology and Plant Breeding Departments 

Evaluation of gernplasm and breeding lines. Most 
IRRI screening work against insect pests involves 
evaluation of breeding lines for resistance to the 
brown planthopper(BPH) Nilaparvata lugens and 
the green leafhopper (GLI) Nephotettix virescens 
(Table 1). Of the lines tested for BPH and GLH, 
more than 50% were rated resistant or moderately 
resistant. Additional germplasm accessions were 
identified as resistant to sFecific insects. Screening 
for resistance to the yellow stem borer (YSB) 
Scirpophaga incertulas was continuous because of 
the successful rearing of this insect in the green-
house. A method is being developed for rearing 
and screening rices for resistance to the shoot fly 
Atherigona orvzae. 

Resistance of GEU elite lines. Seventy-one elite 
lines and IR varieties were evaluated for resistance 
to seven insect pests (Table 2). About 60% cx-
hibited multiple resistance to YSB, GLH, BPH, 
and whitebacked planthopper (WBPI-l) Sogatella 
furcifera. None was found resistant to the leaf-
folder, caseworm, or whorl maggot. 

Mass rearing of pink stem borers. Two methods 
were compared for rearing the pink stem borer 
Sesamnia inlfi'rei.. In the first, 50-day-old stems of 
susceptible Rexoro plants were placed in vials with 
water for oviposition and subsequent insect devel-
opment. In the other, a southwestern corn borer 
(SWCB) diet (Bio-Mix #9763) was used. 

Larval development was more rapid on the 
SWCB diet. The larvae completed development in 
22 d on the diet vs 29 d on rice plants (Table 3). The 
incubation period and the pupal duration were 
identical with the two dietary sources. Weights of 
last-instar larvae and pupae were higher on the 
SWCB diet, indicating that it was better than rice 
stems (Table 4). 

The SWCB diet was then used for detailed life 
history studies of two other stem borer species, the 
striped stem borer Chiosupnre.salis and the dark
headed stem borer Chilotraeapol.'chrisa. 

Screening methods for sources of resistance. 
Two screening methods were used for evaluating 
resistance io GLH in IR8, IR22, IR24, IR28, IR29, 
IR34, IR36, 1R42, IR44, I1145, 1150, IR58, IR64, 
and TNI; to BPI- in 1162, Triveni, Utri Rajapan, 
Intan, Peta, and TN 1; and to WBPH in .1hona 349, 
Jhona 393, Lakkar, Chempan, Cheriya Chittari, 
.Jhinulwa, N22, Podiwi AS, 1R48, 1152, 1R60, 
IR02, IR2035-117-3, and TN I. In the free-choice 
method, the materials were sown in 5-cm rows and 
the seedlings enclosed within a large mylarcage. In 
the no-choice method, each row of seedlings was 
excluded from the others by intervening mylar 
partitions. 

When 7 d old, the seedlings were thinned to 
15/rowand infested with third instars of4 GLH,8 
BPIH, and 8 WBPH nymphs/seedling. No major 
differences were recorded in seedling damage 
caused by the insects regardless of screening 
method. 

Table 1. Screening of germplasm and breeding lines for resistance to insect pests. IRRI, 1985. 

Germplasm collections Lines 

Insect 

Brown planthopper Nilapanata lugens 
Biotype 1 
Biotype 2 
Biotype 3 

Whitebacked planthopper Sogatella furcifera 
Green leafhopperNephotettixvirescens 
Yellow stem borer Scirpophaga incertulas 
Leaffolder Cnaphalocrocis ,nedinalis 
Leaffolder Marasmia patnalis 
Whorl maggot ttydrelliaphilippina 
Caseworm Nymphula depunctalis 

a For retesting. bwlld rices. 
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Tested Resistant 
(no.) (no.) 

19 2 
46 7 
60 1 

1,465 10 
1,478 17 
1,857 93 

826 
227 b 

88 a 

67 
3,215 0 
3,053 0 

Resistant Tested Resistant Resistant 
(07) (no.) (no.) (%) 

10.5 63,182 40,467 64.1 
15.2 44,193 21,137 47.8 

1.7 40,769 25,566 62.7 
0.7 2,829 139 4.9 
1.1 91,801 48,776 53.1 
5.0 2,021 482 23.9 

10.7 5,230 432 8.3 
29.5 0 0 -
- 0 0 -
- 0 0 -



Table 2. Reaction of a few of the 71 GEU elite lines and IR varieties tested for resistance to insect pests. IRRI, 1985. 

Entry 
BPH biotype 

1 2 

IR8 S S 
IR58 R MR 
JR64 R R 
IR92002-5-2-2-2 R R 
IR9758-K2 R R 
IR13155-60-3-1-3 MR S 
IR21820-154-3-2-2-3 R R 
IR25587-133-3-2-2-2 R R 
IR28228-119-2-3-1-1 R R 
IR29658-43-3-2-1 R R 
IR29558-69-2-1 R R 
IR29723-88-2-3-3 R R 
IR31802-48-2-2-2 R R 
IR33043-46-1-3 R R 
IR35546-52-3-3-2 R R 
IR37721-5-2-1-3 R R 
IR39423-124-3-3-1 R R 

aR = resistant, MR = moderately resistant, S susceptible. 

Table 3. Duration of egg, larval, and pupal stages and 
longevity of adult pink stem borer reared on rice stems or 
southwestern corn borer diet. IRRI, 1985. 

Duration (d t SD) 
Stage 


Rice stem Artificial diet 

Egg 7.6 ± 1.0 6.5 ± 1.1 
Larva 28.9 ± 3.8 22.1 ± 5.9 
Pupa 8.4 ± 1.1 10.5 ± 1.1 
Adult 4.9 ± 0.9 3.3 ± 0.5 

In the free-choice method, the insects initially 
moved to the susceptible varieties, then moved to 
the resistant plants a few days after initial infesta-
tion and several days before recording of damage 
ratings. But in the no-choice method, escape was 
unlikely from the start of the experiment. In both 
methods, however, moderately resistant varieties 
were likely to be rated susceptible if damage 
scoring was delayed. 

Influence of susceptible plants on screening. In 
the free-choice seedbox technique, the test entries 
generally include an unknown proportion of 
resistant, moderately resistant, and susceptible 
materials. Regardless of the ratio of susceptible 
plants in a seedbox of infested seedlings, damage to 
the moderately resistant varieties did not vary. 

GLH WBPH YSB 
3 

S S S MR 
MR R S R 

R R MR R 
R MR S MR 
R R S R 

MR MR S MR 
R MR MR R 
R R MR R 
R R MR R 
R R MR R 
R R MR R 
R R MR MR 
R R MR R 
R R MR R 
R R MR R 
R R MR R 
R R MR R 

Table 4. Weight of last-instar larvae and pupae of pink 
stem borer reared on rice stems or southwestern corn 
borer diet. IRRI, 1985. 

Weight (nig ± SD) 
Stage
 

Rice stem Artificial diet 

Larva 170 ± 46 217 ± 47 
Pupa 

Female 165 ± 22 210 ± 39 
Male 123 ± 21 148 ± 48 

However, infestation duration was prolonged for 
the susceptible check to attain an 8-9 damage 
rating when the ratio of moderately resistant and 
susceptible plants was 1:9. 

NATURE OF RESISTANCE 
Entotnokgy Departnent 

Fertilizer-resistance interaction. We applied two 
levels of N to potted test plants on which first 
instars of GLH and WBPH were reared to the 
adult stage. Three pairs of adults/pot were caged, 
and insect progenies were counted at 22 d after 
caging. In general, the insect population increased 
with increasing fertilizer (Fig. I). However, the 
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1. Population growth of GL1 and WBPH on rice plants 
treated with different rates of N. IRRI, 1985. 

moderately resistant and resistant plants main
tained their levels of resistance compared with 
susceptible TN I plants. 

Mindanao brown planthopper. The BPH from 
Mindanao, Philippines, that reportedly damaged 

IR36 has been reared at IRRI since 1983 on TN I 
(no BPH resistance gene), IR36 (bph-2 gene), and 
IR56 (Bph-3) for 25 generations. The insects 
maintained their virulence on IR.36, but the TNI 
colony caused less damage antd the 1156 colony 

caused more damage to IR36 than the 1R36 colony 
(Fig. 2). The three BPFI colonies produced rela-

IR36
tively high BPH populations on 1136; the 

colony was the most fecund. No colony damaged 
IR62 (Bph-3 gene) or produced normal BPH 
population levels on it. 

Resstance to green leafhopper and tungro. 
GLH developmental period was longer and popu-
lation growth lower on IR36 than on TN I plants. 
When a 500-ppm extract of IR36 plants was 
sprayed on TN I plants, GLH adults were repelled. 

Plant growth stage affected resistance: younger 
IR36 plants were preferred over older plants. 
Likewise, higher adult recovery and shorter devel
opmental period were registered on younger plants. 
When 10-, 20-, 40-, and 60-day-old 1R36 plants 
were infested with viruliferous adults, tungro ;nfec-
tion was higher on younger plants (Fig. 3). The 

58 IRRI ANNUAL RIPORT FOR 1985 

insect's preference, coupled with the tungro sus
ceptibility of younger IR36 plants, would cause 

greater yield loss than when infection occurs atplant growth stages. 

Virulence of field-collected green lealhopper. 
samples collected from 15 locations on 

Luzon, Philippines, were compared with the 
greenhouse colony maintained on TN 1.Six field
collected colonies were more virulent as evidenced 
by their significantly higher population increase on 
1 R36 and 1R42 than that of the greenhouse colony 
on TN 1.If 1R36 and IR42 are planted exclusively 

locations that abound in virulent GLH popula
tions, a higher incidence of tungro may be 

Resistance to striped stern borer. Grain yield loss 
was determined at the vegetative and reproductive 
stages in six commercial IR varieties with varying 
levels of vegetative stage resistance to striped stem 
borer Chilo suppressalis and at differei rates of 

infestation. IR29 and IR46 (susceptible), IR52 and 

Damage rating 

IR36
 
I IR62
 

7-

X0 
BPH (no./cage)
1000 

800

600

400
.......
 

200 

Biotype 1 Mon Mon Mon 
on TNI TNI IR36 IR56 

2. Population growth of BPH from Mindanao (M) reared on
TNl, IR36,and IR56,andits damage on IR36 and IR62. IRRI, 

1985. 



Tungro infection (/) 	 larvae/plant during the reproductive stage, grain 
oo yield reduction was 40% for IR29 and 11% for 

IR36 IR36 (Table 6). At the vegetative growth stage, 
TNI percentage of unfilled grains was highest in the 

susceptible varieties. Considering a 10% yicld loss, 
80- b ..:.:.... an action threshold of I egg mass! r 2 for sus

ceptible and 2egg masses' r1" for resistant varieties 
b	 .. issuggested.:....~~ 


60:::: 	 ICIIL MICAL BASES OF RESIS IANCE 

Entomol,)oy Delmrt,,U,nt
 

::::: Restance to thip,;. Susceptible Nira plants were 
40: 	 sprayed with 1,000-ppim extracts ofdifferent varie

ties. When offered to adult thrips Stemhaetodhtils 
bifin'mis, the plants treated with the extract of 
Orvza o/fkinalis (Ace. no. 101155) or Dahanala 

20' 	 2220(Acc. no. 50730) were least preferred. Popula
d tion growth was low on l)ahanala and Kinanda 

(Ace. no. 3882). 
Effect of plant exlract, on leaffolder. Leaves of 

0 susceptible TN I plants treated with I,(X)0-ppm 
10 20 40 60 20 extract of 0. hrath/'antha (Ace. no. 101231), 

DAS 	 I)arukasail (Acc. no. 45493,, Kamalbhog, or 
3K M6 were least preferred for feeding by Cnap/ia3.Tungro infection on IR36 and IN I plants at differe~nt da.,,s hocrucisnu'dinalisv larvae. Thle larvae excreted 	very 

mi aire 

not significantly difterent at the 5(, leel, 	 little feces when fed for 24 11with TNI leaves 
treated with IR50 extract (Table 7). Hatchability 
was reduced when eggs were dipped in a 1,000-ppm 

11,54 (moderately resistant), and IR36 and lIR40 TKM6 extract. 
(resistant) were infested at rates of 0,5, 10, and 20 Low temperature and yellow stem borer. Newly 
first-instarlarvae plant. Resistant varieties had the laid ggs of YSB were stored at 17 and 20' C in an 
least deadhearts and whiteheads. At 5 larvae: plant incubator. After 10 d, the eggs were hatched at 
during the vegetative stage, grain vield was red nced room temperature(27 ° C). Susceptible IR62 plants 
69% in lI129 j:W 11R36 At at booting were infested with newlyenerged larvae 

after sowing (DAS). IR R I,1985. Values with Ie sa letter 

and in (Table 5). 	 5 

Table 5. Grain yield of rice varieties with varying levels of resistance when infested with different populations of striped 
stem borer larvae at 30 d after transplanting.a IRRI screenhouse, 1984. 

Grain yield b (g/8 plants ± SD) inLarvae 
(no.)/plant IR29 IR46 lR52 IR54 IR36 IR40 

0 46.6±3.7 a (c) 45,1±2.1 a (c) 45.4±1.0 a (c) 42.7±2.4 a (c) 70.0± 1.7 a (a) 54.7±3.4 a (b) 
5 14.4±3.7 b (d) 16.4±2.2 b (cd) 20.6±5.5 1 (c) 23.0±4.0 b (c)64.5± 6.9 b (a) 44.9±2.8 b (b) 

t0 7.1±1.6 c (d) 12.2±1.9 c (cd) 15.5±4.0 c ) 18.11 1.3 c (c) 53.0±10.4 c (a) 39.0±4.4 e (b) 
20 4.7±1.6 c (d) 5.8±2.4 c (d) 14.9±3.1 c (c) 15.6±1.7 c (c) 46.8± 9.0 d (a) 37.2±3.1 L (b) 

aIn a column and in a row (within parentheses), means followed by a common letter are not significantly different at the 

yield with infestation
5% level. b% yield reduction 100 -( 
yield without infestation 
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Table 6. Grain yield of rice varieties with varying levels of resistance when infested with various populations of striped stem 
borer larvae 2 wk before flowering.a IRRI screenhouse, 1984. 

Larvae Grain yieldb (g/8 plants ± SD) in
 
(no.)/plant 1R29 IR46 IR52 IR54 
 IR36 IR40 

0 74.2±11.0 a (ab) 86.9± 8.1 a (a) 45.3±19.4 a (c) 57.6±20.3 a (bc) 70.6±37.2 a (ab) 66.4± 9.1 a (abc)
5 44.3±13.5 b (a) 41.1±30.9 b (a) 40.3±18.6 a (a) 48.4± 1.9 a (a) 62.8±l 1.6 a (a) 53.8±12.5 a (a)

10 44.0±11.9 b (ab) 30.3±10.7 b (b) 35.8± 9.5 a (ab) 40.8± 3.6 a (ab) 58.0±16.4 a (ab) 55.1± 3.3 a (a)
20 37.9±16.6 b (ab) 22.6± 9.6 b (b) 33.4± 5.6 a (ab) 38.3± 7.5 a (ab) 53.5± 4.7 a (a) 52.1±10.4 a (a) 

aIn a column and in a row (within parentheses), means followed by a common letter are not significantly different at the 

5% level. b% yield reduction = 100 -( yield with infestation X 100).
yield without infestation 

and insect survival determined 20 d ltter. The would enhance sheath blight (ShB) infection. The
 
incubation period of eggs stored at 17 and 20 'C following insect-pathogen treatments were corn
was prolonged to 16 d compared with the 8-d pared: I) BPH males+ ShB, 2) BPH females +
 
incubation period at room temperature. Survival ShB, and 3) ShB alone. The disease increased over
 
of larvae emerging from cold-stored eggs was time. ASD7 and Utri Rajapan were more resistant
 
reduced to 50-55(T in contrast to 90-94% of larvae than IR22 and lR36 to ShB. BPH infestation had
 
emerging from eggs stored at room temperature. no effect on ShB severity.
 
Hatchability ofeggs wvas98(%i regardless of temper
ature.
 

l1Ol YPES AND GEN IVIC CHARACrERISlICS
 

INSECI-I)ISEASE IN I FRACI[ION Ellomolog.t' Depcirtment 

Entomology'anzd Plant Pathology Departments Mating signals of BPH. Previous studies showed 
Brown planthopper and sheath blight interaction. certaingenetic incompatibilities between sympatricBo p2,10ahopper and shetbig iantwerateto. BPH biotype I, biotype 2, and biotype 3 infesting

1R22, R36, ASD7, and Utri Rajapan were tested rice and a biotype infesting the weed grass Leersia
 
to detemincwhetherlPHinfestation and damage 
 hexanra (Swartz). We investigated whether 

premating isolating mechanisms existed among 
Table 7. Quantity of food ingested by first-instar larvae these biotypes. The courtship and mating behavior
and hatchability of eggs of leaffolder on TN1 leaves in both sexes was observed. The mating signals
treated with extracts of wild rices or rice varieties. IRRI, 
1985. Crpittcd were amplified, tape recorded, and later
 

fed to a chart recorder.
 
Wild rice or Accession Dry weight Unhatched The female call in tile grass-infesting biotype was

rice variety no. of fecesa eggsb characterized by slow drumming in contrast to a
%)- last drumming, approximating 
 a trill, in rice-

Oryza brachyantha 101231 0.038 abc 24 b infesting biotypes(Fig. 4); the numberofcalls/min
0. hrachvantha 101232 0.078 c 18 b
0. brachyantha 101233 0.066 abc 35 b or pulse repetition frequency was more in biotype 3
0. brachvantha 101234 0.058 abc 26 b than in the otherbiotypcs(Tablc 8). The grass-and
D: :ukasail 45493 0.076 c 20 b the rice-infesting biotypes differed in the average
Kamalbhog 49020 0.072 bc 30 b 
'RSO 53433 0.018 a 23 b duration of tile female call. 
TKM6 237 0.036 abc 57 a The quality of the male call also differed between 
TNI (susceptible 105 0.026 ab 26 b the rice- and the grass-infesting biotypes. The

cleck) croaking male call in the grass-infesting biotype 
aTen first-instar larvae were fed for 24 h with TNI leaves was more hoarse and longer than that in the rice
treated with the extracts; dried feces were weighed after infesting biotypes; however, the pulse repetition
24 h. bl.,ggs laid on TNtI leaves were dipped in a 1,000- frqecwasinar 
ppm steam distillate extract. frequency was similar. 
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6s 	 Table 8. Mating signals in hoth sexes of N. lugens biotypes 
infesting rice and a weed grassPa IRRI, 1985. 

Rice-infesting biotype Grass-
Item infesting 

1 2 3 biotype 

Female 
Calls (no.)/min 3.7 b 2.8 b 5.3 a 2.1 bc 
Duration(s) of call 12.9 b 17.6 b 10.3 b 34.8 a 

b 
Male 

Calls (no.)/niin 11.6 a 12.3 a 11.1 a 12.0 a 
Duration(s) of call 2.1 a 2.0 a 2.0 a 1.6 b 

avof 10 replications; each replication used a new male 
and a new female. in a row, means followed by a common 
letter are not significantly different at the 5% level. 

males and females were used for differentiating 19 
sympatric and allopatric BPH populations from 
Australia and South, Southeast, and East Asia. 
Various populations were compared with the 
syinpatric rice-infesting BPH biotype 1, biotype 2, 
and biotype 3 that have been identified in the 
Philippines. Morphometric data were subjected to 
multiple discriminant analysis, the Mahalanobis 

4. The female call of the grass-infesting biotype (a) and the generalized distance test, and cltuster analysis; 
ice-infesting hiotype 2 (b) of N. hgen monitored with an distinct segregation of the populations was ob

amplifier and recorded on a chart recorder. IRRI, 1985. tained in most cases. Figure 5 shows the 3
dimensional spatial relationships of 19 populations 
of macropterous BPH females. The allopatric 

Hybridi/ation between the grass- and the rice- populations showed a higher magnitude of segre
infesting hiotypes wits monitored using an ainpli- gation thar the sympatric populations. 
fierduringa 30-min observation period. Successful Using the generalized distance values (D2) each 
mating occurred in all the cases between malcsand population could be segregated as a distinct bio
females of the grass-infestinj, biotypes; however, type, except the Bangkok population from the 
only 30"j, successful mating occurred between Indonesian biotype 2,and the Indonesian biotype I 
females of grass-infesting biotypes and males of from the Indonesian biotype 2. 
biotype 1. No mating occurred between females of Meiotic chromosomes in primary spermatocytes 
the grass-infesting biotypc and males of biotype 2 of brown planthopper. Genetic plasticity and high 
or biotype 3. reproductive rate in BPH have contributed sig-

In heterogametic crosses, the females responded nificantly to its notoriety as a prob!em pest of the 
to the males as readily as in hoinogametic crosses, rice crop. BPH populations were collected at IRRI 
However, the males made little attempt to locate and mass-reared on TN I. Cellular and karyo
the drumming females. In cases where hetcro- logical features in primary spermatocytes of 5th
gametic mating occurred, it took longer for the instar nymphs or newly etuerged brachypterous 
male to mount the female than when the cross was males were analyzed. Ihe neiotic division was 
homogametic. reductional at the spermatocyte I stage and cqua-

Morphometric variations in brown planthopper. tional at the sperinatocyte 11 stage, or simul-
Morphometric parameters of rostrum, legs, and taneously reductional and equational in all sperm
antennae in brachypterous and macropterous atocytes. The karyotype of Lhe male BPH was 
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I Australia 12 Pantnagar, India 
2 AICRIP, India 13 Sri Lanka 
3 Bangladesh 8 Indonesia b tolype1 
4 
5 

Bangkok, Thailand 
China 

15 Indonesia 
16 Indonesia 

biotype 2 
biotype 3 

6 Coimbalore, India 14 Philippines biotype I 

7 Cuttack, India 17 Philippines biolype 2 
9 Japan 18 Philippines biotype 3 

10 Korea 19 Philippines Leersia BPH 

11 Malaysia 

F3 4 

- 2 -4 
F2 

5. ihre-dimensional spatial relationships of 19 BI1-1 populations of macropterous females based on discriminint function analysis. 
IRRI, 1985. 

2n=30 (1411A + XY), yielding 2 types of sperma
tozoa: 141A + X and 141A + Y (Fig. 6). "
 

H-omologous chromosomes possessed diffused £
 
centromeres. Pachyter,- auitosomes had relative 
 A, 
mean lengths of 3.6-11.3; the X chromosome 
measured 3.9 and the ,' chromosome 3.5 (Fig. 7). 

a b % 
The total chromosomal volume was 0.153 u3 

(0.140 p autosomal and 0.013 p3 sex chromo
somal). The meiotic index was 0.65. The sperm -#sp/: 
head was 12.9 pu long.I 

At metaphase 1,the heterochromatic XY 
chromosomes isolated themselves from the auto- / d 
somal grouping. Later during anaphase I and d e_ ,j_ 
telophase 1, they aligned themselves with auto

in respective polar ends. Chromosomal 6. Primary spermatocytes of BPH showing meiotic chromosomes 
somes at a)diakinesis, b) premetaphase I, c) metaphase 1, 

aberrations Included aneuploidy and agmato- d)anaphase I, and c) telophase I. Sex chromosomes are 

ploidy. Centric fusions reduced chromosome indicated byarrows. 1,000X. IRRI, 1985. 
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I 
numbers and occurred more frequently than frag
mentations, which increased chromosome number. 

,. .Multiple 	 allelism in brown planthopper body 
coloration. BPH adults have a characteristic brown 

V- r 	 (B)coloration. Occasionally, orange (0)and black 
(BL) color variants appear in low numbers in stock 
cultures maintained on rice plants. Cross breeding 
of purified color morphs and inbreeding of their p ,,progenies have enabled the expression of inter
mediate color morphs that are dark brown (D-B), 

brownish orange (B-O), orange-brown (0-B), 
blackish brown (BL-B), and brownish black (B-
BL). 1ihe mode of inheritance of BPH body 
coloration and the influence of environment were 
investigated. 
l -Fire parental insects came from pure breeding 
lines and were homozygous for body coloration. 

11.3 9.6 9.1 8.4 76 7.1 6.8 6.0 5.7 5.4 5.2 5.0 4.5 3.9 3.6 3.5 
NOR 	 A A Figure 8 summarizes the results of the hybridiza-

T T tion experiments. The inheritance of color mor

7. Idiogram of pachytene chromosomes of BPH. Sex chromo- phism had the following trcnds:
 
somes are indicated by arrows. NOR = nuclholar organizing * The gene for color morphism in BPH exists in
 
region. 1,50X. IRRI, 1985. 
 three allelic forms, although any one diploid 

F2 	 /F2 

B 
73 BL 95 B 
12 8-B/L 25L-B 
5 D-B 	 58-0F1 F1 


18 B 40-8
 
260 

1178 
80 BL 40O-8 
18 B-0 90D-8 
78 308-0 

70 

F1 

L54BL 
42 D-B 2 

18 0-8 59 BL 
C30 8-BL 6 D-8 

22 8-0 338B 
2 0 90O-8
 

24 8-8L
 
14 8-0
 

1 BL-8B 

1 12 0 

8. Hybridization scheme between biown (B), orange (0), and black (BL) BPH color morphs. Progenies comprising additional color 
morphs - dark brown (D-B), brownish orange (B-O), orange brown (O-B), blackish brown (BL-B), and brownish black (B-BL) - are 
depicted within circles (F1) and boxes (F). IRRI, 1985. 
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male or female can carry no more than two 
alleles. Thus, body coloration exhibits mul-
tiple allelism. The three alleles can be desig-
nated b+ (brown or wild type allele), b 
(orange allele), and bh (black allele). Con-
sidering the results of backcrosscs, BI1-l has 
six possible genotypes: three homozygotes ---
bb (brown) , b"b"(orange), and bl'bl'(black) 
- and three heterozygotcs Wb (brownish 
orange), bt'b 4 (blackish brown), and bhb() 
(dark brown). The hetcrozygotes exhibited 
some other allelic interactions leading to 
further variations in the expression of body 
coloration such as bb . (orange-brown) and 
b bb (brownish black); no allelic interaction 
occurred between bh and b. 

* The six possible genotypes produced as many 
as eight different phenotypes, indicating that 
in this species the relation between phenotype 
and genotype is not fixed. The observed 
phenotypes may result from an interaction 
among different genes or between genes and 
the environment. All possible color morphs 
were obtained in reciprocal crosses of black 
and orange BPI-I. 

* Crosses betwcen Band Oas well as between B 
and BL produced F, frequency ratios that fit 
with monogenic inheritance or scgregation of 
a pair of alleles at a siiigle Incus. coloration 

exhibited a certain degree of dominatice over 
0, and 13I. over B. Ilowever, no specific 
pattern of inheritance could be depicted 
between BI, and O, altlough there was r.: iiial 
dominance of BIL over 0. 

• 	 The unexpected occurrence of intermediates 
between th: extreme parents in the F, and F, 
of all the crosses manifested certain vai-
abilities that could be attributed to: 
a. 	 residual heredity of filial regression due to 

1) incompleteness of dominance, 2) effects 
of environment, or 3) epistasis; or 

b. 	 modifier genes that change the phenotypic 
effects of major genes in quantitative 
fashion through dildltion or enhancement, 

Cylogenetics of planthoppers. Wild populations 
of rice-infesting B11- and WBIPH were collected 
from IRRI, while Nilapaniata /,akeri and grass-
i,festing IIPH were collected from the grass L. 
hexandra growing in irigation canals. The plant-
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hoppers were mass-reared on their respective hosts. 
Newly emerged brachypterous males and females 
were used for cytogenetic investigations. The 
following are salient cellular and karvological 
features: 

9 Gametic meioses of grass-infesting N. bakeri 
and BPH followed the standard prereduc
tional sequence, whereas the rice-infesting 
BPI] and WBPI-1 manifested more labile 
iloses, being sometimes prereductional, or 

reductional and equational simultaneously. 
e The male karyotypic formulae were BPH: 

2n=30 (1411A + XY); N. baker: 2n=29 
(1411A + XO); and WBIPH: 2n=29 (1411A 
+ XO). 

coThe four delphacid populations possessed 
chromosomes with diffused centromeres. 

0 	 In terms of niciotic index, the planthoppers 
ranked as follows: BPH (rice) > WBPH > 
BIPll (grass)> N. /,akeri. The sperm head in 
rice planthoppers was longer than that in 
grss-infesting planthoppers. The rice-infest
ing BPH had the longest sperm head, whereas 
the grass-inlesting BPH possessed the shortest. 

* 	Pachene chromosomes revealed that rice
and grass-infesting Bl1I-I had 16 linkage 
groups, whereas ,,\. hakeriand WBPH had 15 
each. The total chromatin length was greater
in 	 rice planthoppe rs than in grass-infesting 

planthoppers. In terms of chromatin length, 
the planthoppers ranked is follows: BPH 
(rice) > Wl3P-I > N. bakeri > BPH (grass). 

0 The nucleolus of rice-infesting 1P H was larger 
and sometimes biforked compared with the 
smallcr ovoid nucleoli of grass-infesting BPH, 
WBPH, and N. bakeri. The nucleolar organ
izers of the planthoppers varied in relative 
mean lengths: rice-infcsting BPH1 (8.4) > 
WBPI ((..3)> grass-infesting BPH (6.2)> N. 
bakeri (6.0). 

e 	 At pachytene, the X-body of WBPH con
densed precociously into an ovoid body 
neasuringabOut I p longand 0.5 u wide, with 
a relative mean length of 2. [he X chromo
somes of other planthoppers were still in their 
relaxed configuration and had the following 
relative mean lengths: N. hakei (5.2), rice
infesting B1PH (3.9), atid giass-infesting BPH 
(3.2). 



" The grass-infesting planthoppers had higher 
chromosomal (autosame + sex chromosome) 
volume than the rice-infesting planthoppers. 
By chromosomal volume (y 3), they ranked as 
follows: N. bakeri (0.295) > grass-infesting 
BPH (0.283)> rice-infesting BPH (0.153)> 
WBPH (0.083). 

" In planthoppers, the heterochromatic sex 
chromosomes were differentiated by their 
isolating behavior. The X-bodies in N. bakeri 
and WBPH invariably lagged behind and 
congressed later, whereas the XY chromo-
somes in DPH segregated normally during 
anaphase. 

" During diakinesis, the chromosomes in rice-
infesting BPI] intensively coiled and shortened 
more than in grass-infesting BPI-I. 

" 	In terms of spontaneous chromosomal varia-

bilities (aneuploidy ard agmatoploidy), the 
planthoppers ranked as follows: BP-I (rice)> 
WBPI > N. hakeri > BPH (grass). Fusion 
and fission of chromosomes arc probable 
modes of speciation in planthoppcis. 

Morphometric variations in green leafhopper, 
We compared niorphotnetric variations between 
N. viresce'ns populations indigenous to the Philip-
pines and to Bangladesh. The axdominal, genital, 
rostral, antcnnal, and tarsal characters were quail-
tified in adult males and females. Multiple dis-
criminant anal ,.is d iffercntiatcd the two popula-
tions. All characters were combined in a single run 
for each sex in the populations. [he individual 
groupings of characters were also run for dis-
criminant analysis. Wilk's lambda was used for 
stepwise se!ection of independent variables to be 
cntered into the final analysis. When all the 
characters in males or females were analyzed, a 
significantly high dcgrce of discrimination was 
obtained between the two populations. The group 
centroids of the two populations were distinctly 
separated (Fig. 9). 

Comparative cytology of green leafhopper. 
Cellular and karyological fcatures of tcsticular 
meiocytes in (i l indigenous to tle Philippines 
were compared wi thlose from Bangladesh. In 
both populations, the first neiotic division was 
reductional, followed by cquational division. [he 
male genome in both populations was 2n=15, 
comprising 7 homnomorphic bivalent autosonres 
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9 	 Discuiminat scores of N. virmsvns biotypes from the 

Philippines (e) and Bangladesh (o) based on rostral, leg, 
antennal, and gnital char'acters of males without spot on 
corium. Group centroids are represented by asterisks. IRRI,
1985. 

and a univalent X-body. All chromosomes had 
diffused kinetochores. The single heterochromatic 
sex chromosome could be identified during dif
ferent meiotic stages by its isolation from the 
a utosoIal grouping. The two GI.H poptilations 
differed: 

9 [he Philippine population had a higher (0.80) 
meiotic index than the Bangladesh population 
(0.54). Spermato/oa in both populations had 
altnost equal head length. 

* 	 lhe pachytcnc chromosomes had eight link
age groups with equal total chromatin length 
in both populations. However, tile chromo
some with the nucklolar-organizing region was 
relatively longer (0.153) in the Philippine 
population than in tie Bangladesh population 
(0.146). The,'creverse was true of their sex 
chromosomes: the relative length of the sex 
chromosome in the Philippine population was 
0.083; that in the Bangladesh population was 
0.088. The individualautosonlesalso varied in 
length in tile two populations. 

* 	At the diakinesis and premetaphase stages, the 
length and volume of bivalents in tihe Phili1 
pine population were greaterthan those in the 
Bangladesh population. 

* 	Spontaneous chromosonal abnormalities, 
particularly hypoploidy, were 71%;j in the 
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Philippine population and 85% in the Bang- These cytological differences suggest that a 
ladesh population. Other aberrations included certain degree of isolation has occurred between 
increased chromosomal complements or en- the two geographically separated GLH popula
donuclear polyploidy. tions, which may even qualify as subspecies. 
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VARIETAL SCREENING 

Agronomy Department, International Rice 
Testing Program,and Upland Rice Breeding 

Program 

Field drought screening, 1985 dry season (Agro-
nomy). Screening ices fordrought tolerance at the 
vegetative growth stage is geared toward selecting 
varu 'esforrain-dependentdrought-proneculture 
and identifying possible sources of germplasn for 
drought tolerance, 

The 8,561 varieties and lines tested came from 
the germplasm bank (GB) and the Genetic Evalua-
tion and Utilization (GEU) and International Rice 
Testing (IRTP) programs. Each entry was scored 
for drought reaction at 2, 5, and I bars soil 
moisture tension (SMT) at 20-cm depth and for 
recovery from 10 bars SMT by the Standard 
evaluation system (SES) for rice. 

Among the 64 outstanding selections were 9 
upland and deep water GB accessions, 20 IRTP 
1984 nursery entries, and 35 GEU materials 
(Table I); 31 were IRRI-bred lines. and the others 

originated from 9 areas: 14 from Thailand; 5 from 

Ivory Coast; 3 each from India and Indonesia; 2 

each from B-ngladesh, Korea, and Philippines; 

and Ieach from Sierra Leone and Taiwan, China. 
All the outstanding entries showed no or slight 

leaf tipdryingat 2and 5 bars SMT(Table 1). At 10 
bars S MT, 26 entries exhibited drying of up to 25% 
of the length of the leaves, while 38 had lip to 25% 
of leaves fully dried. All 64 selections recovered 
fully when 10 bars SMT was relieved by sprinkler 
irrigation. 

Drought-tolerant check Salumpikit had 50% of 
the leaves fully desiccated at 10 bars SMT, but it 
completely recovered when water was applied 
(Table 2). Drought-susccptible IRAT9 dried con
pletely. and less than one-third of the plants 
produced new shoots when re-irrigated. 

Indian variety ARC10372, which had been 
tested for drought tolerance for 7 yr, and IRRI
bred line lR9782-111-2-1-2, testedfor6yr, showed 
consistently outstanding drought tolerance. 

Field screening for drought resistance (Upland 
Rice Breeding). A total of 4,077 GB accessions, 

Table 1. Outstanding selections for drought tolerance in field screening during the vegetative growth stage. IRRI, 1985 DS. 

Drought scorea 
Selection Source Origin 

2 bars SNIT 5 bars SMT 

Group I - drought score of 3 at 10 bars SMlTand recovery score of lb 
BKN6986-1 IRDWON 84-024 
Buluhan Yakei 289 GB Ace. no. 64206 
Chaw Ma Gawk GB Ace. no. 64235 
Daeng Chai Ta La GB Ace. no. 64240 
IRATI34 IURYN-E 84-006 
IRAT140 IURON 84-019 
IRAT142 !URYN-E 84-008 
IRAT144 URYT 84W-032 
Jao Loi GB Ace. no. 64345 
Jeh Ruang Dan GB Ace. no. 64351 
Kanahi GB Ace. no. 640. 3 
Khiaw Nak GB Ace. no. 64431 
Pawn GB Ace. no. 64580 
Tuggal Raya GB Ace. no. 64069 
1R9782-111-2-1-2 IRON 84-185 
IR19058-107-1 IRRSWON 84-026 
IR42221-2-1-3 Aug '84 PN-R73074 
1142221-2-2-3 Aug '84 PN-R73077 
IR42221-45-3-2 Aug '84 PN-R73108 
IR42221-51-2-3 Aug '84 PN-R73118 
IR43522-78-2 Jun '84 PN-R61967 
IR43522-85-2 Jun '84 PN-R61976 
IR43522-91-3 Jun '84 PN-R61990 
IR43522-94-3 Jun '84 PN-R61996 
IR43522-98-2 Jun '84 PN-R62002 
IR43522-105-2 Jun '84 PN-R62017 

Continued on opposite paqe 
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Indonesia 
Sierra Leone 
Thailand 
Thailand 
Ivory Coast 
Ivory Coast 
Ivory Coast 
Ivory Coast 
Thailand 
Thailand 
Indonesia 
Thailand 
Thailand 
Indonesia 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 

IRRI 

IRRI 
IRRI 


0 0 
0 1 
0 1 
1 1 
0 0 
0 1 
0 1 
0 0 
0 1 
1 1 
I 1 
1 1 
0 1 
0 1 
0 1 
0 0 
0 0 
1 1 
0 0 
0 1 
0 1 
0 1 
0 0 
0 0 
0 0 
I I 



Table 1 continued 

aDrought score 
Selection Source Origin 

2 bars SMT 5 bars EMT 

Group II - drought score o.t4 at 10 bars SMT andrecovery scoreof lb 
ARC10372 IURON 84-109 India 0 1 
BKN6988-52-1-3-0 IRDWON 84-025 Thailand 0 1 
BKNFR76042-18-1-1 IFRON 84-004 Thailan I 1 1 
BKNFR80023-2-501-1-1-1-1 Dec '84PN-836058 Thailand 0 1
 
BKNFR80023-2-501-.-1-1-2 Dec '84PN-836059 Thailand 1 1
 
BKNFR80023-2-501-1-1-2-1-3 Jun '84 PN-D59654 Thailand 1 1
 
BKNFR80023-3-505-1-3-5-2 Dec '84 PN-836066 Thailand 
 1 1
 
BKNFR80023-3-505-1-3-5-3 Dec '84 PN-836067 Thailand 0 1
 
BR306-13-3-2 IFRON 84-005 Bangladesh 1 1
 
Chenab 64-117 HB84W-0339 India 0 1
 
Cl 158-7 IURON 84-078 Philippines 0 1
 
IRATI 16 URYT 84W-028 Ivory Coast 0 0
 
Jalamagna IFRON 84-013 India 0 1
 
Milyang 54 IRON 84-074 Korea 0 
 1
 
Sail Kotha IFRON 84-015 Bangladesh 1 1
 
Salumpikit HB 84W-0316 Philippines 0 1
 
SPR7295-53-2-1-2 IFRON 84-023 Thailand 0 
 1 
Suwcon 294 IRON 84-074 Korea 1 1
 
Taichung Sen Yu 321 IRON 84-391 Taiwan, China 0 1
 
IR5853-198-1-2-1 F-PJ IRRSWON 84-185 IRRI 1 1
 
IR9761-19-1 IURYN-E 84-009 IRRI 0 1
 
1R11141-6-1-4 IRDWON 84-046 IRRI 1 1
 
IR23235-6-1-4 URYT 84W-076 IRRI 
 0 1
 
IR30716-8-8-8-5-4 UPN 84W-37904 IRRI 0 1
 
IR31432.4-1-3 RYT 84W-1513 IRRI 1 1
 
IR31432-8-6 OY 1"84W-8817 IRRI 0 1
 
IR32333-42-1-3-3 RYT 85D-1659 !RRI 
 1 1
 
IR33434-35-1-3-1-2-1 Dec '84 PN-836176 IRRI 0 1
 
IR37003-15-3-2-2-2 Jun '84 PN-R64648 IRRI 0 1
 
IR38691-27-6-I-1 Jun '84 PN-D58155 IRRI 1 1
 
IR38691-27-6-1-3 Jun '4 PN-D58157 IRRI 0 
 1 
IR43486-27-3 Jun '84 PN-R59941 IRRI 0 0 
IR43487-11-2 Jun '84 PN-R59984 IRRI 0 0 
IR43522-69-3 Jun '84 PN-R61949 IRRI 1 1
 
IR43522-68-1 Jun '84 PN-R62136 IRRI 0 1
 
IR43552-105-1 Jun '84 PN-R62525 IRRI 1 1
 
IR43559-103-3 Jun '84 PN-R62846 IRRI 0 
 1
 
IR43559-134-3 Jun '84 PN-R62893 IRRI 
 0 1 

aSES 0-9 scale: 0 = no visible effects of soil moisture stress, 9 all plants apparently dead. bSES 1-9 scale: 1 = 90-100% 
plants fully recovered, 9 = 0-19% plaiits fully recovered. 

Table 2. Drought and recovery scores of tolerant and sus- breeding lines from the upland and lowland 
ceptible checks in field screening during the vegetative
growth stage. IRRI, 1985 DS. nurseries, and the African species 0. glaberrima 

aDrought score were screened for field resistance to drought under 
Variety Recovery simulated upland culture (Table 3).

2 bars 5 bars 10 bars sThe 419 entries from the GB had been selected 
SMT SMT SMT for multipl resistance to various biotic or edaphic 

Salumpikit (tolerant) 1 2 5 1 stresses; about 29% of them showed a high level of 
!R442-2-58 (tolerant) 1 3 6 3 
IR20 (susceptible) 4 6 9 5 drought resistance (drought score of 1-4) at the 
IRAT9 (susceptible) 4 6 9 7 vegetative stage, and about 18% were resistant at 

aSES 0-9 scale: 0 = no visible effects of soil moisture tilereproductive stage.
 
stress, 9 = all plants apparently dead. bSES 1-9 scale: . = Among upland breeding lines, about 73%
 
90-100% plants fully recovered, 9 = 0-19% plants fully
 
recovered. showed drought resistance at the vegetative stage 
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Table 3. Field screening for drought resistance under upland conditions. IRRI, 1985 DS. 

Total 
Nursery no. 

tested 1 2 

Germplasin bank accessions 419 1 
Breeding lines from upland 974 80 101 

nurseries 
Breeding lines from shallow- 1209 4 

rai, d and medium-deep 
water nurseries 

Breeding lines from deep 1007 5 10 
water nurseries 

GEU elite lines 53 
Lines tested for abscisic acid 86 10 

(ABA) content 
O. glaberrima strains 329 46 61 

Germplasm bank accessions 234 8 
Breeding lines from upland 810 11 

nurseries 
Breeding lines from shallow- 397 

rainfed and medium-deep water 
nurseries 

Breeding lines from deep water 212 
nurseries 

GEU elite lines 31 
Lines tested for ABA content 75 
0. glaberrimastrains 501 23 
aDrought resistance scores: I = resistant, 9 susceptible. 

and about 14% at the reproductive stage. The 115 
lines showing a drought score of 1-3 at the 
reproductive stage had been selected in earlier 
seasons for dee, t thick roots in the F5 genera-
tion. The deep-and-thick root component of the 
avoidance mechanism was verified during the 
drought that prevailed in the wet season (WS). 
Mostof the linesalsoshowed good recovery, which 
led to good grain filling. 

From the shallow-rainfed and medium-deep 
water nurseries, 32% showed drought resistance at 
the vegetative stage, of those, only 3 lines were 
resistant at the reproductive stage: 1137135-14-1-
3-1, IR40860-31-6-3, and IR43553-20. 

Twenty-two percent of the breeding lines from 
the deep water nurseries showed high levels of 
drought i'csistarce at the vegetative stage. No lines 
were identified as resistant at the reproductive 
stage. 

Lines analyzed for abscisic acid content by the 
Plant Breeding Institute in England were found to 
range from resistant to intermediate in drought 
score at the vegetative stage but were mostly 
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Plants (no,) showing a given drought scorea 

3 4 5 6 7 8 9 

Vegetative stage 
32 90 171 102 23 

309 217 176 59 32 

144 242 383 265 171 

71 132 345 285 157 2 

5 20 23 5 
32 29 14 1 

154 49 16 1 2 

Reproductive stage 
32 1 40 1 72 80 

104 126 187 382 

3 20 99 275 

12 200 

6 5 20 
1 5 5 64 

73 181 101 123 

susceptible at the reproductive stage. Six lines that 
had droughtscores of 3-5 were progeny of the cross 
IR20/63-83. 63-83 is ad rought-resistant traditional 
upland variety from Africa. As in our past field 
screening, progenies with upland parentage usually 
showed high levels of drought resistance. 

Most (94%) African cultivars (0. glaberrina) 
showed high levels of drought resistance at the 
vegetative stage. Most of the entries flowered early 
in dry season (DS) at about 50-60 d after seeding 
(DAS). About 19% showed drought resistance at 
the reproductive stage. Drought escape through 
early maturity seems to be the main contributory 
factor to drought resistance in this group. 

Screening upland rice at reproductive stage 
(Agrononi').The 1985 DS screening of upland rice 
sought to identify varieties and lines with superior 
drought tolerance at the reproductive stage. It 
included 390 genotypes, most of which had been 
selected in 1984 for further testing. 

Different maturity classes were seeded on 
different dates in an attempt to synchronize flower
ing. Water was applied by a whole-plot sprinkler 



system; the irrigation amount was gradually 
increased from seeding to full canopy. Thereafter, 
irrigation was applied at a rate equivalent to 1.2 X 
pan evaporation except during a stress period from 
26 Apr to 17 May, when no irrigation was applied. 
The stress period was originally scheduled for 14 d, 
but was extended to 21 d because of rain. Because 
in previous years, visually estimated spikelet 
fertility correlated well with actual fertility and 
with grain yield, spikelet fertility was estimated 
visually for each plot as the only measure of 
drought tolerance. 

Despite staggered seeding, flowering dates of 
different genotypes spanned the entire stress 
period. Although there was no significant relation-
ship between days to flowering after stress onset 
and spikelet fertility (Table 4), only genotypes that 
flowered from 10 to 21 d after beginning the stress 
(90 varieties and lines) were compared. Genotypes 
that flowered during the first9 d of the stress period 
were excluded to ensure that spikelet fertility 
indicated drought tolerance, not drought escape.1985 upland observational nurseries (1hi'rna-

19uplando[ ervationa nureults frmthe
in-

1984 IRTP upland observational nurseries indicated the genotypes listed below to be promising 

for drought tolerance or iecover, 

Drought tolerawce 
ARC10372 IRAT146 TOx1785 
IRrATI04 IR 1973 -5-2-3-2-1 
IRATI31 IR25891 -82-5-3 

Drouight recoveri 
IRATI31 IR9729-67-3 NDRII I 
IRATI34 IR 13240-10-1 NDR119 
IRATI41 11R.25924-51-2-3 PLA 1100 
IR.50 112812845-2 
IR 146 1R28143-51-3-3-I 

More dtailed results appear in the IRTIP part of 

SOIL-PLANTWATER RELATIONSlIPS 

Agronom', Deparitnentand hIternationalRice 
Germnplasm Center 

Drought tolerance under limited rooting depth 
(Agronom.). A total of 105 GEU elite and selected 

Table 4. Spikelet fertility of top 15 genotypes that flow
ered from 10 to 21 d after onset of drought stress treat
ment. IRRI, 1985 DS. 

Spikelet Flowering 
Variety or line 
__)_stressonset) 

fertility
M%) 

(dafter 
stress onset) 

Scin Ta Lay 43 13 
IR9560-2-6-3-1IR7807-9-1-2-8 
IR12721-24-3-1 

3737 
30 

1515 
18 

B2992B-TB-73-4-2-3-3-3-2 30 17 
B3622E-TB-544
B2433B-KN-10-1-1-1 
IRATI40 

30
30
30 

14
12
10 

IR7835-28-2-3 (B) 27 14 
IR7812-16.14-9
IR10110-4-1
IR3880-10 

27
27
27 

14 
12
11 

B3623G-TB-41 23 18 
IR779048-1-2-5 23 16 
SYE3226-43-5 23 16 

lines were screened in the greenhouse for drought 
tolerance at limited rooting depth (45 cm) and for 

the ability to recover from drought stress. 
The rices, including the drought-tolerant checkRLeb Mue N-hng, were seeded in dry soil in steel 

dusadwtrdrglryu o3 A.Tewater was withheld and the soil allowed to dry by 
evapotranspiration. When Leb Mue Nahng was 

apparently dead, plants were scored for drought 
tolerance and then rewatered. 

Table 5shows some of the entries that performed 
better than Leb Mue Nahng. In DS, II25588-7-3-1 
and lR2965843-3-2-1 recovered well,asdid RD19 
and IR21015-196-3-1-3 in WS. Although 1R30812
B-3-B-1-1 and I1?29723-143-3-2-1 appeared dead, 
they were able to recover. Leb Mute Naling did not 
recover. 

The promising entries may be used for breeding 
rices for rainfed lwla nd and upland culture where 

rooting depths are restricted. 
Micronutrient uptake by lowland rice underdrought stress (A,ronomy). A field study in 1984 

DS deternined the effects of drought on growth 
and nutrient accumulation and distribution among
plant parts of rice at different grmth stages. 

Drought effects on macronutrient uptake and 
distribution were reported last year; effects on 
micronutrient uptake are reported here. 

11 54 was grown in a lowland field with the water 
level maintained at 3-4 cm except during treatment, 
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2 ) Table S. Drought tolerance iatings of promising entries No content (g/m
during the vegetative phase and recovery of entries after 
relief from stress. IRRI greenhouse, 1985. 06 - Leaf blades 

Tillers (%)DroughtVariety or line tolerance that recovered 0.4ratinga 7 d after stress
 
was relieved
 

02Dry season 

IR25588-7-3-1 6 86 
IR29658-43-3-2-1 7 75 01_1 
IR28150-84-3-3-2 7 44 
RD19 6 39 32 
IR12665-7-1-3-6 7 31 cu/rn and leaf sheath 

UPLRi-7 7 30 
IR30812-B-3-B-1-1 9 26 24 igionhlevel 
IR29723-143-3-2-1 9 26 . ----I 
B2997C-Tb-8-1 7 10 3 
Leb Mue Nahng 9 0 16 

Wet season 
RD 19 6 63 8 
IR21015-196-2,-1-3 7 62 
IR9669 Sel. 7 44 
IP306,6-B-2-B-6-3 7 38 _ 
IR30707-B-1-B-5-1 7 23 
B44b-50-2-2-2-5-1 7 18 
IR9782-111-2-1-2 7 18 1.2 po,cles 
B2997C-Tb-8-1 7 16 
1R28228-119-2-3-1-1 7 15 LSS 
Leb Mue Nahng 9 0 0.8 --t t tReflooding 

aBy the SES 0-9 scale: 0 = no visible effects, 9 = all plants Pt Fl 

apparently dead. 04 

0 

when the crop was subjected to 0 irrigation levels o0 60 80 10I 20 
using a line source sprinkler (LSS). The treatment Days ofter rowing 
period was 42-61 DAS. Position I was conti

1.Na content of various parts of IR54 at 3 irrigation levels. 
nuously flooded, while positions 2-6 were drained IRRI, 1985. LSS=linesouroesprinkler, PIl=panicleinitiation. 
prior to and reflooded after treatment. Results 
from LSS levels 1,3, and 6were used tosummarize 
the treatments. Total irrigation applied to the three Of all micronutrients studied, Mn concentration 
levels during the treatment period was 89, 54, and responded most strongly to the irrigation treat
0 rm, respectively. About 10 mm of rain fell and ments after st ess had been relieved. Since tissue 
90 mm of pan evaporation occurred during Mn concentrations were inversely related to water 
treatment. availability, there was no treatment effect on the 

Micrcnutrient content of the crop components Mn content of panicles. 
throughout the experiment (Figs. 1-7) reflects the The only anion among the micronutrients 
effects of drought on both dry matter assimilation studied was B, which showed the anomalous 
and micronutrient concentration in crop tissues response of decreased concentration in culms and 
(Table 6). Althou;h micronitricnt concentration leaf sheaths but increased concentra:ion in leaf 
in crop tissues was more strongly affected during blades under water deficit. 
the treatment period, treatment effects on micro- Although water deficit affected micronutrient 
nutrient content were observed until harvest, concentrations and contents, under no irrigation 
largely through treatment period effects on crop treatment were either deficiency or toxicity 
growth. symptoms observed. 
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Varietal differences in root characteristics 
(Agronomy, IRGC). Based on the Poiseuille-
Hagen equation for resistance to water flow in 
capillaries, the number and diameter of xylem 
vessels may limit water uptake by rice roots. The 
greater the number and diameter of xylem vessels 
in roots, the lower the axial resistance to water 
flow, because axial resistance is inversely propor-
tional to total cross-sectional area for water flow.
This relationship is important if plants are to 

extract available water at greater soil depths during 
drought. 

To determine genotypic variability, a green-
house experiment was conducted to examine the 
number and diameter of metaxylem vessels in the 
roots of well-watered (control) and drought 
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3. Cu content of various parts of IR54 at 3 irrigation levels. 
IRRI, 1985. 

stressed rice plants, and the distribution of vertical 
roots (root axes) at different soil depths. 

Four upland (63-83, IAC25, Azucena, MI-48) and 
2 lowland (IR36, IR20) ctltivars were grown in 
root boxes (20 X 20 X 90 cm) under aerobic 
conditions. N, P, and K were applied at 60-30-30 
kg/ha. Control and stress treatments received 
identical amounts of water until 37 DAS, after 
which water was withheld from the stress treatment 
for 16-22 d. Destructive plant sampling was done 
on 3 separate days for the 3 replications. 

Upland cultivars had more and larger meta

xylem vessels than lowland cultivars (Table 7). The 
total cross-sectional area of the metaxylem vessels 
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4. Mn content of various parts of IR54 at 3 irrigation levels. 5. Zn content of various parts of IR54 at 3 irrigation levels. 
IRRI, 1985. IRRI, 1985. 

Table 6. Direction of relationship between water availability during stress and nutrient concentration in rice tissues. IRRI, 

1985. 

Relationship a 

Nutrient During stress After stress 

Blade Cutlm + sheath Blade Culn + sheath Panicle 

Na + + 0 + 0 
Al + + + (weak) 0 + (weak)
Fe 0 + 0 0 0 
Cu 0 - (weak) 0 0 0 
B - + 0 0 0 
Zn - (weak) - 0 0 0 
Mn - (weak) - (weak) -  -

a+, -, 0, respectiv-!ly Indicate positive, negative, or no relationship. 
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IRRI, 1985. 1985. 

of lowland cultivars in the upper 10 cm of soil was Table 7. Nunber, radius, and total cross-sectional area of 
smaller than that of the upland cultivars. These metaxylem vessels of the primary roots of rice in the 
root characters were not significantly affected by upper 10 cm of soil. a IRRI, 1985. 
drought stress. Greater numbers of vertical root Av no. of Mean radius Total cross
axes were observed in lowland cultivars in the metaxylem Cum) of sectional 
upper 20 cm of the soil profile, but belov 40 cm, Variety vesse!s metaxylem area (mntl) 

upland cultivars had more root a"es (Fig. 8). perroot vessels vessels/plt'nt 
Drought stress sig.jificantly red uced the numberof 63-83 6.3 31.0 2.20vertical root axe: depths except IR20, IAC25 7.2 1.77at all in 32.0 
IR36, and Azucena below 70 cm depth. '.zucena 6.2 30.5 1.69 

Varieties differed in number and diameter of M148 6.7 28.0 1.94 
IR36 4.7 21.1 1.41root metaxy.!m vesselsand number of'vertical root lIR20 4.3 20.5 1.21 

axes. By manipulating or selecting for greater LSD (0.05) 0.5 1.7 0.44 
number of dee, roots with large xylem vessels, a CV (%) 0.3 3.6 21.3 
variety may be developed that is better adapted to aEach value is the mean of 6 replications. Control and 
areas where water ii available at greater soil stress treatments were not significantly different; hence, 
depths. Further study is in progress to determine they were combined. 
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1'.Distribution of vertical root axes of 6 rice cultivars at different soil depths. IRRI greenhouse, 1985 WS. 

the effects of these root characters on water uptake scoring using 100 entries from GEU elite breeding 
and plant water status, lines, and best genotypes from 1983 trialsand IRRI 

In related continuing studies of root characters, breeding programs. 
it was shown that Maiichbati - an aus variety - The genotypes were seeded on 20 Jan 1984 and 
and three hill rices - Jhum Kamarang, Jhum transplanted on 10 Feb to I-X 1.2-m plots in a 
Sonalichikon, and Mijingem - which all have lowland clay soil (Andaqueptic Haplaquoll). Plots 
high levels of drought resistance, have high xylem were kept flooded for the first 56 d after trans
vessel numberand xylem vessel area. These charac- planting and then drained. Tc,Tc-Ta, CWSI, and 
ters may increase the conductance of water and visualdrought scores were taken on 16 Apr 1984
nutrients from the soil to the above-ground parts. 27 d after drainage - between 0900 and 1500 h. 

Infrared screening of lowland rice for drought Genotype was a significant source of variation 
tolerance (Agrononiy). Over the past few years, forall screening methods(Table 8). Visualdrought 
IRRI has evaluated the usefulness of remotely scores ranged from 2 to 8. indicating that all 
sensed canopy temperature (Th) measured with a genotypes were under at least a mild stress. For all 
hand-held infrared thermometer(IRT), crop water genotypes, Tc-Ta was positive, further indication 
stress index (CWSI) computed from wet and dry that they were under stress. 
bulb temperatures, net radiation, and canopy-air Among the 16 most drought-resistant genotypes 
temperature differential (Tc-lh). The ability of for each screening method, 9 were common to all 
these IRT-based measurements to screen for methods (Table 9). Although all screening tech
drought tolerance was compared with visual niques were significantly correlated with one 
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Table 8. Analysis of variance for IRT-based and visual drought tolerance screening methods.a 1984 DS. 

Observed F Number of 
Screening methodb Grand SD DMRT 

Blocks acnotypes mean (%) groupings 

IPT-based 
Tc CC) 46.25** 2.47** 35.50 0.86 3 15

Tc.Ta CC) 40.58** 2.40** 2.48 0.84 44 18

CWSI 58.31* 2.34** 0.74 0.10 17 15 

Visual 
n s  Scorer A 1.84 5.26** 5.19 1.02 17 13


Scorer B 16.42** 4.08** 4.49 0.80 17 11
 

aAv of 4 replications. bIRT infrared thermoter, Tc = canopy temperature, Tc-Ta canopy-to-air temperature differential, 
CWSI = crop water stress index. 

Table 9. Correlation coefficients for 4 screening methods. 1984. 

Screening methoda 

T CC) 
Tc-nT(C) 

C\VSI 

Scorer A 
Scorer B 

Tc Tc-Ta 
C) CC) 

1.0000 
0.9978** 1.0000 
0.9980** 0.9993** 
0.5925** 0.5961"* 
0.6300** 0.6315** 

aAcronyms are explained in the footnote to Table 8. 

another (Table 10), the IRT-based measurements 
gave more Duncan's tmultiple range test groupings 
than did visual scoring (Table 8). 

The results suggest that IRT techniques provide 
greater resolution among genoty'pc than visual 
scoring, especially when screening tnder milr' 
water deficit. Of all methods evaluated, CWSI hT 
the interpretive advantage of being most closely 
linked to water use. On the practical side, visual 
scoring issimpler and more rapid than IRT-based 
scores, but IRT-based scores, particularly CWSI, 
offer much greater ability to interpret drought
resistance and to evaluate the physiological effects 
of drought stress. 
Management for drought tolerance (Agro-


riomt'). Three rice varieties(IRAT104, IRAT9,and 
1IR20) and two levels of' organic metabolism 
modifiers were used in a greenhouse experiment on 
plant-water relations and rice I',ponse to drought 

under two moisture regimes. 'oil moisture treat-

ments were I)continuously flooded and 2)ato-
matically ilTigatcd to maintain SM" from 0.075 to 
0.1() MPa. A ul~iar spray of 0 (CO [control]) anid 

60 ppm (C60) solution of equinolar salicylic-

CWSI Scorer Scorer 
A B 

1.0000 
0.5992* 1.0000 
0.6323** 0.9000** 

sulfosalicylic acid (SSAc) wasapplied weekly from 
28 DAS until flowering. Although the mode of 
action of SSAc has not been elucidated, it 
apparently acts as a protein stabilizer to help 
maintain mnembra ne stability during stress. 

Table 10. Promising genotypesance scores. IRRI, 1984 DS. 

Genotypea 


IR13365-253-3 

1R24761-35-3 
IR48 
IR29723-143-3-2-1 
1R8192-200-3-3-1-1IR12979-24-1 

IR28150-84-3-3-2 
IR19661-131-1-3-1-3 
IR13540-56-3-2-1 


Visualb 
score
 

3.25 
3.50 
3.50 
3.50 
3.754.00 

4.00 
4.00 
4.25 


and their drought toler. 

c
Tc Tc-Tad
 CC) CC) CwsIe 

34.9 1.8 0.67 
34.0 0.9 0.57 
34.0 0.9 0.56 
34.3 1.2 0.60 
34.4 1.4 0.6134.6 1.6 0.65 

34.8 1.8 0.66 
34.0 1.0 0.58 
34.7 1.6 0.65
 

aThe 9 were among the 16 most drought tolerant genotypes for all screening methods used. blased on SES scale 

1-9: 1 = no visible effects, 9 = all plants apparently dead.CThe cooler the canopy, the greater the drought tolerance;
thus, Th is inversely related to drought tolerance. dThe 
smaller the Tc-Ta, the greater the drought tolerance. 
eCrop water stress0.00 = index based on a 0.00 to 1.00 scale:most drought tolerant, 1.00 = least drought 
tolerant. 
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Table 11. Effects of SSAc and soil moisture regime on 
water consumptive use coefficient, Kc,at the ieproduc-
tive stage. IRRI greenhouse, 1985 WS. 

Water consumptive use coefficient (Kc) a 

V ariety Co tinuously flooded W ater stressedc 

Co C60 A,,,"co C60 A"b 

IRATI04 0.90 0.80 -11 0.10 0.44 +10 
IRAT9 0.80 0.77 - 4 0.47 0.54 +15 
IR20 0.97 0.86 -1I 0.47 0.48 + 2 

Xd 0.89 a 0.81 a 0.45 b 0.49 b 

aKc = eva potranspiration divided by potential evapotrans-

piration. b4% = 10P (C60-CO) divided by CO. cn.075. 
0.10 NPa matric suction. din the row, means followed by 
the same letter are not significantly different by DMRT 
at the 5% level, 

Table 12. Effects 0t SSAc and soil moisture regime on 
root dry weight at harvest. IRRI greenhouse, 1985 WS. 

Root dry weight (g/pot) 

Variety Cont.inuously flooded Water gtressedd 
b t' 
CO C60 A,1 C0 C60 A'e;

IRAT104 37 31 -16 23 29 +26* 
IRAT9 18 21 +17 16 24 +57* 
IR20 28 26 - 8 20 21 + 7 

KC 28 a 26 a 19.4 b 25 a 

tMPIa matric suction. A% = 100 (C60-CO) 

divided by CO. Cln the row, means followed by the same 
letter are not significantly different by DMRT at the 5% 
level. 

a 0 .0 7 5-0. 10 

~ 1
 

Effect on water use coefficient. The ratio of 
actual to potential evapotranspiration is the water 
use coefficient (Kc). In all varieties, SSAc slightly 

decreased Kc in contintuously flooded soil but 
produced contrary efllcts under the drought stress 
t e t e t i f r e sb t e n M n 6 n b ttreatment. Dificrences between CO and C60 in both 

moisture regimes, however, were not significant 
(Table II). 

Roo, shoot, atn( leaf water status. SSAc had 

more effect oi root thanshoot weight. The effect of 

CO and C60 differed among varieties and soil 
moisture regimes (Table 12). The root ratio (stress 
to no stress) was only 0.70 in CO,compared with 
0.97 in C60. 

C60 plants aaintained higher leafwater poten
tial at low soil matric potential and high evapora
tive demand than CO plants. C6; plants therefore 
suffered relatively less stress (Fig. 9). Leaf water 
retr',ion was also pouitively affected by C60, 
although the varieties did not respond equally(Fig. 

10). Moreover, C60 plants had lower leaf diffusive 
resistance at low leaf water potential than did CO 

plants (Fig II). l)espite its eftcts on plant water 
status, SSAc seemed not to aflect shoot dry weight 
(lable 13). 

Grain yiehl. The effect of SSAc on grin yield 
followed the trend desciibd for root weight and 
plant water status but wasopposed toleafdiffusive 

resistance as in the following model: 
Y = 67.90 + 1.13XI - 35.89,V, 

(R,, 12 - 0.520. N - 36) 

9. Effect of organic metabolism modifier on the frequency and intensity of wilting (CO - 0, CM)= 60 ppm of equimolar salicylic
sulfosalicylic acid mixture). IRRI grunhouse, 1985 WS. 
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GENETIC EVALUATION AND UTILIZATION (GEU) PROGRAM 79 



Table 13. Effects of SSAc and soil moisture regime on 

shoot dry weight at harvest. IRRI greenhouse, 1985 WS. 

Shoot dry weight (g/pot) 

Variety Continuously flooded Water stresseda 

CO C60 A%b CO C60 A%b 

IRAT104 100 91 - 9 41 48 +16 
IRAT9 75 83 +10 57 53 - 7 
IR20 92 84 - 9 53 56 + 5 

Re 89 a 86 a 50 b 52 b 

ao.075-0.10 MPa matric suction. bA% = 100 (C60-CO) 

divided by CO. cln the row, means followed by the same 
letter are not significantly different by DMRT at the 5%
level. 

where Y = grain yield (g/pot), X, = root dry 
weight (g/pot), and X, = leaf diffusive resistance 
(s/cm). 

Grain production underdrought stress was40% 
of that under continuous flooding, irrespective of 
variety or SSAc treatment. Nevertheless, SSAc 

Table 14. Effect of SSAc and soil moisture regime on 

grain yield. IRRI, 1985 WS. 

Grain yield (g/pot) 

Variety Continuously flooded Water stressed a 

CO C60 A%b CO C60 A%b 

IRAT104 47 46 -2 1 4 +206* 
IRAT9 55 54 -2 5 11 + 98* 
IR20 48 50 +4 4 7 + 46
 

RC 50 1 50 a 4 c 7 b 

a .075-0.10 MPa matrie suction. bA% = 100 (C60-CO) 

dh tded by CO. Ctn the row, means followed by the same 
let er are not significantly different by DMRT at the 5% 
lei .. 

supported yield recovery varying from46% in IR20 
to 206% in IRATI04 (Table 14). 

Although SSAc application did not significantly 
affect water use efficiency in the tested varieties, it 
lowered the threshold waterconsumption for grain 
production. 
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SCREENING FOR SAlINITY TOLERANCE 

Plant Phy'iologv Department 

Rice clivars. The scre:ning technique for selec

tion of salt-tolei-ant varieties and variants rc-
generated by tissue culture (Annual report for 
1981) was modified in 1983 by using, instead of the 
Koito KG growth cabinct, the phytotron glass-

house maintained at 29 21 0C (day night), (W00-
1700 day hours, 170()-0900 night hours, about 7()", 
rel (R ), and natural light intensitv. 

One-week-old (3-leaf stage) seedlinj.s were 

transplanted to a styrofoam board with 60 holes; 
30 seedlings of the same vanetv were transplanted 
to 30 holes and designated as one replication. The 
plants were gown in standard culture solution and 
left overnight. The next day, they were transferred 
to standard culture solu ion plus 0.51" NaCI. 
Electrical corductivity of the solution was about 
10.5 dS m. Susceptible variety TaiChung 65 and 
salt-tolerant Nona Bokra vere inclided in every set 
(Fig. 1). 

After 3 d of salini,'ation, plants began to (lie. A 
plant was judged dead when more than 90i of the 
leaf area of the youngest leaf blade had become 
necrotic and dry. [he dead plants were counted 
when only 3 of 30 plants survived in the T'aichang 
65 check. A scoring system based on percent 
seedling survival was devscd: more than 601" 
survival was rated resistant, 3!40() i nmdcatTly 
resistant, and 0-30(.j susceptible. 

In 1983, 70 ctdtivars were tested for salinity
toierance. Rated resistant were Nona Bokra, 

,noden, 

P 
, 

'"'i,, i}'(:}) "t' :,
',.,i~i l :


.jJ ('",., ,, ,. 


... ...
 

Taichung QE; 
-- ____ -l________ 

I. Sali-tolcant Noi Bokra wih mrc surving ihlitsthan 

,al-susccptible hichiing ,5.1.I, 1984. 

Table 1. Sereening for salinity tolerance. IRRI, 1983. 

'Yiii-., or line Survival (7o) Score Tolerance 
after salinization iatinga 

Nona Bokra 92 1 R 
1R45954-1-13 78 2 RKRI-24 72 2 R 
BR4-10 63 3 R 
ADT4 57 4 MR

Klaa57 4 MR4 MR
KalaDa 5 
Khiao Gao Diao 51 4 MR
NIK47-22 51 4 M 
ADT28 43 5 MR 
1R3858-6 41 5 MRKhao Tah lHaeng 17 43 5 MR 

SP.3-9 49 5 MR 
Bin Ta Pan 32 6 MR 
Daeng Noi 40 6 MR
Khao Tali Haeng 38 6 MR 
Moroberekan 37 6 MR 
SR26 B 36 6 MR 

ajR=resistaot, MR=moderatelyresistant. 

l14595-4-1-13, KRl-24,;,nd BR 4-10(Table I). In 
!985, 23 entries from the International Rice 
Salinity Tolerance Yield Nursery were screened for 
salinity tolerance, and IIR45954-1-13 was again 
rated as resistant. 

Variants from ti..';ue culture. Tissue culture is a 
technique that cari generate a wide range of salt 
toleance. In 198 I, plants were regenerated from 
Taichung 6,5, Fujisaka 5,Reiho, and Nona Bokra 
through somatic cell culhure. Of 526 R, lines of 
japonica variarts tested, 725 R, seedlings were 
selected and treated as individual lines. Screening 
of 11 plants produced 17 variant,, that were 
moderately tolerant of salinity. Furtherselection of 
the 1R4 showed 13 of 120 viriants moderately 
tolerant. In the R., 6 of 33 variants showed 

te tolerance. Although the pero..r atge of 
variants with moderate to!era nce for salinity in
creased with advancing genc!..:ion, the variants 
still sgregated in the R. 

In thl~ 19841 wet season (WS),.an observational ,nursery was set up at IRRI. Seeds from 1.720 

regenerated plants of Nona Bokra were planted at100 scedlingi line and grown t m trty w 

~hundred eighty-two varints wrfodseI
dwar' to intermediate in plant height, with erect 

leaves and compact tillering. The variants were 

planted in tile1985 dry season at IRRI; three R 3 

lines were observed to be hemozygous for compact 
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d. %, i i j ' 

Bokra ,arrantuNona NP Il 10-5-2-21 . %6hCrect Ica\C, alldtComnpati liller ill ,':olllI; \l til(I tpitypt ,xhibited by the 
p;1cti. I I . 19"'.1. I Icc c ( It 1vdn 1. 

tillers and erect leaves in contrast to the oplen type 	 stituted for Fec('I.61-1 O. The solutions were 
characteristic of the pa rent Nota l3okra (Fig. 2). 	 salinizcd from just after germination using 2 EC 
When the three lines were tested using the method 	 levels 5 and 10 dS im.The plants were kept in 
previously described, tley' were found susceptible 	 the phytotron glasshouse at 29 21 °C and 70(C
(Table 2). It appear., that, although the plant type 	 RH1-,and harvested at 3 wk alter seeding (WAS). 
of Non: 13okra was improwcd hy i suC Culture, its At ,.laious levels of EU, pl1, and nutrients, the 
tolerance for salinitv was altered, giving rise to response of vaneties to salt cha nged significantly,
susceptible plants in the RI1 . IPurtlCr Finpl'oVCnClt as shown by reliative growth (total dry weight in 
must be done )it the generation ol v.atiaots at the salini ied solution relative to that of' tile control) 
cellilar leel to0 produce pl'nis wilh stable and ( Fable 3, 4). Pkkali was found to be tile most 
heritable tolera iec lor salinity, tolerant: iis growth was least affictcd by changes in 

-C, p11, and nutrient concentration. 
I.1 .1:('1 l- Sil Ru! Ni (I N I RAI IO)N ANI) pit When tile wide adaptability to salt at EC 5 and 

(N 	 :-MI I (Il H..\N(A i 10 dS in was evaluated, Pokkali ranked first, 
I'ollowed by aichung 65, KR 1-24, and NonaP'am 1'11r vo,'t1)pru 11,okra (Table 5). At 5 dS Il, Sa lunpikit showed 

IPrce Crmi nated ,',d s of I, rice va rietics Weree tile highest tolciancc in full nutrient at pli 5; M242 
grown in fill an 120('( nutricnt concentrations at and Al)f18 shtwed higher tolerance at pi 5 both 
2 pII levels pi I 5anid pll 9. [he composition of 	 in full and in 20"7 nutrient. At 10 dS in, M242 atnd 
culture solution was pr..'parcd f'ollwing Yoshida's 	 ADI28 showed higher tolerancc olnly in full 
recoi ilendatiOtu, exco'pt that I-c-I1)lIA wassub-	 nutrient solution at pI 5, while most IRRI 

va retics showed compa ratively higher tolera nce 
lilv il 20+i nutlient. Solic valicties tolcrant at 10 

Table 2, Plant htigi t, lmatmity, aid salinity tollerace of' i in such as Nona HBok ra and K R 1-24 showcd 
Noiia IBukra R3 variants compared with tle parent. IRRI, lower toicranec at 5 dS in. laiching 65 had been 
1984, Decetmber seeding, elassi 'ed as susceptible w the previous method. 

Parent or variant lit'eht Days to Salinity but it showed rca rk able to len ince wlieii evaluated 
ill tlntul it y tolealcea by clativc growth. Nona okrat exhibited marked 

Notta liokr,i 114 109 R ro(ot grtowtl reductiti in 2(Y7 nutrient concentra-
Nil Ill 1)-5-2-2L 123 135 S tion at p11 5 and pll 9 (Table 6). Fhe order of' 
Nil Ill 1'7-12-1-211 113 135 S 	 varietal toleince flor salt was greatly affected by
NIl IV 10-3-111 108 135 S p1l and ntriell concentration. Ih lencchanisl 
,R z resistan, s= sus'ti~iihl1. 	 for salt tolerance might difl-r allnong va -tis. 
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Table 3. Relative growth of varieties at EC 5 dS/m at 2 pH and 2 nutrient levels. IRRI, 1985. 

Relative growth 

Rank a 
p1 5 pH 9 

Full nutrient 20% nutrient Full nutrient 20% nutrient 

1 
2 
3 

Salumpikit 
IR4595-4-l-13 
ADT2, 

1.12 
'.07 
0.96 

Pokkali 
ADT28 
BR4-10 

1.00 
0.98 
0.84 

KRI-24 
Taichung 65 
Pokkali 

0.83 
0.77 
0.75 

Taichung 65 
IR4595-4-1-13 
Pokkali 

1.09 
1.02 
0.92 

4 Pokkali 0.95 Taichung 65 0.81 Getu 0.67 KR1-24 0.88 
5 
6 
7 

M242 
Getu 
Nona Bokza 

0.95 
0.94 
0.83 

M242 
KR1-24 
IR36 

0.76 
0.71 
0.71 

BR4-10 
IR4595-4-1-13 
Salumpikit 

0.65 
0.60 
0.57 

BR4-10 
M242 
Getu 

0.82 
0.79 
0.74 

9 
10 
11 

BR4-10 
Bluebonnet 50 
Taichung 65 
KR1-24 

0.76 
0.71 
0.68 
0.67 

Getu 
Nona Bokra 
Bluebonnet 50 
IR56 

0.69 
0.68 
0.64 
0.58 

M242 
Nona Bokra 
IR8 
ADT28 

0.54 
0.52 
0.49 
0.46 

Nona Bokra 
ADT28 
IR8 
Dawk Mall 

0.72 
0.70 
0.52 
0.43 

12 IR8 0.66 IR4595-4-1-13 0.55 IR56 0.44 IR56 0.37 
13 IR56 0.56 Dawk Mali 0.39 Bluebonnet 50 0.38 Bluebonn-t 50 0.36 
14 IR50 0.54 IR58 0.33 IR36 0.38 IR36 0.34 
15 
16 
17 

Dawk Mali 
IRS 
IR54 

0.53 
0.52 
0.47 

1R54 
IR50 
IRS 

0.26 
0.24 
0.20 

IRS 
IR54 
IR50 

0.38 
0.37 
0.36 

Salumpikit 
IR50 
IR54 

0.34 
0.24 
0.23 

18 IR36 0.46 Salumpikit 0.18 Dawk Mali 0.35 IRS 0.21 
Av of 18 varieties 0.74 0.59 0.53 0.60 

aAccording to tolerance for salt. 

Table 4. Relative growth of varieties at EC 10 dS/m at 2 pH and 2 nutrient levels. IRRI, 1985. 

P.elative growth 

Ranka pH 5 pH 9 

Full nutrient 20% nutrient Full nutrient 20% nutrient 

1 Pokkali 0.69 Taichung 65 0.23 Pokkali 0.59 Taichung 65 0.10 
2 M242 0.55 Pokkali 0.15 KRI-24 0.52 Pokkali 0.08 
3 Taichung 65 0.39 Nona Bokra 0.14 Taichung 65 0.51 Nona Bokra 0.07
4 KRI-24 0.39 KRI-24 0.12 Nona Bokra 0.38 KRI-24 0.07 
5 ADT28 0.35 IR4595-4-1-13 0.10 IR4595-4-1-13 0.30 1R54 0.07 
6 Nona Bokra 0.34 IR54 0.09 13R4-10 0.24 IR8 0.07 
7 Getu 0.31 BR4-10 0.08 Getu 0.18 BR4-10 0.06 
8 IR4595-4-1-13 0.24 IR56 0.08 IR56 0.18 IR50 0.06 
9 BR4-10 0.21 IR8 0.07 M242 0.16 'R5 0.06 

10 1R36 0.21 IRSO 0.07 Dawk Mali 0.15 Bluebonnet 50 0.06
11 IR8 0.19 Bluebonnet 50 0.06 IR54 0.14 Salumpikit 0.06 
12 IRS 0.15 IRS 0.06 Bluebonnet 50 0.14 1R4595.4-1-13 0.05 
13 Dawk Mali 0.12 IR36 0.06 IR8 0.13 Getu 0.05 
14 IR54 0.11 Getu 0.06 IR5 0.12 ADT28 0.04 
15 IR56 0.11 ADT28 0.06 ADT28 0.11 M242 0,04
16 Salumpikit 0.10 M242 0.05 IR50 0.10 IR36 0.04 
17 Bluebonnet 50 0.09 Dawk Mali 0.05 Salumpikit 0.09 IR56 0.04 
18 IR50 0.05 Salumpikit 0.04 IR36 0.08 Dawk Mali 0.04 

Av of 18 varieties 0.26 0.09 0.23 0.06 

aAccording to tolerance for salt. 
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Table 5. Ranking and adaptability of varieties by tolerance for salinity at EC 5 and 10 dS/m at 2 pH and 2 nutrient levels. 
IRRI, 1985. 

Rank 

Variety 5 dS/m 10 dS/m Adaptabilitya 

pH 5 pH 9 pH 5 pH 9 5 dS/n 10 dS/m Both levels 

Fuli 20% Full 20% Full 20% Full 20% 

Pokkali 
raichung 54 
KRI-24 
Nona Bokra 
BR4-10 
IR4595-4-1-13 
Getu 
M242 
ADT28 
IR8 
Bluebonnet 50 
IR56 
Salumpikit 
IR54 
IR36 
IR5 

4 
10 
11 

7 
8 
2 
6 
4 
3 

12 
9 

13 
1 

17 
18 
16 

1 
4 
6 
9 
3 

12 
8 
5 
2 

14 
10 
11 
18 
15 
6 

17 

3 
2 
1 
9 
5 
6 
4 
8 

11 
10 
13 
12 
7 

16 
13 
13 

3 
1 
4 
8 
5 
2 
7 
6 
9 
10 
13 
12 
14 
17 
14 
18 

1 
3 
3 
6 
9 
8 
7 
2 
5 

11 
17 
14 
16 
14 
9 
12 

2 
1 
4 
3 
7 
5 

11 
16 
11 
9 

11 
7 

18 
6 
11 
11 

1 
3 
2 
4 
6 
5 
7 
9 

15 
13 
11 
7 

17 
11 
18 
14 

2 
1 
3 
3 
7 

12 
12 
14 
14 
3 
7 

14 
7 
3 

14 
7 

11 
17 
22 
33 
21 
22 
25 
23 
25 
46 
45 
48 
40 
65 
51 
64 

6 
F 

12 
16 
29 
30 
37 
41 
45 
36 
46 
42 
58 
34 
52 
44 

17 
25 
34 
49 
50 
52 
62 
64 
70 
82 
91 
90 
98 
99 
103 
108 

DawkMal 15 13 18 11 13 16 10 14 57 53 110 
IR50 14 16 17 16 18 9 16 7 63 50 113 

aSummation of ranking. Lower values indicate wider adaptability. 

GENETICS OF SALT tOLERANCE 

Plant Breeding Dn artment 

Salt tolerance studies were conducted under con-
trolled conditions using solution and pot culture 
techniquts. Varieties Nona Bokra and Pokkali 
(tolerant), Damodar and ,hona 349 (moderately 
tolerant), and IR28 and IR5657-33-2 (sensitive) 
were selected for genetic analysis of traits under 
salinization (EC 12 dS/m) at the seedling and 
reproductive stages. 

Both additive and dominance effects were 
important in the inhcritance ofall the traits studied, 

Table 6. Root growth of Nona Bokra at EC 5 dS/m in 
20% nutrient concentration.a IRRI, 1985. 

pH 5 pll 9 
Variety 

Root Total Root Total 

Nona Bokra 0.29 (43) 0.68 0.36 (50) 0.72 
Av of 18 varieties 0.42 (71) 0.59 0.41 (68) 0.60 

aFigures in parentheses indicate percentage of total, 

Shoot length, Na and Ca content in the shoots, and 
dry weight of shoots and roots showed significant
additive effects with a high degree of heritability.
Genes controlling Na and Ca levels in shoots were 
found to bc partially dominant. At least three 
groups of genes were found to be involved in the 
inheritance of Na and Ca levels at the seedling 
stage. 

Highly significant additive effects were also 
,bserved for plant height and yield per plant, with 
high heritability. Selection on the basis of shoot 
length, Na level in the shoots, dry weight of shoots 
and roots, plant height, and yield per plant, which 
show predominance of additive effects and high 
heritability, could lead to the development of salt
tolerant cultivars. 

PIIYSIOLOGICAL S IUDIES OF BORON TOXICITY 

Plant Ph iologv Department 

Effect of boron on growth and yield. Growth and 
yield of IR36, IR58, and IR21820-154-3-2-2 in 0.2 
(standard), 1.0, 2.0, 3.0, 4.0, and 5.0 ppm B were
studied in the phytotron at 29/21 'C. 
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B toxicity symptoms were observed at 1.0- ReIt:ve .eight () 

5.0 ppm in culture solution. Symptoms were most 100 

pronounced at 0 wk after transplanting (WTr). 
B concentration in the plant organs increased with 
increasing level of B in the medium1 (Table 7, 8). ) 5" 
B content in the plant organs followed the order ". , 
shoot > panicle > root. 

At 6 WT, B content in the shoot followed the 
order IR58 > 11(36 > 1R21820. However, B con- , 
tents in thi: roots were comparable. \, 

Increasing B concentration to 5 ppifl decreased ''-.,*', 
growth by 20-30(i (Fig. 3) and vield by 4-10(,7. 2.i_ 
Straw weight at harvest tended to be similarto that 
of the panicle. 

CO--- :, FR3r.'he"O ,'.s q*cm? , . 

P-.F3C,-c 4iO!P YR3paniicle Afegqht 1 0 
rable 7. Boron ConlCentratioln at 6 wk after transplanting ;L-. ik58 50hoot 'Aql 

in plant parts of 3 water culti:e-grown rice varieties with 7 IR58 pcnnr!e A.eqh" 

6 B treatments. IRRI, 1985. . ,- ' ,, .., :i -. 

Boron conieit (ppin) , . ' ' 
Variety __ _', __'_, " 

0.2 1.0 2.0 3.0 4.0 5.0 t r , r.aw jrco r n., v rlJ', (, ,jlrn 

(standard) 
3. Effect of B on shoot (It cight and panicle weight of 3 

Roots %alictics. I RR. 1985. I)r,vkighi at 0.2 pin IB= I('' foreach 
IR36 3.0 6.2 12.0 18.8 20.6 30.4 saretv 
IR58 3.4 7.4 11.8 16.6 26.6 29.9 
IR21820 2.4 9.8 12.6 15.2 20.4 33.0 

Shoots 
IR36 12.2 29.6 49.2 68.2 79.0 88.0 l'ffect of nitrogen on boron concentration. To 
IR58 12.8 26.0 45.0 62.6 84.6 92.2 determine the effect of N on B toxicity in the rice 
IR21820 13.0 30.2 54.6 65.6 75.2 82.2 plant at different growth stages, susceptible variety 

IR8 was grown in the phytotron in culture solution 
containing 2 levels of N 10 and 10 ppm -- in 3 
replications. In each replication, thrie pots were 

Table 8. Boron concentration at maturity of plant parts saipled at every growth stage. B was added at 0.2 
of 3 waterculture-grown rice varieties with 6 B treatment a. 
IRRI, 1985. and 5.0 ppn in the form of boric acid. The culture 

solution was renewed weekly and adjusted to pH
B)ron content (ppin) 5.0 every othie r day.

Variety
 
0.2 1.3 2.0 3.0 4.0 5.0 As early as 7 d after transplanting, B toxicity

(standard) symptoms were observed at both levels of N at 

5.0 ppm 13.Symptoms were more pronounced at 
lR36 7.7 8.6 11.2 9.6 9.0 10.0 6-7 WI. 
1R58 7.1 7.9 8.2 9.0 9.2 10.8 With increasing N in the grovthi meditim, the
IR21820 6.8 8.5 13.4 13.1 17.7 19.4 concentration of B in the shoots increased at all 

Strai, (cors + chn) growth stages (Table 9). However, Bconcentration 
IR36 16.8 24.7 30 8 42.8 54.2 60.3 
IR58 19.1 21.7 33.7 45.0 53.2 68.5 in the shoots at 5 ppm levels decreasd at booting 
1R21820 18.7 21.6 32.4 37.2 45.0 49.6 conipared to that at 5 WT. 

I'anich's I otaI plant dry weight decreased at 5.0 ppm Bat 
IR36 7.2 9.1 14.6 18.8 22.4 29.7 both N levels for all growth stages(Table 10). TheIR58 6.6 10.4t 15.8 22.9 29.1 410.4 
IR21820 6.6 8.6 12.0 17.1 19.2 24.2 decrease was higherat the higher N level, especiallyat booting. 
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Table 9. Boron concentration in plant parts of IR8 grown in culture solution with 2 N and B treatments at 3 growth stages. 
IRRI phytotron, 1985. 

B content (ppm)
Treatment (ppm) 

a
5WT Booting Maturity
N 13_ _ 

Shoots Roots Shoots Roots Straw Panicle Roots 

10 0.2 22.13 4.22 23.89 5.96 67.20 5.60 8.8 
10 5.0 143.20 8.76 112.58 1.80 304.26 28.93 12.93
 

100 0.2 41.33 4.67 46.53 6.89 73.60 6.80 5.47
 
100 5.0 170.67 8.93 141.38 12.06 322.26 30.0 12.0
 

aVeeks after transplanting. 

Table 10. Plant dry weight of IR8 at 2 levels of N and B response to Al may also vary, depending on the 
at 3 growth stages. IRRI phytotron, 1985. balance bct"ween Al and nutrient concentrations. 

Treatment Plant dry weight (g/pot) The response of rice varieties in graded Al and 
(ppm) a nutrient concentrations was examtined. Treatment 

5 WT fBooting Maturity was applied at 0-2 WAS. 
N B The apns 

Shoots Roots Shoots Roots Shoots Roots The average response of tine va-eties to Al was 
ilthe order: root length > root weight > shoot 

10 0.2 6.5 3.2 43.3 17.9 48.5 12.1 weight > shoot length (Table 12). This response 
10 5.0 5.7 2.8 37.2 11.3 46.2 11.1 

100 0.2 15.7 3.0 130.8 17.9 233.3 19.9 was further enhanced by diluting the nutrient 
100 5.0 12.8 2.1 87.5 12.9 192.7 18.9 solution from fullstrength to 10( .Amongthe four 

growth indices, maximutn root length was thc best 
aweks after transplanting. Measure of Al toxicity. In practice, relative root 

length (RRI1),which is the ratio of maximtum root 
length in Al to that inAl-free meditu, is used as 

Little difference in grin wveight was observed , the index of Al tolentnce. 
low N. At 5.0 ppm 13at the higher N level, grain Varietal response occurred in 4 nutrient and Al 
weight was reduced by 12%k (Table II). The combinations (I10"1 nutrient and 8 ppni Al, 20% 
decrease was due to decreased nunber of spikelets and 8,20 and 30, and (ill and 30), but it was best 

per panicle. expressed in I0e' nut riet and 8 ppm Al (Fig. 4). 

This response was also observed in root weight, 
RI-SI'ONSF 10 AI.I'MINUM shoot length, and shoot weight. [he combination 

Plant Ph/Wiiologv Deg~artnent of 8 ppm Al and 10% nutrient solution appears to 

be suitable for screening, not only becatse it 
Graded nutrient levels. Al toxicity is affected not produces a distinct varietal response but also 
only by the absolute concentration of Al but also because it closely simulates prevailing acid soil 
by nutritional condition. Varietal and differential conditions. 

Table I1.Grain weight and yield components of IR8 at 2 levels of N and B. IRRI, 1985. 

Treatment (ppmn)
__reatent__pp_)__ 
 anicles/pot Spikelets/panicle Filled grain 1,000-grain Grain weight 

N 1B (no.) (no.) t%) weight (g) (g/pot) 

10 0.2 17 62 84 23.5 23.1 
10 5.0 15 60 90 25.0 24.3 

100 0.2 47 60 94 26.5 80.7
 
100 5.0 47 52 89 27.8 71.0
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Table 12. Relative response of 9 rice varieties to graded Al 
and mitrient solutions.a IRRI, 1985. 

Response (%) 
Nutrient 
solution Al Root Shoot Root Shoot 

(ppm) length length weight weight 

Full 0 100 100 100 100 
8 

30 
97 
70 

101 
95 

95 
79 

102 
98 

20% 0 
8 

79 
51 

71 
73 

79 
63 

64 
64 

30 29 58 42 49 
10% 0 79 57 68 49 

8 
30 

38 
13 

55 
40 

53 
26 

49 
36 

aAv response of 9 rice varieties with full strength nutrient 
solution and Al-free treatment as reference. 

RRL was significantly correlated with root 
length in Al-free medium in three Al and nutrient 
combinations (Table 13). The association between 
Al tolerance and deep roots depends on the balance 
between Al and nutrient levels. 

Seedling age. Nine Al-tolerant and susceptible
ricecultivars weregrown ingraded Al and nutrient 
concentrations at 0-2 WAS and at 24 WAS. 

RRL of 4-wk-old seedlings was alwas greater 
than that of 2-wk-old seedlings (Fig. 5). The 

100 Toleror-ov of 5 varettes 

S'sceptible - rf3 vorietes 

80 

60 

0-


20 

R 30 8 :o 8 30 
Al conceraton (pv,,,) 

10% 10% 20% 20%, Full iull 
Dilution rate of njtrienl 

4. Varietal response ingraded Al and nutrient concentrations. 
IRRI, 1985. 
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Table 13. Regression coefficients between r-lative root 
length and root length in Al-free medium. IRRI, 1985. 

Nutrient level Coefficient 

8 ppm AI 
10% 0.7405* 
20% 0.7111*Full 0.1300 n s 

30ppm AI 
"0100 A0.027s 

20% 0.6696*
Full _0.2817ns 

difference between 2-wl,-old and 4-wk-old seedlings increased by increasing Al from 8 to 30 ppm
and inghe nurin A from full 
and bydiluting tile
nutrient concentration from full 
strength to I0'..Varietal response in 2-wk-old 
seedlings held through the 4-wk-old seedlings but 
to a lesser degree. Because of distinct varietal 
response and greater sensitivity to high Al and low 
nutrient concentrations, the 2-wk-old rice seedling 
is at a suitable growth stage for screening for Al 
toxicity tolerance. 

SCREUNIN(; FOR At.MINtM tOXICITY 
I)IRANCI"
 

Plant Physioh~i and Plant Breeding 
DelX1rtnets
 

Traditional varieties from northeast India.'The 
northeastern hill region of India is predominantly 

red lateritic acid soil. Besides P deficiency, Al 
toxicity is prevalent. 

Eighty varieties from tileregion were screened 
for Al toxicity using the RR L technique. "'Terance 
is based on the ratio of the maximum root length at 
30 ppm to that at 0ppm Al. R R L ranged from 0.29 
to 0.95. The most tolerant varieties were Azucena, 
Ate loctl, Thlanchuah, Chao, and Nikhunkati. 

Deep water rices from Vietnam. About 1.2 
million ha in the CLu Long Delta are planted to
loca! deep water rices Almost all of these soils are 
acid sulfate. Al toxicity may be a problem where 
rice is broadcast on the unflooded land at the start 
of WS. 

Fifty-two deep water rices from Vietnam, fourfrom Thailand, and breeding lines from IRRI were 

screened for Al toxicity tolerance. RRL of all the 
varieties tested was lower than that of IAC3, the 
tolerant check. 



Relative root growth too 

12C 

too, 

80 	 '*ull nutrient 4 WNAS 

.unll\ 	 .. Utrient 2 WAS 
6a 20"/, nu,ient, WAS0- - - - OY/o,,utrrint4,A'S 

"20% njtr'ont 2 WAS 

20 	 )0'/o nitrent 2 , 

o 4 0.2 , 0 2 20 30 

5. Eoe o (r')5. Effect of AI and nut rient COooitrotrtls on Irite grow thatand 4 wk after sowing (WAS) lay of 9 ,arieties). R, 195. 

The best varieties were Leb \'ue Nahng I11, a 
Thai floating rice adapted to potentially acid 
sulfate soil: Tau Nut, a Vietnamese transplanted 
deep water rice for acid sulfate areas: Ba Sao, a 
Vietnamese broadcast floating rice for acid sulfate 
areas; Khao Daeng, aThai rice for potentiallyacid 
sulfate areas; Nang Phuoc. a Vietnamese rice 
tolerant of acid sulfate soil; Xa (uay, a Vietnamese 
rice for tidally flooded areas; and Nang Du" To, a 
Vietnamese floating rice. 

Absolute root length as a criterirn. In screening 
for Al toxicity tolerance, RRL is a valuable 
critcrion. For F, screening, however, this 
measurement cannot be made. Therefore, the 
correlation between RRL and root lngth at30 ppm Al for 107 varieties was evaluted. The 

correlation was highly significant (r = 0.798), 
meaning that populations having one Al toxicitytolerant parent could be screened in the F2 at 
30 ppm Ai using absolute root length as thecriterion. 

NIIRFI'RHANCE OI PIt )SPZHO)RIS II+II.IZAfION 
E1:ICIFNC+Y
 

Plant Breedinln Dl rtment 

Seven rices representing varying responses to P 
stress were crossed in 	all possible combinations,excluding reciprocals. Stress was induced using 
greenhouse and field methods. 

P utilization efficiency was expressed in three 
ways: 

0 shoot dry weight. 
0 P content per seedling, and 
* 	P efficiency ratio (ury weight produced per 

unit of P accunmtlated). 
The first measurement isequal to the product of 

the second and third measurements. 
Table 14 lists for each situation and measure

nient technique the two parents with the highest P 
utilization efficiency. If one considers shoot dry 

Table 14. Best parents for P1efficiency using various treatments and inea.iuremeiit. to induce P-related growth differences. 
IRRI, 1985. 

Treatment 

Nutrient solution, 0.5 rg/liter 

Nutrient solution, 10 rug/liter 

3.2 ppm + 0 kg P/ha 

3.2 ppm + 110 kg P/ha 

Na + soil (pll 8.5) 

Shoot dry weight 

IRI 3149-3-2-2 
IET1444 

IET1444 
IR13149-3-2-2 

IR13149-32-2 
IR36 
IR9884-54-3 
IR14632-2-3 

IET1444 

IR 13149-3-2-2 

Best parents for 

Pcontent P efficiency ratio 

Greenhouse 
IRI 3149-3-2-2 IR13149-3-2-2
 
IR14632-2-3 
 1ET1444 
IRI 3149-3-2-2 IET1444 
IR14632-2-3 IR36 

Field, acid soil
IR14632-2-3 IR9884-54-3
 
IR13149-3-2-2 IR13149-3-2-2
 
IR14632-2-3 Mahsuri 
1EIT1444 IR1 3149-3-2-2 

Greenhouse 
IET1444 IR14632-2-3 
IR 13149-3.2-2 IR9884-54-3 

GENETIC EVALUATION AND UTILIIZATION (GEU) PROGRAM 89 



weight as a measure of broad sense P utilization 
efficiency, then P content represents the corn-
ponent that enables the plant to absorb P from a 
deficient soil; and the P efficiency ratio represents 
the ability ofa plant to get more dry matter for less 
P absorbed. 

1R!3149-3-2-2 was the most consistently out-
standing entry across situations and measurements, 
whereas IR14632-2-3 had high P content in its 
offspring but generally failed to impress in terns of 
shoot dry weight. IR20 wasthe only parent that did 
not show outstanding progeny performance in any 

situation. 

SCREENING FOR AI)VERSE SOIl "IOLERANCE 

Soil Cheemistry/ Physics Department 

Selecting and testing rice for adaptability to 
adverse soil conditions continued. Of 11,130 rices 
selected and tested for adaptability to adverse soil 
conditions, 1,820 were rated tolerant (Table 15). 
Yield trials and location testing confirmed the 
exceptional tolerance of fR9764-45-2 for almost all 
soil toxicities and nutrient deficiencies in lowland 
soils; the tolerance of IR54 and IR62 for acid 
sulfate soil conditions, P deficiency, and Zn defi-
ciency; the tolerance of UPLIZi-7 for the growth 
limiting factors of upland soils regardless of pH. 
The main emphases of research were on Aland Mn 
toxicities in upland soils and acid sulfate soil 
conditions, and on Fe toxicity in rainfed environ-
ments. 

Screeningand performance trials in acid upland 
soils (pH 3.94.8) at 4 locations in Laguna, Albay, 
and Iloilo, Philippines, revealed that 49 selections 

Table 15. Screening tests for adverse soils tolerance, IRRI, 
1985. 

latries (no.) 

Tested Tolerant 

Salinity 5,176 1,130 
Alkalinity 1,691 217 
Peat soil conditions
Fe toxicity
Pdeficiency 

198
307 
800 

25
63 

120 
Zn deficiency 2,612 192 
Al or Mn toxicityBtoxicity 232114 4924 

Total 1985
Total 1969-85 11,130

155,776 1,820
26,026 

had similar or better performance than the resistant 
check IR43. In Albay, IR45, IR56, and UPLRi-7 
each yielded more than 3 t/ ha. Mass selection in 
the greenhouse and farmers' fields was intensified, 
and trials on acid sulfate and Fe toxic soils verified 
screening results. 

A study of the chemical kinetics o two saline 
soils and the mineral content, nutrient uptake, and 
nutrintnt ratio of two rices showed that in saline 
soils growth and yield of rice are limited by 
nutritional imbalances involving K, Na, Ca, and 
Mg. The tolerant variety appeared to have an 
inherent capacity to accumulate selectively the 
essential ions K and Ca in its shoots and maintain 
this balance, while the less tolerant variety ap
peared to be less capable of this mechanism. 
Besides salinity and nutrient imbalances, other 
nutritional problems that can render saline soils 
more injurious are B toxicity, Fe deficiency, and 
HS toxicity. 
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Deep water and flood tolerance 
Plant Phtyviolo[y, Agronomy, and Plant Breeding Departmelits,and 
Intemational Rice Testing Program 

FACTORS AFFECTIN(; ELONGATION OF DEEP WATER RICE UNDER 
SLBMERGENCt 92 

Light 92 
Water turbidity 92 
Water temperature 93 
Flooding 94 
Plant parts 94 
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FACTORS AFFECI ING EI.ONGAON OF DEEP photosynthetic activity but are a photomorpho-
WAFR RICE UNDER St!I,MERGENCE genetic phenomenon. 
Plant Pht.violog. De'parrtent Compared vith white light as it affects internode 

elongation, green, yellow, and red light wereIn deep water rice areas, cultivais must have the stinulatory, while blue and far-red light wereability to growabove the watcrsurface. Traditioral inhibitory tinder submerged conditions (Fig. 3).
cultivars with elongation ability are used. Internode elongation may not express its full

Plant elongation is generally the combined effect potential ilnhighly transparent water because of the 
of internode, leafsheath,and leaf blade elongation, dominance of blue light.
Several factors affect the elongation of plints Presuibmergcnce carbohydrate reserves were
under submergence (Fig. I). found sufficient to support the elongation of

Thirty-day-old seedlings of Ilabiga nj Aman internodes (Fig. 4). Intcrnode elongation depends
VI 04IIB.1), a traditional decp water rice cultiViar on current photosynthate when presubmergence
that elongates primarily by internodes, wre used carbohydrate content is highly depleted.
in studying the efft ts of light, prcsibinergencc Ihc aunotnt of 0, produced during current
carbohydrate content. 0, conccniratio in %ater, photosynthesis was found sufficient to support
water temperature, water turbidity, and flooding internodc Clongation.
depth on elongation. Water turbidity. Water turbidity red uces photo-

ILighl. Internode elongation increased wiill synthesis under water by reducing light intensity
decrease i I light intensity u,der \;atcr (Fig. 2). In and not by hinde i rig gas exchange in the leaves. 
contrast, the dry niatter contcnt of the elongating I hedry weight of internodes of4-wk-old seedlingsplant parts increased \with increase in light intensity. decreased withIncrease in turbidity, but elongation
The differences in elongation response at diffrcent was not inhibited by any level of turbidity tested.
light intensities are not the collseqellnC.CC of currCnt Iowever, internode elongation of 3-wk-old seed-
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6. Relation between water temperature and total length of 
internodes of Habiganj Aman VIII under mbmergene. IR RI, 
1985. 

Flooding. Elongation of internodes was fotund 
to be positively correlated with depth of sub-
mergence as well as with rate of increase of water 
depth. depth. 

Pant paris. A synchronous relatiorship existed 
between elongation of the developing n"' leaf and 
the (n- I)"' internode. Renmoval of the n'~ leaf 
inhibited elongation of the (i- I)" internode 
by 50%.Clipping of the mature (n-2)th leaf sheath in-

hibitcd the elongation of the (n- I)"h intrnode by 
80%. The (n-2)" leaf is the -active ccnter" !caf that 
controls the elongation of the (n- I)' interiode. 

SCR-FNING FOR S'BlMIk(I N'I JJRAMI N( 

P/ant I'h:isiology le/art/Mt 

More than 26,29% entries 23,930 from the 
pedigree nursery for rainfed lowland and deep 
water were screened for submergence tolerance. 
Suitable tolerant entries were transplanted in thc 
field for furthlie r eva luationi by plant brecden, 

SCREENING FOR ELONGATION ABIILITY 
Plant Phlsiohgy D1epartmnti 

total of 323 entries were tested for elongation 
ability in a deep water tank. The entries came from 
the 1985 International Tide-Prone Rice Observa
tional Nursery, 1985 International Floating Rice 
Observational Nursery (IFRON), 1985 Interna
tional Rice Deep Water Observational Nursery, 
hybridization blocks, and GE, elite lines. 
1-fabiganj Aman I1 and Sarsari from IFRON 
received an SES score of 1, while Baishbish, Sail 
Kotha, SPR74 11-7-2-1, BKN6986-1, Jalamagma, 
TCA178, Chenab (4-117, FRRS43-3, IR20897-B
6, IR20910-B-67, II<20913-B-26-1-2-2-3. IR13325
R-R-B-1-3-1, SR4095-19-2-3-54, and Nam Sa Gui 
19 had a score of 3 

YIEIA) P(IENIIAI. OF DElI' WAI ER RICES 
Agr'on' Department 

Twenty-eight promising rices were tested at IRRI 
in controlled water LIp to a ImaximtllM depth of W(X) 

cm. In both d ry and wet (WS) seasons, flash 
flooding as early as 3 d after transplanting and 
rodent problems before harncst prevented collec
tion of yield data. Th rdal nraig water

[he gradually incrutsin 
drasticallv redtuced fillers and paricle production
more severely durine WS (labcI)
1g I 

~1)1.11 ) ,\V'A 1F:R ()ItI III, VA II(N A . N RS 1-R I FS 

hitterllatiolU, Rice .tio4 Program 
In the 1984 International Rice Testing Program 

(OR1I'P) deep water observational nurseries, the 
following \were promising: 13KNFIZ,7(035-108-1, 
1R01338-30-2-1. N(493, 1KNFR76035-I 12-I1tlTA7403- 110-1-5, 1IRI3259-185-2 .E-P4-3,

K1 703- 11-2. 132N988-2--13-3, 
DWCI 1 5-1-) -29 6-2- 1-3-09
DWCT156-1-2-0, IR29159-16-2-1-3, and] RID9. 

N1 ore de tailed resu Its appea r in the annua II RT 
IIurSer reports. 

SCRINI\( I11{' WA I FR RI(I. I()R I-IR ItI.IZER 
RFSI'ONSE 

Agronomy D)(oi')arlfeni 

Statistical anal~sos of sampling methods have 
shown that for broadcast deep water rice, repli
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Table 1. Some agronomic characteristics of deep water cated samples of'a minimum ol5 X 5 ni are usually(maximum 100 cm) rice tested at IRRI, 1985 DS and WS. necessary foradequate determination of yield, and 
Deep water rice Tillers/ni2 Panicles/ni2 larger plots often needed toeven are measure 

fertilizer iesponsc. Thtus, it is difficult and ex-
IR 3149-3-2-2-PI DS pnsive to test t lie response ofmany new lines from 
IR13260-100-1E-P3 147 85 a plant breeding program.
IR21037-2-1-2E-P'3-6 269 130 In cooperation with lhai scientists, an attemptI1\21038-77-P2-5-2-3-1-1-1-1 268 was159 made to develop a small-plot technique to
IR21071-53-2-2-1 E-PI 241 191
IR2107 1-53-2-2-2E-P2 228 159 evaluate the fertiliter response of promising deepIR21071-53-2-3-lE-I,4-5 294 272 water lines. A split-plot experiment with fertilizer
IR26662-196-2-1-1-3-3-2 156 94 treatments as main plots and deep water rice as
1R28333-10-1-1 247 129
IR28932-9-3-3-2 213 102 subplots was conducted on an acid sulfate soil
IR28932-9-3-3 194 93 (treatment details in Table 2). Fertilier was basallyIR33188-8-2-1-3-2-1-2 250 131 incorporated for first or single applications, or
IR33188-8-2-1-3-2-1.3 203 119
IR33188-8-2-1-3-6-1-3 213 103 broadcast before the onset of the flood for a second 
IR38685-7-2-3-3 253 209 application. Seeds of each entry were sown in 3IR38730-88-3-1-1 272 100 row plots, with 25 cm between rows anld measured 

1985 IVS amounts of Seed. in each row. lo standardi/C
IR38784-137-5-3-4 184 106
IR38787-26 2-2-1 193 88 inteiplot competition and red tic edge effects, plotsIR38787-26-2-2-3 156 99 were sepal-ltCd by two rows of the tall photopriodIR38787-26-6-1-3 163 103 sensitive rice RID27. these interplot ro\s being cut
IR38787-26-6-6-1 131 75 
IR2 1038-77-1P2-5-2-3-1 -1 116 66 oT at the etd of (ctober. about the time ofPR11141-6-14 181 103 maximun water depth ( 130 cii). [his ga\e goodIR30730-88-3-3-1 103 47 separation of tile plots and allowed ali accurate
IR3878-26-6-6-3 175 81 
IR38784-137-2-6-6 178 106 harvest.
HKNFR76026-3-2-2-2 116 75 l o test edge cl'loets. the center row yield wasRI19 156 78 determined separatelv from the yield of the two 

outer rows. No significant difIerence wkas found 

Table 2. Grain yields for entries front 3-row plots of a fertilizer response trial. Prachinburi, Thaland, 1985 WS.a 

Entry 
Yield (g/ni )with fertilizer (kg NPK/ha) Regression on treatment mean 

Check 0-37-0 37-0-0 0-37-0 37-0-) b 37-37-0 
_ 
Slope 

_ _ 
Y-intercept 

_ 
Correlation 

1t)37-0-0i 374-0 f137-0-) (b) (a) (g/in ) coefficient 

SPRLIR77279-43-1-1 
SPR'76 corn 3-5-2 
SPR'76 com 3-239-1 
RI)I9 
IITAFR79256-1 
IITAFR79256-2 
11KNFR76042-18-1-1 
IIKNFR76045-35--2-1 
ITAFR79256-4 

Sh'R7233-32-1-6-I 
IIKNI"R76010-108-2 
IITAFR79256-3 
IITAFIZ77059-6-2-0 
1ITAFR77058-45-3 
ITAFR77085-1-1-1 

SPR74 11-7-2-3-2 

10o c 
106 c 
118 ) 
143 b 
81 c 
69 d 
89 c 

134 tic 
90 1 
52 d 
98 a 
99 1c 
71 c 

136 at 
88 b 

111 a 

106 c 205 b 
148 c 161 c 
115 b 127 b 
127 c 149 bc 
145 bc 151 b 
86 cd 117 bcd 
87 c 132 tc 

1)7 c 129 tic 
103 1) 181 a 

60 cti158 at 
87 a 115Ita 
61 c 108 hc 

105 ic 207 a 
147 a 136 a 
88 ) 135 ab 

114 a 174 a 

219 L, 304 a 
226 ) 280 ab 
165 a 214 a 
168 bc 203 ,b 
183 ab 155 ab 
160 ab 153 1c 
183 ab 188 ab 
182 ab 213 a 
181 a 182 a 
122 tc 161 a 
209 a 127 a 
156 atb206 a 
183 a1 213 a 
198 a 154 a 
171 it 138ab it 
163 a 111a 

325 a 
305 a 
260 a 
247 a 
235a 
221 a 
217 a 
217 a 
2(16 a 
205 a 
201 a 
187 a 
177 ab 
161 a 
1ab 
110a 

1,988 
1.646 
1.178 
0.877 
1 .937 
1.173 
1.192 
b).934 
0.996 
1.216 
0.937 
1.112 
1.0 15 
o.277 
11.413 
11.1)58 

-98.29 
-51.63 
-16.72 

36.30 
12.60 

-48.08 
-35.96 

18.45 
2.25 

-62.01) 
- 6.23 
-36.79 

1.44 
112.29 
54.66 

121.52 

0.972 
0.956 
0.910 
0.898 
0.851 
0.967 
0.995 
0.915 
0.947 
0.919 
0.815 
0.909 
0.802 
0.548 
0.607 
0.089 

Mean 100 105 149 179 188 212 

a 
Means in a row followed 1)ya commnoto( letter are not significantlIy ditff'crent It the 5%level 0y nIM RT. 
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except for the treatment 37-0-0 followed by (fb) corresponding to farming practice, some 70 dafter 
3740-0, where the center row averaged 8% more (broadcast) seeding (DAS), that would take fairly 
yield than the 2 outer rows, and for one individual 3ecp tanks. For savings in time and water, tests are 
entry, where the center row had 18% higher yield. therefore carried out mostly at 30 DAS and in 
No other entries showed more than a 7%difference. wa:er of no more than 150 cm. 2) Ingenetics work, 

Yields of individual entries in Table 2 were it is cssential to do prigeny tests on families from 
regressed against treatment mean yields to give an all measured plants, including those found unable 
estimate of the resnonse to fertilizer from the slope to elongate. The latter category, however, is 
of the regression. Treatment 37-37-0 lb 37-04M was destroyed in all tests currently in use. 
consistently the best. SPRI.R77279-43-1-1 gave We tried a dif'i'rent approach to elongation 
the highest yield in this treatment and the highet testing by forcing plants to be tested in a horizontal 
response to fertilizer. SPR'76 com 3-5-2 con- position, except the upper plant parts. This method 
sistentlyperformed wellinyir'ld trials. RD19gavea requires less deep flooding to induce elongation, 
lower maximum yield but better yield in the check can test nondestructively, and can s:ore (in cm 
plot. internode length) on a continuous scale between 

"no eloigation" and "very good elongation." 
Six varieties were selected: TCA4. TCAI77 

MEASURING INI ERNO[)E EI.ONGATIION (floating), Janki (deep water, stbmergence 

Plant Breeding Department tolerant), IR 11141-6-14 (modern variety [MV], 
deep water, with elongation ability), IR42 (MV), 

There are two difficulties in measuring elongation and Lal Dhan (tall traditional). 
ability of elongating deep water rice (including Five 8-wk-old plants of each variety were grown 
floating rice): 1)While the desirable stage of in5-X 5-cm plastic pots. Onlythe main tillers were 
measuring elongation ability would he the one maintained. Plants were placed horizontally in 

k_ -- j " . -

Weight 

4th day 

1stday 

'\Support 

" \ 

After submergence-- .\ 1 -

7. lest forknxing ability. IRRI, 1985. 
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trays; a weight was applied at the uppermost node, 
and a support ventrally under this node (Fig. 7) to 
stimulate vertical grovth of the upper portion of 
the plant. Four days after this treatment, TCA4, 
TCAI77, Janki, and IRI1 141-6-1-4 showed 
excellent kneeing, while IR42 and Ial Dhan were 
not abie to knee, possibly because there were no 
sufficiently developed internodes. 

Kneing took place only at the nodes, and 
varieties elongating by leaf blade or sheath would 
not be able to knee. Subsequently, plants were 
submerged for 6 d, initiaily keeping the leaves 
partly above the water. While IR42 and Ial Dhan 
had no internode elongation, all other varieties 
developed two internodes while partially sub-
merged, with the fi,.rst internode being the smaller 
one. TCA4 had the longest average total interncde 
elongation, followed by TCA177 (Table 3). 

SUBMERGENCE II.rRANCE 	SCORING MEIIODS 

Plant Breeding Departmen 

Seven techniques for measuring submergence 
tolerance in rice were compared for precision and 
releva nee. 

Precision was compared among the different 
experiments using the F-valuc of the respective
analyses of variancc. 

Relevance was asessed using the linear cor-
rlation coefficients of submergence tolerance 
nlcasti en1cnts obtained, %kithsubmergence toler-
ance ranking scores obtained on the same lines in 
many previous expeiments. 

Table 3. Internode elongation in the apical parts of plants
where the kwer portion Nvas placed horizontally. IRRI,1985. 

Av length (mm) of 
internodes/plant 

Variety 
submergence submergence 

(initial) (increase) 

TCA4 39.8 34.6 
TCA177 
Janki 
1R11141-6-1-4Lal Dhan00 

32.6 
15.3 

5.6 

32.6 
12.4 
10.4 

IR42 0 0 

Table 4. Comparison of methods for submergence toler
ance testing using various water depths and durations of 
submergence. IRRI, 1985. 

Treatment Parameter 
Relevance F-value for measure-

Dept men 

30 5 to 0.62 4.22 %survival30 9 10 0.73 5.8950 30 9.98 	 %survival8 	 0.77 Submergence 
tolerance 
score 

30 	 7 10 0.77 61.24 %survival 

mortality 
30 7 10 0.84 4.78 %survival 
50 8 30 0.84 5.31 %survival50 8 20 0.86 19.27 %survival50 8 10 0.87 28.93 Submergence 

tolerance 
50 20 0.89 10.48 Submergence 

tolerance 
score30 6 10 0.90 0.86 %survival 

50 8 10 0.91 15.66 	 % survival30 7 10 0.91 37.40 Submergence 

tolerance 
score 

30 6 10 0.93 21.67 	 Submergence 
tolerance 
score 

Trable 4 compares several tests using submer
gence at various water depths, duration of sub
mergence, and DAS. Submergence tolerance was
 
assessed both as survival percentage and using a
 
standard submergence tolerance score based on the
 
appearance of seedlings after submergence.
 

The relevance of all submergence tests was high.

Tests combining high precision and relevance were
 

that using 1,-day-old seedlings and that using
 
scores.
 

Table 5 assesses various tests designed to
 

simulate submergence treatment by applying dark
 
treatment instead. 
 The bases were survival (if
mortality was sufficiently high), dark tolerance 
score, a visual assessment of yellowing, percent 
increase in seedling height dtuing dark treatment,
and decrease in leaf color.

The relevance (correlation with previous results) 

of the tests was much lower than that in Table 4
using actual submergence. The best precision was 
generally obtainedseedlings. in tests using 50-day-old 
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Table 5. Comparison of methods for submergence tolerance testing using dark treatment. IRRI, 1985. 

Treatment 

Temperature Days DAS Relevance F-value Parameter for measurement 
CC) 

35 10 35 0.32 
25 10 50 0.37 
30 10 35 0.38 
30 10 50 0.39 
35 10 35 0.48 
35 10 50 0.53 
25 10 35 0.54 
30 10 50 0.57 
25 10 35 0.58 
25 10 50 0.59 
30 10 35 0.60 
35 10 50 0.72 

Given the low individual relevance, dark treat-
ment may not be useful for actual screening. 
However, all correlation coefficients indicating 
relevarce were consistently of the same sign, and 

9.05 % survival 
17.38 % increase in seedling height 
2.09 %survival 
2.75 % survival 

13.11 Dark tolerance score 
10.75 %survival 
12.34 % increase in seedling height 
15.48 Dark tolerance score 
11.38 %decrease in leaf color 
10.88 %decrease in leaf color 
6.22 Dark tolerance score 

14.57 Dark tolerance score 

given the high F-values obtained in some of these 
experiments, the dark treatment may be used to 
study components of or factors contributing to 
submergence tolerance in different rice varieties. 
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Adverse temperature tolerance 
Plant Breeding and Plant Physiology Departments and InternationalRice 
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COMBINING ABILITY FOR COLD TOLERANCE 

Plant Breeding Department 

We tried to use line X tester analysis to predict the 
prepotency of parents and to evaluate the type of 
gene action involved in cold tolerance. 

Seventeen cold-tolerant varieties (eight japo-
nicas, six indicas, two indica/japonica hybrids, and 
one japonica/indica) originating from India, 
China, Japan, Korea, Indonesia, and USSR were 
used as female parents crossed in a line X tester 
fashion to six high yielding or blast-resistant indica 
male parents from elite IRRI lines. All parents and 
the 102 F, hybrids were evaluated for low temper-
ature tolerance at the early seedling, seedling, 
booting and flowering stages under controlled 
conditions. 

The ~~iniaprnshdhihrma mrecThe indica parents had higher mean emergence 
coefficients(speed of emergence divided by vigor of 
emergence), flowering duration, number of spike-
lets, and depression in fertile spikelets. Compared 
with this, thejaponica parents were high in seedling 
height, cold tolerance indices (based on leaf dis-
coloration and survival percentage), and fertility 
percentage. 

The japonica/ indica hybrids showed high cold 
tolerance at the vegetative stage but low cold 
stability at the reproductive stage, as opposed to 
the indica/indica hybrids, which had high mean 
fertility percentage. 

The correlations of measures of cold hardiness 
and emergence ability at low temperature sug-
gested that these responses arc controlled dif-
ferently and only in part by the same genetic 
mechanism. Highly significant associations of 
seedling height with tolerance indices at the early 
seedling and seedling stages suggested similarity in 
the inheritance of these traits. Seedling height at 
the early stage and tolerance indices at any stage 
appeared to be highly effective indicators of cold 
hardiness at the vegetative stage. Elite indicas or 
indica/indica hybrids appeared to be less cold 
hardy at the seedling stage. 

Seedling height, cold tolerance indices, number 
of fertile spikelets at booting, and fertility per-
centage secmed to be predominantly under additive 
gene action. A preponderance of nonadditive gene 
action was revealed in the inheritance of emergence
coefficient, flowering duation, and number of
fertile spikelets. 
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The cultivar Barkat was the best general corn
biner for cold tolerance at the vegetative stage, 
followed by Stejaree 45, K332, SR3044-78-3, and 
SR5204-91-4-1 - all japonicas. For cold stability 
at the reproductive stage, K39-96, China 988, 
Shoa-Nan-Tsan, Leng Kwang, and Suweon 287 
were good combiners. 

SELECTION CRITERIA FOR TRAITS ASSOCIATED 
WI[Il LOW TEMPERATURE TOI.ERANCE 
Pl Phnviologj'Department 

Four-year data on agronomic characters measured 
in the Korea-IRRI collaboration on rice cold 
tolerance were evaluated to identify which rice 
plant traits are important in predicting low 
temperature tolerance and to establish the relative 
weight of each.wegtoeah 

The cold toleranc. nursery consisted of entries 
planted in single rows of 13 in. Cold waterat 17'C 
flowed in at one end of the row and out at the other, 
subjecting each entry to a water temperature 
gradient from 17 'C to normal temperature. A 
resistant check and a susceptible check were 
planted every 20 entries. Analysis of the resistant 
and susceptible checks showed that the use of data 
from outlet minus inlet(i.e., the degree of reduction 
of traits as a result of the low water temperature 
treatment) isnot a reliable criterion for identifying 
low temperature tolerant entries in this nursery 
because of the very high coefficient of variation 
(>5(%). Analysis of the resistant check using data 
from the inlet showed an acceptable coefficient of 
variation (Table 1). 

Table 1.Coefficients of variation of the checks for traits 
measured at the inlet of the cold tolerance screening 
nursery, 1980-83. 

Coefficient of variation 
(%) 

Trait 
1980 1981 1982 1983 

Number of days to heading 5 1 14 3 
Fertility percentage
Spi:elets/panicleCulm length 

15 
1318 

11 
157 

22 
2115 

7 
1710 

Panicle number 34 14 24 19 
Panicle exsertion 
Phenotypic acceptabilityDisc. loration at seedling stage 

29 
12

44 
22 
0
0 

19 
57
13 

21 
37
46 



The highest coefficient of variation observed for 
anygiven traitand season was no greaterthan 34% 
except for discoloration (46%) and phenotypic 
acceptability (57%). Later analysis established that 
discoloration has no significant effect on total 
fertile spikelets (used as a measure of low temper-
ature tolerance). The high coefficient of variability 
for phenotypic acceptability can be explained by 
the subjective nature of the observation. 

A temperature gradient is not neccssary in 
screening for cold tolerance based on filled spike-
lets. A water temperature of 17 0 C maintained 
throughout the field is sufficient. This would 
require a smaller field. Separate plots with normal 
irrigation watercan be used to monitor in detail the 
performance of elite entries. 
A multiple regression equation was fitted, with 

total filled spikelets as the dependent variable and 
all othertraits asindependent variables, to establish 
the significant effects of each trait. The standard-
ized regression coefficient showed the following 
order of significant effects on total filled spikelets: 
fertility> panicle number> spikclets per panicle 
> days to heading = culm length > phenotypic 
acceptability. It was found that discoloration and 
panicle exsertion have no significant effeoct on total 
filled spikelets. (It is also possible that the effects of 
these two traits are nonlinear.) Fertility percentage 
is the most important trait in selecting for low 
temperature tolerance. Panicle number and spike-
lets per panicle also have significant direct effects 
(asmeasured by p~ath coefficient), hut both havelarge indirect ehffectsg~large indirect effects via fertility. 

RAPIII) GENERAl ION AIOVANC- MA IIRIAI.I-(R 

COI.D TOLERANCE 

Plant P/ieiology Department 

One hundred twenty-nine rapid generation ad-
vance (RGA) materials were planted in five-row 
plots to screen for resistance to field pests and 

diseases and to rejuvenate and increase the seed 
supply. Bulk populations were harvested for 
further screening for low temperature tolerance at 
the seedling stage. 

Thirteen F2 crosses made from Bhutan varieties 
and 31 advanced RGA crosses earlier evaluated in 
the field were screened for low temperature 
tolerance at the seedling stage. One bulk and 51 
individual plant selections were made. 

INTERNAIIONAI. RICE COL) TOLERANCE 

SCREENING NURSERY 
hitrniationalRice Tvting Program 

Results from the 1984 IRTP cold tolerance 
nurseries indicated the following as promising: 
K3-96-1-1-1-2, Ching-shi I5 (Ace. no. 36852), 
Tatsu i mochi, Cl 5309 (Ace.no. 00955), China 
1039, Chchon-chun-s hun I (Ace. no. 04532), and 

IR24132-1I,-R-19-3-B. Chinghi Is and Chechon
chun-shunI came from the screening of Chinese 
entries in the germplasm bank, while IR24132-R
R-19-3-13 was generated in the RGA program at 
IRRI. 

(')PERA IVE COUN [RY PROJECIS 
Plant I'h*iiohgy and I'lant Breeding 
lI)cartiments 
More detailed information on the following 
projects may be found in the section Cooperative 
Programs. 

Korea (I'ai Ihesiologyand Plat Breeding).
Ireii) arid fer'lm,
In the eighth year of collaborative work with the 

Rural Development Administration of the Repub
lic of Korea, the main objective was cold tolerance 
screening of breeding materials. 

Vietnam (Plant I'lhv.%iolog.v). Rice varieties from 
Vietnam were screened at IRRI for cold tolerance 
at different growth stages bya Vietnamesescientist. 
Bong Sen was the most promising, havingexcellent 
tolerance at panicle initiation and anthesis. 
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HYBRID RICE 

Plant Phi:siologi'and Plant Breeditig 

Departments
 

Growth ard yield of F,1 hybrids at two N levels 
(Plant Phvl.iologj-and Ilant Breeding). Two F I 
rice hybrids (1R747AIR50 and MIR-35A/IR36) 
and their parents along with check variety IR58 
were evaliated in the ield to investigate the 
physiological basis of heterosis for growth and 
yield under 2 N levels (40 and 150 kg'ha) d uring 
drv season (I)S). 

The F, hvhiids ,xpres Scd a nul-eical yield
ad va ntage over their pa rents a rid the cheek variety 
att both levels of I'ililiation, hut highly positive 
heterosis 'orgiaj vield was attailned at the lowcr N 
level. The total dry weight of the Iiybrids was 
higher thanr that of the pa r'nts or the check 
(Fable I ).Ilightrdi\vcwiegh tin the hybrids \\ias duc 
to higher crop growth rate, especially at tileinitial 
growth stage (Fig. I). 

Ill tie icterotic cross, tile dectif le tests in 
n itnrbe r of pikelct.s was tile highest, follo ed by 
1,000-gim \.eighlt. 

Combining ability an1d heterosis (Plati lined-
ilrg). 1o sclect prospecttk c.ietid leii ale partnts 
of'i rice Iybids. the Comining ability of 7 
maintainer and I I rcstictr lines was studied Usilnz 
]tile tester ar0a RN1Is. ()1 lile basis of gal~in iyeld, 

dr yriatter(l)NI), ha,,t indcx (Ill). plant height, 
al(l days to flo\l' nillg (1)1 :). threell aillilrier 
lines IR 19746-27-3-3-1-3. IR 19657-87-3-3, and 
IR21845-90.3 restrerand oti,, IR 21576-4-3-
3 were identified as !o,d gicltl combincrs. 
Maintainer lines jlR IR957-87-3-3 and 1R21 845-90-

Table 1.Yield and total dry weight at harvest of F1hybrids, their parents, and check variety IR58 at 2 N
levels. IRRI, 1985 DS. 

Variety or hyhrid 
40 kg N'Im 

. 

150 ky. N/Ic, 
_'ti_ _ 

yield Iotal Yield Total 
(t/ha) dry wt 

Wtha) 
it/Ia) dry wt 

(t/ha) 

IR7471B 3.34 7.36 4.77 9.29 
IR50 
IR747A/IR50 
MR365B 

3.36 
4.59 
3.14 

8.29 
8.97 
6.76 

4.74 

4.92 
4.66 

10..73 

14.26
11.91 

IR36 
MR365A/1R36 

4.49 
4.93 

9.37 
9.88 

5.00 
5.07 

10.73 
13.49 

IR58 (check) 3.45 8.19 4.89 11.99 
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2Crop growth rote (g/m per wk) 
1910 

520 

11o

7-R7B 
/a
n 
IR-MAIR5OMR365B
 

V R36
3110 - a MR3MWIS/3 

4 6 8 

Weeks aftertrangplonnrng 
I. Crop growth rate in F, hybrids and their parents at 40 kg 
N, li.IRRI, 1985 DS. 

3 	werc conmcrted into cvtoplasmic male sterile 
(CMS) lines by backcrossing and are being used to 
develop rr\e F, combinations. The third main
tainer line is still in tihe backcross nurscry for 
conyersioi Intt it stabl CM.S line. The restorer 
line is also being purified for use in hybrid 
development. 

We observed a high correlation between per sc 
pc ifornna rice anidgene ral combiningability ( CA) 
effects of the pitrental lines for DTF (r = 0.91 **) 
and plant height (r- 0.86**). For yield (r=0.04), 

I)M (r 0.41), and Ill (r - 0.45), the correlation 
coleffcirits wer low and nonsignificant. lence, 
pcr stepciforma nc fort he latter trailts cnnot help 
th 	predict GCA for those traits. 

Significant .;pecific cornhining ability (SCA) 
effects wore obs--rved in manyconibinations forall 
five Ir:' ts. [1b,coliniiation IR19746-27-3-3-1
3 	 IR279?-i05-2-2-3 was the best becaurse of its 
high yield, rncdiu n growth duration, sclmidwaif
 
plant height, and reasonable DM production and
 

IIIVaIlir. Sevenl other good cross combinations 
idetified.
 

I he study f'filte relation between GCA and 
SCA effects showed that almost all kinds of SCAeffects could be obltained fromn any type of parental 

combinations (rable 2). But the ma.jority of the 
high S .i co minations ivolvd at least one 

parent possessing high G(CA effect; the other 
pairent could have high, medium, or low GCA 
elfects. Thereore, at leasl one parent should have 
h 

10 



Table 2. Number and frequency of cross combinations generated from parents with different types of GCA effects andtheir corresponding SCA effectsa for yield, dry matter (DM), harvest index (-1i), days to flowering (DTF), and plant height.
IRRI, 1985. 

Cross combirations generated 
GCA of parents SCA 

effects Yield DM IIl DTF Plant ht 
no. Frequency 

(o) 
no. Frequency 

(,%) 
no. Frequency 

(%) 
no. Frequency 

(%) 
no. Frequency 

(%) 
+/+ 

Total 
+/- or -/+ 

Total 
+/0 or 0/+ 

Total 
--/0 or 0/-

Total 
0/0 

+ 

0 
-

+ 
0 
-

+ 
0 
-

+ 
0 
-

+ 
0 

6 

2 
3 

11 
8 

14 
22 
5 
3 

11 
19 
5 
4 
3 

12 

2 

54.5 

18.2 
27.3 

36.4 

63.6 

26.3 
15.8 
57.9 

41.7 
33.3 
25.0 

50.0 

4 

4 
1 
9 
4 
5 
4 

13 
5 
9 
6 

20 
5 
7 
5 

17 
3 
3 

44.4 

44.4 
11.1 

30.8 
38.4 
30.8 

25.0 
45.0 
30.0 

29.4 
41.2 
29.4 

27.3 
27.3 

1 

2 

3 
1 
2 
2 
5 
6 
8 
7 

21 
4 
5 
7 

16 
9 
9 

33.3 

66.7 

20.0 
40.0 
40.0 

28.6 
38.1 
33.3 

25.0 
31.3 
13.7 

32.1 
32.1 

13 

1 
10 
24 
5 
1 

26 
32 
3 

1 
4 

3 
3 

54.2 

4.2 
41.6 

15.6 
3.7 

81.2 

75.0 

25.0 

100 

5 

2 
3 

10 
10 
2 

13 
25 
8 
2 
3 

13 
2 

8 
10 

50.0 

20.0 
30.0 

40.0 
8.0 

52.0 

61.5 
15.4 
23.1 

20.0 

80.0 

Total 
-/-

Total 

-

+ 
0 
-

2 
4 
1 
1 
5 
7 

50.0 

14.2 
14.2 
71.4 

5 
11 
2 
3 
1 
6 

45.4 

33.3 
50.0 
16.7 

10 
.8 
2 

2 

35.8 

100 8 
3 
1 

12 

66.7 
25.0 
8.3 

2 
2 

10 
2 
3 
15 

100 

66.7 
13.3 
20.0 

a+, 0, or - positive significant, nonsignificant, or negative significant general (GCA) or specific combining ability (SCA). 

lieterosis studies conducted on 75 F, hybrids 
deeloped from 18 parental lines used for corn-
biningabilityanal3 is ilicated F, superiority over 
parental lines and the best check variety for all 
traits (Ta ile 3). The combina tion IR 19746-27-3-3-
1-3; 1R2/797-105-2-2-3 showed significant irce.ase 
in yield with a standaid hcteroi s valtie o 33.61'(.
Nine other hybrids also showed positi e starnodlrd 
heterosis values for yield from 14 to 21"1, but the 
vaLies werc statistically nonsigni fica nt. Nine 
hybrids showed yield significantly lower than the 
check by-59 to -391'i, With appropriate choice of 
parental lines, it should be possible to develop F' 
rice hybrids possessing significant yield superiority 
over the best purelines in the tropics, 

Relation between yield heterosis in F, hybrids
and genetic divergence among parents determined 
through isozymes (l ant IBre'ditg). Electro-
phoretic variation was surveyed for 6 cn/,rnes in 

the 7 maintaine.s and II restorer lines and 75 of 
their 77 F, hybrids. Variation was observed at two 
loci for esterase and at one loctis each for leucine 
amino-peptidaL, shikinmate dehyd rogcnase, phos
phogluconatc dehyd rogent., and phosphoglcose 
isoterise. 

Hete roivgosi ty at any individual onCts was [lot 
more frequent amonrig the hcterotic hybrids than 
ailnong the nonheterotic hybrids (Table 4). When 
iso~yic data werepooled tocomputeinterparental 
d .tanccs, the hcterotic crosses did not appear to 
involvc pa rents more distant fron each other than 
the nonhlerotic crosses. Thus, the isozymes in
vestigated are of' no use in predicting heterosis in 
the material studied. 

Physiological atnalysis of heterosis (Plant 
Ihl:iohogvan/ Platt Ire.'dnhg). Hybrid ices have 
higher initial growth rates than their parents, 
because of either higher initial eibryo weight or 
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Table 3. Summary of heterosis, heterobeltiosis, and standard heterosis ranges for yield, dry matter, harvest index, plant 
height, and days to flowering. IRRI, 1935. 

Heterosis Heterobeltiosis Standard heterosis 
Trait Rangea -

V Hybrids % Hybrids 5 Hybrids 
(no.) (no.) (no.) 

Yield 	 A -45 to 157 31 -59 to 98 -59 to 34
 
B 28 to 157 1 39 to 98 13 34 1
 
C -45 -59 to -31 5 -59 to 31 9
 

Dry matter 	 A -24 to 65 -42 to 60 -40 to 58 4 
B 29 to 65 14 23 to 60 6 36 to 58 4 
C <-24 0 -42 to 25 7 -40 to 32 4 

Haivest index A -35 to 98 -35 to 1 -36 to 15 
B 25 to 98 13 25 to 31 2 >20 0 
C -35 to-23 2 -35 to 29 2 -36 to 25 8 

Days to flowering A -16 to 14 -12 29 -27 toto 19 
11 3 It)13 3 3 to 29 40 4 to 19 10 
C -16 ,- 3 44 -12 to- 3 13 -26 to 53 

Plant height A - 9 to 24 7 to 55 -21 to 27 
IB 7to 24 41 10 to 55 63 8to 27 20 
C - 7 to 8 2 -20 to- 8 21 

aA = overall range, 13 positive significant range, C = negative significant range. 

Table 4. Comparison of heterotic and nimnheteritic crosses fior isozyme characteristics. 

Frequency (,)of I-Iprogenies hieterozygous at given locus Av interparent-
Type of cross Number :it
distances 

h't-ca Est-" Lapu' S,th.A Pgi.II Pgd..A-

Hleterotic 31 16.1 45.2 45.2 29.0 S1 .3 29.0 2.26 3.94
 
Nonheterotic 44 4.5 
 61.4 61.4 25.0 63.6 59.1 2.75 4.66 

aAv Inumber of genc differ iices hetween the parents. liAv rmther of isozynies produced in tile hybrids in adtditi, n to tile 
parental oines. 

higher relati e growth rate. U\spe i ments were htwee iindosperm wcightand plaildry weight 16 
comiluCted to de'errinc th,: d after germination. Ilowever. little \vaiv.tion wascauses for such higher 
initial growth rate in hybrid rice. found in the rClatiVe\growth rates of h'ybids and of 

Iin rh, i-o . Ihe erb ryos of all FI hybrids their pa rents. 
tested were higger than those of the midparents, I lie higher initial growth of F, hybrid rices is 
anl the cmbr,,os of 9 of 15 F, Ihyblid s were tlIus du1 to bigger cib'os and not to higher 
sigriticill tly'bigger thanil those of the htter patents growth ratc. 
(Table 5). Ihe hetrois for clmbrovl weight in tile Inl a related study of germination propcrlies of 
FVs of two crosses. IR747 IRSA) (hetcrosih 1.01) 1-, seeds of atdifferent set of 10 hybrid rices and 
and MR 365A IR36 (hetcrosis 0.IX), wits sigriif- their parents, chemists fotird that lieterosis for 

a.Uritly redcltred frtlee te rctetssis dlcgCtmuCd hr w\ri ice weight CorrelIated positivclyVil ICs ObtaitICd 
in the corresponding Ils (1.16 and 1.2(, respect- hCtter than hctCrolsis forgc rrnweighlt with hetCrosis 
ive ly). lorshoot weight alter growing 10 d in watcr of- 9 (1 

witia/lgrowth rate. [Ihere was a highly positise in nuutrient solution. [he best iclforrnicr wasthe F1I 
correlation between cimbryo si/c and plant dry coruhina tion 97A IR 13,120-6-3-3-1, with heterosis 
weight 16 d after gernhinationi whn 4 F, hyhrids altics of 50(i for ea ryopsis weight, 49(i for shoot 
and their parents wCre grown in full strength weight in water, and 50('i for shoot weight in 
nutrient solution (Fig. 2). liere was no correlaltion nutrienl solution. 
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of F1 hybrids anid their 

Weight (mg) 

Table 5. Weight of embryos 
parents. IRRI, 1985. 

Parents and F, hybrids 

JR46830B 

1R9761-19-1 
IR46830A!IR9761 

IR21845-90-3B 
IR54 
IR21845A/IR54 

97B 
Milyamg 54 
97A/Milyang 54 

IR46830B 
IR5 0 
1R46830A/IR50 

IR54 1R46800 

IR46830A/ilyang 54 
V20B 
Milyang 54 
V20A/Milyan, 54 

V201 
IR347 

V20A/lri 347 

IR46830B3i1347 
MiR468285 

0a/n
IR46828B 

347 
5 

IR68/R54 
2 

IR13524.21-2-3-3-2 
IR46828A/IRI 3524-2 1-2.3-302 

IR4683013 
Mityang 46 
IR46830A/Milyang 46 

IR468301 
Suweon 294 
IR46830A/SRweon 294 

V20B 
IR976 1-19-1 

V20A/IR9761-19-1 or WejYou 64 

IR747BIR50 
IR747A/IR50 

MR3651 
IR36 
MR365A/R36 

Plcnt dry wt (mg) 
73 

67- o F, hybr d
 
0 Parent s
 

31
 

55 

49- =966563X+20.8451 

r915"
43 
o
 
0 02,3 029 035 041l 047 05:3 

Eby f(g 
Eby I(g

2. Relation between embry'o si/e and planit drx weight of F1 

hybrids and parents 16 d after grminarion. IRRI, 1985. 

male sterility and fertility restoraio (P/ant Br'cding). [he seven CMS lines 
d3ckrried and designated at IRRI during 1983 
were evalutetd at IRRI and in India, Indonesia, 
and Korea. Th seven are better adaptcd to the 
tropics than the Chinese CMS lines V20A, Zh n 

Sha'in 97A, and V41iA. I ,4r828A. IR46830A, and 
I,48483A shewid wider adaptability than the 
otheris. ()bs'erva ti( ns ma(Ie on a la ree nluturer of 

lesteross F'is made with these CMS lines, however,indicated that the ates poor dneml combiners.h ee r etraatdt h 
jDring seven CMS lines \\'ere1985 additional 


dcvcloped and designated at IRRI (Tahle 6). Three
 

of them ase in the genetic background of varieties 
orelite lilesdeeloped in Korea and India, and the 
maintainers ot"the remaining lines Vcrc bred at 
ot hRI. Combining ,ability on of thestudies two 

lines, IR 5752A a rd IR< 754A, indicated that 
the' are good general combiners. 

The line R755A has been derived from a 

cyto plasmic sorce ARC I3829 (Ace. 42469). Its 
maitiner is also the maintainer for wild aborted 
(WA) exiosterile lines, \ii., V20A and I,-6828A. 

Studies arcein progres to deternine if the cyto
plainc factor ducing nale stlrilit in CMS lines 

derived from iA aind ARCi3829 c oplasmn are 

the IRa 1the identifid additional c1ihetiv maintainer 
lines for WA CMS lines. [or CMS lines possessing 
the cytostiliv soustc different from WA. we also 
identifiel some maintainers ([able 7). Suw on 326 
was thefirst semidwarf maintainer of the cyto

sterile line CI203A developed at IRRI from 

Embryo 

0.40 a 
0.30 b 
0.38 a 

0.25 b 
0.32 a 
0.33 a 

0.38 
0.39 
0.44 

0.40 
0.31 
0.44 

0370.38 

0.35
0.28 
0.38 
0.28 

0.32 
0.3 


0.30 

b 
b 

a 

b 
c 0.355 

a 

bCytoplasmicb 0.375 

0.45 a3 
0.37 b 
0.38 b 
0.44 a 

0.37 h 
0.35 b 

0.40 a 

0.37 abb
b 

a 
b 

a 
b 

0. 
0.34 a 

0.37 a 
0.38 a 
0.38 a 

0.37 a 
0.31 
0.36 

0.37 
0.31 

0.45 

0.380.33 
0.41 

0.35 
0.28 
0.39 

b 
a 

b 
C 

a 

b a 
a 

b 
a 

Parents' 
mean values 

0.35 

0.285 

0.385 

0.375 

0.36 

0.36 
035adKra 

0.375 

.0 

0.29 

0.375 

0.34 

0.34 

0.355 

0.345 
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Table 6. UMS lines designated at IRRI during 1985. 

Parentage Origin ofLine 
Female 

IR54752A 97A/8*IR21845-90-3 
IR54753A 97A/8*IR19657-34-2-2-3-3 
IR54754A V20A/8IR19657-87.3.3 
1R54755A ARC3829-16/6*R1017Q-2-3-1 
IR54756A 97A/8*lri 356 
IR54757A 97A/7*Suweon 310 
IR54758A V20A/4*PAU269-1-8-4-1-1-1 

Table 7. Maintainers and restorers for 4 cytosterile systems identified among Korean and IRRI rices. IRRI, 1985 WS. 

F, spikelet fertilityb in testcrosses with CMS lines 
aLine Varietal type P203A Wu 10A YAZA MS577A Reimei A 

(S) 
TNI 

(S1) 
BT 

(S3) 
Gain 

Suweon 287 i x j PF - -
Suweon 288 i x j PS - -
Suweon 325 i x j PS - F 
Suweon 326 
Mllyang 68 
Suweon 222 

i x j 
i X j 

I 

S 
PF 
PS 

-.. 
-
-

F 
S 

Suweon 303 j - S 
Suweon 304 
Milyang75 

j 
j 

PF 
PS 

S 
S 

S 
S 

Cheolweon21 - - S 
Cheolweon 29 i - - S 
Jibu 2 j PF S S 
linheung J - S S 
Pungok J - S 
IR46828B i PS PF PF 
IR46831B i x j PS - PF 

a = japonica, i indica, I X j = indica/japonica derivative. bCDoda Solkelet fertility(%) 
F = 89-100 

PF = 30- 80 
PS = 1- 30 
S = 0 

Taichung Native I ctoplasm. P203A is a tall, 
photoperiod-sensitive CMS line, hence, it could 
not be used in developing F, hybrids possessing 
improved plant type. Several line. showed the 
ability to maintain the sterility of more than one 
cytosterile line, e.g., Suwcon 304. Suweon 303, 
Cheolweon 21, Chcolweon 29, .ibu 2, and 'in-
heung. An effective restorcr line for cvtosteriles 
P203A, Wu 10A, MS5?7A, and Reimei A isstill to 
be idenified. 

Identification and purification of restorers 
(Plant Breedtlh). We continued to identify addi-
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maintainer 
Male parent line 
(maintainer) 

IR21845-90-3 IRRI 
IR19657-34-2-2-3-3 IRRI 
IR19657-87-3-3 IRRI 
IR10179-2-3-1 IRRI 
Iri 356 Korea 
Suweon 310 Korea 
PAU269-1-8-4-1-1-1 Punjab, India 

(S4)
 
(0. nifipogon) 

S S 
S S 
- S 

S S 
S S 
S S 
- S 
- S 
S S 
S S 
- S 
S S 
S S 

PS S 
PS S 

Remark 
Restorer 
Partial restorer 
Partial maintainer 
Maintainer 

tional restorer lines for new WA cytosteile lines 
developed at IRRI. About 200 restorers were 
identified during the year. Most of the elite lines 
identified as restorers over the years are not 
genetically pure for restoration ability. Their useas 
such in the development of the experimental 
hybrids results in some F, plants with partial 
spikelet fertility, which reduces the \,ield potential 
of the hybrids. 

We initiated a restorer purification program by 
testcrossing and retestcrossing single plants of the 
elite lines identified as restorers with the selected 



CMS lines. The testcross and retestcross progenies 
were grown along with the single plant progenies of 
the elite lines. Their spikelet fiertility was observed,
and the testcross and retestcross F, progenies
showing normal seed set were marked. The seeds 
were collected from the corresponding single plant
progenies of the testcross Fis marked for complete 
fertility restoration. These were purified restorers 
and were designated with the suffix "R." During
the year, 40 restorer lines (Table 8) were purified,
These are being used in developing new expei-
mental F, hybuids. 

Table 8. Purified restorers. IRRI, 1985. 

Restorersa Tester CMIS line 

IR15795-232-3-3 3-21IR34R IR46826AlR46828A
1R36R I488
IR54R 1R46828A, IR46830A,

and IR54752AIR2797125-3-2-2R IR46828A 

IR]9392-98-1I2-2l 
 IR46828ABR201-193-1 R IR46829A
AD9246R IR46829A 

IR21916-128-2-2-2-3R 
 IR46829A
IR27280-3922.32R IR46829A 

IR28413-66-3-3-3-2R 
 IR46829A 
IR28237-31-3-2-1 R IR46829A 

IR31802-56.4.3-3R 
 IR46829AIR32841.46-1-1 R IR46829A
IR50R IR46830A
IR9761-19-R IR46830A 
Milyang 46R IR46830A 

Milyang 54RR46R IR46830A 
1R54753A 

IR27315-14513-2R IR54753A 

ARC11353R 
 IR54753A
IRt3419-113-1R IR54752A 

IR13429-150-3-2-I-2R 
 IR54752A 
IR15324-12-3-3-2R IR54752AIR19661-63-1-2-3-1-3R IR54752A
IR20959-11-3-2R IR54752A 

IR2537-67-2-2-1-2R 
 IR54752AIR25683-8-2-3R IR54752A
IR28226-24-1-2-3-2R IR54752A
1R28228-119-2-3-1-IR IR54752A
IR31432-6-2-1 R IR54752A 
IR31432-9-5-2R IR54752AIR31833-38-2-2-2R IR54752A
IR31916-9-2-2-2R IR54752A 
IR32358-90-3-3R IR54752A 
IR33043-55-1-2R IR54752AIR33047-69-3-3R IR54752A
IR2797-105-2-2-3R MR365A
IR42R Zhen Shar 97A 
aA purified restorer line is designated d3 'R." 

Genetics of fertility restoration (Plant Breeding).
Continuing genetic analyis of fertility restoration 
of WA (S2 ) type cytostcrility involved additional 
crosses with restorers. Prc,,6ous results (Annual 
report for 1984) had indicated that the fertility
restoration ability of 11,.54, 1R9761-19-1,and IR42 
was governed by two independent and dominant 
genes, and that one of the genes was stronger in 
action. The mode of interaction of the 2 genes
varied in different crosses, indicating dominant 
epistasis (F, ratio of 12 fertile:3 partially fertile or 
partially sterile:l steijle), recessive epistasis (F2 
ratio of 9:3:4), or semi-epistasis (F, ratio of 9:6: 1).
We obtained similar results in additional crossesinvolving restorers IR26, 11,36. and IR54 
('Table 9). It was noted, however, that the node of 
interaction of the two genes was not alvays
consistent; it would change in different crosses.Tlhe 
crosses made with IR36 restorer displayed differential segregatioin behavior in Fk and the corresponding backcrosses with regard to the mode of 

int raction of tie two genes, perhaps boca ruse of theeffect of variable expi cion of the "weak" gene in 
different genetic backgrounds and its diflerential
expressivitv under diffk rent cnvironment.s. 

The allelic test waS conducted by crossing
different restorer lines and testcrossin their Fs 

with a CMS line. Ihe absencc or presence of malesterile plants in the testcross F, progenies indicated 
presence or:"bsencc of identical genes, respectively,
in tihe two restorers. Results (Table 10) showed that 

IR26 and IR36 possessed identical restorer genes, 
as did IR9761-19-1 and 1R54. lR9761-19-1 
1154 appeared to possess at least 

and 
one of the tworestorer genes ditffrcnt from those in !R26 and
 

1R36.
 

Agronomic evaluation of maintainer and
restorer lines (Plant Br'odin,). In a hybrid
 

breeding progrm based on the ('MS fertility
restoration system, it is iimperatie to identify a
large number of reistorer and maintainer lines. To
redue Ihem to a Marageab iUnber, the lines 

nced to be c:lticallycvaluated for la ., to floweringand yield. During 1984, we evaluated 302 main
tainerard restorerlinesselected from nationaland 

international rice breeding prograis and 5 checkvarieties and elite lines (IR58, IR.0, IR62, 1R54,and 1R 29723-143-3-2-I) rcpresentinggrowth dura
tion from I(X) to 140 d. I ie evaluation used 3-row 
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Table 9. Segregation pattern for pollen fertility restoration of wild aborted CMS system in some crosses. IRRI, 1985. 

Total 

Cross (;eneration 	 no. of 
plants 

observed 

V2OA//V2OA/tR2( BC 82 

V20A/IR26//V20B BC 76 

V2 A/IR26 	 1: 2812 


V20A//V20A/IR36 BC 45 

V20A!lR36//V20B BC 82 

V20A/IR36 	 1:1 286 

11R-l6828Ai'/1R46828A/1R36 BC 68 

1R46828A/llR36/,IR46828B BC 108 

1R46828A/1R36 	 1:2 301 

VPOA//V2OA;lIt5I4 BC 71 

V20A/lIR 54//V20II BC 68 

V20AIR54 	 I:2 291 

(ll.(fully fertile) 80-1001: pullen fertility, I- (fertile) 
10-30%, S (sterile) I 0 ,IIS (highly sterile):- 0. 

Table IM.Test of allelisn insonic restorers. IRRI, 1985. 

lotal no. 
Testcross of plants 

,Abserved IH1 

V20A//I R26/ IR36 68 60 
V20A//IR26/1R9761-l9-1 73 61 
V20A//IR36!lR9761-19-1 82 68 
V2OAI/IR36/lR54 9.1 85 
V20A//IR9761-19-1I t514 175 157 

a .F.(fully fertile) -- 80-100'; polI'n fertility. F (fertile) 
10-30'., S (sterile) I1-10 , IIS(highly sterile) - 0. 

plots ol 25 plLnrt,,cach %.ith20 20-cm spacing 
itntdctnph)yc:d [:IC a ICinCtc dt:sigll proposcd by 

I-'cdetei itn 1950. ()ISthe. ha si,of lxcltoriaicc pcr 

sc., we idcntilicd 0 nmtrtmirtlcl aid 15 rctorct lines 

(Table II) as potnilsing polcntial parents In 

deloping hcictotic hybilds. ()tic lnaitlaimlcr 1inC. 

IR 19057-34-2-2-3-3, was conrvelted into I (MS 
fine (11,04753A) to develop expciilental I 

hybrids. 
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Plants (no.) with indicated 
poHen fertility reactions a 

FF 1; PU PS S IIS 

6 12 21 13 6 24 0.75-0.50 
(1:2:1) 

21 3 17 6 8 21 0.25.0.10 
(1:2:1) 

122 41 45 35 14 24 0.25-0.10 
(9:6:1) 

14 8 8 2 1 12 0.975.0.950 
(2:1:1) 

28 13 12 6 3 20 0.990.0.975 
(2:1:1) 

139 32 59 24 10 22 0.25-0.10 
(9:6:1) 

7 8 10 10 0 33 0.75-0.50 
(1:1:2) 

18 11 13 14 3 49 0.75-0.50 
(1:1:2) 

143 35 54 30 11 28 0.10-0.50 
(9:6:1) 

28 3 14 6 I 19 0.75-0.50 
(2:1:1) 

24 5 14 4 2 19 0.50-0.25 
(2:1:1) 

203 28 30 8 1 21 0.10-0.05 
(12:3:1) 

60-80,', IF (partially fertile) = 30-60%, I'S (partially sterile) 

Platnts (Ino.) with indicated pollen fertility reactiona 

I)l1 PS S ItS 

8 
7 2 2 1 
7 2 1 4 
4 3 0 - 2 

15 3 	 ... 

(partially lertile)60-80'1, I'l, 30-60%, I'S (partially sterile) 

\'l[)l.N
IIYIIII)ItAIION 

Pitll Ihe(dili, /) rwt 'llf
 

I hc %ild spccicsof()ri' arca ich ,source of useful 

trails lotr ricc itlpti\cnflcrt. It is caisict to transfer 

gcncs ftomtl thc wild spccies with AA gcnollc to 

cuLialtcd ricc: spcciCs with BB,CC, I)), and EF 
gcnotne\ arc difficult to cross with cultivated rice. 

We a ttcmptcd crosses betwccn 3 hieding lines ol 

http:0.10-0.05
http:0.50-0.25
http:0.75-0.50
http:0.10-0.50
http:0.75-0.50
http:0.75-0.50
http:0.25-0.10
http:0.25-0.10
http:0.25.0.10
http:0.75-0.50


Table 11. Mean (adjusted) data on flowering and yield of promising maintainer and restorer lines. IRRI, 1984 WS. 

Days to 
Line or variety 50%flowering 

Aaintainers 
IR15429-268-1-2-1 68 
IR19819-31-2-3-1-1 71 
IR 19728-9-2-2-3-3 74
1R28138-43-3-1-3-2 76
IR25560-109-3-1-3-2 80 
IR19657-34--2-2.23.3 94 

Restorers
 
IR9752-222-3-2 72

IR25571-5-3 72

IR25924-92-1.3 73 

IR19743-25-2-2-3-. 73

IR8455-78-1-3-3 74 

IR28192-40-2-1-3 77

IR9129-209-2.2-2-1 80 
IR50 82

IZ21916-128.2-2-2-3 87 
IR64 87
IR25912-63-2-2 88 
IR13146-45 -2-3 88 
IR28178-28-1-2 88
IR22083-75-3-3-1-3 89
ARC 13558 89 


Checks 
IR58 73 

IR36 79 

IR62 83 
IR54 87 

IR29723-143-3-2-1 97 


LSD (5%) 5 
LSD (1%) 
 5 


cultivated rice and 18 accessions of 0. uff/hi'nalis. 
0. f/icinalis is highly resistant to brown plant-
hopper (BP I-), whitebacked planthopper 
(WBPH),and green leathoppcr, and has the CC 
genome. 

The crossability between 0. sati-a and 0. 
oi'ina/is is very poor. However, we obtained 438 
F, plants through embryo rescue. The highest 
number of F, plants \was obtained in the crosses 
with 0. uf/.inalis from the Philippines, followed 
by those from .Japan, Mala.sia,and Thailand. 'Ihe 
hybrids were intermediate between the two parents 
in sonic respects but showed a preponderance of 
wild species traits. They were robust, extremely 
vigorous, and completely male sterile. 

Five F, plants were triploids and probably 
ic.,ulted from the union of unreduced gametes with 
haploid gametes. The rest were diploid, in which 

GENETIC 

Yield %increaw 
(g/m2) ieyieoein yield over 

comparable check 

294 47 
348 74 
308 54 
371 66 
397 62 
580 136 

523 161 
378 
 89 
381 
 90 
355 
 78
 
341 71
 
380 70
 
371 
 51
 
340 38
 
433 76 
379 
 54 
543 121 
448 82 
438 
 78 
427 74 
405 65
 

200 _ 
223 _
 
246 _ 
240 _ 
394 _ 

88 
123
 

there was complete absence of chromosome 
pairingat diakinesisand metaphase 1.Twcnty-four 
univalents were observed in most pollen mother 
cells (PMCs) except in a few that had occasional 
pseudobivalents (Table 12). 
The Fls werc backcrossed with the respective 0. 

sativa parents. Seed set was extremely poor. Since 
the spikcles of the F, plants were highlyshattcring, 
we applied exogenous growth regulators (GAl . 
NAA, and K in the ratio of'20:5:l )2 timesa day for 
5d.Out of41,437 F, spikelets that were pollinated, 
1.3% set seed. Some BC, seeds failed to ge rminatc, 
but well-formed seeds gave 367 BC plants. Out of 
these, 10 plants were hvpotriploid and the rest 
triploid, indicating that the Unreduced gametes on 
the female side were mostly functional. These 
triploids were of AAC constitution. 

The hypotriploids were extremely weak and 
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Table 12. Chromosome associations at diakinesis in the interspecific hybrids between 3 breeding lines of Oryzasatitaand 
0. officinalis accessions. IRRI, 1985. 

0. satia Pollen mother cells 
line used as studied 
female (no.) 

IR1529-680-3-2 236 
1R25587-109-2-3-3-3 232 
IR31917-45-3-2 50 

stunted, but all triploids were vigorous. They had 
intermed iate height, profuse tillering, long panitles, 
and large spikelets with longawns. However, all of 
them were completely male sterile. 

All of the 357 allotriploid plants were back-
crossed with the respective cultivated recurrent 
parents. 0f'41,487 spikelets pollinated and treated 
with growth regulators, wc obtained 153 imper-
fectly devek-ped seeds. When germinated in vitro, 
the :,eeds produced 94 13C, plants. The chromo-
some number of' these plants varied betwen 2n 
and 2n + 6 (Table 13). Twenty-fivc disomic plants 
were fully fertile and resembled the 0.sativa pa rnt 
closely. The modal chromosomal association in 
these plants was 1211, but 1111 -+21 was observed in 
some cells. I he plants with extra chromosonlcs 
had the full chromosome conplcmcnt of O..stiiia 
the extra chromosomes canme from 0. offi'ii/li.% 
Th us these plants showed 12 bivalents, but the 
alien clironi)somls were present is t ivaInls. The 
plants with 26, 27, 28, 29. and 30 chromosomes 
were highlv sterile and greatly modified. 1lowever, 
the plants with 25 chromosomes monosomic 
alien addition lines are of great interest. 

When the morphology of the monosomic alien 
addition lines was compared with that of the 

Table 13. Chromosome number of BC2 progeny in the 
cross of 0. satira/O.ofhicinalis. IRRI, 1985. 

Chromosome no. Plants obtained (wa.) Percentage 
_-

24 25 26.6 
25 40 42.5 
26 11 11.7 
27 10 10.6 
28 4 4.3 
29 3 3.2 
30 1 1.1 

Total 94 100.0 
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Bivalents (no./cell) Univalents (no./cell) 

Mean Range Mean Range 

1.73 0-4 22.27 20-74 
0. 0-3 23.45 21-24 
0.40 0-3 23.52 21-24 

primary trisomics of 0. sativa,some plants showed 
striking resemblances to specific trisomics. Three 
plants each resembled triplo-4 and -9; 2 plants each 
resembled triplo-l, -2, 4, and -10; and I each 
resembled triplo-3, -5, -7, -8, - I, and -12. Thus, 
monosomic alien addition lines corresponding to 
each of the 12 chromosomes of O. o'icinaliswere 
obtained. lowever, sotne 2n+ I plants cannot be 
matched with any of the trisomics of 0. sativa; 
their extra chromosomes may be modified chro
nioSones. 

The salient tmorphologicalI features of the mono
somic alien addition lines are given in Table 14. 
During meiosis, 12 bivalcnits and I utnivalent are 
foinred in al the alien addition lines. Wc are now 
studying the transmission rates of the alien 
chromosomes in these lines. We are also charac
terizing the alien addition lines its well as disomic 
BC, progenies for 'an-ints agroiomic traits and for 
resistance to lealhoppers and planthoppers. Pre
liminary observations indicate that several useful 
traits such a; earliness and resistance to BPH and 
WBPIH have bccn transfen'e from (. oficialis to 
Osativa. 

BIOCHEMICAL MARKERS 

Plant Breeding Departeni and International 
Rice Gernp/asn, Center 

Identification of genes coding for isozymes. 

Electrophoretic variation of 10-14 enzymes from 
coleoptiles + plumules of 5- to 7-day-old seedlings 
was surveyed among 3,131 varieties of Orvza sativa 

L. and was found explainable by gene polymor
phism at 21 loci (Table 15). Data on segregation of 
the electrophoretic markers in F, progenies 

obtained at IRRI and elsewhere confirmed the 
genetic hypotheses for 18 of the 21 loci. Anp-4, 
Pgd-2, and Pox-5 still have to be tested. 



Table 14. Vegetative and reproductive features of 12 alien addition lines of rice having I chromosome of 0. officinalis. 
IRRI, 1985. 

Addition Plant Leaf Leaf 
line height length width 

(cm) (cm) (nm) 

1 49 31.67 5.2 
2 41 33.54 12.6 
3 5a 29.10 10.2 
4 68 34.10 10.0 
5 65 29.12 11.0 
6 91 28.10 13.8 
7 93 31.00 9.6 
8 45 37.20 7.8 
9 80 51.50 17.0 

10 78 41.40 11.3 
11 80 35.50 15.0 
12 110 22.17 15.1 

IR31917-45-3-2 88 35.58 16.2 

'lapping of genes coding for isozymes. Evf-2 is 
known to be located on chromosome 3. Amp-3 
and Pgi-2 were found tightly linked with it with 
respective recombination valucsof 0.0009± .OO 
and 0.072 ± 0.013. ELt-2, .4mp-3, and I',i-2 are 
thus located on chromosome 3. The location of 
Pi-I,Sdi-I, E'4s,and Ad/i-I was investigated by 
trisornicanalsis. I'isomics with lR36 1ackyround 
were crossed with two indica lines (Ace. 333(,4 and 
56036). From each F1, 30-60 plants were analyzed 

Table 15. Genetic interpretation of ftie electrophoreticvariation observed for 14 enzymes in a survey ofiAsian 

cultivated rice. IRRI, 1985. 

'olvntorphic Alleles 
Enzyme loci (no.) 

(no.)
 

Phosphoglocose isomerase 2 4,4 
Glutamate oxaloacetate 1 2 

transeminase 
Shikimate dehydrogenase 1 4 

5a
Alcohol dehydrogenase 1 
Isocitrate dehydrogenase I 4a 

Phosphgloconate 2 3, 2 
dehydrogenase 

Malic enzyme 1 2 
LeMcine aminor.eptidase 2 7a, 5 
Alanine aminopcptidase 1 5a 

Aiginine .aoinopeptidasc 1 3 
L-stcrase 4 2, 3a,3a,3a 

A60 phipla1ase 2 3,12 
:atalase 1 

Perox idase 1 2 

lIncluding one silent allele, 

Ligule Panicle Spikelets/ Pollen Spikelet
length length panicle fertility fertility
(:nm) (cm) (%) (%) 

5.5 15.5 50 17.49 1.0 
13.8 16.1 70 23.5 1.0 
11.0 15.8 39 54.6 2.0 
6.0 22.7 151 0.0 0.0 
6.5 18.0 85 41.2 40.0 
9.4 21.5 96 85.0 54.6 
5.8 26.7 87 40.8 13.7 

10.8 23.8 74 35.0 12.7 
14.5 30.0 136 94.5 43.2 
11.3 23.0 71 72.1 38.8 

7.5 24.8 113 64.5 29.2 
8.5 25.9 159 56.4 82.4 

15.4 26.86 142 95.0 89.0 

to look for gene dosage effects. Variations among 
their zymogmms explainable by gene dosage 
effects were found in trisomic 6/Ace. 56036 for 
Sd/-I, trisomic 7 Ace. 56036 for tyt-8, and 
trisornic II Ace. 33364 for Adh-I. In addition, a 
plant oftrisomic 6 that was heterozygoLs for Sdi-I 
gene could be used in a cross with Ace. 56036 to 
create F, plants carrying three alleles, which 
prod tced clectrophoretic patterns with three bands 
(Fig. 3). Segregation of the bands was analyzed in 

origin
 
3. Zymogra its of hiksiratte delhyd rogenasc(Sl)1) in aprogeny 
of trisomic 0 Ac. . 5036. SI)II iscoded bygene Sdh-A. From 
left to right: trisomic plant with allcles and 3; disotoic plantI. 2, 

with alleles 2and 3;trisomic plant with 2copiesof allele 2and I 
copy of allele 3;and trisomic plant with alieles I,2.and 3. 
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Table 16. Segregation (A only: B only: A and B) in progenies of primary trisomics (A only) and disomics (B only) for 4
loci coding for isozymes. IRRI, 1985. 

Primary Progeny and disomic Segregation for each locusa 
trisomic segregation

(A only: B only: A and B) Pgi-A Sdh-A Est-Ca Adi-A 

5 F. ,(1:1:2) 25:14:46 
6 F2 (1:1:2) 79:57:135 
7 F2 (1:1:2) 25:22:60 
8 F2 (1:1:2) 29:23:68 
9 F2 (1:1:2) 65:55:111 

10 F2 (1:1:2) 21:24:48 
11 F2 (1:1:2) 38:33:79 
12 F2 (1:1:2) 21:32:48 


a, -significantly (5%)different from disomic segregations. 

backcrosses with the disomic parent for trisomics 1 

and 4 and in F2 progenies for the other trisomics 

(Table 16). Eleven disomic segregations and one 

trisonic segregation were observed for loci Pgi-l, 
Slh-I, and Ad/l. I;t-8 segregated in a disomic 
manner in 10 progenies, in a trisomic manner in I 
progeny, and in an opposite distorted manner in I 
progeny not attributable to trisomy. Thus, Pgi-I is 
located on chromosome 4,Sdh-I on chromosome 
6, Elt-8 on chromosome 7,and Ad/i-I on chromo-
some 11. 

Classification based on isozymes. Enzymatic 
characters present several advantages over the 
usual macroscopic traits used for varietal classi-
fication: 

* They are independent of the environment.
 
* 
 [lhey are free from epistatic relationships.
 
* 
They have the same genetic weight. 
"They are not subject to conscious human 
selection. 

Data obtained in 1983 and 1984 1,688on 
traditional varieties for 15 genes coding for 
enzymes were reanalyzed using factor analysis of 
correspondences. The existence of the six varietal 
groups previously identified was confirmed 
(Fig. 4). Most traditionally recognized ecotypes 
have a clear position in the classification (Fig. 5), 
and their mutual relationships can be reevaluatcd 
(Fig. 6). Major elements a re 

* the similarity between the temperate japonica 

rices, the tropical japonica rices (javanica), 

and most upland rices: all fallinto group VI; 
and 
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I BC (0:1:1) 0:44:55 0:47:54 0:43:57 0;45:542 F2 (1:1:2) 25:25:50 32:29:62 24. ;0:62 32:29:623 F2 (1:1:2) 37:45:78 31:28:62 30:26:62 35:30:654 BC (0:1: 1) 0:37:103* 0:82:96 0:67:81 0:86:102 
20:1S:39 29:29:64 24:22:49 
78:22:103* 28:25:54 36:32:69 
31:25:51 33:5:72* 31:30:64 
20:21:42 26:2 :54 24:20:49 
28:28:64 53:132:177 38:30:64 
28:30:62 26:30:60 39:36:76 
20:21:46 34:35:73 59:20:98* 
29:28:48 32:29:67 35:28:56 

0 the existence of well differentiated types 
among the varieties usually classified as indica 
(groups Ito V), some of which (groups IVand 
V) appear close to the japonica group 
(group VI). 

ldcntification of such varietal groups separated 
by restricted recombination in natural conditions 
permits improved exploitation of available germ
plasm. Crosses within the groups will facilitate 
transferof characters between the parents. Crosses 
between the groups may create novel variations, 
but genetic and physiological imbalances may be 
met during their exploitation. 

In 1985, 1,443 other varieties or lines were 
classified by this method. 

[ISSUE CLI IIRE 
The Cu/ture Farilitt'and Plant Phsiologr'and 
Plant Breedtlin Departmets 

Anther culture (Tissue Ctture, Plant Phisilo,/,i, 
and Plant Breeding). Low efficiencies of callus 
production and gren plant regeneration are con
straints to the use of anther culture techniques in 
rice breeding. 'Understanding the mechanisms of 
switching the development of pollen grains from 
their usual ganetophytic role toward sporophytic 
functions and alaihi'Llion of conditions either 
before or duringantherculture itselfare beneficial. 

Pathwayis qf'andro'enicinitiationin 7aipei309 
(Tissue Cultire).Three pathways of androgenesis 
were identified in the development of uninucleate 



------------ 

axis 2

'r2 76/o":4' s 

0s 

... .... .... -F
 

4. Six varietal groups on plane (I, 2)of a factor analysis of corrcspondcnces of isozyme variation at 15 loci among 1,688 traditional 
varieties. IRRI, 1985. Sizes of the groups arc indicated. Isolated dots represent 90 varieties with intermediate positions or unstable 
classification %%lhen axes 3 and 4 arc considered. 

I II III IV V VI 

M~i~a,i . I J,lti]a.C 

- -~ Jr. 

- --- I- -- -- -- 

5. Correspondence bLtwcen classification based on isozyrnes 
and other classifications. IRR I, 1985. 

Stid iin clca~te plleNI gran11S. Pathway I occutrred 
in tlnintilcca tc pollen grains where the derivative 

nuclei were similar. PI;th.wav. I1and III occUrlC 
in bintucleate pollen. In pathway II only the 

vegetative lUCletis took part itI the fortiiatiot of, 

callus; in pathway III the generativye ntclcetts 

divided first, ftollowed by the vegetative nucleuis 

both contributed to the devClo)pmttt o1 the callut.s, 

Pathway I wits ob,,crved to be tile most frcLqCnt 

(IX. I vs 6.2(. (or pa thway IIand I .0"j for pathway 
Iil). 

Genetic distance 

05 

05ca 

F-ll-


II III IV V V1 
Group 

6. Detidrogram constructed from the geneticdistances among6 

group of varieties as estimated from 21 polymorphic loci 

codin, for isoziymes. IRRI, 1985. 

Heat tr'atmet and cal/l . finmation (Tissue 

Cultur').The increase in alluts induction efficiency 

as a result of cold treatment has been acribed to a 

number of I'lactors such as dissolution of micro

tubulcs, altC[ration iI the Iirst pollen mitosis, and 
maintenance of a higher ratio of viable pollen 
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capable of pollen embryogenesis. iFeat shock (35 

oC for 15 min) followed by cold shock for 7 d 

doubled callus production in !R42. In Taipei 309 
the optimum heat treatment was 35° C for 20 in. 

h'radiation of Basmali 370 s.eds (T[issue 
Culture). Previous cxperi n its on anther cultture 
of Basmati 370 yielded only albino plants. Hence 
irradiation was applied to the seeds to serve as a 
stress to induce a shift in plant regeneration from 
albino to green. Aside from this genetic alteration, 
the regenerated plants may also manifest new 
variability such as resistance to lodging or reduced 
plant height. Green plants were produced from 
anthers originating fron seeds exposed to 20 and 
25 krad (Table 17). Of the 46 plants produced, 22 
lines were autodiploids. 

tSrocluction 4/.sal, -tu'runtlinesI n'I"/hylrids 

([isste Cuta', Plant Physiology, (a1 Plan1t 

lreelinig). Iwenty-six IR crosses were passed 

through anther culture to inimediatelv produce 

sa lt-tolcra t'hiorioo 19
'ygousdiploids. Of tile F 
hybrids that produced calli, 4 regenerated green 
plants. By year end, 425 green plants had been 
recovered from 23 calli. 

l(eeo veryu/A /-toleratiariant.s throui,ih anhe(r 
Culure ('lisst (utlture). Giamctoclonal vaiants 
were recovered from Al-susceptible varieties Gi/a 
170and Fujisaka5. liinilialscreeningoif71 anther 
culture-derived lines of Giia 170, 53 were more 
tolerant than the parents, as indicated tby higher 
values of their relative root length. Four were 
considered tolerant. All 29 anther culture lines of 

FU.isa ka 5 were more toleiant than tile parent,and 
4 were considered tolerant. When scedsof the eight 
tolerant line, were suhjected to second screening, 
two lines frotiGia 170 arnd one from Fujisaka 5 
maintained their tolerance. Anther culture could 
thus le a tool for producing AI-tolerant vaiants. 

Table 17. Anther culture response of irradiated Basniati 370. 

In some cases, physiological adaptation of the 

plants to the stress occurred, causing loss of 

tolerance of some lines in the second screening. 
Genetic change that involvcd Al tolerance simul
taneously occurred as shown by the consistent 
tolerance of some lines in tilefirst and second 
screening. 

Somatic cell culture ('lissue Culture). Sa/initi. 
tolerancesltudies. [he caipacity to regenerate plants 
fron cultured cells vaties inversely with the time 
the cells are cultured in vitro. On the other hand. 
the chancL to select mutant cell lines is in direct 
proportion to the duration of cell exposure to the 
selection agent, in this case NaCI-niched medium 
(15 g,liter). 
C,lli of variety Reiho previousiy cultured on 

NaCI-cnriclicd medium [or 32 mo showed higher 
growth in the control than at different levels of 
NaCI (Table 18). Decreasing weight at increasing 
NaCI concentration indicated that the cells had 
undergone only phNNiological adaptation and not 
mutation. Furthernore. green plants that were 
regenerated from calli stressed with 15 gNaCI; liter 
did not survive when grown inia culture solution 
containing 5 g Na Ci liter. Ihe controls survived 
but were all sterile, and cl rornosonmc studies later 
revealed that they were aneuploids. Toleranice at 
tle cellular level does not mean subsequent 
tolenrace at e whole plant level. 
Sottlic emhrt , o,'enesis. Somatic embryo

genesis, a one cell-one plant phenomenon, allows
the prodtiction of trne-to-type plants. Somtic 

embryos, if produceed in large quanti ties and 
properly synchronized and encapsulated, could 
serve as syihetic seedsfor the hybrid rice prograrm. 
Inthe conventional way one seed produces one 
plant, but liyusing this technology, onc hybrid sLed 
cai produce nunrerous asexual seeds. 

Irradiation Anthers Callus Calli producing green plants Green plant production
dosage plated production
(krad) (no.) (%) no. 7 no. Av 

0 3,043 9.9 0 0 0 015 3,053 14.3 0 0 0 020 1,402 19.4 7 6.3 36 5.125 3,539 10.3 4 2.9 10 2.5 
Total 11,037 - 11 - 46
Average 12.5 2.0 
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Table 18. Weight increase of NaCI-stressed calli of variety
Reiho at different NaCI concentrations. IRRI, 1985. 

WeightTreatment 
(g NaCl/liter) Initial linal Increase 

(g) (.g) (%) 

0 0.0498 0.6882 1282
5 0.0513 0.U446 1157

10 0.0512 0.4551 78915 0.0497 0.2762 456 
20 0.0521 0.1607 208 

Somatic etnbrvogellesis was demo lstrated for 
the first time in rice. Somatic cmbrx'os in calli 
de rve d fo ns c tue l a r isu e s ~w r e

dened ron 	 bse rvedSC~t~kirtISUCS\\C'C InI 
IR43 (tFig. 7). IR21). IR40. letep, and t l idl lice 

()ric ,'al nernCI ficie ucv tec rca sedmt. . Ic timon Cf 
ith rime inaculture ( Iable It)). llndividualiimg the 

eiibrvos 2 %\kafter transferring them to th 

7. Stages in the development ofa somatc emhbro from mattrc 
sed of IR43. IRRI 1985. I) ('allus induced alter .1 %%kin 
culture. 2) (ompact and organi/ed %%hitish struclures re-
seinhllingglobtllal elbI-soltd+..3). ll1 .,O, tIlil ang .mng i ng

-" 	 '0 Inlerll!tbrgs thatI h-C; lt C'lp-Iik-l C t.'ruclrcs. 4) Shoot 
comin1g out of scUtlClhM. 5) RCgtcrarCd plant shOii\i\g both 
shoot and root. 6) Ihpolar axis of ernhtiro with both %hoot triad 
ro, 

regeneration medium increased the efficiency of
their development into plants. 

I)IRE(I S11.1(1 ION FOR YIEII) IN FARlY 
OIN ERA I IONS 

Plti Brcc('lkfzl,, /I)ll man 

In 	 tie conventiona Ireeding method at IRRI, 

pedigree lines are bulked ;rInd evaluated for yield,
usually in the F: or F, In 	earlier generations, 
selection for viekl is done indirectly through visual 
observation of plant type and screening for disease 
or insect resista ice aud othcrst re, toletance. Since 
the vanabilitv tor he eegring trait.,i .ughcrinetvC g e ne - . t h a t, byarl ra tion s (F I -F it is p o s s ible 

,.-	 ) 
usinrig tlis proccdiurc, we m1a,, h losingsomnc higher 
yiligntpsillCaliing getnitypes in earl .zenertations. lb correcte 
tis shortco mlig, we have devised a hreeding 
, pproach designated as I)ireit Selection for Yield 
in Faily (6cuerations. lie steps 'ollo : 

1. Selectin! I. crosses (deived from scnlldwaii 
pa rents possessing mutltiple diseas and insect 
resistance) showinrig post i\e sta nida rd lie telo
sis ill the I:1 .tcrY. 

2. 	 Iu!iating t:- poptilatiotns of hcterotic crossCs 
in replicated vied trials in coinpaison with 
the best availahle check varieties for diffc:ent 
matri I groups. 

3. 	Selecting F, popuationis giving mean yields 
higher than or equal to that of' the best check 
varletv. 

4. 	(irowing F hulk (4,8)00-5X)0 plants) from 
each of the selected F: populatimos. 

5. (ollccting fiye seeds frol each plat;t of the F; 
population to comprise the F., bulk. 

Table 19. Regeneration efficiency in seed-derived embryo. 
genie calti Of 1Z43. IRRI, 1985. 

Passages 
(no. 

('alth 
inoculated 

(no.) 

Calli producing 
green plants 

(%) 

Av plant 
productiona 

(no.) 

-, 67 61.2 2.8 
5 41 56.1 2.4 
6 14 29.5 2.0 

10 38 33.1 13.5h 

No. of plantq produced 
No. of calli producing plants

Somatic embryos individualized after 2 wk in regener
ation medium. 
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6. Growing F4 bulk populatioots along with 
check varieties of different growth at two 
fertility k vels (0 N and optinmum N, i.e., 90 
kg/ ha in wet season and 12(1 kg ha in dry 
season). 

7. Selecting F4 single plants at three or four 
times, corresponding to the date of' maturity 
of the fe ur check \a ricties looking hetterrhan 
the plants ,if the corrcspnmding check vaiety 
growing nearest to the selected plant. lhe 
yield m .asuremenIsart- taken on ,'-cied F. 
plants arid on 20 plants of each of the check 
varieties of difeirent growth duration grown 
at the 2 fitility levels. lhe F, plants yielding 
higher thnl0:1the rcal -- confidence limit 
\aluec tle check \irietv of i gien maturity 
group ire ,elected for further evaluation. 

X. (iro\\ing I" pregcriics of selected .:.plants 
along \with check \anties for caluation it 
two .ertilil\'lCls (0 N andl otti i). 

9. 	 sccling I, riies loekinig better than the 
adjacent check \aictv at the t\wo fertility 
levels aind hilvesting Isi\e placit, of each 
selectol progeny and check \,ailietv or viCld 
rllC lleaslre211ts. 

10. 	 Selcting Is line, otl different glte\ih drra- 
tions ba[secr thr vied sruperiiritiv e\errtIre 

check 'ariety if the corresponding growth 
duration at borth Icitility levels. 

II. 	 -\aluating seieced I, bulk in tle I.,, all;nrg 

\withI tihe check \lriCtie,, eIc\eIcpLd tlreOiugh 
ceiiveattionallv rseid hlucding methods in 
smallc llc yield trils \with t\o eplhcatiirs 

alnd sinultal lcrsl vcec niigirles. for resis-
ta nce ti and tuilcrlainie etr tll;Ijeel biorloegica l 
and phw,1rlic inic I',,tres,,c:,. 

12. 	 Evalhatitg selected I-, lines Iridi,t peri, n i 
yielding abhilit aid pisSCesi ng tire reqirieel 
level 01 rCsiianCte to 11d tlCranictr fI'r rltiOir 
lioh calead IillhNicirelical stresesin the 
Cgulit r replicaited vie-d trial. 

)uring 19,5, \\e reiaclied step II ef tile ieding 

p rocedire in\veil\'irg I0 cre,,,css. We had 56 addi
tional crosses in .teps I to II. 

COtiRA I IV. C'tN I RY I'I O.IC*I S 

Planit Bred/iligand PlanIt P vviol/gy 
I)e/Tartmeits"anI Tissute ('tlire FacilitY 

Mor-C detailed inlforuation on the following 
projects may be found in the section Cooperative 
Programs. 

Korea (P/ant Bre'c/iug. 'umt I'/hrsioloy,atul 
li'.siuw ("/ttre)''). Neilrogclre.1 lt.se 0/heerolic F" 
rice hrhri..s (Phanti Breeding). lhtee, experiniental 

c,hyrids a r.d 2 .,"nh'l., vatrietics were 
cvaluattd at 2 locations in Korea at 5 N lev ls Fron 
0 to 3(1 kg ha. lie ieterotic hybrid V20A 
Mlilyig 40 used applied N irore efficiently than 
the norihlyb'nid checks. 

.. itt/icr (u/lure' ("ist.e ("tdtte' (id 'lailt 
P/iuioh, .). Fhe use of0anther culture techniques 
fot producineg lornloygouts lines 'lonl FIh.brids 

\%is continued. 
India, Indonesia, Philiplpines, and(Korea (lieht 

Ir'edfi ). I:.\perimclital rice hvhiids developed at 
IRRI \were eduated in replicated yicd trials at 
IRRI and in the collaborating countries. Sortie 
,hoeed siuperioritv over coriniercial v:ltieties at 
,solIle Iocatiton, but had either inadequate disease 
er insect resistance or pior giri quaty. 

Mexico ( /is.tue (t/ttne). We established 

irrfetrral collaboratiri with the national tice pro-
Lrarin of Mexico. 

Peru ( /isvxw (ulture). lhe use of anther culture 
techniques [Or prodicing lhonrlozi'gols lilnes front 
I" hybi ds adapted to Ieruvian conditions was 
initiated. 

I'hilippines and Korea (Pu/ant Brce'ditg). Seed 

yields in hyld seed po'reduction ranged from 7 to 
493 kg hat at IRRI a nd fror 70 to 1,470 kg, ha in 
Koea. lie causes of low yield \erc identified. 

\VAlR )A li'.s.suev uture). I issie culture
derivcd litres were tested in collaboration with the 
West Africa Rice IX,' ,,opinent Association 
( W\ R )A). 
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GERMIPLASM BANK 

Statistics Delartmentand hiternational Rice 
Germplasm Center 

At year end, the germplasn, computer datl bank 
contained 2.411,334 records representing existing 
information on the 45 basic morphoagrononic 
characters and 35 GEU traits of (-4,744 accessions, 
A 	large variation exists among accessions in both 
the basic morphoagrononic characters (Table 1) 
and GE! traits (Fable I, 2). 

In 1985, 1,254 newly registered accessions of 0. 
sativa and basic morphoagronomic data on 6.423 
accessions we n added to the file. A total of 2,802 
accessions in the file wer,: also recha,-actcrized. 

Seventy sets of computer-pcnerated data sheets 
were provided tfor GlI. scientists It) screen acces-
sions in the gerniplasm hank for viarnoN,; (El 
traits. I)a te onI6 (i0 t traits rpresenting 18.335 
records were updated to ihe file iin I985. 

The inieracti\c version of the (;Crmplasn I3a1nk 
Information Retrieval System 1(131REI ) was 
revised to make it inore "user-friendly" and to 
facilitate queries based On prc'eiIed accessionl 
nUmllbcrs in addition to tHie stinlard qtlUies on 
joint specification of characters. The response tile 
of the interactive (BIF. was greatly inproved 
with the upgrading of IRRI's IlB M 4331 system to 
MBM 4361 in mid-I 985. More than 70 GIIRIEF 

Table 1. Accessions in the gerniplasm computer dlata bank 
descrild according to 13 basic morphoagronomic charac
ters and 2 grain quality characters, 31 Dec 1985. 

Accessios ean Range
Character (i.) 

Seedling height (cm) -19,960 36.6 8-79 
leaf length (cIII) 49.847 57.4 10-100 
Leaf width (cn) 49,855 1.4 0.4-3.1 
Ligirle length (am) 49,809 18.8 3-53 
fleadint! (d) 18,719 1.0 54-180 
CutriI lengdl (coI) 49,816 117.8 19-213 
Cim nubtier 49,821 15.8 2-52 
(nln diameter (rim) 19,760 4.7 2-13 
Panicle lengti (cm) 48,818 25.4 10-41 
100-grain weight (:) 49,257 2.5 0.8-5.4 
Grain length (mim) 48,908 8.7 3.0-13.7 
Grain width (niri) 48.908 3.1 1.84.8 
Maturity (t 49,810 128.2 82-212 
Brown rice1p58tein G. 8 

WS crop 13,631 9.4 1.5-17.8 

Arnylose content (")) 17,669 20.0 0-33 
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runs were made in response to requests from GEU 
scientists in 1985. 

A microcomputer-based system was initiated to 
computerize the germplasm bank-related opera
tions of IRGC (i.e., recording of incoming seeds, 
planting and characterization, and assignment of 
accession numbers). This is expected to hasten the 
process of adding new accessions to the central 
gerniplasm computerdata hank and updatingdata 
on their characteriz'ation. 

FVAI.1A I IO N OF lRi FI)IN(; LINES 
a a,'l .tatisticsPI/mt fih'edtin De7artments 

Activitics focused primarily on the following 
routine processing and maintenance of the system, 
vith emphasis placed on providing prompt and 
relevant information to efficiently service the 
operaotio of the tirsene s: 

0 gencratioti of fieldbooks and data sheets for 
use bv ;Fl scientists in dat recording, 

a update of nusery data files, and 
a information rctriCxl. 

INI ItZNA I RI([ iF '-;[(ING PROGRAM 
nrnatl(na'Rice i'sting Programand 

Satistits Deparilnent 

With the addition of the following 8 nurseries and 
screening sets, the system now handles 26 nurseries: 

0 International Tide-Prone Rice Observational 
Nursery (ITPRON) 

, 	 International Floating Rice Observainal 
Nursery (IFRON)
International Rice Salinity and Alkalinity

To lc ra nce Observational Nursery
 

(IRSATON) 
* 	International Rice Bacterial Blight Nursery 

(IRBBN) 
0 International Rice Whitebacked Planthopper 

Nursery (IRWBPIN) 
a International Rice Deep Waterbservational 

Nutrsery (I RDWON)
 
e Acid Upland Soils Screening Set
 

* Acid lowland SoIs Screening Set 
Activities in 1985 for these nurseries included the 

generation of the 1984 preliminary and final 
reports and of the fieldbooks for 1985 nurseries 
antd the master fieldbook. Computerization of the 
seed increase records was initiated. 



Table 2. Accessions in the germplasm computer data bank described according to 27 GEU traits, 31 Dec 1985. 

Character Accessions Frequency of scoresa (%)
 
(no.) 0 1 
 2 3 4 5 6 7 8 9 

Bacterial leaf blight 43,249 0 8 - 4 - 3 - 83 - 2Blast 29,061 1 14 2 8 15 14 15 11 13 7Sheath blight 23,088 < 1 < 1 - 9 - 88 - 3 - <1 
Brown planthopper

Biotype 1 21,838 0 1 -- 1 -- 3 - 8  87Biotype 2 4,489 0 I  2 - 2 - 5 - 90Biotype 3 6,219 0 1 - I - 2 - 4 - 92Green leafhopper 46,726 <1 - 1 2 10 - 13 - 74Rice whorl maggot 22,949 0 <1 - 3 - 7 - 18 - 72Whitebacked planthopper 48,554 <1 <1  2 - 10 - 28 - 60Rice leaffolder 8,115 0 <1  10 - 12 - 20 - 58Zigzag leafhopper 2,756 - <1  <1 - 4 - 31 - 65Gelatinization temperature 14,854 - 3 - 13 - 42 - 25 - 17 
Drought


Seedling vigor 20,040 - 30 1 
 21 3 27 2 11 <1 5 
Rate of recovery

After 1st stress 13,016 61- 2 18 <1 14 <1 4 <1 1After 2d stress 7,574 - 51 2 23 3 6. 2 13 <1 <1 
Field resistance
 

Farly vegetative 18,213 
 - 1 3 14 23 32 21 6 <1 <1Late vegetative 14,670 - <1 2 5 14 39 30 9 1 <1Reproductive 7,712 - <1 1 3 6 12 5 24 9 40Field tolerance (3-4 bars) 2,920 0 2 2 20 8 43 4 20 1 <1Field tolerance (3-10 bars) 2,400 0 0 0 1 1 18 12 56 7 5 
Rate of recovery after 

exposure to 9-10 bars 2,401 0 3 1 24 5 42 3 18 1 4Alkalinity 2,693 -- 3 - 36 - 50 -- 9 - 2Salinity 8,095 - <1 <1 11 12 19 20 16 12 10Zn deficiency 964 - 0 <1 5 2 17 9 39 6 22Elongation 1,192 - 6 - 15 - 25 - 51 - 3Flood tolerance 7,221 - 2 - <1 - 1 - 2 - 95Cold tolerance 4,013 - 2 - 8 - 30 - 33 - 27 

a- = score not used. 

At year end, the IRTP master entry file had possible with the upgrading of the Institute's 
10,342 entries, 8,420 of which had been tested in system. 
one or more IRTP nurseries. A project was initiated in ea nly 1985 to determine 

the most appropriate commercially available 
GEl1 DATA BASE MANAGEMENT SYY [EM mainframe data base software for the GEU system.
Statistics Department The study involves two phases: 1)acomprehensivereview of the existing GEU data management 

In addition to the constantly expanding size and system to determine the specific facilities required
numberofcomputerfilesinvolved in the GEU data from a data base software; and 2) evaluation and 
management system, the demand from the users on test of several potentially suitable data base soft
the system rapidly increased in both volume and ware products to select one that will best suit the 
diversity, needs of GEU. 

As a means to improve the on-line data retrieval Phase I of the project was completed at the start
capabilities and reduce the cumbersome pro- of the last quarter of 1985. 'hase 2 is expected to be 
gramming efforts involved with the conventional completed in early 1986, to be followed by the 
system, the integrated data base approach in the implementation of the new GEU data base man
management of data was adopted. This was made agement system. 
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EFFECIOF DEHYIDRAI ION OF GERHMINA IING 
RICE SEEDS ON IJIEIR St H3SEQEI-N I 
GERMINA ION AND VIGOR < 0 . N 0 

~ 
Seeds of rice varieties CR-222-MW 10 'TNAUtJC)39

.~ - r l ri r C1 ri C 

14, 1R31785-58-1-2-3-3, and R1 1140-28-3-3-6 were _ , 
germinated undur aciobic and anaerobic condi- . 1 1
lions at 25 'C. Ihe gemlinating seed lots were o < 
removed at 12-h inter'als from 0 i to 90 11and -

dried back to their original moisture content of " 

.During imbibition, seed moisture content in- .- %E " tn m m C r 
creased frorn 11.5(' to 34.0+, tinder aerobic 
conditions and to 37.1: under anaerobic con- 0 -Z , 
ditions. .S 

In all varieties, germination percentage following -

imbibition and drying under aerobic conditions
 
was similar to that of tile control tip to 48 b after 0 ,1q q ,-P6 C!
 
imbibition. Afterwards, it declined significantly ., 00 00- 0 ri .
 
and progressivly until 96 I. inder anacrobic CIO
 
imbibition, tile regermination percentage was

similar to that of the control at all duration levels of ,-C ' , C- q 

3 3 4imbibition except in RPI11,10- 28 - - x, where Z
rcgermination significantly declined beyond 48 11 

ntlv -.i O O t) ' 
(Table I). cl q0 CRcl :0 RnC 

Shoot length of seedlings in seeds prcgcrminated . 
for60 h1or longer under aerobic conditions showed T2 :a O oo Lr.C. 0 0 tq t.qf,-! v: 

a declining trend inall vaieties except in Rll140- o6 CC, 6rciC4oo4 r. 
28-3-3-0, which showed an incrasing trend. Under E 
a naerobic conditi ons, shoot length differences duc m c 
to pregermination treatments were not significant E < , - , 7"T,...,4
in any of the va .icties. ,1. ,-., (1 -

Root length and dry weight of seedlings -I 

decreased significantly in all varieties tinder both ° o < .-,f,, 0 r-,-Ir w -,m 
aerobic and anaerobic conditions. -,l 4 - . 

Regermination rate of seeds increased with < - '0 ,C,! O,0 'P 

duration of pregermination tinder both aerobic . . 2 ,- ,-: - --, 
and anaerobic conditions. However, under anae- > r-N - w) t1 N *-) 

robic condition, the rate declined sharply beyond . w ,-N - f-- - oo oGoGo 
48 h. 

Germination after accelerated ageing was 
maximum at 12 h under both aerobic and > 0N , %o.- oo o Dr-N 

anaerobic conditions, beyond which germination = . 

declined. ®R 

Rate of 0 uptake of tile seeds exhibited a steady (-"o CD - ,,C)%C 

increase as the duration of pregermination " 
advanced under both aerobic and anaerobic 60 
conditions. "u -

Rice seeds pregerminated for 48 h can withstand "0'oC o.o -' "0m - ',. 

drying for additional storage without any dele- .,'= , 
terious effect on subsequent germination and . , 
vigor, although varietal differences exist. 
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We made 2,8 6 crosses in 1985, grew F, popula-
tions from 1,908 crosses, evaluated 155,724 
pedigree nursery rows, tested 924 breeding lines in 
the replicted yield trials, and sent 129,673 seed 
packets of IRRI breeding lines abroad. Of the 
total, 48,050 seed packets filled 385 seed requests, 
and 81,623 packets went through Internati-nal 
Rice Testing Program (IRTP) nurseris. 

IRRIGATED RICE 

Plant Breeding Departmett 

Of the 668 crosses made for irrigated rice in 1985, 
395 were single crosses and 273 were multiple 
crosses. F,populations from 384 cross combina-
tions were grown, and 69,308 pedigree nursery 
rows were evaluated. A total of 800 breeding lines 
were evaluated in replicated yield trials (RYT). 

Thirty-four elite breeding lincs were evaluated in 
the lowland rice performance trials conducted at J2 
locations by the Rice Varietal Improvement Group 
of the Philippine Seed Bo!,A, and more than 200 
elite breeding lines were evaluated internationally 
in IRTI nurseries. Many promising lines intro-
duced on the basis of seed requests were also 
evaluated by national rice improvement programs 

IRRI lines named varieties. After worldwide 
evaluations, 7 national programs released as varie-
ties 10 breeding lines from the irrigated breeding 
program, bringing to 147 dhe numberof IR RI lines 
named as varieties, 

" IR1561-228-3-3 - an early maturing, high 
yielding line with excellent grain quality --
was recommended in the Ivory Coast as 
1R1561. It had previously been released in 
Vietnam, China, Egypt, Mauritania, and 
Kenya. 

" IR2058-78-1-2-3 was released as 1IZ40 in the 
Ivory Coast. This line had been released as 
IR46 in the Philippines, Cameroon, Brazil. 
and Indonesia. 

* IR2061-214-3-8-2 --- an early maturing line 
with long, slender, translucent grains -- - was 
released as Amol 2 in Iran. This line had been 
released as IR28 in the Philippines and had 
also been recommended in Burma, Bang-
ladesh, China, India, Indonesia, Cameroon, 
and Gambia. 
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0 	 IR4422-98-3-6-1 was released as IR4422 in 
Liberia. It has high and stable yield potential 
and long, slender, translucent grains. 

e 	IR5657-33-2-2-3 was reconmmended as Ci
tanduy in Indonesia. This is a high yielding 
line with salinity tolerance and intermediate 
amylose content (AC). 

e 	 IR7167-33-2-3 --- an early maturing, high 
yielding line - was released in Cameroon as 
IR7167. 

o 	 IR13525-43-2-3-1-3-2, which had been 

released as IR62 in the Philippines in 1984, 
was released as lR62 in Andhra Pradesh, 
India. It is resistant to the local BPH biotype 
and is highly suited for growing during rabi. 

• IR 15529-253-2-2 was released as Bahbalon in 
Indonesia. This is a high yielding line with 
long, slender, translucent grains. 

• 1R18348-36-3-3 was released as IR64 by the 
Philippine Seed Board in May 1985. Thisearly 
maturing variety outyielded IR36 by 21% in 
Philippine Seed Board trials conducted at 12 
locations throughout the country. It is resis
tant to brown planthopper (BPI) biotypes I 
and 3, green leafhopper (GLH), bacterial 
blight (BB), and grassy stunt (GSV) and 
moderately resistant to blast (BI), BPH 
biotype 2,tungro(RTV), and stem borer(SB). 
It has intermediate AC and intermediate 
gelatinization temperature (GT), making its 
grain quality much betterthan that of other IR 
varieties. 

e 	 The glutinous variety IR21015-196-3-l-3 was 
released as 1R65 bythe Philippine Secd Board. 
It is resistant to BPII biotypes I and 2, GLH, 
BB, and GSV and moderately resistant to BI 
and SB. 

Elite breeding lines. Multidisciplinary evalua
tions at IRI! and in IRIlP nurseries identified 
several promising breeding lines suitable for 
irrigated rice culture. 

* 	IR28150-84-3-3-2 is a high yielding line with 
intermediate AC that matures in 130 d. It is 
resistant to the three BPH biotypes and to 
other major insects and diseases. It has long, 
slender, translucent grains with high milling 
recovery. 
IIR29723-143-3-2-1 has consistently outyielded 
otherelite lines of the medium maturity group. 



It matures in 135 d and has long, slender, 
translucent grains with high AC and low GT. 
It is resistant to the three BPH biotypes and to 
GLH, and moderately resistant to BI, RTV, 
and SB. 

" IR28224-3-2-3-2 is an excellent breeding line 
that matures in 130 d and is resistant to all 
major diseases and insects. It has long, slender, 
translucent grains with high AC and low GT. 

" 1R3180248-2-2-2 is an early maturing selec
tion with a growth duration of 107 d. It has 
intermediate AC and intermediate GT, and is 
resistant to all major diseases and insects. 

"	IR31868-64-2-3-3-3 is an early maturing line 
with a growth duration of 110 d. It has long,
.,lendei, translucent grains with intermediate 
AC and intermediate GT. It is resistant to all 
major diseases and insects. 

" IR32307-107-3-2-2 is an early maturing line 
resistant to all major diseases and insects. It 
has long, slender, translucent grains with high 
AC and intermediate GT. 

" IR32429-47-3-2-2 matures in 105 d. It is 
resistant to all major diseases and insects and 
has intermediate AC and intermediate GT. 

" IR32429-122-3-1-2 matures in 110 d and is 
resistant to major diseases and inisects. It has 
intermediate AC and intermediate GT. 

" The early maturing line lR35293-125-3-2-3 
outyielded all otherentries in our RYTduring 
the last two seasons. It matures in 110 d and 
has long, slender, translucent grains with 
intermediate AC and intermediate GT. It is 
resistant to all major diseases and insects, 

COID-TOILERAN I RICE 

Plant Breeding, Department 

Field evaluation and selection for cold tolerance 
were done at Banaue (high altitude area) in 
collaboration with the Philippine Bureau of Plant 
Industry. In dry season (DS), a pedigree nursery 
with 1,806 lines from 66 crosses was established; 
103 lines were selected based on plant type, early 
maturity, good panicle ex.sertiu), seed set, and 
tesistance to pests and diseascs. In seasonwet 
(WS), selected lines were evaluated further along 
with 1,603 new lines from 54 crosses. Aside from 

low temperature, prolonged cloudy weather and 
heavy rainfall caused high spikelet sterility. Lines 
that showed good fertility (84) were selected. 

Of the 8 promising lines tested in RYT con
ducted during both DS and WS under fertilized 
(60-40-40kgNPK/ ha)and unfertilized conditions, 
IR8866-30-3-I-4-2 and 1R9202-5-2-2-2 were 
superior to the local check Pinidua and to Barkat, a 
well known cold-tolerant variety. 

RAINFED LOWLAND RICE 
Paut Breeding, P/an Phyiology, and
 
Agronomy Departments
 

Breeding program (Plant Breeding). In the rainfed 
lowland breeding program, F, populations from 
139 single crosses and 247 multiple crosses were 
grown. Breeding nurseries were divided into those 
for drought-prone and those for medium-deep 
conditions. In the drought-prone nurseries, 154 F2 
populations and 20,525 pedigree rows were 
evaluated. In the medium-deep nurseries, 103 F, 
populations and 13,174 pedigree lines were 
evaluated. Observational trials with 895 breeding 
lines were evaluated at IRRI, and observational 
trials for drought-prone (241 entries) and medium
deep (186 entries) conditions were grown at IRRI 
and in appropriate farmers' fields in the Philip
pines. Some of the more promising entries, rated 
for phenotypic acceptability and submergence 
tolerance, are shown in Table I. 

In addition to nominations of promising 
advanced lines to IRTP trials, breeding lines and 
F2 populations were sent upon request to interested 
scientists in Bangladesh, Burma, Haiti, India 
(Bihar, Kerala, Maharashtra, Orissa, Tamil Nadu, 
and West Bengal), Kampuchea, Laos, Malaysia,
Nepal, Rwanda, Senegal, Thailand, and Vietnam. 

Submergence-tolerant breeding lines (Plant 
Breedtlit and Plant Ph i i log.'). Combining sub
mergence tolerance with improved plant type and 
other important traits has been a major goal of the 
breeding program. Traditional varieties, such as 
FR43B from India, and derived lines, such as 
BKNFR76106-16-0-1-0 from the Thai-IRRI deep 
water program, have served as excellent sources of 
the trait. Some improved rainfed lowland lines, 
evaluated and selected at IRRI in 1985, have 
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z 
z 

W Table 1. Characteristics of rainfed lowland breeding lines that performed well in 1985 observational trials at IRRI and in Philippine farmers' fields.T 
0 

, Maturity Height Grain quaLity Reaction to 
Line Parentage ( e Comment(d) (cm) Lengtha Shapeb Chalkinessc ACd GT BPHf GLHg BBII 

- (% ) 
001 
 2 3
 

IR29341-20-3-1-3 IR54/IR46 130 120 3 1 1 26 1 1 3 9 3 1 Medium-deep
IR33360-5-1-3-1 IR52/IR5657-33-2//IR50 140 120 5 3 1 26 L 1 3 3 3 1 Medium-deep
IR33493-1-1-1-1 IR13429-196-1/IR13419-113-1// 145 130 5 5 5 25 1 3 3 3 3 1 Medium-deep 

IR9764-45-22 
IR36974-13-3-3-3 BIET927/IR42 125 120 3 1 5 28 L 3 1 3 3 1 Medium-deep and 

drought-prone
IR37094-31-2-3-2 CR1009/IR54 140 3 5 1 21 1 3 7 9 5 1 Medium-deep
IR37096-49-1-3 CR1009/IR4568-86-1-3-2 140 140 5 5 1 27 1 3 3 1 9 1 Drought-prone
IR37096-50-1-3-3 CR1009/iR4568-86-1-3-2 145 140 5 5 5 27 I 3 1 1 7 1 Submergence tolerant, 

medium-deep
IR37096-52-3-1 CR1009/1IR4568-86-1-3-2 145 130 5 5 5 27 1 3 3 3 7 1 Submergence tolerant, 

medium-deep and 
drought-prone

IR38699-6-1-2-1 GEB24/IR13146-179 - 110 5 5 5 26 1 5 1 Photoperiod-sensitive, 
drought-prone

IR43559-132-3 IR13423-10-2-3/FR43B/i 130 100 5 5 5 28 L 3 5 3 7 1 Submergence tolerant 
MTU7029/IR19728-9-3-2-3-3 

a3 = long (6.60 to 7.50 mm), 5 = medium (5.51 to 6.60 mm). bLength-width ratio: I = slender (over 3.0), 5 = medium (2.1 to 3.0). Cl = small (less than 10% of 
kernel area), 5 = medium (11-20%). dAmylose content. eGelatinization temperature: I = intermediate, L = low. fBrown planthopper: 1 = very slight damage, 9 
all plants dead. gGreen leafhopper: 3 = first and second leaves yellowing, 9 = all plants dead. hBacterial blight: 1 = less than 1%. 



Table 2. Advanced generation rainfo.d lowland breeding lines with consistent tolerance for submergence, selected in 1985. 

Submergence scorea inLine P~arentage 
1 3 1:4 I.5 F6 F7 

IR40931-21-2-5-2-1 
1R42205-33-1-3-3-2 
IR42207-65-2-3-2-1 
IR42207-94-2-2-3-2 
IR43559-81-1-2-2 
IR43559-132-3-3-1 

BKNFR76106-16-O-I-0/1R 19661-1 31-1-2 
IR4215-301-2-2-6//IR 19382.42-3-3-2/BKNI'R76106-16-0-1O 
IR I4632-22-3//IR19 382-42-3-3-2/BKNFR76106-16-041-0 
IR14632-22-3//IR1 9382-42-3-3-2/BKNFR76106-16-0-1-0 
IR 13423-10-2-3/FR4 3B//MTU7029/IR 19728 -9-3-2-3-3 
IR 13423-IO-2-3/FR43B//MTU7029/IR 19728-9-3-2-3-3 

1 
1 

1 
1 
1 
1 
1 
1 

1 
1 
5 
1 
1 
1 

1 
1 
1 
1 
I 
1 

1 
1 
1 
1 

a I = 100% plants surviving, in comparison with the tolerant check FRI 3A. 

shown consistent submergence tolerance over 
several generations ([able 2). 

Medium-deep rainfed lowland (Plant Breeding). 
A trial for rainfed lowland, medium-deep water 
conditions was cond ucted in collaboration with the 
Agricultural Research Institute and the Applied 
Research Division of Burma in Hmawbi. Twenty-
five entries, including improved IRRI lines and 
traditional and improved Burmese ultivar , were 
evaluated at 40)0 cm water depth. The Burmese 
cultivars Shwe thwai tun ;and In na ye baw showed 
excellent Survival. The IRIRI lines IR 19382-42-3-3-
3, IR26760-76-2-1-2-3,and IR26702-204-2-2-1-1-3, 
which have been among the highest yielders in 
medium-deep trials at IRRI, also showed good 
survival. 

Thai-IRRI Collaborative Breeding Project 
(Plant Breelditng). Collaborative breding nurseries 
were grown for the third consecutive year at six 
research stations in northeast Thailand, under 
conditions ranging from very poor (drought and 

salinity) to very good. Plants selected at all stations 
totaled 3,896 from the F2 populations and 1,012 
from the pedigree nurseries. Progeny of these 
selections were seeded at IRRI for generation 
advance and selection in 1986 DS. 

Integrated performance trials for shallow, rain-
fed lowland, drought-prone environments 
(Agronom.). Sixty genotypes were grown in 
shallow, rainfed lowland, drought-prone environ-
ments in 1984 WS to assess the yield performance 
of genotypes from 1) the International Rainfed 
Rice Shallow Water Yield Nursery, 2) early 
maturing breeding lines selected dturing 1983 trials, 
and 3) meditun maturing advanced lines from 
IRRI's breeding program for drought-prone cn-
vironments. Trials were conducted at IRRI and in 

farmers' fields in Ilocos Norte, Nueva Ecija, 
Laguna, and Cebu. A group balanced block design 
with four replications was used at all test sites. 

Low rainfall caused severe water stress in Ilocos 
Norte (Fig. 1). Although genotypes of the very 
early, early, and medium laturity groups may 
have partly escaped water stress, their yields were 
stilllow(Table3). Asstressseverity increased later 
in the season, the maturing g,'!otypes did not even 
produce panicles. 

Low grain yields in Naeva Ecija were attributed 
to RTV at the vegctativ: stage. 

'.'he highest yielding genotypes from all five 
locations included IR21567-18-3, hR19431-72-2, 
IR19274-26-2-3-1, IRI13146-45-2, and IR13146-13
3-3 (Table 4). They are recommended for further 
testing and possible use as parents for rainfed 
lowland varieties. 

Wep_ r____, _,_"_" 

80 Flowering Harvest
 
- Veryearly
 

Early
 

20  1 Medium 
21 3 Rinf 

0 2 2 344 
Free-water level (cm) 

20 ., 20-cm depth 

-60-cm depth 
-6O-

Aug Sep Oct Nov 
I. Water level (picometer at 20 and 0 cm) and rainfall atDingr's, ltocos Norte, Philippines, 1984 WS. Values onthe bars
 
indicate no. of rainy days.
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Table 3. Grain yield, drought tolerance rating, and day of 
flowering of promising genotypes in integrated per-
formance trial for shallow, rainfed lowland, drought
prone environments. Ilocos Norte, Philippines, 1984 WS. 

Visual Day of 
Genotype ha) drought flowering(1-9 scale) (DAS)b 

Very early
0.84 3 68 

Early 
IR26894-37-2-1-3 1.04 4 76 
IR58 0.90 4 75 
1R19058-.07-1 0.70 4 75 
IR9698-1,-3-3-2 0.30 4 84 

Medium 
IR8608-82-1-3-1-3 0.52 4 86 
KKN7205-39-3-SKN-I-l-I 0.25 5 90 

a3 = tip-drying extended up to 4 length in most leaves, 
5 = one-fourth to '/ of all leaves fully dried. bDays after
sowing, 

UPI.) RICEF 

Platif Breec/tig anl Multide Cropping' 
Departmentsanti IRGC 

Favorable environments (IRGC). l11e emphasis of 
our hybridization program is to upgrade the eating 
quality and disease resistance of the promising 
drought-resistant lines that have been selected 
fr( n wide crosses. "Iwo htndred seventy-five 
single crosses, torcrosses, double crosses, and 
backcrosses %Ncre made during 1985. Morem cr. 
170 single crosses, topcrosses, and hackciosscs 
were produced for collaborators in Mexico, 
Tanizailia, West Africa, Thailand, and India at 
their request. Some of the new collaborators were 
participants in the Upland Rice Training Course. 

In DS, 261 F, and F3 bulk populations were 
grown under intermittent irrigation. Diseases were 
very few and most of the populations were carried 
through WS planting. Another 210 F5 bulk 
populations were sown in dry seedbeds and selected 
for deep and thick roots prior to transplanting. 
About 1,198 plants having most of the desirable 
traits were selected. Another 3,253 lines were 
grown in the pedigree nurseries. From them, 5,100 
plants that showed field resistance to diseases and 
insect pests were grown in WS pedigree nurseries. 
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In WS 401 F,, F3, and F4 bulk populations were 
grown in a farmer's field in Santo Tomas, 

Batangas. Only 109 populations contained p!ants 
that showed resistance to prolonged drought str,:ss 
at panicle initiation and to heavy pressures of neck 
BI, leaf scald (LSc), and sheath blight (ShB), whichshowed upat heading. Another 20 F5 bulk popula

tions --- selected for deep and thick roots prior to 
transplanting -- were grown; 171 plants having the 
desired agronomic characteristics wcre selected. 

Yiel trialsin acd tplatdsois. We continued to 

test promising pland lines bred under favorale 
conditions in a highly acid upland soil in Caliraya.
Fhe soil pH is 4.0 and soil fertility is very poor. At 

seeding, 20 kg of fertilizer was applied. N (20
kg/ ha) was applied at 40 and 60 d after seeding.
Seedling establishment was rather poor in two 

replications because of the high incidence of 
seedling blight and mole cricket infestation. The 
crop suffered from 2 vk of drought stress at the 

vegetative stage. Yields ranged from 0.2 to 1.0 t/ ha 
(av 0.4 t/ha). IR307 14-B-I-B-1- and lRt0716-B
I-B-7-5, previously selected for deep and thick 

roots, yielded 1.0 t ha each and did not show any 
BI lesions at the vegctative stage. They were 
moderately resistant (score of 3)to brown spot and 
sheath rot, but intermediate to moderately sus
ceptible (score: 5-7) to LSc at the reprod uctive stage. 
IR3071 (KN L1AC 23P825-70-7-I LAC 23) lines 
were also superior to othenr in yield performance in 
the acid upland vield trials ofthe rainfed environ
nc nt group at both the Caliraya and Clavcria sites. 

The traditional check varieties Kinandang 
IPatong and l3inorado yielded 0.6 and 0.5 t/ ha; the 
improved check varieties IR43 and UPIRi-5 gave 
lower yields of 0.2 and 0.3 t! ha. 

The diseases observed at the reproductive stage 
were brown spot, LSc, glurne discoloration, and 
neck 131. The two leaf diseases contributed sig
nificantly to the low yields in Caliraya. Mass 
selection was made within the populations to 
upgrade the two promising lines. 

Upland observational .'iell trial. One hundred 
selections were grown in an unreplicated observa
tional yield trial in a farmer's field. 

The early maturing lines suffered most from a 
month-long drought stress and showed highly 
sterile panicles. The yields obtained ranged from 
0.8 to 2.7 t/ha (av 1.6 t/ha). The highest yieldswere 



Table 4. Grain yields of the top 10 genotypes from each setd source inthe integrated performance trial for shallow, rainfed lowland, drought-prone environments. 1984 WS. 

Genotype 

IR19431-72-2a 
IR13146-45-2a 
IR4744-295-2-3 
IR14753-86-2 
IR46a 


IR4819-77-3-2 
BRII 

IR9698-16-3-3-2 
Mahisuri 
IR13257-46-IE-PI 

IR21567-18-3 
IR19274-26-2-3-1a 

IR21188-87-3-3-2.2a 
IR29341-85-3-1-3 
IR28941-164-1-5 
IR26717-1-1-2-1-1 
IR54 a 


IR26933-16-2-3a 
IR19058-107-1a 
IR21033-31-P2 

IR13146-13-3-3a 
KKN7205-39-3-SKN--1-Ia 
IR22802"41-2a 
IR19672-140-2-3-2-2a 
IR33353-64-1-2-1 
IR33383-23-3-3-3 
IR21363-13-2-2-1-1a 

IR29341-83-2 
IR8997"4-18-1a 
IR9852-22-3 a 

Yield (t/ha) 
Laguna Cebu IRRI 

2.31 abb 
2.43 a 
1.93 abc 
1.96 abc 
1.88 abcd 
1.97 abc 
1.91 abc 
1.79 bcde 
1.89 abcd 
1.96 abc 

1.89 ab 
i.31 defgh
1.97 a 
1.56 cdc 
1.54 cdc 
0.90 ijk 
1.63 bcd 
1.00 hij 
0.65 klm 
1.02 hij 

IRTP genotvpes
2.13 bcd 
2.83 a 
1.79 bcdefgh 
1.74 bcdefgh 
1.88 bcdef 
1.10 I 
1.97 bcdef 
1.51 cdefgh 
1.89 bcdef 
1.43 defgh 

Earl) maturing genotypes2.66 a 1.80 abc 2.29 b 0.00 d 2.79 a 1.902.40 abed 1.05 ghijkl 3.34 a 0.00 d 1.90 cd 1.732.37 abcd 1.58 cde 1.99 bcd 0.00 d 2.05 bc 1.602.58 ab 1.34 defg 2.10 bc 0.00 d 1.82 cd 1.562.43 abc 1.28 efghi 1.79 bcde 0.00 d 2.03 bc 1.50
2.00 cde 1.92 ab 1.63 bcdef 0.00 d 1.87 cd 1.481.90 cde 1.66 bed 1.51 cdef 0.00 d 2.13 bc 1.442.11 bcdc 1.16 fghij 1.45 cdef 0.36 c 1.73 cd 1.361.88 cde 0.93 jkl 1.24 ef 0.70 ab 1.65 cde 1.281.92 cde 0.98 hijkl 1.35 def 0.00 d 0.78 g 1.00 

2.51 a 1.59 bcdef 
2.37 ab 1.83 abc 
2.03 abcd 1.64 bcdef 
2.10 abc 1.49 cdefg
2.21 abc 1.42 efgh
1.96 abed 1.63 bcdef 
1.91 bcd 1.99 a 
2.05 abcd 1.44 defg
2.06 abcd 1.34 fghi
2.05 abcd 1.54 cdef 

"l'erformed well during 1983 WS trials. bNumbers within 
are not significantly different at the 5% !evcl by I)MRT. 

obtained from 1R13754-5-10 (2.6 t/ha) and 
IR26957-86-2 (2.7 t/ha). 

Major diseases observed were neck ;!:id glume
BI, ShB, LSc, and brown spot. 

Adverseenvironments(Plant Breeding, Muhil)le 
Croppingq,antd IRGC). Gertnpl /sm'iehi screening 
(Plant Breedhg). Of about 5,000 upland rice 
entries initially screened in the field for adverse 
upland condition, 363 were retained for fdrther 
studies. According to eiectropnoretic data, about 
80% of the entries fell in group 6 (japonicas), 15% 
in group I (indicas), and 5% in group 2 (alUS). 
Thirty-two percent (117 entries) were from L.atin 
America, mostly Brazil; 48% (174 enries) from 

Mledium maturing genotypes
2.44 a 0.08 ab 1.87 abcd 1.70 
1.50 bc 0.25 a 1.57 bcde 1.50
1.56 bc 0.00 
.. /4 
1.25 

b 
bc 

0.00 
0.00 

1.64 bc 0.00 
1.07 bc 0.00 
1.61 bc 0.00 
1.30 bc 0.00 
1.08 bc 0.00 

a column and wittin a seed source 

llocos Norte Nueva Ecija Mean 

0.00 c 2.42 a 1.75 
0.20 abc 1.88 abc 1.73 
0.00 c 1.99 ab 1.53 
0.00 c 1.64 bc 1.38 
0.00 c 0.74 d 1.21 
0.00 c 1.62 be 1.12 
0.00 c - 1.10 
0.30 ab 0.68 d 1.05 
0.00 c 0.57 d 1.0 
0.00 c - 0.88 

b 2.01 abc 1.44 
b 1.67 bed 1.40 
b 2.05 abc 1.38 
b 1.47 cde 1.34 
b 1.73 bed 1.34 
b 
b 

1.26 
1.29 

defg 
def 

1.27 
1.20 

b 0.62 h 1.06 

followed by the same letter 

Asia, mostly the Philippines and Indonesia; and 
20% (72 entries) from Africa, mostly the Ivory 
Coast. 

Of 189 entries from Latin America and Africa, 
182 (96%) fell in group 6; the remainder were 3 
improved lines from the Centro Internacional de 
Agricultura Tropical, Colombia; I improved line 
from the International Institute of Tropical Agri
culture, Nigeria; and 3 traditional rainfed varieties 
from the Ivory Coast. 

According to screening results, including the 
IRTP, from different sites in the Philippines, 
promising materials could be allocated to different 
electrophoreficgroups('Table5). In adverse to very 
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Table 5. Electrophoretic cattgoriesa of promising material from screening in different upland soil conditions. IRRI, 1985. 

Favorable site Intermediate site 

Variety or tine Group Variety or line 

UPLRi-5 1 Kinandang Pating 
UPLRi-7 1 IAC25 
B3016b-TB-260-3-2 1 AUS257 
B2997c-TB-4-2-1 1 BR319-1 
B3623g-TB-49 I IRAT140 
B3622c-TB-5-4-4 I ITA235 
B2992n-TB-73-4-2 I IRAT133 
AUS196 2 UPLRi-5 
1R3016-13-1-B-16 I IRATI41 
IRATIO4 6 IRAT165 
B2997c-TB-60-3-3 I IAC47 
IR12979-24-1 (Brown) I ITA173 
IR 12103-80-1-2 1 ITA130 
BG35-2 I ITA225 
C924-9 I IR12979-24-1 (Biown) 
IR30716-B-3-13-3-4 132997c-TB-60-3-3 
IR30716-B-1-B--6 I B3619c-TB-8-1-4 
IR26957-45-1 I 113623g-TB-49 
IR41 I CNA108-8-42-24-2B 
IRAT 140 6 P1358-5-19M-2-1B 

aGroup I =indica, 2 = aus, 6 = japonica. 

Adverse site 

Group Variety or line Group 

6 B2997-C-TB-60-3-3 1 
6 B2992-B-TB-73-4-2 I 
2 IRATI40 6 
1 BR319-1 1 
6 Azucena 6 
6 IAC47 6 
6 ARC7046 6 
1 AUS257 2 
6 Padi Tatakin 6 
6 Padi Senemok 6 
6 IRAT104 6 
6 ITA182 6 
6 Khao Kinon 6 
6 LAC23 6 
I Moroberekan 6 
I Makouta 6 
I IR10147-113-5-1-1-5 1 
1 IR30716-B-1-B-1-6 1 
I IR5931-113-1 1 
I B3622c-TB-5-4-4 I 

Fable 6. Characterization" of the 3 electrophoretic rice adverse soil conditions, group 6 matcrials were 
groups for some traits under severe upland environment. most conimion. Group I was more promising
IRRI, 1985. 

Trait Group
1 


Early vegetative vigor + 
Tillering ability +++ 
Resistance to lodgin, +++ 
Earliness ++ 

Blast tolerance ++ 

Sheath diseases tolerance +++ 
Drought tolerance + 
Adaptation in very poor soils ++ 
Glume discoloration tolerance ++ 
Stem borer tolerance ++ 
Al toxicity tolerance ++ 

tder a'lorab lcconditions. Ihis confirmed results 

Group Group from adverse environments in Brazil, West Africa,
2 6 Thailand, and Indonesia. 

... ++ Tropicaljaponicas showed important variability 
+++ ++ and werc cmnsidered good donors for many 
+ 4+- characters needed in ad verse upland cnvironments. 
.++ ++ Table 6 summarizes the results from the 1985 

+ ... screenings a first approach to characterization 
++ + under severe constraints.
 
++ +++
 
+ +++ Gernplasm bank data for 300 group 6 tropical
 
+ ++ upland entries from 19 countries included in the 
+++ screcningarccompared with thosefor80 temperate 
+ +++ sroenieo(Tabe w segroup 6 entries (Table 7). 

a+++ = high to very high, ++ = intermediate, + = low to Most of the tropical entries were traditional 
very low. cultivars. Culni number was the most promising 

Table 7. Comparison of some traits of tropical and temperate japonica entries. IRRI, 1985. 

Mean Lowest Highest
Trait 

Tro pical Temperate Tropical Temperate Tropical Temperate 

Culm length (cm) 111 82 63 40 193 118
 
Cuin number 13 15 4 6 30 32 
Panicle length (cm) 26 22 17 12 36 31
 
Grain length (mm) 9.1 8.0 6.1 6.5 11.4 11.7 
1,000-grain weight tg) 29 24 14 16 52 30
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___ 

--

character. Tillering potential was therefore not a 
problem with group 6 varieties. They frequently 
showed low tillering under adverse environments, 
not because their tillering potential was low, but 
because the soil was so adverse that they could not 

Brazil 
n=39 

India 

Indonesia
n=72 

Loos 
n=29 

Philippines
n=23 

Thailand 

Vietnam 
n--ii 

Ivory Coast 
n=28 

_ 

1-5 6-10 11-15 16-20 21-25 26-30 

Tillers (no) 
2. Tillefingabilityoftraditional uplandcultivan.(grotp6only)
from selected countries. n= number of cultivars. 

express their potential. Figure 2 shows tillering 
potential for traditional cultivars from selected 
countries. The lowest potentials were found in 
Laos, Thailand, and the Ivory Coast. 

Stud of progenies (Plant Breeing). F2 and 
following segregating progenies were studied by 
the classical pedigree method because it proved to 
be efficient and easy. F4and further progenies were 
studied under both favorable and severe environ
ments. Under severe constraints, group 6/group 6 
crosses provided more promising progenies than 
other crosses, b-ut under good conditions, group 
I/group 6 crosses were more adapted. 

Autagenesis (Plant Bree(ling). Seven traditional 
upland cultivars were treated with ethyl methane 
sulfonate (EMS) gasduring 1985. The germination 
percentages (modified data for comparison needs) 
are given in Table 8. 

The responses differed according to variety and
could be broadly classified into three groups: one 
(Kinandang Patong, Salumpikit, and Dinorado I) 
showing low response, a second (Cayatan and 
Azucena) having intermediate response, and a 
third (Speaker and l)inorado 11)showing the 
highest response response being measured in 
germination percentage loss after 25 h of exposure 
to EMS gas. 

The M1 was cultivated in 1985 WS, and about 
900 plants were harvested. The M2 was planted inDecember 1985, each row coining from one M, 
plant. Several M, rows showed high levels of
chlorophyll mutants (albino plants). 

Acid uplandi ohservational trial (Multiple 
Cropping, Plant Breeding,, antl IRGQ. The acid 

Table 8. Germination loss percentage of 7 traditional up.
land cultivars from the Philippines, after treatment with 
EMS gas. IRRI, 1985. 

Germination loss (%) 
Control 

Kinandang 100 

P[tong 
Salumpikit 100 
Dinorado 1 100 
Cayatan 100 
Azucena 100 
Speaker 100

Dinorado ii 100 

Mean 100 

9I 13hI 17h 21I 25I Mean 

100 100 100 71 40 82 

100 100 81 81 66 86 
94 92 81 7' 60 80 
87 87 67 75 51 73 
82 79 59 53 32 61 
74 67 48 29 13 46

78 86 86 19 0 54 
87 87 74 57 38 69 
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upland observational trial was developed as a of multilocation yield and observational trials. The 
mechanism to evaluate breeding material ,nder materials included selected entries from the breed
relevant acid infertile environrnnts as early as ing program and outstanding gernplasm acces
possible in the selection process. The trial included sions The trials were grown at two locations in the 
165 lines grown in 2- X 2-cm plots with I Philippines to represent a range of acid upland
replication,'site. conditions. The site characteristics are given in 

Among the top 20 entries for2 sites, IR307 16-13- Table 10. The yield trialincluded 49cntries planted
3-B- 134, IR30716-B-1-13-1-2, and IR3t0716-B-8-B- in a lattice design with 3 replications.
5-6 showed yield rank stability despite environ- In Cavinti, the trial experenced severe drought 
mental differences. All the othertop 20entries were at the vegetative stage (Fig. 3)and severe neck BI 
affectcd by environmental differences: those that during grain filling.

belonged to the top 20 entries in Ca\inti, Laguna, Several entries had very vigorous growth at the
 
had lower yields in Claveria, Misamis Oriental, seedling stage but did not perform well at harvest 
,nd vice versa (Table 9). Neck 1I incidence was (Table II). IRATI04 and Kinandang Patong had 

severe in Cavinti: hovever. a few of the best poor germination but showed the best drought
yielding entries had scores lower than 4. resistance and phenotypic acceptability at harvest. 

Acid ulland yiehl trial (Midiilh' ('rojpying, The major criteria in the determination of varietal 
PlantIBr,'/ing, and IRG(). The evaluation of adaptability to acid soil conditions were grain
upland rice breed ing materials for acid infertile yicld, phenotypic acceptabilty, and neck BI sus
upland conditions was expanded by the initiation ceptibility. 

Table 9. Toi 20 entries and check varieties based on overall rankinga in acid upland observational trial in Cavinti and 
Claveria, Philippines, 1985 WS. 

CavintiClaveria 
Rank Variety or line Average

yield 
(i/ha) 

Rank Yield 
t/ha) 

Cavinti 
Neck blast 

score 
Drought 
tolerance 

Rank Yield 
(t/ha) 

lowering 
(DAS)b 

Plant 
height 
(cm) 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
33 
43 
89 

116 
123 
130 

IR30716-t-3-B-1 3-4 
IR30716-13-2-l-2.5 
1R30716-13-1-B-1-2 
IR11434-16-2 
IR30716-l3-12-13-1-4 
B2997C-TB-60-3-3 
B3016B-Tli-260-3-2-1-1-3 
Khao Kinon 
1R10052-7-1-1 
IR30716-tB-2-B-9-1 
IR30716-B-8-B-5-6 
IR30716-B-2-B-8-2 
BR319-1 
IR23261-23-2-1-6 
1R10110-24-1-2-1.3 
l32997C-T-4-2-1 
IR30716-B-3-B-7-2 
B3619C-TB-8-1-4 
1R13754-6-3 
lR30716-B-5-B-10-1 
UPIL Ri-5 (check) 
UPL Ri-7 (check) 
IR6023-10-1-1 (check) 
1AC1246 (check) 
lR112979-24-1 (check) 
Kinandang Patong (check) 

3.9 
3.5 
3.5 
3.5 
3.4 
3.4 
3.4 
3.4 
3.4 
3.4 
3.3 
3.3 
3.3 
3.2 
3.2 
3.1 
3.1 
3.' 
3.1 
3.0 
2.9 
2.7 
2.4 
2.1 
2.0 
2.0 

7 
33 
15 

1 
26 
28 

101 
8 

56 
11 
20 
14 
16 
50 
31 

129 
19 

139 
41 
6 

143 
154 
88 

108 
145 
36 

2.6 
2.0 
2.3 
3.1 
2.1 
2.0 
0.9 
2.5 
1.5 
2.4 
2.2 
2.4 
2.3 
1.6 
2.0 
0.6 
2.2 
0.4 
1.8 
2.6 
0.3 
0.2 
1.1 
0.9 
0.3 
1.8 

4 
5 
5 
1 
3 
4 
7 
4 
5 
5 
4 
4 
2 
4 
5 
9 
5 
9 
5 
5 
9 
9 
5 
5 
9 
4 

4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
3 
3 
3 
3 
2 
5 
3 
3 
2 
4 
2 
5 
3 
3 
3 

6 
9 

16 
58 
13 
12 
1 

38 
8 

31 
19 
30 
37 
17 
28 

3 
52 
2 

23 
29 
15 
4 

139 
14 
33 

151 

5.3 
5.1 
4.7 
4.0 
..8 

4.8 
5.9 
4.2 
5.2 
4.3 
4.5 
4.3 
4.2 
4.7 
4.3 
5.7 
4.0 
5.8 
4.4 
4.3 
4.8 
5.3 
3.7 
4.8 
4.3 
2.1 

111 
117 

95 
123 
104 
104 
109 
104 
113 
104 
104 

95 
Ili 
t09 
109 
104 
111 

95 
119 
119 
113 
109 
123 
111 
109 
109 

108 
90 
88 
86 
87 
97 

109 
111 
104 
94 

101 
96 
92 

100 
90 

108 
103 
109 
92 
97 
96 
90 

111 
107 
89 

108 
aAv of C-vinti and Claveria grain yield. 'l)ays after sowing. 
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Table 10. Site characteristics of 2 acid upland ricefield locations in the Philippines. 1985. 

Parameter 

Topography 
Climate 

Rainfall (mm/yr) 
Dominant land use 
Soils 

pH (1:1 1120) 

CEC (meq/100 g) 

Available P (Bray 2, ppm) 

Exchangeable Al (mcq/100 g) 

Texture 

Taxonomic classification 


Ruinfall (mm) 

250 

200 

50
33/ n q, ,, I 

trial ,, A 
150 -50iti 

/ 

O0 SMT IT t 

Alhuhaerg anal shg, druh eid h vrl 

F---ul I Aug I Sep 

Mahipon, Cavinti, Laguna 

Rolling 
Type 11-1, maximum rains from July 

-to December or January
3,300 
Coconut, tomato 

4.0 
19-24 
1.6-5.6 
6.8-10.7 
Clay 
Palehumiult 

1 

it 'i
i :. II. ':.-0 

: : 

3. Daily distribution of rainfall and soil n noisturetension (S Mg)at 10-20cm depth during growing season. Acid upland yeld
trial, Cainti, Lguna, Philippines, .ul-Oct 

The sitce is an excellent sercening location for 
disease pressure, particuarly brown spot and BI.
Although average rainfall is high, drought periods 
are severedue to the excessivelydrained soiland to 
long breaks in the monsoon, 

In Claveria, favorable conditions prevailed 
during the growing season: there was no drought, 

and disease incidence was very low. The best 
yielding entries and their associated characteristics 
are given in Table 12. Yields were high (max 4.7 

Anil, Claveria, Misamis Oriental 

Undulating 
Type 11-1, maximum rains from July 

to December 
2,200 
Upland rice, maize, tomato 

4.5-5.8
 
6-12
 
4.1-4.7
 
0.5-3.0
 
Clay
 
Dystropept
 

Soil moisture tension (b) 

150 

' 

0: 0 

350 . '* Oct. 

Lg i P 

II . 
" ,, ,,r-r 

betyilngetesbedo 

I ct - I 

t985. 

t/ha) with more than 70% of the entries yielding 
>3.0 t/ha.

The overall best yielding entries based on 
average grin yield from the Cavinti and Claveria 
trials are given in Table 13. Yield stability, despite 
environmental differences, was indicated by lines 
IR30716-B-I-B-l-6, IR5931-l 13-1, and IR 10147

113-5-1-1-5, based on overall ranking in the top 5% 
in both Cavinti and Claveria. The other entries 
were affected by site differences. 
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Table 11. Best 15 entries and check varieties and their associated characteristics." Acid upland yield trial, Mahipon, Cavinti, 
Laguna, Philippines, 1985. 

Yield Early Drought Phenotypic Neck blaste 
vigorb scorec acceptabilityd at harvestRank Variety or line 

Rna) (25 DAS) (60 DAS) at harvest 

I BR319-1 2.2 3.0 4.3 2.7 1.0
2 IR10147-113-5-1-1-5 2.2 2.3 4.3 1.3 3.73 IR30716-B-11-l1-l-6 2.1 5.0 3.0 1.3 1.0
4 IR5931-113-1 2.1 3.0 5.0 1.7 0.3
5 IR12979-24-3-4 1.9 2.3 3.0 1.7 0.7
6 AUS257 1.8 1.0 5.0 2.0 3.67 IR7790-IB-1-2-5 1.8 3.0 3.7 2.3 2.7
8 IR10120-3-1-1-1 1.7 3.0 3.7 2.7 2.39 IR 10004-1-1-2 1.6 2.3 3.7 2.0 2.3


10 Madisa 1.6 3.7 4.3 2.3 5.0
11 IR5420-1-1-2-3 1.6 2.3 4.3 
 3.0 1.712 IR10068-18 2-6 1.6 3.0 5.0 3.0 1.3
13 ARC7046 1.6 1.7 4.3 2.3 5.0
14 IR13754-5-2 1.5 3.7 4.3 3.7 3.7
15 Dular 1.5 3.0 3.0 2.7 3.7
23 IRATIO4 (check) 1.2 4.3 1.0 1.0 0.7
25 UPLRi5 (check) 1.0 1.7 5.0 3.3 7.0
30 IR6023-10-1-1 (check) 0.9 7.7 2.3 3.7 5.731 1R43 (check) 0.9 3.0 3.7 5.7 6.3

36 UPLRi7 (check) 0.6 3.0 4.3 
 3.0 3.0
38 Kinandang Patong 0.4 3.0 1.0 1.0 1.0
41 IAC25 (check) 0.3 2.3 1.7 6.3 5.6 

Grand mean 1.1 
LSD (0.01) 0.7 

aDAS = d after sowing, III = extra vigorous, 7 plants less vigorous than normal. Cl slight tip drying, 5 =/4 to I/ of allleaves fully dried. d = excellent, 7 = poor. e = less than 1% infected panicles, 7 = 26-50%. 

Table 12. Best 15 entries and check varieties with their associated characteristics. Acid upland yield trial, Anii, Claveria,
Misamis Oriental, Philippines, 1985. 

Yield Leaf blsta Neck blastb Brown Plant Phenotypic FloweringRank Variety or line /a)23 ) 60 DE atharvest spot c height acceptabilityd (DAS)e23 1)1: 60 DE (cm) 

I AUSI96 4.7 0.67 1.12 0.08 1.38 113 4.33 912 1R30716-13-1-B-6 4.5 0 0.69 0 0.24 99 1.67 95
3 IRATIO4 4.1 0 0 0 0 131 1.67 109
4 1R26957-45-1 4.4 0 0 0 0 97 1 111
5 IR12979-24-1 4.4 00 0 0 111 3.65 111
6 IR5931-113-1 4.3 0 0 0 0 100 3 110
7 1R7790-18-1-2-5 4.3 0 0 0 0 104 1.67 95
8 Dharial 4.2 0.16 1.07 0.81 0.34 119 3 749 IR5420-1-1-2-3 4.2 0.003 0 0 0 88 2.33 113

10 IR10147-113-5-1-1-5 4.1 0.003 0 0 0 102 1 10911 IR12979-24-1-8 4.1 0 0.93 0 0 111 3.67 111
12 113761-11-3 4.1 0.003 0 0 0 109 1.67 109

13 UPL Ri7 4.0 0 0 0 0 
 94 2.33 10414 IAC25 4.0 0.023 0.73 0.2 2.03 133 1.67 82
15 BG35-2 4.0 0 0 0 0 78 4.33 108
30 UPI. Ri5 (check) 3.4 0 0.21 0 0.6 94 5 116
31 IR6023-10-1-1 (check) 3.4 0 0.28 0 0.59 101 3 109
35 IR43 (check) 3.2 00 0 0 70 7.67 117 

Grand mean 3.4
 
LSD (0.05) 1.0
 
LSD (0.01) 1.3 

aDE = days after emergence. 0 = no lesions, 1 small brown specks of pinhead size. bo = no incidence, I less than 1% 
infected panicles. Co = no incidence, 2 = 1-3% affected leaf area. dl= excellent, 7 = poor. eDays after sowing. 
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Table 13. Overall best 15 entries and check varieties based on average grain yield from Claveria and Cavinti. Acid Upland
Yield Trial, 1985 WS. 

Overall Cavinti ClaveriaRank Varicty or line yield 
(t/ha) Rank Yield Drought Neck Rank Yield 

(t/ha) score blast (t/ha) 

I IR30716-B-1-B-1-6 3.3
2 IR5931-113-1 3.2 
3 IR10147-113-5-1-1-5 3.1 
4 AUS196 3.1 
5 IR7790-18-1-2-5 3.1 
6 BR319-1 3.0 
7 IR5420-1-1-2-3 2.9 
8 IR12979-24-3-4 2.8 
9 IR12979-24-1-8 2.8

10 IR10068-18-2-6 2.7 
It IR10120-3-1-1.1 2.7 
12 AUS257 2.6
13 IR13754-5-2 2.6 
14 IR26957-45-1 2.6 
15 IR13761-1 -3 2.5 
25 IRATI04 (check) 2.3 
26 UPLRi7 (check) 2.3 
29 UPLRi5 (check) 2.2
32 IAC25 (check) 2.2 
33 IR6023-10-1-1 (check) 2.1 
35 1R43 (check) 2.0 

Grand mean 

LSD (0.05) 

LSD (0.01) 


1I[)AI, WITILAND RICE 
Platit Breediq Depl)rtment 

A breeding program to develop improved varieties 
adapted to tidal wetlands was initiated in 1985. 
There are presently about 6 million ha of these 
lands cultivated to rice, but if suitable high yielding 
varieties were developed, many million additional 
ha could be brought into production. 

Soil salinity and submergence are the main yield-
reducing factors in tidal wetlands. Most of these 
lands also have adverse soils: acid, acid sulfate, 
alkaline, or peat soils, 

The breeding program uses thr,:c approaches. 
One is testing the adaptability to tidal wetland 
conditions of varieties or elite lines developed for 
other environments; however, major improve-
ments are not expected through this approach. 
Most emphasis will therefore be on hybridi/ation 
and selection, by which traditional varieties will be 
improved while retaining their adaptability to 
adverse soils and climatic stresses. Techniqucs such 

GENETIC 

3 2.1 3 1.0 2 4.5 
4 2.1 5 0.3 6 4.4 
2 2.2 4.3 3.7 10 4.1 

17 1.5 4.3 11.7 4.7 
7 1.8 3.7 2.7 7 4.3 
1 2.2 4.3 1.0 19 3.8 

11.5 1.6 4.3 1.7 9 4.2 
5 1.9 3.0 0.7 23 3.7 

19 1.4 3.7 2.0 11 4.1
11.5 1.6 5.0 1.3 16 3.8 
8 1.7 3.7 2.3 22 3.7 
6 1.8 5.0 3.6 28 3.4

14 1.5 4.3 3.7 20 3.7 
33 0.8 5.0 4.3 4 4.4 
26 1.0 3.7 3.0 12 4.1 
23 0.2 1.0 0.7 3 4.4 
36 0.6 4.3 3.0 13 4.0 
25 1.0 5.0 7.0 30 3.4
41 0.3 1.7 5.6 14 4.0 
30 0.9 2.3 5.7 31 3.4 
31 0.8 3.7 6.3 35 3.2 

1.1 3.4 
0.5 1.0 
0.7 1.3 

as hybrid rice, tissue culture, and wide hybridiza
tion will also be employed. 

Six tidal wetland sites in the Philippines were 
selected for collaborative research with the Philip
pine Ministry of Agriculture and Food, and one 
acid sulfate site in Thailand was chosen for 
collaboration with the Rice Research Institute, 
Thailand. Some tidal areas with peat and alkaline 
soils were found, but they were not suitable for 
long-term breeding research. 

Because tidal wetlands are usually cultivated 
only once a year, breeding is slow. To minimize 
delay, some IRRI fields that had been converted to 
simulate adverse soil and other stress conditions 
were used for shuttle breeding with outside loca
tions. All locations and their stresses ale listed in 
Table 14. 

Most commonlygrown traditional tidal wetland 
varietiesand modern varietiesthat had been found 
to possess tolerance for certain soil and climatic 
stresses were assembled and multiplied. Based on 
their best known trait, some were selected for 
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Table 14. idal wetlands research sites and their main etresses, 1985. 

Location 

Santo Rosario, Iloilo 

Lanhagan, Iloilo 

Pili, Iloilo 

Santo Tomas, Pampanga 

Santa Monica, Bulacan 
Castuli, Pampanga 

IRRI, Los Bafnos 
IRRI, Los Barios 
IRRI, Los Bafios 
Ongkarak, Nakhon Nayok, Thailand 

Soil 

Salinity (late) 

Acidity, acid sulfate 

Salinity (throughout) 

Acidity

Salinity (late) 

Acidity
 
Salinity (early and late) 


Salinity (mid and late) 

Salinity (throughout) 

Organic substances toxicity

Induced salinity (throughout) 

Induced alkalinity (throughout) 

Low fertility, no inputs 

Acidity, acid sulfate 

Main stressa
 

CImatic and others 

Tidal submergence (early)
 
Flooding (mid)
 
Deep water (mid)
 

Submergence (early and mid)
 

Submergence (early and mid)
 
Drought (late)

Drought (late) 
Submergence (early) 
Drought (late)
Pests and diseases 
Pests and diseases 
Pests and diseases 
Submergence (mid) 
Deep water (mid) 

aperiod in the season at which the crop may suffer is given in parentheses. 

hybridization 	(Table 15), and a large ummber of 
crosses were made. Tolerance for salinity and 
submergence was the common obiective in most 
crosses. 

About 250 bulk populations (F, and -') werc 
evaluated at various sites. Except in IR RI fields, all 
were affected by tidal or flash floods two or three 
times during the vegetative period. Salinity in-
creased at laterstages. Plant survival ranged f'rom 0 
to 60%. Of the 247 populations established, 148 
prod uced plants having most of the desirable traits 
and were selected. 

A nursery consisting of ;well known traditional 
tidal wetland cultivars and some modern semi
dwarf varieties or elite lines was evaluated at five of 
the sites used for breeding work. All were affected 
by flooding (submergence) sevcral times d tring the 
vegetative stage, and two were completely 
destroyed. At other sites, most varieties did not 
survive the stresses. At the site with acid sulfate 
soils, varieties Bayar Raden Rati, Cherivinrppu, 
Dudmona, Gaw Diaw Bow, Garcha, Kuatik Putih, 
Suakoko 8, SR26 11, IR42, lR9764-45-2-2, 
IR21916-128-2-2-2-3, 1131238-446-2-35, and 
IR 31363-1-1-3-3-2 werc the best performtrs. At the 
second site, where flood damage was moderate but 
salinity was high, only Cherivir ppu, Nona Bokra, 
Pokkali, AT69-4, IIR4595-4-1-13, 1IR4030-22-2-1 7, 
IR10206-29-2-1, and 1104337-2-4-1-2-1 could 
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withstand the stresses. Flood damage and salinity 
were very severe at the other site, killing all except 
Chcriviruppu, Pokkali, and Nona Bokra. 

Tissue culture techniqtues were used to isolate 
variants with adaptability to tidal wetland con
ditions. The objectives were to induce salt tolerance 
in modem varieties and to produce variants of 
adaptable traditional vanetics with higher yield 
potential. The tests were ca ried out with soma
clonal variants froni the Tissue Culture for Crops 

Table 15. Varieties commonly used in hybridization for
various stresses. IRRI, 1985. 

Tolerant varieties 

Stressraditional tall Modern seidwarf 

Salinity 	 Nona llokra 
PokkaliCberiviruppu 

Alkalinity Damodar 
Pokkali 

Acidity KDML 105 
Khao Daeng 

Peatiness Lenuo 
Pandak 

Submergence FR13A 
FR43B 

Major pests and 
diseases 

IR4595.4-1-13 
IR4630-22-2-5-1-3IR9884-54-3 
IR6 
IR46 
1R42 
IR4683-54-2-2-3 
IR54 
IR8192-200-3-3-1-1 
BKNFR76106-16-O-l-O 
IR26702-25 .1 
IR64 
IR32429-47-3-2-2 



Table 16. Parents most frequently used incrosses in the deep water rice breeding program, 1985. 

Parent Crosses 
(no.) 

BKNFR76026-3-2-2-2 55 

FRRS 43-3 68 

IRI 1141-6-1-4 105 

IRI 1288-B-B-69-1 105 

IR21037-2-1-2E-P2 33 

IR31406-333-1 79 

IR36 (male sterile) 34 

IR60 32 

Project, Colorado State University, Colorado, 
USA. 

R, variants of IR36, G159, Calrose, Mahsuri, 
and Pokkali were evaluated at IRRI during DS. 
Except for IR36 variants, almost all were seriously 
affected by several fungal diseasks and RTV. 
Unaffected plants were retained; among them were 
two mutant-like plants of Pokkali. They were 
planted in WS; one was found to be ariearlydlwarf, 
while the other segregated for both duration and 
height. Selections made from them will be tested 
for salinity tolerance and stability. 

)EEP WATER RICE 

'lant Breeding Dep;artient 

Hybridization. We made 301 single and 233 
multiple F, crosses for deep water rice improve-
ment. The general objective was to obtain varieties 
and breeding materials of improved yieldingability 
through better plant type and resistance to pests 
and diseases, 

Table 16 gives details on the most commonly 
used pa rents. 

Attributes 

Deep wvter rice, photoperiod-sensitive, 
elongating modem variety (MV), resistant to 
GLH, drought tolerant 
Floating rice with very good elongation 
ability and drought tolerance 
Deep water, combining MV type with excel
lent clongat~on ability, resistance to BPH 
biotyp',s I and 3, drought tolerance 
Phot('period-sensitive deep water rice with 
MV type and good elongation; resistant to 
BPd biotype; 1, 2, and 3; and BB race I 
Ph,)toperiod-insensitive deep water rice with 
M11 type, resistant to GI.H and BB race 1 
MV type with excellent submergence toler
ance, resistant to BPH biotvpes I and 3 and 
BB race 1, drought and salinity tolerant 
MV type, genetic male sterile for population 
breeding in deep water rice 
MV type; resistant to BPH biotypes 1.2, and 
3, GLH, and BB race 1; alkalinity ',lerant; 
clear, slender grains 

Collaborative screening in Thailand. Several 
thotsand deep water pedigree lines were tested for 
elongation ability at the Huntra Rice Experiment
 
Station i:t collaboration with the Rice Research
 
Institute, Thailand. After selecting in the field at
 
IRRI, we retained 1,082 lines with some degree of
 
elongation ability: 59 excellent (elongation score of
 
1-2), 92 very good (34), 386 good (5-6), and 545
 
fair (7-8).
 

Selection for elongation in farmers' fields. F, 
populations having at least one parent from 
Thailand were subjected to natural flooding in 
Ayutthaya. Water rose to at least I m. The best 
surviving populations had both adequate clonga
tion ability and appropriate (not too early) 

maturity. Populations or segregants without both 
attributes were destroyed by the flooding or by 
rats. 

Selection of deep waterricesat IRRI. In 1985 we 
bulk-harvested many hundreds of promising lines 
with elongation ability orsubmergence tolerance in 
combination with other favorable traits. Table i 7 
lists lines with elongation ability and some other 
attributes; Table 18 gives lines with submergence 
tolerance. 
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Table 17. Promising elongating deep water rices and their salient traits. IRRI, 1985. 

Designation 
El Sm Ht BB 

Trait 
a 

BPH GLH BI Gra 
(cm) 

1 2 3 

D VCT146-2-3-0-19/B922C.MR.914//1DICT146.2.3-.191RD19 
BKNFR80081-14-1-4-2 6 125 1/ -1 

IR8234-OT-9-2/HTA 7403-110.1 
BKNFR81023-9-2-2-3 5 142 / -1/ / 1 / 

HTAFR77039-17-4-0-1-2-3-2-4 
HTAFR77039-17-4-0-1-2-3-2-5 
HTAFR77039-17-4-O-1-2-3-3-2 

6 
6 
6 

BKN6987-161-3//PG56/PTB18
117 1 
140 1 
139 1 1 

1 

1 

1 

' 

1 

IR18968-16-0-1-1-2-1 
IR18968-16-0-1-1-3-1 

4 
4 

Bhadoia648/2*1R4422-51-1.1 
165 
180 1 1 

1 

1R33188-8-2-1-3-2-1-2 
IR33188-8-2-1-3-2-1-5 
IR33188-8-2-1-3-2-1-6 
IR33188-8-2-1-3-2-3-6-2 
IR33188-8-2-1-3-6-1-3 

Beguamon 202/JR 13426-19-2/1R9764.45-2-2 
6 149 1 1 
6 166 1 1 1 
6 165 1 
6 149 1 
6 166 1 1/ 

1
1 

IR33226-16-1-1-3-3-2 
IR33226-16-1-3-2-3-3-3 

BhusuriSail paddy/CN540//1IR976445-2.2
6 138 / 
6 125 1/ 

1 

IR33716-1-503-1-2-2-2-2-3 
1R33716-1-503-1-2-3-2-3 

Beguamnon 349/1R36//HBJAmnen 2/Clenab 64.117 
5 115 1 
1 134 1 1 

IR37025-R-R-R-29-3 6 
RDI9/1R46 
110 1 

IR38685-13-2-5-2-3-1 
IR38685-4-1-1-2-2-2 
IR38685-49-2-1-6-3-1 
IR38685-80-3-3-2-1-3 

4 
4 
6 
6 

Chenab 64-11 7/1R 7732-B-A96-3 
8 161 

165 1/ 
120 
168 1 1 1 1 

1 
1 

IR387.?0-103-3-1-1-2-1 
1R38730-103-3-1-1-2-2 
IR38730-93-2-1-6-3-3 

6 
6 
6 

Mahsurl/IR I 1288-B-B-288.1 
150 1 
145 
117 1 1 1 1 

1 

1 

1 

1 

IR38780-29-1-1-3-1-1 5 
RD19/CR1030 

195 1 1 

IR38784-100-1-3-1-2-1 
I1R38784-100-1-3-2-2-1 
IR38784-100-1-3-6-1-1 
IR38784-100-1-3-6-3 
IR38784-137-2-3-6 
IR38784-30-1-2-1-2 
IR38784-36-2-2-1-1-1 
1R38784-36-2-2-3-2 

5 
5 
5 
5 
6 
6 
6 
6 

RDI 9/IR50
105 
120 1 
115 1 
921 
96 1 
97 

86 1 

1
1 

1 

1 

1
1 

1 

1 

v/
1/1
1 

1 

1 

1 

1 
I 

IR39498-18-1-3-2-1 
BKN6 721-5.7-4/IR9264.321-3//IR111SS-R-R-R-88.2

4 6 145 1/ N/ I/ 

IR41532-29-3-1-3 
IR41532-70-1-3-1 

6 
6 

DJVCTI56-1/DJVCB-B-302.3
165 1 
1351 

1 1 1 
1/ 

Continued on opposite page 
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Table 17 continued 

Traita
Designation El Sm Ht BB BPH GLH BI Gra 

(cm) 
1 2 3 

HTA 7406-111.0.0.2//RDJ9/IR I1288-B-B-288-1IR,2435-118-1-1-2 4 154 1 11R42,.35-274-1-1-2 3 99 1 '1 1 11R42435-289-2-3-1 5 152 1 1 1iR42435-34-2-3-1 4 149 1 1IR42435-34-5-3-3 4 144 1IR42435-35-6-3-3 167 *.i I / 1 V
4 1 

IR54//RD19/CR1030IR42437-70-2-1-1 7 124 1/N/ 1IR42437-74-1-3-2 7 ,\/\/ / / I 
aEl = elongation; Sm= submergence tolerance, 7 or better; Ht = plant height; BB = bacterial blight, race 1; BPHplanthopper, biotypes 1, 2, 3; GLH = brown=green leafhopper resistance of 3 or better; BI = blast, resistance of 4 or better; Gra =grain length of 3 or better, grain shape 1, chalk!ness 1or 0. 

Table 18. Promising submergence tolerant deep Aater rices and their salient traits. IRRI, 1985. 

Traita 
Designation El Sin Ht BB BPH GLIH BI Gra 

1 2 3 

BKNFR80026-4-1-l-2-3-1 
BKNFR80026-4-1..3-3-21 

5 
3 

IR8234-OT-9-1/IETS6.56
142 1 

1/ 
1 

IR28832-37-3-4-1 5 
FR GI O/IR 4219-35-3-3-2//1IR42 

108 1/ v/ 

IR28839-R-R-13-2-1-21 
IR28839-R-R-5-1-1-2-21 

1 
1 

FR G10/IR48//X69.2-2 7-2
I I 1 

IR31070-49-2-2-3-1-2-1 
IR31070-48-2-2-3-3.2-1 

G. Heenati/B1050C-MR.18.1.4//1IR657.33.2
4 140 1 
4 140 1/ 

1 

IL31442-1-502-1-2-1-22 
IR31442-1-503-1-2-1-22 

Kurkaruppan/1R4422-98.3.6.1//IR13419.113.1 
3 141 1 11 141 1 1 1 1 

IR36449-R-R-R-116-1 
IR36449-R-R-R-118-1 
IR36449-R-R-R-14.2 
IR36449-R-R-R-38-1 
IR36449-R-R-R-41-3 
IR36449-R-R-R-60-1 
IR3 49-R-R-R-62-1 
IR36449-R-R-R-75-1 
IR36449-R-R-R-84-3 
lR36449-R-R-R-86-3 
IR36449-R-R-R-88-2 
1R36449-R-R-R-95-1 
IR36449-R-R-R.97.2 

1 
I 
5 
1 
1 
1 
1 
1 
1 
1 
5 
1 
5 

Suweon 290/FR43B
147 1 v' 
156 
160 
170 
161 1 
165 
143 V1 

165 
156 1 
105 
102 1 
174 1/
170 /1 

1 
v 

1 

v1 

I/ 
1 1 

Continued on next page 
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Table 18 continued 

Traita 

Designation El Sm Ht BB BPH GLH BI Gra 

1 2 3
 

Chenab 64-117/IR4563.52-1-3-6 
IR38682-27-6-2-3 5 v/ 

Chenab 64.11 7/1IR4 744.295-2.3 
IR38683-11-2-3-4-1-3 4 110
 
IR38683-22-3-3-2-1-1 5 115 V V V/
IR38683-35-2-9-10 1 98 V
 
IR38683-35-2-9-11-1-1 3 100 V
 
IR38683-35-2-9-11-3-1 3 100,V 
IR38683-35-2-9-2-2-3 3 100 </ V
 
IR38683-35-2-9-2-3-3 3 95 V/

IR38683-35-2-9-4-2-2 3 92 / V v
 

Chenab 64-117/IR 15314-43-2-2-3 
IR38691-27-6-1-3 6 103 V V V V
 
IR38691-27-6-3-1 6 98 V
 
IR38691-27-8-1-3 6 113 / v' V
 

BKNFR 76001.99.2.2/GEB24/IRD19/FR13A 
IR39534-1-2-2-1 5 86 v I/ V
 

CR 1009/1IR48//CR I002/FP43B 
IR39536-1-3-2-2 1 88
 
IR39536-1-3-4-1-2-3 4 90 V V
 
IR395 36-1-3-5-1-1-1 4 89
 
IR39536-1-3-5-1-2-1 4 90 ./ V
 
IR39536-10-5-1-1-2-3 5 101V V VV
 
1R39536-10-5-1-2-1-3 4 1100V V
 
IR39536-10-5-1-3-3-3 3 103V V VV
 
IR39536-10-5-3-3-1-1 2 100
 
IR39536-5-2-3-2 2 117 V V V V
 

1R4568.86.1.3.2FR43B//CRI009/1IR42 
IR39543-17-2-3-3-3-1 6 V V V V
 
IR39543-9-2-2-3-1-1 5 137 / V/
IR39543-9-2-2-3-1-2 5 130 V V V
 
IR39543-9-2-3-1-1-3 4 140 V V V
 
IR39543-9-2-3-2-3-3 2 144 V V
 
IR39543-9-3-3-3-3-2 5 134 V V
 
IR39543-9-3-3-3-3-3 6 115 V V
 

IR8234-0T-9.2/Nam Sagui 19
 
IR41425-121-1-1-2 6 V VV V/
IR41425-143-3-3-1 5 V V V V V V
 
IR41425-188-3-3-1 4
 
IR41425-196-1-3-3 6 V V V V
 
IR41425-34-3-1-1 6 V V V V V V V
 
IR41425-34-3-3-1 6
 
aEl = elongation; Sm= submergence tolerance, 7 or better; Ht = plant height; BB bacterial blight, race 1; BPH = brown 
planthopper, biotypes 1, 2, 3; GLH = green leafhopper resistance of 3 or better; BI =blast, resistance of 4 or better; Gra = 
grain length of 3 or better, grain shape 1, chalkiness 1 or 0. 
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FUNGAL. I)ISEASLS 

Sheath blight and related diseases. Sheath blight, 
sheath sot, and' aggreate 'heath spot. Sheath 
blight (ShB) caused by Rttizoctonia solani is 
prevalent wherever rice is grown, and with the 
intensification of rice cultivation, its incidence is 
gradually increasing. R.orrzae ca uses sheath spot,
and R. orvzae-sativae causes aggregate sheath 
spot. The symptoms of tilethree diseases are 
similar, and careful observation is required to 
distinguish them (Fig. 1).The pathogeris can be 
easily distinguished on potato dextrose agar by
colony color, growth claracters, patterns of 
sclerotia formation, and si/e. R. solani is light 
brown and produces compact, irregular but 
spherical type, large sclerotia; colonies of .or'zae 
are light greyish and produce many small, round, 
loose sclerotia; colonies of R.orvzae-salivae are 
pinkish and produce salnon-colored, small, flat 
sclerotia (Fig. 2). 

A 1985 survey revealed these diseases on most 
commercial rice cultivats in the Plhilippines in 
farners' fields as well as at IRRI. Sidi frequency 
was highest, followed byaggregate sheath spot and 
sheath spot (Fig. 3,4). 

hiocuhm (i.strihtution antl it/i'ection. Based on 
the number of sclerotia extracted from soil samples 
using the wet-sieve mcthold ard on nycological 
and pathological cliaracteristics, tlie pathogen 
frequency in lowiand ricefields was 57.3C%, for 
R.solani, 42.3% for R.orizae-sativae,and 0.4i, 

for R.orpr:ae. It was estimated that the number of
R. so/ani sclerotia in the field was 2.02-2.76 
million/ha immediately after harvest and fell to 
2.02-2.26 million/ha after land preparation; for 
R.or,'zae-sativae sclcrotia, 1.06-2.46 milliont ha 
after harvest fell to 1.06-1.24 million/ ha. 
The diameter of I.solani sclerotia ranged from 

I to 3 rm; that of'1. oKrae'-sativa, was I in or 
less. The sic of'sclerotia was directly related to the 
infection potential; bigger sclerotia caused more 
disease (Table I). 

In three IRRI fields where IR36 was planted in 
(1ry season (DS), disease incidence was similar but 
its severitv varied. The va'inance-to-mean ratio 
indicated a spatial distribution pattern (Fig. 5). A 
positivccorrelation betwcensclerotia numbetsand 
disease severity was noted, but none between plant
density and sclerotia on soP surface imnmediately 
after harvest. The distribution of' the sclerotial 
pattern after land preparation showed a variance
to-mean ratio indicating a clustering or aggregate 
spatial pattern of inocuun distribution. Variance
to-reanii ratioiaiid the micanii sCleroti tI nuinber were 
reduced after land prepantion. 

Biologicalcontrol. Earlier studies showed the 
effect of antagonistic bacteria from rice on ShB 
development (Annual report for 1984). Further 
tests on these bacteria, using both fluorescent and 
nonfluorescent isolates based on pigment produc
tion on King's Medimm 13,confirmed their ability 
to suppress the infectivity of' R.solani sclerotia. 
When laboratory-produced sclerotia were soaked 

1. Symptoms of ShB caused by Rhizoctonia solani, sheath spot caused by R. orrzae, and aggregate sheath spot caused by R.
oryzae-sativa. IRRI, 1985. 
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2. Colonies othe foungal pathogens causing Sh. sheitth spot,
and aggregate sheath spot. IRRI, 1985. 
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3. Incidence ol Shlhard sheaths pot disease complex caused byNRhizoctonia spp. on rit.. Philippioies. 1985. 
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4. Occurrenmc of Shl and sheath spot disease complex cattsed 
by Rhi:octonia spp. on rite. Philippines, 1985. 

Table 1. Distribution and size of R. solani sclerotia reco
vered from ricefield, and infectivity on detached rice
leaves. IRRI, 1985. 

Sclerotia Sclerotia Frequency Lesions Lesion 
size (olin) (no.) (%) (no.) size (nn) 

2 x 2 12 2.18 5.1 19 x 5.6
1.8 x 1.8 67 12.18 4.3 17 x 4.5
1.5 x 1.5 147 26.73 2.8 13 X 4.1

S.x1 324 58.91 1.2 9 X 4.0 
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5. Severity and distribution of SlB on 11I36 in an IRRI field. 
April 1985. 

in bacterial suspension before being allowed to 
infect lR36 grown to maximum tillering, both 
disease incidence and lesion size were reduced 

6). 
In a screenhouse experiment, treating IR36
 

seeds with bacteria cau sed the plants to grow faster,

taller, and greener than those without treatment.
 
At flowering, the apparent difference was not
 
highly visible. Seed treattment was more effective
 
than spraying the bacterial suspension on the
 
plants at 45 d after transplanting (Table 2).
 
Although tiller nutber at 
 maximur tillcring 

that seed bacterization produced an 
effect equtal to that of spraying, grain yield was 
higher with seed treatment. Bacterization also
suppressed ShB and sheath rot. 
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6. Reduction of Shil lesions on IR.6 infected with R. solani 
sclerotia presoaked in bactcrial suspension. IRRI. 1985. 

The bacteria, both fluorescent and nonfluores-
cent, inhibited mycelial growth of Fusaritan 
tmonilifornw, which catLses bakanae (Bak) disease, 
The germination of seeds collected from Bak-
infected fields was improved with seed bactcria-
tion (Table 3). In the nursery seedbed, seeds treated 
with bacteria were obser,'ed to have fewer infected 
tillers. 

Blast epidemiology. There are fiw epidemio-
logical studies of blast (1I) in upland rice. To 
understand the interactions among factors affct-
ing BI development, a holistic field study is simutl-
taneously measuring host development, pathogen 

Table 3. Improved germination of IR42 seeds 

selected isolates. IRRI, 1985.kanae-infected field by bacterial seed treatment 
Isolate Germination a 

In-b-148 87In-b-157 69 

In-b- 17 68 
In-b-150 66 
In-b-591 64 
In-b-157 61 
In-b-149 49 
Check 34 
a 

Mean of 3 replications. 

development, and throughoutmuicroclimate a
growing season. 

Several methods of measuring airborne spore
densities were compared: a Burkard volumetric 

spore trap, glass rods, glass slides, and potted 
"trap" plants. Trap plants were exposed in the field 
overnight, then either incubated in a dew chamber 
for 24 h or placed directly in the greenhouse. The 
dew chamber treatment provided optimum condi
tions for infection by spores landing on the leaves, 
whereas the greenhouse treatment provided a 
measure of only the spores that infected the tissue 
in the field. The volumetric trap at ught the most 
spores. Resuilts using glass slides and trap plants 
incubated in a dew chamber correlated well with 
data from the volumetric trap(Table4). Data from 
trap plants placed directly in the greenhouse did 
not correlate its well with the volumctric trap, but 
should be useful when the analysis of environ

from 

with 

(%) 

Table 2. Effect of antagonistic bacteria used in seed bacterization and spray inoculation at 45 d after transplanting (DT)on
plant height, tiller number, and grain yield of IR36 and on sheath blight (ShB) and sheath rot (ShR) incidence in the 
screenhtouse.a IRRI, 1985. 

Plant heighte Tillersd 
Grain yielde ShB ShR inci-

Bacterial (cm) (no.) (g) incidence (%) dence (%)
isolateb 

ST S ST S ST S ST S ST S 

NF In-b-17 52.9 49.9 10 8 107.5 a 87.0 bc 14 9 0 15
F In-b-24 55.7 51.0 9 7 105.7 ab 84.5 c 13 13 5 12 
F In-b-150 52.0 54.0 8 9 108.7 a 86.5 bc 12 23 5 11

NF In-b-590 59.5 53.5 9 9 97.0 abc 93.0 ab 19 18 2 13
NF In-b-591 59.8 54.5 9 9 93.0 cd 95.0 a 32 28 19 19

Check 51.0 49.4 6 7 88.0 cd 87.0 bc 28 22 16 20 
aST = seed treatment, S = spraying onto plants 45 DT at about 109 colony-forming units/ml. bN F = nonfluorescent, F = 
fluorescent. CMean of 6 tillers measured at I mo after transplanting. dMean of 3 replications, 6 hills/replication measured 
at maximumn tillering. eGrain weight taken from 6 hills. 
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Table 4. Correlation matrix for comparing various spore Seventy scoretrapping methods.a IRRI, 1985. 20 
i

"Volumetric Glass Glass Trap plant 
mean voluesof treotment rephiptotos 

n 24 
spore trap slides rods (dew chamber) 16- -063986x-1 1207 Ao"S0 80068 -

Glass slides 0.93
 
Glass rods 0.63 0.82 12- 0

Trap plant 0.89 0.90 0.64 
 2 I 
(dew chamber)
Trap plant 0.38 0.42 0.2411s '1.71(greenhouse) 8 o. g6
 

al)ata from upland rice variety C22, ovn b" April 1985. 
 o o 0 tretments ns = not significant, all otier r values stgnifica.,t. 4- - 8 
Yz 068169X-166033 

,= 083991 
mental data is complete, because they give a -- 1 
measure of the infection efficiency of a particular 0B1 5 1? 16 20 24 28ncdence M)
night, not simply the total number of spores 8. Relation between panicle IIl incidcno:and severity. IRRI,
dispersed. 1985.
 

Because infection of the panicle by BI results in
 
direct yield loss, panicle and ne.ck node infection 
 Observed (2-26%), there wasa high correlation with are being studied in detail. Sampling and incuba- disease severity (Fig. 8). Disease incidence is easilytion of symptornlcss panicles at various stages of assessed. Thus, if the relationship between inciheading revealed that the earliest time of neck node dcnce and severity could bc established for ainfection isjust before emergence of the neck node greater range of disease incidence, the infornation(Fig. 7). Some infection of the main panicle axis would be useful for quickly cstimating losses due to
immediately above the node was already e'ident panicle alld neck node infection.
before this part emerged. Thus, with cultivar C22 For each trial, a frequency distribution of infec
used in this study, panicle infection caln take place 
 tion severity was constructed. The distribution inbefore panicle emergence. each was similar to the overall distribution, which

In another experiment with 8 sowing dates, the is given in Figure 9. Panicles with intermediate
severity of neck node and panicle infection was
 
estimated (0= no Ill damage, I(X) no filled grain 
 I, '/1
dife to fi) an(l compared with the incidence of 145
 
infection. Over the range 
 of disease incidence 

S-1 

'-f'/ Pn(ceW)ell(p' IX 

2 '' errged 65 

20[-20 ] 5 .. /l 

69
 
e0 -) c(e 25% emerged 120p-... 56 

50 poncie 50% emerged50 rnek nodeemerged 
47 

58 100~ 45 

o1 
0 .o o5 0 XxI 

05 I 1 . " 5 " 4 q': 5 0 I 
lfdIrI 5ti 4e 110 11-20 21-30 31-40 41-50 51-6D 61-7C 71-8081-90 91-100Severity score class7. Percent infection of panicle axLs and nook node after 9. Frequency distribution of severity scores of BI-infectedincubaijon of panicles sampled at various hcadingstages. IR RI, panicles. IR RI, 1985. Standard deviation is given at the top of1985. Standard deviation is given at the topf01each column. each column. 

CONTROL AND MANAGFiMFiNT OF RICL PESTS 147 



severity of infection were relatively rare, but those 
with either low severity or high severity were 
frequent. There may be a rapid transition of each 
panicle froml high susceptibility to much less 
susccptibility to 131daImage. 

Yield reduction due to fungal pathogens. II DS 
and wet season (WS ) experiments, the systemic 
fungicide propicona/ole was used isi 'oliar spray 
in utninoculated plots to ascertain ifyilCd reduc-
lions dieto fungal (isease nornma ly occur at IRRI. 
In both sea.sons tile plots receiving fungicide had a 
lower incidence of sheath rot, brown spot, narrow 
brown leaf spot, and leaf scald however, the 
severity of the diseases %\asgenerally low, even in 
untreated plots. Sl113 W,as much more severe, but 
tile
futngicide effccti\e;N' red uced disease (I ablC 5). 
Yield differences bctwxen treated and untreated 
plots were evident only in the \VS trial in tilelines 
of nedium (1{R31868-44-2-3-3-3) and late (IR28 150-
84-3-3-2) iaturity. No yield enhancing flcct of tie 
fungicide trcatmnclt was observed in the early 
maturing line (1132429-47-3-2-2). 

Suppre'ssion of genenl resistance mechanism of 
rile Iyilebniittho.wporittntlorl'zae'toxin. Tlie riaor 
roleof the toxin prodtreed by . ,,rrza appeas to 

he the suppression of' the general defense mech
anism of rice plants. Rice leavesat advanced stages 
of infection and rice leaves trea ted with 1/. ort'zae 
toxin were observed to have lower phenolic content 
and lower peroxidase and phe nyla lanine ammonia 
lyase activity than normal leaves (Table6). It has 
been suggested that those compounds are ir
portlant components of tie plant's defense mech
anisin agdinst patliogens. When the phenolic 
content of rice lcavcs was stinulated by giving the 
plants catlecol, quinic acid, phe nyla hine, 
ethephon, and WI.28325 prior to inoculation with 
Spores of II. otcw', SymIlptomn development was 
appreciably delayved. When such leaves with 
induced higher phenolic content were treated with 
the toxin, tilephenolic content decreased rapidly 
([able 7). 

RAi ISFASPS 

Tungro. E.lidemiologyin Cenral Luzoi. Biweekly 
sur\ys of tunigro ( RIV) vectors and incidence of 
rice tungro bacillil'orm virtis (RTBIV) and rice 
tungro spherical virus (RTSV) in four t'almers' 
fields in Nueva E-cija and larlac. Philippines, 

Table 5. Effect of fungicide on grain yield and SIM severity in 3 GEU cli,elines. IRRI, 1985 DS and WS.a 

Grain yieldl' (t/ha) 

L.ine Dry season 

Treated Untreated 

1R32429-47-3-2-2 4.8 4.7 
1R31868-64-2-3-3-3 4.9 4.7 
IR28150-84-3-3-2 4.9 4.9 

aFoliar spray at early booting and heading with 

Wet season 

Treated Untreated 

4.6 4.6 

5 5 ,..8 

5.7 5.0 

propiconazole 250 IEC 

)iseased leaf blade and leaf sheath area (%) 
cDry season ' Wet seasond 

Treated Untreated Treated Untreated 

15.7 41.4 6.7 40.8 
33.9 57.1 17.0 64.7 
13.9 34.4 17.6 56.8 

at250 g ai/ta. bI,SI) (0.05) = 0.5 for comparing
,rain yield of treated and untreated plants. CLSI) (0.05) = 12.5 for comparing disease of treated and untreated plants.
ILSI) (0.05) = 12.0 forcomparing disease of treated and Untreated plants. 

Table 6. Changes inplienolic content and inperoxidase and plhenylalanine ammonia lyase activity in rice leaves treated 
with llelminthosporiuet orvzae toxin. IRRI, 1985. 

Peroxidase (0.001 change in Phenyldanine anionia 
Toxin Plenolic content absorbance/min per g lyase (nmol cinnarnic acid 

treatment (pg/g fresh tissue) fresh tissue) produccd/g fresh tissue) 
(jiglml) 

24hi 48ih 72i 24hI 48 I 72hI 24hI 48hI 72hI 

0 1924 a 1 318 a 902 a 106 a 339 a 476 a 918 a 832 a 1031 a 
1 755 c 1042 c 770 1 73 b 204 b 531a 801 b 734 b 818 b 
5 865 bc 1156 b 723 h 67 b 125 c 416 b 597 c 743 b 808 b 
50 974 1 1124 be 589 c 37 c 75 d 167 c 535 c 768 b 788 b
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with different compounds and treated with Ilelmintho-
Table 7. Changes in phenolic content of Iwes of rice plants fed 

sporiunf or.':ac toxil.a IRRI. 1985. 

fresh tissue)Ilienolic content (pj,,/g 

48 I1 	 72 1124 11Pretreatment 

Untreated *oxin-treated U ntreatedToxin-treated Untreated Toxin-treated 

947 -21 1308 ± 33 457 ± 28 278 ± 23 228 ± 18 673 ± 20 
Ihenylalanine 

343 ± 52 773 ± 25
Catechol 	 869 - 30 1564 ± 31 477 ± 23 1093 ± 31 

673 t 25 1.97 ± 57 377 ± 45 873 ± 32
Quinic acid 1206 ± 31 1829 ± 61 

670 ± 26 250 ± 26 497 ± 15
Ethepl'ui 	 437 45 902 ± 28 283 ± 25 

537 ± 41243 ± 12 600 ± 20 240 ± 40
WL 28325 	 397 - 15 810 ± 30 

367 a 51 843 ± 21 207 t 31 607 ± 12 223 ± 32 513 ± 31 
Control 


aMeans of 4 replications by scanning electron mnicroscry. 

mCnt and absent in Za ragosa, Nueva Eci.ia. Generally,started in April 1985 to determine the dcvelopI 
of the disease. Vectors were collected by 10 s\wCeps .\ ('lphowliX viresccns density was higher in fields 

was with rice than in idle fields, wh ic .V.1,gropicltsof ai insect net, and disease incidence 

estimated visually and the vinises determined by predominated (Fig. 10). Vector density was very 

the latex agglutination test on randomly sampled low at the Za ragosa site. 
Ieov'o- rice lI/4 ll'f!rm \'irttus.te tt11.,ro 	 [-01rice leaves. 

inl/Peud 11%'52 phmt.. Initial studies revealed thatAi average of I'(' RI\ infection assessed 

the green lealliopper ((ii. I)-resistant varicetis werevisuallv at the Guimba, Nueva Eci. ,site at 

tart of the studyvincreased to 32ri atthe end of the mostly infected with RIIV alone. 61.11 fatilcd to 

19,;' I)s. Comtpa natively higher incidences of recover R IBV from plants infected with RTBV 

SV were obtained in plants sampled alone. On stisceptible varieties, RTBV can be 
RTBV aid RI 

from this field (Fig. 10). RIV incidence was verv transmitted only by GIII carrying RTSV.This 

l~a Paz, larlac, study was therefore conducted to determine the
low in I.upao, Nueva Ecija, and 

,i,,mLoI, f'uevo Ic ]o .upco, Nue a -c].'j 	 a oP ,Tjac 

Incidence ("'o) 

e ---..V. . . .. ..SV
300 ..- RTB R.. 
N mgropiclusepoducvePlowed or20- I ] 72 '-" RTTS-BV 	 | VZ// 

20-

RTBVstagoeno "-" iinsect coection 

10 Ci 

Vectors (no '10 ,(,eeps) 

Idle dIdle Rice410 Id/e Rice 

< 
20 

6C 
D5_DS 

20

20 
Oct Apr Mny Jun Jl! Aug Sep Oct

Apr May rcJun Jul Aug 	 ep Oct Apr May Jun dtI Aug Sep 

10. Inctdeno: ol Itu 	 , ciated vir,,, and noltv r ol'vcc rsin ia i s.Central I u/on. Philippines.ngr( -a t 	 nand adjacent field 
Rtand R/S.
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influence of RTSV on the recovery of RTBV from
GLH-resistant 11R52 plants infected with RTBV.

RTBV-infccted seedlings at 45 d after soaking
were used as the source. RTSV-carrying or virus-
free GLH were given a 2-d acquisition access to thesource plants. Then the GILH were given a I-dinoculation access to 6-day-old INI or 11R52
seedlings at the rate of I GIi/seedling in testtubes. All inoculated plants were ocsted for the 
presence of the RIV-associatec viruses by the latex 

RTMV in 1R52 was recovered by RTSV-carrying
GLH but not by virus-free GiLH (Fig. 11). Theproportion of viruses recovered by GIl-I differed, 

Percentage 
00 F 

Recovery by RTSV--caryng GLH 

80 IR52 rN1 

60 

40 

20 

0 
-R 

100 

Recovery by vrus-ffr, :IL H8R52 7N 

60

200 

20020 
-

o of on o 

RTsV RfSV RT3V Healthy FTBV
TSV 0 RTBVHealfhy 

H. Influene of RISV on1102plants. IRRi imovmw of R IIVgs 1985. fe, from infecteditv of ;II wasttiod on IR52 
and TN seedlings. 
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depending on the variety used test their into 
fectivity. Higher recovery of both viruses was
obtained in susceptible TNI than in IR52; how
ever, recovery of RITBV or RTSV alone %kas
comparable in both test vaieties. 

)De'elopnwntof Ni' inA'ction in the fiel .Varieties with different levels of GLH resistance 
were exposed to natural infection at IRRI andtested weekly for the presence of RIN-associated 
viruses by latex agglutination.

High RTSV infection was recorded not only in(GI-H-stsceptible TN I and IR22 but also
moderately resistant IR36 and IR42 in the first few

in 

weeks of infection. Thereafter, the percentage of 
RTSV infection declined gnadually but infection
with RT13V + R ISV increased, indicating thatRTSV source plants were predominant in the fieldwhile RT V + RTSV source plants were scarce in 
the first lew weeks. RTV -+ RTSV infection 
developed quickly in susceptiblC IN I but slowly in 
IR36and IR42. GI.Hf-rcsistant 1R54 and 1158 had 
the lowest infection of any of' the tungro viruses,while RTSV infection was reatively higher 
(Fig. 12). 

Infection (M,)
00 TNI RT8V RTSV 
80 

/ 
i.--au RTBV alone 
O0-6 R.SV alone 

CIO VisuVaireading 
.. ::,., ,: ::: 20IR22 

40R2 

20 A, r 

80 

80........ 
 . . ...... 

L115 

o ~ n Uintio~n~:iiewt 

Weeks after transplanting12. Weekly de~clopnent of' RTV infection in varieties with 
difllrent (,I.1l resiqancc in the ield hased on %isual reading andpresence of RTV-a.soci;,ted viruscs as detected by latex test. 
IRRI. 1985 WS. 



An increase in infection based on visual 
symptoms was observed as RTBV + RTSV infec-
tion increased, especially in susceptible varieties, 

Subsequent ink'ctionof RT13 1-ifrctedIR54 b 
RTS11 alone. Greenhouse studies revealed that 
most GLH-resistant varieties were generally in-
fccted with RTBV and could not serve as virus 
sources because RTBV transmission by GLH is 
dependent on the presence of RTSV. A study was 
conducted to determine whethcrchallenge inoctula-
tion of RTBV-infected plants with RTBVI+ RTSV 
or with RTSV alone would increase plants infected 
with RBV + RIfSV. 

Plants initially infected with RlBV showed 
significantly higher infection with RTBV + RTSV 
when challenge-inoculated by GLI- that had fed 
on source plants with RTSV alone than when 
inoculated bv GLI that had fed on plants with 
RTBV + RTSV (Table 8). This indicates the 
potential threat of RTSV as a disease agent in the 
field, transforming RTBV-infected plants into 
potLtnt sou-ces of RTV. 

'Fable 8. Infection of RTBV-infected IR54 exposed in 
fieid cages to GLII that fed on source plants infected with 
RTBIV + RTSV or RTSV alone.a IRRI, 1985. 

SWeeds 

Plants (%) 
Plant GLtt infected withSreleasedb 

RT3V + RTBV 
RTSV 

Healthy None 0 0 

RTBV-infected With RTSV 41 59 
RTBV-infected With RTBV + RTSV 12 88 

a Mean of 4 replications. blusecticide was applied I wk 
after GLH were released, 

Host range. One-month-old potted plants of 19 
weed species and 4 cereals were exposed indivi
dually to 5 GLH that had previously fed on rNI 
plants infected with RTBV + RTSV or RTSV 
alone. One month after inoculation, leaf samples 
were collected and their extracts tested for the 
presence of RTBV and RTSV by the latex test. 

Distinct clumping was observed on some leaf 
extracts of Echinochkaglabrescens, E enms-galli 
ssp. hispidula, and -liaranthtisspvinosus when 
plants were exposed to GLH that had fed on plants 
infected with RTBV + RTSV (Table 9). When 
plants were exposed to GLH that had fed on 
RTSV-infected plants, only A. spino.suis reacted 
positively to the RTSV antiserum. For virus 
recovery, GLH that had fed on the plants that 
reacted to RTBV + RTSV antiserum were given 
inoculation access to TN I seedlings. None of the 
tested GHI transmitted either virus. 

In one trial, inoculated plants were tested by 
enzyme-linked immunosorbent assay (ELISA) for 
the presence of the virus antigens. Some E colona 
that had been exposed to GLH carrying RTBV + 
RTSV reacted to the RTBV antiserum. A few E 
glabrescens that had been exposed to RTSV
infected plants also reacted to RTSV antiserum. 

and cereals not infected with either 
RTBV or RTSV were Elesiine intdica. Dactvloc
letitm ae___t,.in, Lepoc__ chtensi., Actae

mum11t rugostun, Iimi/ristylis littoralis, Eclilta 
prostrata,CYpens d lornlis, C. iria, Pas)ahm 

vas/)alodes, P. scrubictdaltun, liuhv&ia oioval
vis, Leersia hexandra, AIternanthera sessilis,
P/lanthut~ niruri, mtiec, sorghutm, wvheat, and 
millet. 

Occturrtce of R[S1' on tqplan/ rice. Leaf 
samples, 20, field, were randomly collected from 

Table 9. Detection by latex test of RTBV and RTSV in sonic weeds that had been exposed to N. virescens that had fed on 
source plants with RTBV + RTSV or RTSV alone. IRRI, 1985. 

RTBV + RTSV source" RTSV sourcea 

Species Plants Plants (no.) that reacted to Plants Plants that 
tested tested reacted 
(no.) RTBV + RTBV RTSV (no.) (no.) 

RTSV 

l*e",c::&cnoaglabrescens 21 8 0 0 10 0 
E' cnis-galli ssp. hispidula 
,maranthus spinosus 

18 
5 

6 
3 

2 
1 

0 
0 

10 
5 

0 
2 

aEacih plant was inoculated with 5 Insects. 
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upland rices in Zamboanga dcl Sur and Batangas, Dete-'ion of RI TJ-as'ocatc/viruses in infi'cted 
Philippines, and tested fort he presence of RTBV, d-' /et -s.The effect of storage on the antigenicity
RTSV, grassy stunt (GSV),and ragged stunt of RTV-associatcd viruses RT13V and RTSV was 
(RSV) viruses by ELISA. RTSV incidence was examined. 
high in both Zamboanoga del Sur and Batangas One htndred IN I leaves infected with RTIBV or 
(Table 10). RTSV alone, or both, \Were cut into three equal

RT" vectors carr ti,. , virues'. N. virescens, pieces, making a total of threce sets. Each set of leaf 
N. It,,irofiCrts, and Reilia (lorsalis were collected samples was dried and stored at room temperature,
in ricefields at 'arious locations in I.aguina and in i refrigerator, and in itfreezer. len leaf samples
Bicol (.anuary-Ma rch) and in South Cotabato from each set were subjected to tests at I d,twice a 
(October), Philippines. Insects were individually monlt,iand monthly fOr6 mo aftcrsanipling. Leaf 
tested for their infectivity on I 'N I seed lings, and samples were wra pped with moist pafpert owels for 
inoculated seedlings welc tested forthe presence of 1-2 I and then separately' homogenied with 75 ul 
RTIBV and RTSV by El ISA or the latex test 3 wk of 0.02 M phosphate buflfr(pil 7.4). Extracts were 
or I mo after inoculation (lable II). [he three tested by the latex test and IEISA to study the 
species transmitted RTBV or RISV alone or both effect off storage conditions and duration on the 
Viruses together. Regardless of insect species. more antigenicity of R IBV and RfSV. 
insects transmitted RISV alone, indicating that In leaf samples stored itroom1 temperature, the 
RIISV sources \were prevalent in the IPhilippines. latex test detected Viltis aM tigCns in doubly infected 

Table 10. Viruis disease incidence oit upland rkes in Zamlboaniga de Stir and Ba tangas, Ihilippines. determined by ELISA. 
IRRt, August 1985. 

Plants Plants (to.) infected with 
Location variety tested UBV + RT1V RTS\ GSV RSV 

(no,) RTSV 

Zamboanga del Sur C22, UPL RiD, 320 0 0 35 1 0 
San Miiguel Menorado, Azucena,
 

Lubang, Menorado,
 
Sinolognion
 

Visagun (22 
 20 0 0 0
Midsalip C22, Menorado, 80 0 0 1 

0 
0 

0
0 

UPLRi5, UPLil7
Mulon Menorado 40 0 0 0 0 0
Margos Ut'LRi5 40 0 0 00 0
 

Iatangas IR43, tJ1I.Ri7, 360 3 6 23 
 2 8 
Santo "fomas Kinandang Patong, Addey, 

NIAP415, IRATI 16,
 
ITA239, M55, and lines
 

Table 1I . .1ifeciivity of A. igronpictu, and1(tircscens . R. dorsalis collected in ricefields at various locations in(lhe Philip
pines, 1985. 

N. rirevxceos (no.) N. ni,ropictus (no.) I?. dorsalis (no.)
that transmitted that tr:insniitted that transmitted 

Location .-.. ... -------
RTIV + ITB\; ,TSV None ,TliV+ RII(V RTSV None RIIV + R'flV RTSV None
RTSV ,TSV RTSV 

Ligunaa 8 15 20 235 2 3 7 7,1 2 1 8 50
llicola 2 3 8 157 0 0 t0 261 2 0 0 4South Cotabato h, 7 1 23 43 2 2 1 58 (0 0 0 37 
alnoculated TN I seedlings were tested by [IASA. bInoculated TN I seedlings were tested by the latex test. 
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ones in I wk, in RTBV-infected ones in 2 too, and imimnogloblin (lgG) to R F13V or RTSV were 
in RTSV-infected ones in I mo. When leafsaniples wrapped in moist paper towe's, covered with 
were stored in the refrigerator or freezer, the latex plastic bags, and stored for 10-35 d at 25 ± 20 C. 
test detected RIltV a id R ISV a ntigens even after Fresh extracts of RIV-infected or hea lthy IN I 
6oo. leaves were added to tile stored plates. Sensiti/ed 

ELISA could detect R I IIV and R ISV ant gerl, but not stored plates served as controls. The 
from leaf samples store( for 6 o tinder a11\ efficiency of ELISA was affected by storage 
conditions. With storage in the refrigcerator or (Fig. 13), since absorbance decreased significantly 
freezer for 6 nio, detection \v.as tX),-ItXl'7 clhfca- with length of storage. IHowever, absorbancc 
cious. It appears that 1'1ISA ca,n diagnpsc RTV on obtained cven aftcr35 d ofstorage wassignificantly 
dried leaf samples mailed or ca lr ied froniienote higher than that of healthy ControIs. 
areas. To furt her extend the application of I'I.ISA, 

Viral diseases and veLetrs n I aguna. We cot- plates sensitiied with Ig( to RTBV, RTSV, GSV, 
tinued bi\cek lv observatio of rice virus diseases, ort RSV were mailed to collaborators in (.amaniles 

G(.II densi tv, taIgC ot c Sturand Iloilo,aiid pereC inlectiO clf- Philippines. leafsamplescollected 
hoppers in II fharm+er;s' fields. Viris incidence was in those provinces were homnogenied, and the 
estimated by vistial obsc, attion of SvIlnl'oIlls. extracts were added to the plates. After overnight 
I)iring the tillerimig anlid] l'CIpfrod cti\c stagles 20 ]call incubation at rool temperatuire, the plates were 
samples( I lca hill) were rmtontlv collcctCd froM washed with wvater, covered with moist paper 
each field and tcecd for the prescncc o 1( I BV, towels and plastic bags, and nailcI back to IRRI 
R ISV, (ISV, and RSV by ITIISA. Vector lcal- for continnatio of RIISA.H\"i, PIS\. (SV, 
htopper . \\erc c'lIcctCd by 10 sscps of' ali insect and R.-V could he efficiently detemted, making it 
net. possible to diagnose \iris disea ses occurring ill 

[llie fields visited %\crcplanted to 7 IR utrietics: remotetaras,espccially \s here the ic are strict plant 
11R42 (20( ). It50 (2-1), IR.q) 171 1 11R52 (13 ), qLLurantinles. 

' I 13(i( . '), I (() ( i'J ), aind IR 58 (4"'. ,\O as ra c (iS, and RSV carriers in trapped 11Iii. I)ailv 
I'i (range 0-41 1) R I V infection was atsscscd trapping of brown planthopper (lIPlI) wa, -on
vistallv at the sitcs. R IV incidence was high inl tinned by a light trap set on tie rooftop of a 
November and lom in Atigtsi. (iSV and RSV three-st+ :'v building at IRRI. A maximum of I(X) 
incidence \, as \crv [.) v I\I . rcent.tce BIII collection were individually tested bCA, EI.SA 
infection \s higher thrill thiat assessed by \isual to detcrlmine (sV and RSV carriers. 
obsCrvalion: R I BV f RI SV 0-20, (, RI BV 0t
40C(, R I V 0 (-I 1, (iSV )-12 ,(amid l(RSV 0-5*'. 

.Cafhol, pcr density \\is iglir ii lApril-Nla and Ih, bI .. 10') r... 

lower in ,IlV-.\tligtst. V. 'il'c. /tu pie' ailcd it late r He hy (RIqTV) 

till rine . w hle' V. li,,r io and I. I \% RTtHVb ,i /,) s(IIA e 
1 6 RTSV

doiitiit it Iiltoll clops. I lie Icallioppcrs col- L NeithY(RV.bV)JI 

ILCtCd in ration crops transmitted illore R I SV._. 
About I5, of adulilt R. ,sa/lis collhcted traos- . 

milled ur.llgc lcaf. bitt iutic of the 1iI) nilmphs I 

tested transtnitted the dieaCe. 
Serodiagnosis of vins diseases in remle aireas. -

FI.ISA is a smitic and relible diaginostic . 

niastire orfricc ituscs but is ailicable onlyitthelie a : ? 
station where wcll-iraincd persotnel nnd !tlbo.a- . 

Iotr' lacilitiCs a viailiblic. 1l ovCrcoieC this ... 

problcil, experimnients vere Coindtcted to dcter- 2-3 h lid 21 d 35 d 
1inlie if storage scinsiti/ed plates alfects the DOrLo? qorlf,, f,.r -w+i!i, l, ' of 

efficic cv of I I.1 S,\ Ill detectiin lice 5 illsCs. 13. [Flcit o ' igig of, icniiuictfl I.S.\ platc il.l 5 C ol 

3.ISA plates that had been sensiti ed with dt(tiCC6n l0 RI IVIMid RISV Wl ci il , IRR. 1985. 
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Of 10,547 BPH collected, 4,569 were tested for 	 Plant height reduction(%) Abnormal leaves(no./plant) 
60 s,,op 

the presence of virus. A high numberof BPH were h Len o PIbIB 12trapped in January-October, with varying percent- 40 -

ages of virus carriers detected except in February

and June. Very low numbers of BPH carrying no 20 Q

virus were recorded in November and December. 
 ,t

GSV carriers ranged from 0 to 4. 1%, RSV carriers 0 0from 0 to 11.6%, and carriers of both viruses from 60 UtnRojopan Tetep R6 12 
0 to 4.7% (Fig. 14). 40- 8

A similar light trap set at 5 m above an isolated,
coconut-surrounded ricefield in Liliw, Laguna, 20-	 - 4? 


operated 3 times a week. High 'rap catches wererecorded in March-May and September-October 0 
,< 

t" 0(Fig. 14). Low catches coincided with the start of 60 R09 Ki,aoro TNI 12 
the cropping seasons. GSV carriers were 0.5% and 40 ,- 8 
RSV carriers 0.7%l0. 


Ragged stunt. Cattve o/abnormalplant growth. %

20 6 

Seven-day-old seedlings of selected varieties 	
4 

were & . ,

exposed to RSV-viruliferous BPH at 5/seedling. 
 0 152943577 52943o152943 57 71 15 29 43 57 71 15294 57 71The inoculated 	seedlings w(:re transplanted singly Doy afterinoculation
in pots. Plant 	 height and number of ragged or 15. PerLentageplantheightreductionandnumberofraggcdor
twisted leaves were recorded at 15 d after inocula- twisted leaves on plants infected with RSVat varyingdaysafter
tion (DAI) and every 7 (1thereafter, inoculation. IRRI, 1985. 

Reduction in plant height was prominent at 24 
wk after inoculation (WAI) and then declined RD9, Utri Rajapan, TNI, Tetep, and IR26, theregardless of variety (Fig. 15). In some varieties, number again increased when the plants became
height reduction increased again at the later stage 
 older. Sitopas, Ptb :8, and Lemo, which show
of plant growth. Ragged 
 and twisted leaves tolerance for RSV, had few or no abnormal leaves
appeared at 15 DA. Number of abnormal leaves at later stages (Fig. 15).
was higher at 24 WAI and then decreased. 	 In Host range. Although weeds are not the 

preferred host of BP H,they are possible alternate 

(no) 
hosts of RSV, especially if rice plants are absent.PH collected Virus carriers (W/ 

olce 
Weed 	species commonly found in ricefields wereBPH~~(no ~~~~P Vru crnrs(%3000 :Ii6 BPH collected IRRI -6 	 collected, grown, and exposed for 2 d to RSV-

V-,-qGSVtRSV .i-~r Pn--GSV 	 o,-- RSV 	 ."ruliferous
lea BPIl in the greenhouse. After mo,
20 ea samples of inoculated weeds were tested b

it ELISA for the presence of RSV. Echinochloa 

000brescens, Eletvine indica, Monochoria vagi
oo 
 nalis, Eclipna prostata,and Pasiwumpaspalodes

I contained RSV antigens. 
..-0 BP nymphs that fed for 36 h on the weeds that400___ 

- ' reacted positively in ELISA were given serial daily 
inoculation access to TNI seedlings. Of 3,728 TNI


200 -


S/-
- 2 	 seedlings inoculated, none showed typical RSV 

symptoms. The BPH used in the virus recovery 
tests were randomly selected testedand indivi-

J M J J A S 0 N O dually by ELISA forthe presence of RSV. Noneof 
Month the 82 BPH tested reacted to the presence of RSV, 

14. Percentage of GSV and RSV carriers in BPH collected by indicating BPH were not able to recover the virus 
light trap at 'RRI and liliw, Laguna, Philippines, 1985. from the weeds. 
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ECOLOGY AND BIOLOGY 

Green leafhopper food web. The food web of GLH 
Nephotetix virescens (Distant), N. inalayanus 
ishihara and Kawase, and N.nigropictus (Stil) in 
the Philippines comprises205 species: 35 parasites, 
129 predators, 6 pathogens, and 63 secondary 
parasites and predators (28 spiders double as both 
predatois and secondary predators) (Fig. I). Preda-
tors outnumber parasites 3:1 and secondary natural 
enemies 2:1. The dominant predators are spiders 
(50), comprising hunters (26), orb-web makers 
(17), and space-web makers (7); amphibicori/ld 
and hydrocoriAd bugs (28); birds (I I); and beetles 
(10). Ants, predatory flies, meadow grasshoppers, 
damselflies, dragonflies, and veitebrate predators 
- birds, frogs, and lizi~rds -- also prey on GLH. 

Green lacewing Chr 'wopalarvac feed on newly 
hatched nymphs; damselfly naiads and adults prey 
on older nymphs. The cUlophid wasp Panstenon 
and an undetermined tarsonemid mite attack the 
eggs. 

Principal egg parasites are nymarids Gonalo-
cenis spp., Anagnsf.ieiolus,A.opiahilis,and the 
trichogmmmatids Oiosiia aesopi and 0. naias. 
The predominant nymphal and adult parasites are 
dryinids Haplogonatopulv, Ptsetlgotiatopu.s,and 
Fchthrodelphax;the big-headed flies Pipuncultus 
and TomosvarIelal; and the strepsipteron tlalic-
tophagitv inunroei. Mermithid nematodes par-
sitize adults and 4th- to 5th-instar nymphs. 

Flea beetle pest of upland rice. The adult of a 
small blue-black flea beetle made shot holes in 
dibbled upland rice seedlings at a slash-and-burn 
site in a Philippine rainforest near Siniloan, 
Laguna. The beetle, identified as Chaeiocnema 
basalis, feeds not only on rice but also on seven 
weeds -- Brachiaria disiachia, Chr'sopogon 
aciculatus, Dactylwtenian ae'gvptiuin, Diitaria 
ciliaris, Ischaemwn ngosum, Paspahn conjt
gatum,andI Pennisetunipol'tsach*ron -- as well aF 
on sorghum and maize. Host records were deter
mined from adults caged on potted plants. Severely 
attacked seedlings withered and died after 3-5 d of 
feeding. Carbosulfan seed treatment protected 
them. 

Nisia atrovenosa not a rice pest. The plant
hopper Nisia atrovenosa is recorded as a rice pest 
in the literatureand iscommonin South Cotabato, 
Philippines. It was reared there on potted Cvpenis 
rotun(l"iv and C. iria (Table 1)enclosed in mylar 
cylinder cages but did not grow on over 200 rice 
cultivars from IRRI's germplasm collection. 
C. rotund(v is a common weed on rice bunds. 
People walking on the bunds disturb Nisia, which 
flies to the adjacent rice plants, leading people to 
think it is a pest of rice. 

Host range and biology of three rice caseworms. 
Three pyralid caseworms (CW) are commonly 
collected in light traps at IRRI. The rice CW 
Nr'mphula depunctalis (Guene) is a pest-of rice. 
The pest status of Paraponvx (= Nvmphula) 

Table 1.Development of Nisia atrovenosa on host plants. a Koronadal, South Cotabato, Philippines, 1985. 

Nymphs
lost plant becoming adults 

(%) 

Cyperus roturdus 85 
C. iria 40 
C. compressus 
C. hre'ifolius 
Fimbristitlismiliacea 
lchinochloaglabrescens 
Eleusine indica 
Digitaria ciliaris 
Brachiariadistachya
Cynodon dacilon 
Leersiahexandra -
Paspaluhn distichum 
Leptochloa chinensis -

Oryza sativa 

aAv of 4 replications, 10 first instars/repticatlon. 
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Developmental Nymphal 
period longevity 

(d) (d) 

18.1 20.3 a 
19.1 18.7 a 

13.7 b 
- 12.6 b 
- 4.5 c 

5.0 c 
- 5.3 c
 
- d 
- I d 
- d 
- I d 
- I d 
- I d 
- 4.7 c 
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fluctuosalis(Zeller)andParaponyx(= Nymphula) uated in no-choice tests from the 1st larval stage 
diminutalis (Snellen) was determined by testing through adulthood (Table 2). 
rice and 61 ricefield weeds as hosts. The plants were All development parameters showed rice wasthe 
collected at IRRI and offered as food to newly most nutritious host to the rice CW, as 85% of the 
hatched Ist-instar larvae. Vegetative stage plants larvae pupated and 67% emerged as adults. The 
were used, as CW occurs only during the first polyphagous rice CW developed on 23 plant
month after transplanting. species representing 18 genera and 2 families. 

Free-choice tests reduced the number of poten- Survival to adulthood was low (2-36%) on the 22 
tial hosts to 28 during the first round of screening. nonrice hosts. The larval growth index includes 
The development of each CW was further eval- two developmental parameters: survival and days 

Table 2. Plant host range deiermination for 3 caseworms found in ricefields.a IRRI, 1983. 

Larval growth indexc 
Plantb 

A. depunctalis P. fluctuosalis P. diminutalis 

Poaceac: Gramineae 
Oryza sativa 6.35 a 0 0 
Leptochloa chnensis 1.92 b 1.5 e 0
 
Polytriasainaura 1.51 c 0 
 0
 
Echinochloa colona 1.50 c 0.6 f 0
 
Chrysopogonaciculatus 1.43 cd 0 0
 
Leersiahexandra 1.31 d 
 0 0
 
Ischaenmum muticum 1.11 e 0 
 0 
Phraginitevulgaris 1.04 ef 0 0 
Digitariaciliaris 1.01 ef 0 0
 
Paspalumpaspalodes 0.94 0.3
fg gh 0 
E glabrescens 0.83 gh 0 0 
E. crus-galli spp. hispidula 0.75 hi 0 0
 
Paspalidiumflavidurn 0.74 ii 0 
 0
 
Dactylocteniumaegyptium 0.58 ijk 0 
 0 
Cnodondacrylon 0.55 jk 0 0 
Chlorisbarbata 0.43 klm 0 0 
Eleusine indica 0.28 mn 0 0 
Panicum repens 0.25 n 0 0 
Paspaluinconjugatum 0.20 0.6n f 0.1 e 

Cyperaceae
Cypcns brevilblius 0.74 ii 2.4 b 0.2 e 
C. rotundus 0.46 kl 0.7 f 0.9 dC. diffortnis 0.36 Imn 0.2 h1 0.8 d 
Finbristylisiniliaceae 0.30 Imn 0.4 g 0.3 e 

Hydrocharitaceae 
Hydrillaverticillata 0 3.3 a 5.2 a 
Blyxa echinospermna 0 0.9 e 0.8 d
 
Otelliaalismoldes 0 
 0.7 f 2.0 c 

Characcae
Chara vulgaris 0 1.4 cd 2.6 b 

Commclinaccae 
Commellna diffusa 0 d1.3 0.7 d 
aAv of 4 replications, 25 larvae/replication, bThe following plants were not hosts to any caseworm species: Alternanthera 
sess ls, Amaranthus spinosus (Amaranthaceae); Pistia starlotes (Araceac); Ageraturn conyzoldes, Ecliptaprostrata, Tridax
procumbens (Asteraceae); Azolla carolinlana, A. mlcrophylla, A. pinnata (Azollaceae); Cleome rutidosperma(Cappadda
ceae); Pithopora spp. (Cladophoraceae); Commelina benghalensls (Commelinaceae); Jpomoea aquatica, I. triloba (Convol
vulaceae); Cyperus ida (Cyperaceae); Euphorbiahirta, Phyllanthus nlrurl (Euphorbiaceae); Marslaminuta (Marsileaceae);
Mimosa pudica (Mimosaceac); Ludwigla octovalvis (Onagraceae); Aeschynomene Indica, Calopogonlum nzucunoldes,
Macroptillum lathyroldes (Papilionaceae); Ceratopteris thalictroldes (Parkeriaceae); Peperornla pellucida (Piperaceae);
Imperata cyllndrtca, Polytriasamaura,Rottboellia exaltata(Poaccae); Eichhornlacrassipes, Monochora vaglnalls (Pontede
riaceae); Portulacaoleraceae (P,rtulaceae); Borrerla ocyinoldes, Hedyotis biflora (Rubiaccae); Lindernia anagaIlts(Scro
phulariaceae); Sphenoclea zeylanica (Sphenocleaceae). CGrowth index = pupation (7o) divided by larval development
period (d). 
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to pupation. A high growth index occurs with high 
survival and short developmental period. More 
than 20% of adults emerged when reared on 
Leptochloa chinensis, Poi;trias amaura, Chrt'so-
pogon ackulatus, Leersia hexandra, and Ischae-

fll ilutiWcio. 
Neither P. fluctuosalis nor P. diminutalis 

survived on rice. 
All three CW shared five host plants: four sedges 

(Fimbristl'is miliacea,Ct'penis brevifolius, C. d/f-
formis. C rotundus) and Paspahn conjugatum. 
The three were similar in size and fertility (Table 3). 
N. depuncialis larvae are semiaquatic and climb 
the 	rice plants at night to feed, 

preference for vegetative stage. AnCaseworm 
explanation was sought for why N. depunctalis 
rarely damages rice beyond the vegetative stage. 
CW moths oviposit on the undersides of leaves 
floating in water. In a no-choice test, most eggs 
were laid on floating leaves, few on erect leaves, 
and an intermediate number on leaves bent in 
water(Table 4). In a ricefield, only vegetative stage 
rice has significant numbers of leaves in contact 
with the water(Fig. 2). Plant age had no significant
effect on oviposition if the leaves were in water. 

In a test comparing seedling ages, there was no 
difference in the number of eggs laid on seedlings 1, 
2,3,4, or5 wk afterseeding(WAS); nor was there a 

difference with leaf width (0.2-0.8 cm). Develop
ment of the CW was greatest on 2- to 6-week-old 
rice in terms of larval weight, larval developmental 

period, growth index, survival, and fertility 
(Table 5). There are therefore several factors that 
limit rice CW to vegetative rice. The most 

Table 4. Ovipositional preference of Nymphula depunc.
 
tails on IR36 rice of different plant ages. IRRI green

house, 198384.
 
Oviposition site (no. eggs/t0
 

Plant agea e
 
uVT) Excised Leaves bent Erect leaves
 

floating in water 
leaves 

2 123 b 157 a 85 a 
4 378 a 189 a 157 a 
6 278 ab 153 a 37 b 
8 201 ab 179 a 35 b 

10 109 b 90 a 31 b 
Mean 218 153 69
 

aTrrsplanted 3 wk after germination. WT = wk after
 
transplanting. bAy of 6 replications, 10 9 and d per repli
cation. 

Leaves inwater (no/20 hills) 
80 

0 
60 ;=74142-291 

R2=O956*" 

40 

20 

0 1 o 
0 2 4 6 8 10 

Weeks after transplanting 
2. Field counts of floating lcaves touching water with increasing 
rice cropage. IRRI rice garden, 1984. 

Table 3. Life histories of P. ininutails and P. fluctuosalis on lfydrilla verticillata and of N. depunctalis on Oryza sativa 

(IR36).a IRRI headhouse, 1983. 

Character 

Fertilityb (no. eggs/female) 
Egg incubation period (d) 
Larval developmental period (d) 

First stadium 
Second stadium 
Third stadium 
Fourth stadium 
Fifth stadium 

Pupal period (d) 
Male longevity (d) 
Female longevity (d) 
Sex ratio (d:9) 
Developmental period from egg to adultd (d) 

P.dintinutalis P.fluctuosalis N. depunctalis 

130 125 	 117 
5.5 4.5 	 4.5 

2.5 3.0 3.5 
3.3 3.9 3.8 
3.3 4.5 4.1 
4.0 4.5 4.5 
-c 5.3 5.8 
6.9 9.6 	 7.9 
4.2 3.1 	 3.0 
4.3 3.9 	 5.0 

1:1.5 1:1.2 	 1:1 
29.8 39.2 	 39.1 

aAv of 20 replications except when otherwise Indicated. bAy of 5 pairs. cNo fifth stadium. dFemale. 
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important is the occurrence of a suitable oviposi- the D-Vac suction machine or sweep nets. Plants
tion site only during the vegetative stage. Others with leaf damage were dissected for larvae and 
are low survival and slow development of CW on pupae, which were reared to adulthood on leaf 
older rice. sections kept on moist filterpaperin plastic dishes.

Ephydrid flies of rice in the Philippines. Rice The ephydrid fauna of Philippine ricefields
whorl maggot (RWM) is the only ephydrid rice includes 10genemand 18species. Of the species, 12 
pest recorded in the Philippines; it damages rice are phytophagous, 5 are scavengers, and I is 
leaves at the early vegetative stage. predaceous (Table 6).

We collected ephydrid flies by D-Vac suction All species but Actocetor beckeri were recorded 
machine, sweep net, and mylar plastic cone traps in lowland and irrigated areas, which suggests that
from 1977 to 1980 from different rice environments ephydrid flies prefer aquatic or semiaquatic
in the Philippines. The cone traps, placed open end environments. The Banawe rice terraces, which 
down over flies on plants, caught more flies than have high elevation and low temperature and can 

Table 5. Effect of rice plant age on growth and development of N. depunctalis.aIRRI greenhouse, 1983-84. 

Plant age Larval Survivorship
(WT)b Larval weight (mg) devlopmental

period (d) 
Growth from larva Fertilityindexc to adulthood(d) (no. eggs/female) 

2 5.76 b 18ab 4.7ab 65a lIla
4 7.07 a IS a 5.6 a 69 a 117 a6 8.24a 17a 4.3 b 63a 108a8 4.47 c 21 c 2.7 c 37 b 67 b10 3.89 d 20 bc 2.1 c 36 b 74 b 

aAv of 6 replications, 25 insects/replication. bTransplanted 3 wk after germination. CGrowth index pupation (%)divided 
by larval developmental period (d). 

Table 6. Ephydrid flies of rice in the Philippines, 1985. 

Rice environmenta 
Species Upland Rainfed Irrigated lirigated rice 

lowland lowland terraces 

Actocetor beckcri de Meijcrebc + _
Brach'dcutera longipes llendeld + 
Discomnyza maculipennis (Weideniann)ad 

+ +f 
- + lydrellia griseola (Fallen)bd - +f +f

I. philippina Ferinob - +f +f
Notiphila latigenis llendelbd - + +f +f
N. sinilis de Meijere tx l -
N. spinosa Cressonlb 

+ 
- + +f +Ochthera spp.e - + +Paralina lineata de Meijereb 

+ 
+ +f 

t' picta Kerteszb - +f 
lI'htrichophorabrunneifirons (de Meijere)ad 

+f 
- + + +

PsilopaJlavinianaIlendelbd +f'A. pollinosa (Kertesz) )d -f+f
P. rufipes ltendelb _
P. sorella Beckcr b d 

+f + 
-if 

Scatella callisicosta l3ezziad _ +
Scatella spp.ad _ - + _ 

Total 3 11 13 8 
a+ = collected, - r not collected. bScavenger. CNew Philippine record. dplhytophagous. Clpredator. fReared from leaf
damaged plants. 
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produce two rice crops a year, had almost the same 
species as the rainfed and irrigated lowlands. 

Twelve species belonging to the subfamilies 
Psilopinae and Notiphilinae (except B. longil)es)
emerged from the plants with RWM leaf damage
and were considered phytophagous. H'drellia, 
Notiphila, Paraliina, Psilopa phyto-and are 
phagous genera from the rainfed and irrigated
lowlands. Brachrdeutera was found in the terraces. 

RWM was most common in irrigated lowlands,
Psilopa spp. in rainfed lowlands, and H. griseola in 
terraces. ast-named is commonly called the 
rice leaf miner and occurs in temperate areas of 
North America, Europe, North Africa, Japan, and 
Korea. 
N. lattgen is a nd N.sim ilis we re n u m e ro us on 

young vegetation and usually laid eggs on stems of 
the perennial fern Marilea minuta L. The eggs 
were an alternative host of Trichogranuma :spp.
that parasitize stem borer eggs. Discomivza inacv-
lipennis is a sca venger and emerged from dead 
Radix (=Lninaea)and Pila snails.Ephyd rid flies are generally beneficial and 

provide food for spiders, toads, and frogs that 
inhabit ricefields and marshes. 

Yield loss to black bog S. coarctaia. Black bug
feeding was measured on R36 in dry season (DS)
and on IR60 in wet seat;on (WS) by aiging 0, 2,4,8,
and 16 adult pairs;hill at 2F, 42, and 56 d after 
transplanting (DM). Yield loss is given in Figure 3. 

INiEGRATEI) ITS [ MANA(EMEN I 

Action threshold development. Because of incon-

sistent yield losses and the high cost of petroleum-

based synthetic insecticides relative to rice 
 in 

developing countries, chemical control of 
 rice 
insect pests is economical only on a need basis 
rather than as s,-heduled prophylactic application, 
The process of determining when insecticides are 
needed is complex because different decision-
making modes must be developed for each insect 
pest group with little overlap to other pests, and the 
parameters in making those decisions may vary 
significantly with location, 

Decision-making modes for pesteach group
involve first selecting a character as a unit of 
measurement to quantify pest abundance. That 
character should predict an immiaent damaging 

Yield 

100 
M/) Yield loss (M) 

0 
8 - Caged a56 T 20 

2 
60 

I4 

40 .. 60 

2t IR036,
DS 

0 V 0 

so
 

4 0 - "--- ---- 60 

20 iR60,WS 80 

0. 

I ia pairs/hill 

In3t.l pairs/h il l hill.
3.Number of.Scotnophiaracsarctata pairs tinkeof1caging.and yield loss. Maasin. Brooke's Point. Palawan. Philippines.
!985. 

pest populationsufficientlyfar in advance so thata 
timely insecticide response can be made. Farmers 
and extension agents must becable to understand 
the unit of measurement and execute the sampling
method. 

Often the activities of natural enemies have a 
bearing on refining action thresholds, and so their
numbers should be recorded. The pest population
level or action threshold that triggers a decision to 
apply insecticide must be verified in field trials. A 
cost-effective insecticide must be chosen, with 
minimum dosage and appropriate method of 
application. The cost of monitoring, purchase, and 
application of insecticide must be covered by the 
value of the yield increase. 

Units (,:.2asurement have been developed for 
the major rice insect pests by a process of trial and 
error (Table 7). Field trials can get results only for 
pests that become sufficiently abundant to test 
action threshold levels. 

Insect sampling. Sampling of insect populations
should be the basis for deciding whether insecti
cides are needed. We must continue to refine our 
sampling proceduresand simplifythem as much as 
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Table 7. Action thresholds for key rice pests in the Philippines. 1985. 

X PestPetTrshl-apin Threshold Sampling methodehd(kg Use ofnatural enemies Insecticide Dosageai/ha) Mehdoaplctn 

Whorl maggot Hlydreia 0.5-2.Oa 20 random hills/ None DS: Monocrotophos 0.4 Spray when threshold is 
r phiiippina eggs/hill ricefieldb at 5 EC reachedc and 7 d later. 
X and 8 d after 

transplanting 
WS: Carbosulfan ST 

or D Azinphos-
0.5 
0.5 

Seedling root soak overnightd 
in 200-300 liters water. 

0 ethyl EC 
-- Defoliators 

X 
Narangaaenesce.. 
Riulda atimeta 

2 larvae/hill Sequential 
sampling of at 

None Monocrotophos EC 0.2 Spray once. 

--
Oricefield 

least 4 hills/ 
at 2-5 wk 

after transplanting 
(VT) 

Caseworm Nymphula 33% damaged 20 random hills/ None Carbaryl WP 0.2 Spray - spot treatment 
depunctclis leaves ricefield at 2-5 Malathion EC 0.2 Spray - spot treatment 

\VT: watch for 
moths 

Leaffolders 
Marasmiapatnalis 2 larvae/hill 
Cnaphalocrocismedinalis 

20 random hills/ 
ricefield: watch for 

None Monocrotophos EC 0.4 Spray once. 

moths 4 WT to 

Stem borersScirpophagaspp. 2 egg masses/ni 2 flowering 
100 hills/ricefield Do not spray if Chlorpyrifos EC 0.4 Spray when larvae hatch. 
at stem elongation >50% egg 
and panicle parasitization 
exsertion 

Planthoppers 
Sogatellafurcifera I/tiller Sequential sampling Subtract 5 BPMC WP 0.4 Spray when older nymphs are 
Nilaparvatalens of at least 4 hills/

ricefield at 
planthoppers/ 
predator 

Buprofezin WP 
0.4 

present.
Spray when older nymphs are 

2-10 WT7 present. 

Green leafhopper 
Mephotettix spp. 

5% tungro infested 
hills in ratoon 

Look at ratoon of 
older crop before 

None Carbofuran G 0.5-
0.75 

Incorporated in seedbed soil 
and at last harrowing before 

transplanting; transplanting. 
confirm with iodine 
test 

a0.5 in Nueva EcUa and 2.0 in Laguna and South Cotabato. bIn DS in field itself, but in WS in earlier planted neighboring field. cDS. dWS. 



possible for farmer use without losing accuracy or 
precision. 

A sequential sampling plan was developed for 
hoppers (brown planthopper [BPH], zigzag leaf-
hopper [ZLH], and whitebacked planthopper 
[WBPH]) and major predators. The plan was 
tested at 15 sites in the Philippines and compared 
with a more extensive sampling program, the 
surveillance and early warning system, which 
requires a fixed number of samples. 

Results obtained from over 160 sampling occa
sionsare in Figtrc4.lhc re was over80% savingsin 

100% with the more extensive sampling program. 
In other experiments, several sampling methods 

were tsed to compare field population estimates of 
several hopper species (BPH, ZLIHI, GI-I, and 
WBPH) and the predator Ctriorhimtslividilwnnis. 
Samples taken by these methods, other than 
kerosene light traps, revealed similar trends in 
population build up and decline. The k,: osene light 
traps detected higher numbcrs of immigrating 
hoppers and C lividilennis than other methods, 
but did not produce reliable cstimates of field 
population density of any species. 'Ihus, the use of 
kerosene light traps alone to estimate populations 
of hoppers and C. :vidipennis in the field is not 
adequate. 

Rice whorl maggot. RWM Itdre/liaphilippina 
has been a difficult pest on which to use action 
thresholds, not becatIsc it is not abundant but 
because insecticides should be applied no laterthan 
10 D [ for control. Damaged leaves as a unit of 
measurement manifest thensclvcs only after the 
first week after transplanting (WT) -- too late for 
timely insecticide response. To utilize the same 
character in a more timely fashion, percentage of 
damaged leaves was measured in neighboring, 
earlier planted fields. However, the correlation 
between older fields and the test field was low, 
often because populations were deci ning or 
because water status between fields differed. 

RWM lays eggs singly on leaves of rice plants in 
standing water. The activity of natural enemies 
-egg parasitesor predators - is insignificant. Egg 
density in the field during the first WT and 
subsequent percentage damaged leaves are highly 
correlated. Howcver, this character can be effec-
tively used only in DS, as insecticide (monocro-

rotal samples taken (no) 

-

800- [Eensve
 

Sequen,,a 

600 

400 

2001 

Ew _0 - o TS__ 
- > < ~ 0~20 0U 

Z 0Z , 
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4. Comparison of numnbers of samples required to make a 
treatment decision using sequential and more extensive 
sampling at several sites inthe Philippines. 1985. 

tophos) ca n only be applied as a spray (0.4 kg 
ai iha) once the crop is transplanted. The field is 
first tnonitored at 5 1)1. If the action threshold is 
reached, then the field is sprayed right away, with a 
"cond application I wk later. If the threshold is 
not reached at 5 DT, then a second samplingcan be 
done at 8 DT. If the threshold is reached, the field is 
sprayed at 8 and 15 DT. There is no benefit to 
sampling after 8 DT. 

The action threshold varies by location. In 
Nueva Ecija it is0.5 egg! hill; in Laguna and South 
Cotabato, it is 2 eggs/hill. In WS, neighboring 
fields of similar water status are sampled for egg 
density the day before pulling the seedlings. If the 
threshold is reached, the roots of seedlings are 
soaked overnight in insecticide in small plots lined 
with plastic. Carbosulfan STorazinphos-ethyl EC 
are effective at 0.5 kg ai/ha in 200-300 liters 
water/ ha. The correlation of egg density in neigh
boring fields with subsequent damage levels in the 
test field is not high, and other methods are being 
evaluated. 

Originally, damaged leaves due to RWM and 
other vegetative stage pests were combined in one 
unit of measurement. This proved inappropriate, 
however, because RWM warranted a separate 
control technology. The other vegetative pests were 
controlled with less expensive insecticides and 
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fewer applications, and also became abundant in 
the third or fourth WT. 

Green semilooper and hairy caterpillar. In the 
Philippines, two vegetative pests - the green 
semilooper Xaranga aenescens and the hairy 
caterpillar Rivida atimcia commonly occur 
together. The first unit of nmasurement for these 
pests was percentage of damaged leaves, but it was 
often unreliable if the pest population had pupated. 
'hccharacter now being evaluated is number of 

larvae per hill; thus, a larval population mut be 
prcsent before spraying. Only one spray applica-
tion (0.2 kg ai ionocrotophos EC ha) is needed to 
control the caterpillars. The current action thres-
hold is 2 larvae hill using sCquential sampling, 
Fields should be monitored weekly. 

('aseworm. CWV*Vvahula (h'In'ictalis often 
becomes abundant during the vegetative stage of 
rice but is highly patchy in distribution. The larvae 
cannot be used as a character to measure becattse 
they float on the water surface and are often blown 
bythe wind to oneend ofthe field. ILeafdaniagc isa 
reliable chaacter, but insecticide should be sprayed 
only if there is standing water in the field an. ;Irvac 
are seen. Often, the prese nce of noths in the field is 
a forewarning of CW. Fields should be spot 
treated. CV is highly susceptible to insecticide. 
Carbarvl and malathion are effectivse at 0.2 kg 
ai ha. [he action threshold is 331 damaged leavyes. 

Leaffolders. IF Vlara.smia iainalis and 
Ctilalhahoroc'is vd/iafi. have bc icnmonitored in 
terms of percentage of damaged leayes. More 
advanced warning signals have been studied 
because infestation often comes very suddenly. 
Recording damage in earlier phinted fie ls gave il 
very low correlation comparcd with recording in a 
field itself. A threshold hased on mooth itimnber was 
unreliable becatusc cTetivye egg predators often 
offset the expected damage. Moth number can he 
used to wa rn of a potential need for control. Once 
moths are seen in the field, monitoring for IF 
danwage is increased to twice a week. Damagcd 
lca vcs are opercd in the field. The action threshold 
is based on ie nunrber of liye larvac per hill. As 
with Ivul/a and Naranga, fields were often sprayed 
when the population\was pipating. Therefore 
larvac are used as the unit (if Ineasu rernit. If the 
threshold is reached, larvae (2,hill) will be the 
target of tile spray 0.4 kg ai monocrotophos 
EC ho. 

Stem borers. SB are the greatest challenge. Not 
only are they difficult to predict, but insecticide 
control technology isweak. Recording the popula
tion of mothsin the field is not reliable because they 
tend to cling to the rice plants and go unnoticed. 
Use of light traps is feasible only for yellow stem 
borer (YSB), as other species are not particularly 
attracted to light. Pheromones could be valuable 
for predicting SB, but their use could be com
plicated for locations that can be damazed by up to 
five species. 

Historically, treatment for SB has been made 
after assessment of the damage (deadhearts and 
whitcheads) theycause. This, however, may be too 
late. The current action threshold for YSB Scir
pophaga incertulas, the most prevalent SB in the 
Philippines, isegg mass density. Large sample sizes 
are necessary, a minimum being 100 hills (4 m2). 
Beca use greatest danage is expected when stems 
are elongating, monitoring is restricted to tiller 
elongation in the vegetative stage and panicle 
e-sertion. If 2 egg masses u- are recorded, then 
egg masses are collected fron the field and held in 
glass'a rsto determine the presence of egg parasites. 
Ihere is a.need to spray (0.4 kg ai chlorpyrifos 
EC ha) only if more larviae thani parasites emerge. 
Spraying should be done on the day that most 
hlrvae emerge frlonil egg masses. 

Egg mass density has shown a curvilinear rcla
tionship with deadhears and whiteheads. Experi
ments in 1985 showed no increase in deadhearts or 
whiteheads when egg mass density was 5 or greater 
(Fig. 5, 6). Panisites and predators probably 
detected and attacked these aggregated host 
poptlations earlier than when YSB egg masses 
were at low density. 

Green leafhopper. There is no reliable action 
threshold for GIH,as it causes damage by trans
iittring tungro (RTV). The best method for 
predicting RTV is to monitor tile ratoons in nearby 
harvested fields. RTV symptons appear most 
vividly in a ratoon crop, and the disease can be 
verified by the iodine test. Leafsections are soaked 
for 10-15 rin. If the veins turn black then the 
farier should select the lost resistant rice variety 
available. 

Planthoppers. SeqientialI sampling plans have 
bcenextensivclyfield tested for planthoppers using 
action thresholdsto prevent hopperburn, not vins 
diseases. Weekly sampling has proven effective. 
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6. Relation between percent %hiteheads and density of YSB egg masses at 40 DT.IRRI, 1985. 

Planthopper number per hill is recorded, and for 
each predator (bug, beetle, or spider) five plant-
hoppersare subtracted from the nnning total. The 
threshold of I planthopper/ tiller, allowing for 
natural enemies, is used, but the population is 
sprayed (0.4 kg ai BPMC or buprofe7jn/ ha) only 
when mature nymphs are present. 

BIOLOGICAL CONtROL 

Insect diseases. We developed a mass production 
unit for entomopathogenic fungi that produces 
mycelium by deep liquid fermentation. Fungi-
infected insects are collected from the field and the 
fungi isolated on agar medium. Inoculum is 
prepared in liquid medium in 100-mil shaker flasks 
for mass production of mycelium in 10-liter fer-
mentors. After harvesting, formulation, drying, 

and milling, the mycelium is stored at room 
temperature for viability testing. Application in the 
field readily yields infective conidia. With this 
process infective fungal materials for insect control 
can be produced at low cost. 

Preparations of several entomopathogenic fungi 
were tested against BPH in the field, with levels of 
infection approaching 100% at 3 wk after treat
ment (Fig. 7). The fungi Beam'eria hassiana and 
Aletarhizium anisopliae were the most promising 
for further development because of their effec
tiveness in the field and case of mass production. 

Larvae of the rice 1.F Chaplalocrocismedinalis 
were susceptible to the entomogenous fungi B. 
bassiana and Nomura,,a rileri in preliminary 
bioassay tests in the laboratory. 

Several newand rare insect fungi were collected. 
M.alha and lirst iella strtmqosa were collected from 
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7. Field mortality of il'lI alterapplying mass-produ'cd fungi, 
IRRI, 1985. 

bPH and GLH at IRRI. A new variety of 1. 
flav'ot'irde was discovered and represents a new 
pathogen of BPI-I. 

Viruses were collected from several insect pests 
in Laguna, Batangas, and Palawan (Philippines), 
including four types of nuclear polyhedrosis virus 
and two types of granulosis virs. Nuclear poly-
hedrosis virus was present in Mythimnua separala, 
Spw/olm'ra litura, h'peto,'wrainma spp., and 
Chry.rodei.\isspp. Gra nulosis virus, collected from 
the brown semilooper ,thuri.sfgalix, had not been 
reported before. 

Predators. Predation by the cricket Metioche 
vittaticollis was quantitatively determined in the 
laboratory by placing eggs of armyworm (AW), 
RWM, LF, rice bug (RB), striped stein borer 
(SSB), and YSB on rice plants, caging the plants, 
and introducing the predator. Number of eggs 
consumed by M.vittaticollis was recorded every 24 
h for 4-5 d. 

Late stage nymphs and adult fenmales of the 
cricket were more efficient than males when eggs of 
S,B were provided as hosts (Fig. 8). After 4 d,
individual cricket nymphs had consumed about 
300 SSB eggs. It is likely that this predator plays a 
major role in regulating the SSB population in 
areas where cricket populations are high. Numbers 
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of eggs of AW, RWM, LF, and RB consumed by 
A. vittaticollis are shown in Figure 9. 

The number of BPH nymphs attacked and eaten 
by the cricket is shown in Figure 10, and the GLH 
nymphs consumed in Figure II. In general, the rate 
of consumption by M. vittatk'ollis declined as 
nymphs of the hopper pests increased in size. More 
GLI- than BPII were consumed. 

LF eggs were exposed to indigenous populations 
of predators by allowing ad ult LF to oviposit on 
plants, then placing egg-laden plants among direct
 
seeded and transplanted rice. Eggs in5 replications
 
remaining after 48-h periods were recorded. Over
 
95% of tile were by predators in
eggs removed 

seeded rice, and about 80% in transplanted 
rice. Clearly, predators can make a significant 
impact on natural populations of LF. 

Predation on BPH by the wolf spider Lycosa 
psedloanntulata was observed in greenhouse 
experiments. Spiders significantly reduced BPH 
populations by about the same amount on potted
IR26 (Fig. 12) and Triveni (Fig. 13) plants receiving 
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.SS3 eggs consumned by the cricket Aleiodievitaticollisin 
small cages in the laboratory. IRRI, 1985. 
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9. Ntumber of armyworm (AW), wixirl maggot (RWM), leaf
folder (LF),and rice bug (RB) eggs consumed by the cricket 
A etiohe vittatOiclliv.IRRI. 1985. 

no Nand those receiving 133 kg N/ha. Applying N 
at 133 kg/ha did not significantly increase BPH 
populations. 

The impact of the predator (Cvrtorhinuslividi
pennis on populations of BPH in small mylarcages 
in the greenhouse is shown in Figure 14. In general, 
C liviidipewnis kept BPH populations in check 
better than did L. pse'ueoamat/ata. C.lividijpennis
feeds primarily on eggs and young nymphs of 
BPH, while the spider prefers larger nymphs and 
adults. The combined action of the two predator 
species is important in maintaining BPI popula-
tions below damaging levels. 

Predators of rice caseworm larvae. The leaf tube 
constructed by the CW N 'inphlda (l'punctalis 
protects the larvae from natural enemies. Larval 
parasitization is always below role5%. The of 
aquatic predators was assessed in greenhouse 
trials. CW larvae caged in potted plants immersed 
in water were offered as prey to a range of aquatic 
insects collected from reservoirs, canals, and rice-
fields. Two predatory groups were revealed. The 
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13. BPH population with and without Liyosapseudoantulaia 
on Triveni grown without N and %%ith133 kg N/ ha. IRRI. 1985. 

larvae of the hydrophilid Sternolophlus rufIpes 
(Fabricius) stalked CW lawac underwater and 
seized them as they stretched out of their protective 
cases while swimming; some nes the predator 
entered the case to locate the CW. The larva of 
the dytiscid ChMister Iriptunclatts orientalis 
Gschwendtner held onto a submerged object wait-
ing for the prey to swim overhead. When the 
predator noticed a potential prey, it rose quickly to 
the surface and seized the outstretched CW larva. 
Younger dytiscids entered the case, while older 
ones seized the case with their powerful sickle-
shaped mandibles, forcing the larva out. 

When a single dytiscid or hydrophilid larva was 
offered CW larvae of various ages in no-choice 
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14. BPH numbers with and without :0ror,'tinushvidipennLr. 
IRRI grehouse, 1985. 

tests, older prey were pretirred (Table 8). The 
hydrophilid larva consumed up to 6.7 5th-instar 
CW larvae daily, but only 2-3 Ist- or 2d-instar 
larvae. The dytiscid was more voracious and 
preyed on more than II 5th-instar CW larvae/d.
The dytiscid, no matter how old, preferred older 
prey. 

Aquatic predators may explain why CW is more 
prevalent in rainfed than in irrigated lowlands. 
Rice irrigated from permanent bodies of water rivers, reservoirs, or canals - already contains 

dytiscids and hydrophilids. In rainfed fields,
colonization by these predators occurs only after 
CW attacks the young crop. 

Predator-pest-host plant resistance interaction. 
Studies were conducted to determine predation 
efficacy of the mirid predator C. lividipenniswhen 
its prey GLH Nephoiettx virescens was reared on 
resistant and susceptible cultivars. Predation by C. 
lividiipennis on eggs and nymphs of GLH was 
determined in the greenhouse using mylar cages 
over Pankhari 203 (resistant) and TN I(susceptible) 
cultivars at 25 d after seeding. 

To determine predation on GLH eggs, gravid 
females were introduced into cages and allowed to 
oviposit for 24 h. Then C. /ivi'iipennisadults were 
introduced into the cages. After Iwk, all predators 
and GLH we-c removed from the cages, and as 
GLH nymphs ermerged, they were counted and 
removed until hatching ceased. Then the plants 
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Table 8. Prey capacity of aquatic beetle larvae for rice 
caseworm larvae in no-choice tests. IRRI greenhouse,1984. 

Caseworm larvae consumed (no./d) 

Caseworm Hydrophiida Dysticidb
Instar IV 

Instar 11 Instar IV 

1 2.2 c 4.8 b 4.0 b
11 2.8 bc 4.8 b 4.0 b

III 4.5 ab 8.4 ab 9.0 abIV 5.2 ab 10.0 ab 10.8 av 6.7 a 11.6 a 11.4 a 
aAv of 5 replications. Single predator larva was offered 15 
prey. bAy of 6 replications. Single predator larva was
fered 25 prey. of

were iss-.cted to determine numberof eggs preyed 
upon.


When th GLH colony grown oil TNI plants 
was used in tests with Pankhari 203 c.!tivar, 
percentage of predation on GLH eggs was about 
the same (12-16%) as with other GLH colony-
cultivar combinations except when the TNI colony 
was kept on TN Iplants; then predation declined to 
5%(Table 9). Total eggs laid by the TN Icolony,on 
Pankhari 203 plants were significantly fewer than 
when this colony was allowed to oviposit onsusceptible plants. Results %-omtests using resistant 
plants and colonies from the susceptible and 
resistant cultivars revealed that resistance com-
plemented predation on GLH eggs. 

Nymphal mortality was highest when GLH
reared on TNI were placed on Pankhari 203, 

regardless of whether the predator was present 

(Taile 9). Predation reduced the GLH eggs and 

nymphs, especially when the pest 
was well estab-

lished on a cultivar suitable for its growth 
 and 

development. 


Parasites. Rice bug parasite. Several hundred 

eggs of the rice bug Leptocorisa oratoriua were 

placed in IRRI fields and in farmers' fields during
the 1985 DS to determine the natural incidence of 
parasites. Parasitism ranged from 6 to 40% overall 
but reached peaks of over 60% in some areas. The 
major parasite was Grvon nixoni. Parasitism levels 
were higher in continuously cropped fields than in 
those cropped biannually. Egg parasites are likely
the major biological control agents fhr this insect 
pest, which appeals to be increasing in importance 

in rice in the Philippines. Indiscriminate use ofchemical pesticides mayc e i a etcd s m y reducerd his parasite'sc h s p r st '
populations to ineffective levels. 

Leaffolder parasites. Larvae of ice leaffolders 
Cnaphalocrocis melinalis and Maruvnia patnalis
were collected twice a month from IRRI andlarmers' fields. An average of 100 larvae were 
collected each sampling date at each site. They
were reared individually, and parasites that
emerged were counted and identified.

Fourteen species of parasites were collected;
over 75% were in the genera Cardiochiles, Cotesia,Copidosomopsis, Goniozus, and Macrocentrus. 

The seasonal parasiti/ation of LF larvae isshown
 
in Figure 15. In April, parasitism reached 60% in 
farmers' fields. Over 40% of the larvae were 
parasitized in farmers' fields and at IRRI during 
November. The combined impact ofegg and larval 
parasitesand predators isamajorfactor regulating 
LF populations. 

Black bug parasites. Several biological investi
gations were undertaken to identify species of 
parasites that may be useful in a biological control 
program against the black bug Scotinophara 
coaretata. 

Table 9. Predation by Cyrtorhinus liidipennis on GLH 
a
eggs and nymphsb on resistant and susceptible cultivars. 

IRRI, 1985. 

Nymphal mortality 
Total 

Treatment eggs Egg With Without 
laidC mortality predator predator 

no. % no. % no. % 
Pankhari 203 314 47 16 13 44 3 9 
colony on 
Pankhari 203 
plants 
TN1 colonyon Pankhari 46 8 15 29 96 27 90 
203 plants 
Pankhari 203 420 48 12 11 38 3 11 
colony on 
TNI plants 
TN 1 colony 
on TNIplants 

510 29 5 10 32 2 7 

pants 
Av of 7 replications. bay of 10 replcations. CTta eggslaid by N. virescens; av of 7 replicafl.ns with 10 females/replication. 
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15. Leaffolder larval parasites from IRRI and Iarmcr' fields. 
1985. 

Parasitism by Teknomus triptts reached 80% 
even though the female was guarding the egg mass 
(Table 10). However, T c*yrus parasitized only %'
of the eggs and Psi.\ lactunatuts was unable to 

parasitize the eggs at all in the laboratory when tie 
female was present. Furthermore, T C.17"t1V success-
fully parasitized black bug eggs of S. latit$'cuda 
even after they were 2 d old, but parasitism of P. 
lactunatus declined to ineffective levels after the 
eggs had aged I d (Fig. 16). 

On S. lati ct/a hosts, cumulative number ofoffspring produtced by P. lacunatuts and T 
waspring oducheds . Howevers and clarnus 
was about the same. However, P. lacuna s 

roduced more offspiiig when the female was 
Sounge r tha n 8 d, while 7: c irtts females laid maore 

eggs after this time (Fig. 17). 
To determine the competitive ability of diffe rent 

species of black bug parasites, black bug eggs at 
different densities were attached to paperstrips and 
the strips inserted into tubes containing two 
females from different species: I) T. cyrus and T 
triptus, 2) T trip tus and 7: hasalis, 3)T. triptus and 

Table 10. Parasitization of black bug Scotinophara coarc
tata eggs in tle laboratory with and without the female 
bug guarding the egg mass. Palawan, Philippines, 1985. 

l-gg p,Iasitization_(%) 
Parasitoid species 

With female bug Without female bug 
____ __ __ __ ___ _ _ _ _ _ _ _ _ _ _I 

Telenontus triptus 80 86 
T c'ruts tO 59 

PsLc lac 'natus 0 69 

aAv of 19 replications, 
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Ae()a oteg16. Effect of host age on parasitization of the eggs of the black 
bug Scotinoojhara !atiuscula by Thqnoouts urns and Psi.x 
lacunatts in the laboratory. IRRI. 1985. 

P. lacunaus, 4) 7 cjrus and T basalis, 5) P 
lacunatus and T cYrus, and 6) P.lacwzatus and T 
hasalis. 
haals wT.cru asabetr'aasttta tipu
(Fig. 18a) or T.basalis (Fig. 18d). P. lacunatus 
parasitized about the same number of eggs as T. 

~crus. T triptus outperformed T basalis (Fig. !8b) 
but not P. lacunatus at higher egg densities. 
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17. Cumulative number ofoffspring produced by black bugegg 
parasites Psix lactinatu and TeInomus cyrus in the laboratory 
using Scotinophara latiuscula eggs as hosts. IRRI. 1985. 
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18. I'arasiti/ation of'black hug Scolinop/wara coat~(fiar eggs when 2species of egg parasites were Loimind together in tUbes in thelaboratory. IRRI. 1985. 

Snails kill caseivorin eggs. Attempts to arti
ficially infest rice plots onl thle IRRI farm with CW 
eggs laid on floating cut leaves failed. Numerous25%botto oabasisinofblcm ofgwaoter cOver egthen2seisoegpastswrecnndoehrintesnth 
bortomyofaInRin.~ isnails wcen observed in thlewaer985.5"~f hfield plots, predomi
nantly R8ix quadrasi (Fig. 19). After 3d, 674 of 
375 C\V eggs laid on rice leaves were missing at a 
density of 50 snails! 3 rice hills. To determine 
whetherthe eggs verv dislodged or killed, CWeggs 

were retmoved fromn rice leaves and placed at the 

submerged eggs developed into larvae that made 
cases from rice leaves, while none developed cases 
in containers with snails. We concluded that the 
CWeggs were killed by the snails. As snails showed 
no prcfenice for leaves with CW eggs. we con-
cluded that egg mortality was due to inadverient 
disturbance and not to predation. Snails gazeon 
algae growing on submerged rice foliage atd run 
across CW eggs laid on the undersides of floating 
leaves, killing them. 

l
 
19. Radis quadrasi. which JiSturh ric caseworm eggs while 
feeding on algae on submerged ric foliage. iRRL 1985. 

CHEMICAL CON RO. 

Laboratory evaluaon. Coded and commercial 
insecticides were evaluated in the laboratory 
against AW, BPH, GLH, LF, RB, CW, SSB, 
WBPH, and the mite Tetranchtli. RRIuncaus. 
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Contact toxicity. Insecticide effectiveness as 
contact spray was evaluated using Potter's spray 
tower. Of 19 common insecticides, 3 (carbofuran, 

BPMC, and diazinon) were effective on BPH, 7 
(carbofuran, monocrotophos, carbosulfan, tria
zophos, fenitrothion, azinphos ethyl, and chlor
pyrifos + BPMC) on WBPH, but none on GLH. 

Four synthetic pyrethroids and a mixture of a 
pyrethroid and an insectistatic were evalutated for 
use against RB using Potter's spray tower. All 
showed 100% mortality to adult females 
(Table 11). 


Foliar spray. TN I plants were sprayed with 
insecticide and infested with untreated insects in 
cages I d after spraying. Four of 19 insecticides 

were effective on BPH, 6 on GLH, and 8 on 
WBPH (Table 12). The residual effect was less than 
7 d except for carbofuran and carbosulfan on 
BPH, and carbofuran. triazophos, carbosulfan, 
and azinphos ethyl on GUJI and WBPH. 

Four insecticides and three mixtures were 
evaluated against f:.rnale RB. Three were effective 
(Table 13), but their residual effect was only up to 
3 d. Carbofuran, a standard check, was effective 
up to 12 d after treatment (DAI). 

Sixteen common insecticides were tested, and 13 
were found effective on 3d-instar CW larvae 
(Table 14). 

Seven insecticides (furathiocarb, profenofos Q, 
isazophos, monocrotophos, thiodicarb, forme-
tanate, and bendiocarb), 4 mixtures (cypermethrin 
+ profenofos 4 + 40, cypermethrin + diazinon 5 + 
55, cypermethrin + buprofezn 5 + 10, ,rnd chlor
pyrifos + BPMC 21 + 10.5 EC), and 2 coded 

Table 11. Laboratory evaluation of 4 synthetic pyrethroids 
and a mixture for contact toxicity against female RB. 
IRRI insectary, 1985. 

Insecticidea Mortalityh at 
24 HT 48 liT 

Cyctoprothorin (NK8I 16) IIEC 0 0Seven 
S1844 2.5 EC 0 o 
Fenpropathrin 5EC 0 0 
Cypermethrin + buprofezin 5 + 10EC 0 0 
Cypcrmethrin + buprofezin 5 + IOWP 0 0 
Carbofuran (standard) 12F 0 0 
DCH 20EC a 0 
aApplied at 0.017% ai except carbofuran at 0.25% ai. 
EC = emulsifiable concentrate, WI' 7 wettable powder, 
F = flowable. bAy of 4 replications. 9 = >80% mortality,
0 = 100% mortality. HT = halter treatment, 
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Table 12. Laboratory evaluation of insecticides as foliar 
spray against adult female BPH, GLH, and WBPH. IRRI 
insectary, 1985. 

Mortalityb 

3 7 12 3 7 12 3 7 12 
-__________121__0_a_0 ___0_0Carboruranl12F o * 0 S 0o
 
Endosulfan 35EC *
 

Triazophos 40EC * * a * .
 
Carbosulfan 25EC a 0 o 0 o .
 
Azinphos ethyl 40EC 6 o . 0 0
Fenitrothion 30EC 0 
Monocrotophos 30EC 0 0
 
Carbophenothion 48LC 0
 
Cypermethrin 5EC o 0
 

aApplied at 0.75 kg ai/ha except for deltamethrin and 
cypermethrin, applied at 0.05 kg ai/ha. Spray volume was 
500 liters/ha (3.125 nid/potted plant). S1 = soluble 
powder. bRecorded 48 h after infestation (HAl) at 3, 7, 
and 12 d after insecticide treatment (DAT). Av of 4 repli.
cations. 0 = )80% mortality, 0= 100% mortality. MI1C 
50Wi,, chlorpyrifos + BPMC 21 + 10.SEC, BPMC 50EC, 
dhizinon 20EC, MTMC 30EC, pbosphamidon 50EC,
acephate 40EC, MTMC SOWP, and acephate 7551 pro
duced <80% mortality. 

Table 13. Laboratory evaluation of insecticides as foliar 
spray against adult female RB. IRRI insectary, 1985. 

Mortalityb 

insecticide a 

3 7 12 

Phenthoate + IPMC 25 + lOEC 0 

Carbofuran 12F 0 

Furan 4EF 

aApplied at 0.75 kg ai/ha. Spray volume was 500 liters/ha.
bRecorded at 48 HAl at 3, 7, and 12 DAT. Av of 4 repli
cations. a = ,80% mortality, 0 = 100% mortality. Diazinon 
+ cypermethrin 55 + 5EC, pofenofos + cyperniethrin 40 
+ 4EC, isazophos soEC, and WL 108477 25WP1 produced 
<80% mortality. 

chemicals (M K-936 and DCH) were tested against 
LF larvae, none caused more than 80%' mortality. 

insecticides and two mixtures were 
evaluated against SSB Ist-instar larvae. Stems 
were infested inthe laboratory and sprayed 2 d 
later. All nine sprays showed 100%) mortality at 

48 h after treatment. Residual effect was tested by
subsequently infesting the same stems and record
ing mortality at 48 HAl. Two mixtures, carbo
furan, furathiocarb, and isazophos were effective 

up to 12 DAT (Table 15). 



Table 14. Laboratory evaluation of insecticides as foliar 
spray against CW. IRRI insectary, 1985. 

Insecticidea Larval mortalityb 

Acephate 40EC o
Azinphos ethyl 40EC 
 0 
Cypermethrin SEC o 

Diazinon 20EC 
 0 

Chlorpyrifos + BPMC 21 + 10.5EC o 

Monocrotophos 30EC 
 0 
Triazophos 40EC o 

Carbaryl 85SP 
 0 
Endosulfan 35EC 0 
Phosphamidon S0EC 0 
MIPC 50WP 0 
Carbosulfan 25EC 0 

Carbofuran 12F 0
 
aApplied at 0.75 kg ai/ha except for cypermethrin at 0.05 
kg ai/ha. Spray volume was 500 liters/ha. bTNI plants at
20 DT were infested with third-instar larvae and sprayed
at I- HAl. Mortality was recorded at 48 IT. Av of 4 
re. ,cations. 0 - >80% mortality, o = 100% mortality.
MI-MC 30 EC, lll'MC 5OEC, and carbophenothion 48EC 
produced <80% mortality. 

Table 15. Laboratory evaluation of 7 insecticides and 2
mixtures as foliar spray against ist-instar SSB larvae. 
IRRI insectary, 1985. 

Insectucidea Mortalityb 
n ea47 12 

Cyperniethrin + profenofos 4 + 40EC o 0 * 
Cypermethrin + diazinon 5 + 55EC o 0 6 
Carfuuthincarh:40C12 0 • 
Isazophos 50EC 0 * * 
Monocrotophos 301-C o * ro l'nnfos Q 501Co
 
Thiodicarb 341 


Iorinetanate 50WP 

aApplied zt 0.75 kg ai/ha except for carbofuran, appliedat 0.25 kg ai/ha. Spray volume was 500 liters/ha. blRec-
orded at 48 11Al at 4,7, and 12 DAT. Av of 4 replications.
* = 80% mortality, o = 100% mortality. 

Granules. Three commercial (cartap, furadan,
and trimethacarb) and 4 coded chemicals (BAS
26 3 -3 0-1, BAS263-36-1, SC0135,and UBIB2917) 
were evaluated; none caused more than 80% 
mortality of BPH and GLHl adults. 
Mite.Eleven of 13 chemicals evaluated as spray 

for mites catused more than 80% mortality (Table 
16). All, however, caused less than 47% mortality 
when applied by root-soaking. 

Field evaluation. Fo/iarspra Isazophos, fura-' 
thiocarb, benfuracarb, and carbofuran were 

Table 16. Laboratory evaluation of chemicals as foliar 
spray against Tetranychus truncatus mite. IRRI insectary, 
1985. 

Insecticidea Mortalityb 

Phenisobromolate 25EC o 
Chloropropylate 22EC 0 
Binapacryl 48.5 EC 0 
Dicofol 40EC 0 
Phenisobromolate 45EC 0 
Chlorobenzilate 45EC S 
Binapacryl 35EC
 
CPCBS + chlorpropiren 30 + 20 WP 
 0 
BPPS 30WP 0 
Propargite 57EC 0 
Criptoran 25WP 0 

aTen-day-old TN I seedlings were sprayed at 0.75 kg ai/ha.Spray volume was 300 liters/ha. At I DAT, the plants In 4 
replications were infested with mites of undetermined 
ages, at 20 mites/plant. bRecorded at 48 HAI. 0 = >80% 
mortality, -)= 100% mortality. Fenbutatin-oxide 50WP
and buprofezin 50WP produced <80% moitality. 

effective against BPH and GLH in the field in DS. 
They had no residual effect at 13 DAT.

In DS, six insecticides were evaluated as foliar 
spray against black bugs. Dicrotophos, profenofos 

+ cypermethrin, and metamidophos were effective 
at 0.75 kg ai/ha. A mixture of profenofos +cypermethrin 40 + 4EC was effective even at 
0.27 kg ai/ha. Of four granules, carbofuran was
promising. All results agreed with those obtained 
in the previous year. In WS, the promising spray
insecticides were evaluated at lower dosages.
Dicrotophos, metamidophos, and monocrotophos 
at 0.5 kg ai/ha, profenofos + cypermethrin at 
0.27 kgai/ha, and carbofuran at0.5 kg ai/ha were 
confirmed to he still effective. 

Granules. Five granular insecticides -- cartap,
carbaryl + diazinon, isazophos, carbofuran, and
UC 54229  were broadcast into flooded ricefields. 

All were effective against BPH and GLH up to 7 
DAT. 

Seedbox ireatment. Seven granular insecticides 
applied into seedboxes caused very high adult 
GLH mortality: 91-100% at 2 DATand 67-88% at 
12 DAT (Table 17).
 

Insectistatics. Six insectistancs 
were evaluated 
against AW 5th instars with carbofuran (standard 
check insecticide). Except with DU 415155, 
mortality was low with the chemicals during the 
larval stage, hut no insect reached an ;,dvanced 
stage. Six clhmicals (DU 415155, LAB 141 305 I, 
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Table 17. Field evaluation of 7 insecticides against adult Table 19. Insecticide LD 50 values of BPH brachypterous
GLH by seedbox treatment. IRRI, 1985 WS. males and females. IRRI insectary, Nov 1984. 

Mortalityb Body LD 5 0 a 
Insecticidea Insecticide Sex weight 

2 7 12 17 (g) jg/adult ;Ag/g 

Carbosulfan 5G o * . + BPMC Female 0.00220 0.0046 a 2.11 a 
Cartap 4G a * * + Male 0.00084 0.0009 b 1.05 a 
Isazophos 3G . o 0 + Carbofuran Female 0.00220 0,0006 a 0.28 a 
MIPC +phenthoate 3 + 3G 0 0 ++ Male 0.00084 0.0003 a 0.40 a 
Propaphos 5G 0 0 0 + Diazinon Female 0.00220 0.0140 a 6.35 a 
Chlorpyrifos 5G 0 6 ++ Male 0.00084 0.0023 b 2.80 a 
BPMC 4G a a aa Monocrotophos Female 0.00220 0.0141 a 6.40 a 

Male 0.00084 0.0008 b 0.95 b 
aApplied at 5 gai into a box (60 X 30 X 3 cm) with about 

5 liters soil 1 d before treatment. G = granules. bRecorded aAv of 3 replications, 20 adults/replication. Between 
at 48 HAl at 2, 7, 12,and 17 DAT. + = ,40%, ++ = >60%, sexes and for each insecticide, LD5 0 values followed by a 
a = >80%, o = 100% mortality. common letter are not significantly different at 5% level. 

LAB 149 5252 1, tritlumuron, DU 415 146, and laboratory. Buprofezin was evaluated at 12.5-125g 
HOE 522) are promising for suppressing AW. ai/ha in the field in WS. It was effective in 

Nine insectistatics were evaluated as foliar spray suppressing BPH and WBPH nymphs even at 12.5 
against RB 3d-instar nymphs. Although mortality gai/ha, but 75 g ai/ha was recommended a. more 
was low at 9 DAT, DU 415 146, PH 60-51 (DU practical. Buprofezin did not affect the natural 
415 155), chlorfluazuron (IKI 7899), and tritlu- enemies ,Vicrov'lia douglasi airolim'ata, Cvrtor
muron (SIR 8514) ca used 63-95(%j mortality up to hinus liviipcnnis,and spiders. 
12 DAT. Against 2d-instar nymphs of BPH, GIL-I, Susceptibility of BPH and GILH to insecticides. 
and WBPH, none of five chemicals (methoprene, BIIH field populations collected at IRRI in March 
IKI 7899, LAB 153 959 1, HOE 522, and SIR 8514) and Octobershowed low sensitivity to carbofuran, 
showed better results than buprofezin in the chlorpyrifos, andchlorpyrifos+ BPMC. BPH was 

Table 18. LD5 0 (;ig/g, 24 h) values of BPII brachypterous adult females and GLII adult females at 6 temperatures. IRRI 
phytotron, Feb-Aug 1985. 

(pg/g) 
Temperature

LD5 0 

(CC) 1l'MC Carbaryl Carbofuran Cypermethrin I)eltamethrin Diazinon Malathion 

BlPIIa 
18 4.68 a 4.12 a 1.19 a 0.24 a 0.40 a 12.13 a 37.43 a 
21 2.59 b 4.64 a 0.85 ab 0.15 a 0.53 a 8.36 a 23.95 a 
24 1.92 b 3.91 a 0.74 abc 0.29 a 0.46 a 8.46 a 27.02 a 
27 1.30 b 3.78 a 0.37 be 0.33 a 0.57 a 6.76 a 14.38 a 
30 1.70 b 4.08 a 0.39 bc 0.42 a 0.55 a 7.05 a 13.95 a 
33 0.61 b 1.67 b 0.21 c 0.39 a 0.59 a 4.92 a 9.08 a 

GLta 
18 6.85 a 4.38 a 3.42 a 0.14 b 0.12 b 36.20 a 11.83 a 
21 7.00 a 5.38 a 2.88 ab 0.21 ab 0.27 b 27.61 b 12.05 a 
24 4.40 ab 4.54 a 2.03 be 0.14 b 0.54 ab 23.78 b 12.25 a 
27 3.49 b 5.62 a 1.61 be 0.25 ab 0.75 a 19.04 b 9.62 ab 
30 2.30 '1 3.70 a 1.68 bc 0.58 a 0.75 a 19.10 b 9.31 ab 
33 1.66 b 4.41 a 1.17 c 0.57 a 0.71 a 19.36 b 6.99 b 

aAv of 3 replications, 20 insects/replication. In a column and within a species means followed by a common letter are not 

significantly different at the 5%level by DMRT. 
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tested for reaction to contact and foliar sprays. Tungro prevention on susceptible cultivars
GLH collected at IRRI in October showed less and lines. Seedbox treatment. Although GLH
sensitivity to MIPC and chlorpyrifos + BPMC. mortality on transplanted rice was 80-100% up toRelative resistance ratios of field-collected to 5 DT in the field (Table 17), RTV infection was
insecticide-free greenhouse BPH populations at high. It was minimum (12%) in cartap and 44% in
IRRJ in March-July were 0.98-1.27 with carbaryl, untreated plots (Table 20).
1.75-2.09 with malathion, and 2.76-2.96 with Seedbox or wet seedbed treatment andfoliar
carbofuran by topical application. LD5o values of spray combination. Of 8 treatments, cartap seed
seven insecticides applied topically to BPH and box and foliar spray combination caused
GLH adult females are shown in Table 18. LDy0 

the 
highest GLH mortality (55-78%), low GLH

value varied according to insecticide and pest populations (0.3-3.5/ 10 sweeps), and the lowestspecies at different temperatures. The differeice in (51.8%) RTV infection at 65 DT. Wet seedbed and
LD5o values for adult BPH brachypterous males foliar spray combination were less effective than
and females was shown by monocrotophos (Table seedbox and foliar spray combination (Table 21).
19). Dipping andfoliarspray combination.Mixtures 

of deltamethrin at. ' buprofezjn were tested in WS 
(Table 22) and DS (Table 23). When untreated 

Table 20. Field evaluation of 7 granular insecticides to plots got 58% RTV inlection in DS and 75% inprevent RTV on TNI by seedbox treatment. IRRI, 1985
WS. 

WS, the best treat-i plots showed 7 and 22%. The 
treatments were not sufficient to prevent RTV 

Itills () despite significant yield increases of 28-89% in DS 
insectjcjdea Rate showing and 30-60% in WS.(g ai/box) RTV symptoms

at 65 DT Foliar spra.I, at,dbroadcast granular insecticide. 
Wet seedbeds were covered with nylon mesh toCartap 4G 5 12 a protect them from GLH attack at IRRI.The effectPropaphos 5G 5 15 abprtchefmG ata a RIThffcCarbosulfan 5G 5 21 abc of either spray or broadcast granular insecticidesIsazophos 3G 5 25 abc was evaluated after transpla,nting in three fieldMTNC +phenthoate 3+3G 5 27 abcd trials. All treatments with 4 conventional sprays, 4BPMC 4G 5 32 bcdChlorpyrifos 5G 5 33 bcd synthetic pyrethroids, and 5 granular insecticidesControl 44 d caused more than 70% RTV infection, indicatingainsecticide was applied to each box (30 X 60 X 3 em). that 2-5 applications of insecticides causing GLHmortalitycould not prevent RTV byeither method. 

Table 21. Field evaluation of seedbox and wet seedbed treatment plus foliar sprays to prevent RTV on IR22. IRRI, 1985 
DS. 

GLH adults (no/I0 sweeps) Hills (%)showingInset icide Applicationa RTV symptoms 
7 DT 12 DT at 65 DT 

Cartap 4G Seedbox + FS 0.3 a 0.8 ab 51.8 aIsazophcs 3G Seedbox + FS 0.0 a 1.8 b 63.5 abPHC 2G Seedbox + FS 0.5 a 0.8 ab 72.6 beDiazinon 5G Seedbox + FS 0.5 a 0.0 a 73.3 bcCartap 4G Seedbed + FS 0.5 a 1.8 ab 81.3 bcIsazophos 3G Seedbed + FS 0.8 a 0.3 a 84,5 bcPHC 2G Seedbed + FS 1.5 ab 0.3 a 85.1 cDiazinon 5G Seedbed + FS 0.8 ab 0.8 ab 80.6 bTreated control FS 2.3 b 1.9 b 82.2 beUntreated control - 8.5 c 13.4 c 81.7 bc 
aApplied in ser¢box and seedbed at 100 g formulated material/box (60 X 30 X 3 cm) 1 d before transplanting. Follarspray (FS) of, . methrln (SC g al/ha) and deltamethrln (12.5 g al/ha, 3 times). 
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Table 22. Field evaluation of mixtures of deltamethrin with buprofezin to prevent RTV on IR22. IRRI, 1985 WS. 

Rate GLH adults + nymphs (no./10 sweeps) Hills showing RTV Yeld
Insecticidea symptoms (%)

(kg al/ha) 29 DT 	 43 DT 57 DT at 60 DT (tfha) 

> Deltamethrin + buprofezin 0.06 + 0.10 1.8 ab 19.3 ab 3.3 a 40.7 b 2.6 bc 
X Deltamethrin + buprofezin 0.09 + 0.75 3.0 b 15.8 ab 4.8 a 25.7 ab 2.9 ab 
rn Deltamethrin + buprofezin 0.13 + 0.50 0.5 a 16.0 ab 5.0 a 28.6 ab 2.8 ab 
0 	 Deltamethrin + buprofezin 0.13 + 0.75 0.8 a 18.3 ab 5.3 26.7 ab 3.1 ab 

Deltamethrin + buprofezin 0.13 + 0.10 1.0 a 23.0 b 5.8 a 26.5 ab 3.0 ab 
Deltamethrin 0.13 0.8 a 15.3 ab 4.8 a 21.7 a 3.2 ab 
Deltamethrin 0.25 2.0 ab 21.5 b 5.5 a 29.2 ab 3.2 ab 
BPMC 0.75 3.0 b 21.5 b 5.0 a 30.8 ab 2.9 ab 

ZS	 Maximum protectionb 0.8 a 10.3 a 3.5 a 17.2 a 3.6 aUntreated control 	 12.0 c 59.0 c 12.0 b 74.9 c 2.0 c 

aSeedling roots were soaked in each solution for 2 min. Each solution was sprayed at 10 and 20 DT. Diazinon 20EC (0.75
kg ai/ha) was sprayed against LF in all plots at 66 DT. bMaximum protection = isazophos 3G (5 g a;/seedbox) at I d before 
transplanting, deltamethrin (0.125 kg ai/ha) sprayed at 5 DT. MIPC (0.75 kg ai/ha) at 2 Wk after transplanting (WT),
monocrotophos (0.75 kg ai/ha) at 3 WT, acephate (0.75 kg ai/ha) at 4 WT, and diazinon 20EC (0.75 kg ai/ha) at 10 WT. 

Table 23. Field evaluatiot, of a coded insecticide (mixtures of deltamethrin with buprofezin) to prevent RTV on IR22. IRRI, 1985 DS. 

Rate Application a GLH adults + nymphs (no./10 sweeps) Hills (%) showing YieldInecicde(ka/h) - RTV symptoms 	 (t/ha)
(kgai/ha) 1 2 3 4 40 DT 56 DT 68 DT at 66 DT 

5534 11.78EC 0.24 X X X - 2 b 5 ab 11 bc 7.2 a 3.4 a 
S 534 11.78EC 0.24 - X X X 5 cd 5 ab 17 e 7.5 a 3.4 a 
5534 11.78EC 0.2- X X - X 3 bc 8 de 11 bc 26.8 b 2.4 bcd 
S 534 11.78EC 0.24 X X X X 2 b 6 bc 10 b 13.4 ab 3.3 ab 
S 534 11.78EC 0.12 X X X - 5 d 9 e 21 f 23.1 ab 2.3 cd 
S 534 11.78EC 0.12 - X X X 4 bed 6 bc 12 ed 9.8 ab 2.9 abc 
S 534 11.78EC 0.12 X X X X 3 bc 4 a 8 a 19.3 ab 3.1 abc 
BPMC 50EC 0.75 X X X X 3 bc 9 e 14 d 48.5 c 2.4 bed 
Maximum protectionb 	 - la 7 cd 10 b 10.3 ab 3.7 a 
Control 	 . . . . . 19 e 23 f 39 g 57.6 c 1.8 d 

a I = dipping of whole seedlings for 15 min before transplanting; 2, 3, and 4 = sprayed at 10, 20, and 30 DT, respectively; X = treated. bMaximum protec
tion = isazophos 3G (5 g ai/seedbox) at 1 d before transplanting, deltamethrin (0.125 kg ai/ha) sprayed at 5 DT, MIPC (0.75 kg ai/ha) at 4 wk after trans
planting (WT), buprofezin 25WP (0.125 kg ai/ha) at 6 and 7 WT, diazinon 20EC (0.75 kg ai/ha) at 10 WT, and deltamethrin (0.125 kg ai/ha) at 2 wk 
before harvest. 
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HERBICIDE SCREENING 

Research to identify herbicides for weed control in 
rice continued at IRRI; at the Maligaya, Bicol, and 
Visayas research stations of the Philippine Bureau 
of Plant Industry (BPI); and in a farmer's field in 
Nueva Ecija. 

Echinochloa cns-gallissp. hispidula, E. glabres- 
cens, Monochoria vaginalis, and Cypenisdifformis 
were common at all transplanted and broadcast-
seeded lowland sites. E. co/ona, Digitaria ciliaris, 
D. setigera, and Rottboellia cochinchinensis were 
dominant in the upland fields, 

Irrigated transplanted rice. Preliminar' screen-
;ng. All SC 0254 treatments were effective on the 

dominant M. vaginalis and Scirpus maritimus and 
gave significantly higher transplanted rice (TPR) 
yields than the untreated check (Table 1). SC 0254 
gave significantly higher yields than the thioben
carb - 2,4-D check, but only when applied 6 d 
after transplanting (DT). None of the herbicides 
damaged TPR. 

Advanced trials at IRRI and BPI. In dry season 
(DS) at IRRI, all herbicides exccpt quinchlorac 
(coded BAS 514), pendimethalin, and oxyfluorfen 
gave significantly higher yields than the untreated 
check (Table 2). At Maligaya, treatment did not 
affect yield. At Bicol, pendimethalin and oxyfluor
fen yields were similar to that of the untreated 
check. 

Table 1. Effects of granular herbicides on weed control, crop tolerance, and yield of irrigated transplanted IR62.a IRRI, 
1985 WS. 

Treatment 

SC 0254 
SC 0254 
SC 0254 
SC 0254 
Hand weeded check 
Quinchlorac 
S 53275 
Thiobencarb - 2,4-D checkc 
Quinchlorac 
S53275 
Untreated check 

Application Weed weight (g/ml) Rice 

Rate Timeb Broadleaf Grasses Sedges yield 

(kg ai/ha) (DT) weeds (t/ha) 

0.75 6 0 a 0 a 7 a 3.1 a 
1.0 6 0 a 0 a 15 ab 3.1 a 
1.0 4 0 a 1 a 27 ab 2.9 ab 
0.75 4 0 a 0 a 16 a 2.6 abc 
Twice 15 + 30 3 ab 0 a 5 a 2.1 abc 
0.1 10 27 b 0 a 102 bc 1.9 abc 
0.012 4 0 a 0 a 135 c 1.8 abc 
1.0-0.5 4 1 a 0 a 133 c 1-5 bcd 
0.1 6 41 b 3 a 123 e 1.4 cd 
0.006 4 0 a 0 a 203 c 1.4 ed 

- - 9 ab I a 168 c 1.1 d 

aAv of 3 replications. Visual toxicity rating at 2 wk after herbicide application was 0 in all cases. bDT =days after trans

planting. CA spaced dash (-) means the 2 herbicides were applied as a proprietary mixture. 

Table 2. Effect of granular herbicides applied before weed emergence (3-5 DT) on IR36 yield at 3 sites in the Philippines, 
1985 DS. 

Treatment 

Hand weeded checkb 
Butachlor 
Bensulfuron -methyl 
Piperophos -2,4-D 
Naproanillde - thlobenearb 
Quinchlorac 
Pendimethalin 
2,4.D 
Oxyfluorfen 
Untreated check 

cv (%) 

Rate Yields (t/ha) 
(kg ai/ha) IRRI Maligaya Bleol 

- 4.2 ab 4.1 ab 5.5 a 
1.0 3.7 abe 4.6 a 5.1 ab 
0.05 4.2 ab 4.2 ab 4.6 be
 

0.3-0.2 3.6 abe 4.2 ab 5.2 ab
 
1.0-0.7 3.6 abe 4.4 ab 4.9 ab
 

0.3 3.4 bed 4.0 b 5.1 ab 
0.75 3.2 cd 4.3 ab 4.1 ed 
0. 4.3 a 4.1 ab 3.0 e 
0.14 3.0 cd 4.4 ab 3.8 d 
-	 2.7 d 4.3 ab 3.7 d 

15 7 9 

aAv of 4 replications/site, bAt 15 and 35 DT. 
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In wet season (WS) at IRRI and Maligaya, the 
treated and untreated plots gave comparable yields
because weed infestation was low (Table 3). 
Oxyfluorfen was moderately toxic to rice at IRRI 
and gave markedly lower yield than most herbi-
cides. At Bicol, severai chemicals gave yields 
significantly lower than the hand weeded check 
and comparable to the untreated check. At 
Visayas, all treatments yielded significantly higher 
than the untreated check except quinchlorac, 
which did not control broad leaf weeds and sedges. 

Irrigated wet seeded rice. Preliminary'screening. 
All herbicides except S 53275 at 0.006 kg ai/ha 
gave significantly higher yield than the untreated 
check (Table 4). Most treatments were effective 

against the dominant grassy weeds without 
harming rice. 

Advanced trials at IRRI and BPI.At IRRI, all 
herbicides except butachlor gave significantly 
higheryield than the untreated check in DS (Table 
5). At Maligaya, all treatments except one gave 
comparable yields; butachlor + 2,4-D was ex
tremely toxic to rice and gave significantly lower 
yield than the untreated check. At Bicol, only 
piperophos - -2,4-D, naproanilide thiobencarb, 
and pendimethalin gave yields markedly higher 
than that of the untreated check. 

In WS atall sites, most treatments did not differ 
in yield from the untreated control because weed 
populations were low (Table 6). Oxyfluorfen at 

Table 3. Effect of granular herbicides applied before weed emergence (3-5 DT) on IR36 yield at 4 sites in the Philippines,
1985 WS. 

Treatment 

Bensulfuron - methyl 
Hand weeded checkb 
Butachlor 
Piperophos - 2,4-D 
Pendirnethalin 
Naproanilide - thiobencarb 
2,4-D 
Quinchlorac 
Oxyfluorfen 
Untreated check 

Cv (%) 

aAv of 4 replications/site.bAt 

Table 4. Effect of granular herbicides on weed control, crop tolerance, and yield of irrigated, broadcast-seeded, flooded
IR62.a IRRI, 198:6 WS. 

Treatment 

SC 0254 
SC 0254 
SC 0254 
Thiobencarb- 2,4-D check 
Quinchlorac 
SC 0254 
S53275 
Quinchlorac 
S53275 
Untreated check 

aAv of 4 replications. bDAS 

Rate Yielda (t/ha) 
(kg ai/ha) IRRI Maligaya Bicol Vtsayas 

0.05 
-

1.0 
0.3-0.2 

0.75 
1.0-0.7 

0.8 
0.3 
0.14 

-

4.5 a 
4.4 a 
4.3 ab 
4.5 a 
4.6 a 
4.1 ab 
4.6 a 
3.9 ab 
3.4 b 
3.9 ab 

3.1 a 
3.1 a 
3.2 a 
2.9 a 
3.0 a 
3.1 a 
3.0 a 
3.3 a 
3.3 a 
3.5 a 

3.7 bcd 
4.7 a 
3.7 bed 
4.2 ab 
3.8 bc 
4.2 ab 
2.9 de 
4.2 ab 
2.9 e 
3.0 cde 

5.7 a 
4.7 b 
5.2 ab 
4.7 b 
4.7 b 
4.4 b 
4.5 b 
3.4 c 
4.6 b 
3.2 c 

14 14 14 10 
15 and 35 DT. 

Application Weed weight' (g/m0) 

Rate Time Broadleaf Grasses 
(kg al/ha) (DAS)b weeds 

0.75 8 0 a 34 abc 
1.0 6 0 a 0 a 
0.75 6 0 a 28 abc

1.00.5 6 3 a 15 ab 
0.1 10 4 a 208 de 
1.0 8 30 a 83 bode
0.012 6 5 a 84 ode
0.18 10 74 a 24 bed 
0.006 6 12 a 102 cde 

- - 40 a 278 e 

Visial Yield 
toxicity (t/ha)
ratingd 

0 3.9 a 
0 3.6 ab 
0 3.4 abc 
4 2.5 abc 
0 2.4 bc 
4 2.2 bc 
0 2.2 bc 
0 2.1 
2 0.2 d 
0 0.2 d 

= d after seeding. CNo sedges grew. dRated 2 wk after herbicide application on a scale of 0-10:0 = no toxicity, 10 = complete kill. 
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Table 5. Effect of early postenergence (6-8 DAS) application of granular herbicides on yield of broadcast seeded, flooded 
IR36 at 3 sites in the Philippines, 1985 DS. 

Bensulfuron -methyl 
Piperophos - 2,4-D 
Quinchlorac 
Naproanilide - thiobencarb 
Butachlor 
Oxyfluorfen 
Pendimethalin 
Thiobencarb - 2 4-D 
Butachlor + 2,4-Db 
Untreated check 

CV (%1 

Rate Yielda (t/na) 

(kg ai/ha) IRRI Maligaya Bicol 

0.05 5.7 a 5.4 a 3.5 d 
1.3.0.2 3.5 cd 5.2 a 5.2 a 

0.3 4.4 b 4.9 a 4.4 abc 
1..0.1 3.6 bed 5.3 a 4.5 ab 

1.0 2.9 de 5.0 a 4.4 abc 
3.14 4.1 be 4.7 a 3.5 d 
0.75 3.6 bed 4.2 a 4.5 ab 

1.0-0.5 3.5 cd 4.5 a 3.8 bed 
0.75 + 0.5 3.8 bc 2.3 b 4.2 bed 

- 2.6 e 4.4 a 3.6 cd 
14 16 13 

aAv of 4 replications/site. bA plus (+) means the chemicals were applied separately. 

Table 6. Effect of early posteergence (6-8 DAS) application of granular herbicides on yield of direct seeded, flooded IR36 
at 4 locations in the Philippines, 1985 WS. 

Naproanilide - thiobencarb 
Bensulfuron - methyl 
Piperophos - 2,4-D 
Quinchlorac 
Pendimethalin 
Butachlor 
Thiobencarb - 2,4-D 
Oxyfluorf-n 
Btachlor + 2,4-D 
Untreated check 

CV (%) 

aAv of 4 replications/site. 

IRRI and butachlor and 
Maligava were extremely 

Rate Yielda (t/ha) 
(kg ai/ha) IRRI Maligaya Bicol Visayas 

1.0-0.7 5.1 a 2.8 ab 3.7 a 2.8 ab 
0.05 4.8 a 2.5 ab 3.2 ab 4.4 a 
0.3-0.2 4.6 a 3.0 a 3.3 ab 3.2 be 
0.3 4.4 a 2.4 ab 3.6 a 3.6 ab 
0.75 4.0 ab 2.4 ab 3.4 ab 3.2 bc 
1.0 4.7 a 1.2 c 3.2 ab 3.5 ab 
1.0-0.5 4.9 a 2.4 ab 2.8 ab 2.4 c 
0.14 2.9 b 2.1 b 3.4 ab 3.7 ab 
0.75 + 0.5 4.6 a 1.1 c 2.8 ab 3.5 ab 

- 4.5 a 2.2 ab 2.6 b 3.2 bc 

21 22 17 18 

butachlor + 2,4-D at 
toxic to rice and gave 

significantly lower yields than the untreated 
checks. 

Control qf annual and perennial weeds. Ben-
sulfuron - methyl (coded DPX 5384) and 
butachlor followed by 2,4-Dadequately controlled 
the anmim tL cLtis-ga/li, E. glabrescens, C. dif-
fioris, and .11. vaginalis, and the perennial S. 
maritiimus(Tablc7).2,4-Dalonealso controlled all 
weeds except Ehinochlha spp. and gave signif-
icantly higher yield than the untreated check, 
Butachlor alone did not control S. maritintu.s and 
gave a yield similar to that of the untreated check. 
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Method of butachior application. Degrees of 
butachlor incorporation were superimposed on 
water regimes (drained and flooded) at seeding. 
When averaged across water treatments, grain 
yields from all treated plots, regardless of applica
tion method, were significantly higher than yields 
from untreated plots (Table 8). The unincor
porated treatments yielded markedly lower than 
the ucorporated ones because they substantially 
reduced initial crop stand, especially on flooded 
plots. Deep incorporation gave best weed control 
and highest tiller number at 53 d after seeding 
(DAS). 

Time /herhici e application. Butachlor alone 



Table 7. Effect of herbicides on annual and perennial weeds and yield of broadcast seeded, flooded IR36.a IRRI, 1985 DS. 

Treatment Application 

Rate 

(kg ai/ha) 

Butachlor fb 2,4-D 0.73 fb 0.75 
Bensulfuron - methyl 0.05 
2,4.D 0.75 
Butachlor ol.75 
Untreated check 

Tieb 

3 DBS fb 23 DAS 
8 DAS 
23 DAS 
3 DBS 

Weed biomass (g/ml) Yield 

AnnualC Perenniald (t/ha) 

26 a 23a 5.3 a 
18 a 7 a 5.1 a 

105 ab 43 a 4.6 a 
16 a 159 b 1.7 b 

138 b 163 b 1.2 b 
CAY of 3 replications. bDBS d I.efore seeding, f = followed by, DAS d after seeding. CEchinochiloa cns.gallissp. hispi. 
dula, E. glabrescens, Aobnoc/ioria t'aginalis, and Cyperus diffortis. dScirpis inaritis. 

applied 3d before seeding(DBS) gave the best crop 
stand (Table 9). Butachlor + 2,4-D severely 
reduced rice stand, enhancing proliferation of S. 
maritimtus on th: 3 DBS treatment and 1 
,labrescenis on the 6 DAS treatment. However, 
yields did not dif 'er among treatments because 
weed populations were low. 

Table 8. Weed control, crop tolerance, and yield of broad-
cast seeded, flooded IR36 as affected by mode of buta- 
chlor application at 3 DBS. IRRI, 19" OS. 

Rice stand count Grain 
Treatmentb Weed (no./ni) yieldbiomass (t/ha)

(g/m2) 15 DAS 53 DAS 
No incorporation 100 ab 74 c 559 b 4.4 1)
Shall'iw incorporation 146 bc 116a 648 ab 5.3 a 
Deep incorporation 78 a 99 b 748 a 5.2 a 
Application at 6 DAS 97 ab c74 649 ab 4.3 b
Untreated check 170 c 87 be 631 ab 2.2 c 
aAv of 4 replications and 2 water regimes at seeding. b~lu-
tachlor %wasapplied at 0.75 kg ai/ha. 

In another trial, 2,4-1) was toxic to rice when 
applied 3 and I DBS but safle at 6 DAS (Fig. I). 
Butachlor was safe as a prcseeding treatment but 
reduced crop stand by about 30(4 (not signif
icantly) as a postseeding treatment. Regardless of 
application time, bensulfuron - methyl did not 
damarie rice, effectively controlled Ichlochlua 
spp. and S. inar'limtus, and gave significantly 

higher rice yields than the other treatments. 
Rainfed transplanted rice. In preliminary

screening, SC 0254 controlled Lc/hinochka spp. 
and Lepltochla chineniis and gave yiclds corn

parable to that witi hald weeding anrd significantly
higher than untreated checks (Table 10). None of 
the herbicides danaged rice. 

Rainfed wet seeded rice. In pre1inlilIary screen

ing, no granular herbicides damagd rice, and all 
treatnients yielded significantly higher than the 
untreated check ([able II). Quinchlorac was very 
effective on the grassesand SC 0254 on the sedges. 

Table 9. Effect of butachlor, applied alone and with 2,4-D before and after seeding, on weed control, crop establishment,
and yield of broadcast seeded, flooded IR36.a IRRI, 1985 WS. 

Application Weed biomss (g/m 2 ) Seedlinr Grain 
Treatnent Rate Tine count yieldGrassesb Sedgesc (no./n0) (t/ha)

(kg ai/ha) 

Butachlor 1.0 3 I)BS 38 a 4 b 116 a 2.9 aButachlor 1.0 6 l)AS 32 a 50 c 74 b 3.3 aButachlor + 2,4-D 0.75 + 0.5 3 DBS 36 a 147 d 43 bc 1.7 bButachlor + 2,4-D 0.75 + 0.5 6 l)AS 136 b 40 c 33 c 2.5 aButachlor fb 2,4-1) 1.0 fb 0.8 3 D1BS fb 20 DAS 49 ab 0 a 75 b 3.5 aButachlor fb 2,4-D 1.0 lb 0.8 6 DAS fb 20 DAS 54 ab 0 a 82 ab 3.1 aUntreated check  - 87 ab 7 b 83 ab 2.0 ab 
aAv of 4 replications. bEchinochloa cn.-gall ssp. hispidula and E. glabrescens. CScirpus nuritihus. 
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Stand count (',o/m2) 	 Upl:,nd rice. Except for dinitrarnine, all herbi
600 	 a cides ga,, weed biomass smilar to that of the 

-ne, hit (lable !2). No yield was obtained 

4C)Cbcca usc drought occutrredl during thle cra)p's 
,- reprod uctivc stage. 

/ 	 Deep water rice. Posteiergence herhicids for 

M®Rc, : 	 \'weed control in (fdeewater rice were tested at PJhul 

Khao I hong, Ilhail nnd, in 1984 WS. Ilerbicides 
wce sprayed 9 d after cimercrgce (I)E). The main 

r+,,w\eed) .,,,,J ,,-:, :: wits L c<)o a. 2,4-1)-1- ipropm il1thiobencea rb 
--impitilI, and (oxadi:./tm-+ prop'ail appeared 

I-I "// ,:.'-":- _most 	 Cfl;,'t~ f _oX ! of, I.'C/hiocloe spr)."_


.. . _/_' treatment. 

';~~~1 	 F (A- ,RH.M)WIN( WA\HTR ON Ill-RBID1E1 M).() 

j,,
InI a frner's field in (iu ibit,NlCa F.cija, 

I'lilippinc., butachlor failcd to control weeds 

ENbecause. according to the farrmcr, heavy rain had 
- ,L fallen ,oon after application and the herbicide was 

.-- lst in the 	 fLId._ - - -	 i water that o'cloWwcd frn tile 

In a Cces of expe',ict;nLs condutoed in small 
plots (30 In) at IRRI,. butachlor was applied to 

I. lieci lcditg a altol ould-ilialitactp [I'R as ane concentrate at 1.0 [gai lia 
atnil ,icltl ,)lih cm was loss weedstand. t'_',i,. i t stctkde lortdcd IIlic2 k. into 2.0 ' :,til. I here no inI 

IRRI. 19S5 )S. Within itpalialdici, ticlltnitl, wilh it 
co1mo)tltctt1rt',.ctcint lgifi,anItVlyillctcnt t the 5' c clhv control or reductiton in yield '.vhcnl water was 
IIR t. 	 alhnwed to flow otwnfor 30 min f'o 2 to 24 h after 

Trable 10. Effect of granular herhieides on weed (),trttl, yietld of rainft'd transpLhried 1R62.a IRRI, 1985crop tlerance,ail'J 
WvS. 

2

Alplicitionteed 	 weight (g/il) Yie", 

Treatment 	 Rate Time Broadleaf Grasses Sedges (t/iia) 
(ki al/t:m) (m)-01 	 weeds 

SC 0254 0.5 6 0 a 3ai 0a 3.4 a 
SC 0254 1.0 6 P a 0 a t ab 3.2 ab 
SC 0254 1.0 4 1 a 0 a 2 abc 3.0 ab 
,'inchlorac 0.18 6 2 al 7 alt II cd 3.0 ab 
Hand weeded check Twice 15 + 30 0a 6 ab 2 abc 3.0 ab 
SC 0254 0.75 4 0 a 0a I ab 2.8 ab 
S53275 0.01"2 4 0a Oa 34 d 2.5 ic 
Qui,clt!,rat 0.1 6 19 c I ab 6 abc 2.5 Ie 
Thiiohiencarb -2,4-1) check 1.0-0.5 4 0a 0 a 17 bed 2.5 bc 
S53275 0.006 4 1Ia 2 ab I! cd 2.4 bc 
Untreated check - 6 b 23 b 18 bed 2.1 c 

aAv of 3 replications. Ill[ d after transplanting. 
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Table 11. Effect of granular herbicides on weed control, Liop tolerance, and yield of rainfed, wet seeded, lowland 1R62.a 
IRRI, 1985 WS. 

Application Weed weight (g/m a ) Visual Yield 

Tet tRate Time Broadleaf Grasses Sedges toxicitI (t/ha)
(kg ai/ha) (D X.S) weeds rating 

S53275 0.006 1ab8 47 abc 12 bc 0 3.0 a
 
Quinchlorac 0.1 
 8 4 b 12 ab 94 d 0 2.8 ab 
SC 0254 0.75 6 0 a 26 abc 1 a 0 2.7 ab
 
SC0254 1.0 6 0a 
 72 c 2a 0 2.5 ab
S53275 0.006 6 62 16 bc i0a bc 2.5ab 
SC 0254 1.0 8 0a 85 b 17 bc 0 2.4ab
Quinchlorac 0.18 8 1 ab 8 a 55 cd 0 2.3 ab 
Thiobencarb 2,4-D 1.0-0.5 6 0 a 60 abc 37 bed 1 2.1 ab
 
SC 0254 0.75 8 0a 
 65 bc 7 ab 1 2.0 b 
Untreated check - - 1 ab 88 b 48 cd 0 1.2 c 

aAv of 3 replications, hRated 2 wk after herbicide application on a scle of 0-10: 0 no toxicity, 10 complete kill. 

Table 12. Effect of herbicide,- applied before weed herbicide application compared with control plots. 
emergence (3 DAS) on weed mntrol in upland 1R36 rice.a There was an increase in weed density and weed
IRRI, 1985 WS. weight but no red uction in yield when water flowed 

Treatment Rate Total weed weightb out for 30 min at 0.5 11after herbicide application(kg ai/ha) (g/nm) (Table 14). There was an increase in weed density 
but no increase in weed weight or red uction in yieldland weeded checkc - 14 a when water flowed Out for 30 inat 1 h after 

Dinitramine 1.5 110 b
 
Pendinlethalin 2.0 1.2 bc application.

Oxadiazon 1.0 
 171 tc When the water flowed out for 30 min at 0.5-2 h
Propanild 2.0 172 be after treatment from the treated plot to an adjacent
Thiobencarb 3.0 177 be 
Oxyfluorfen 0 4 215 be untreated plot, excellent weed control was obtained
Butralin 2.0 234 be in both plots, and yields were no lower than those
Butachlor 2.0 242 be in a treated plot where no flowing out had occurredUntreated chseck - 294 c (Table 15). T his indicates that herbicide moved in 
aAv of 4 replications. bSampled at 51 days after emergence the water from the treated plot to the adjacent(DE). CAt 16 and 34 DE.dApplied at 10 DE. untreated plot. 

Table 13. Postermergence aerbicides used on deep water rice in Thailand. 1984 WS. 

Dry weight of weeds (g/ni2 ) 
Treatment Application rate 

(kg ai/ha) Echinorhloa spp. Total Others 
grasses 

2,4-D 0.75 174 e 298 f 18 be
Propanil 2.0 67 bed 122 de 17 be 
2,4-D + propanil 0.33 + 1.67 31 a 34 a 0 a
 
volinate + propanil 1.0 + 1.0 46 ab 
 70 abc 7 ab 

Thiobencarb - propanil 2.0 34 a 54 ab 9 ab 
Butachlor - propanil 0.8 + 1.5 61 abc 84 bed 3 a 
loxynil -2,4-D 1.0 76 bed 111 de Oa 
loxynil - 2,4-D - propanil 1.0 cd cde81 104 5 ab 
Bromxynil + vropanil 1.0 + 1.0 75 bed 115 de 9 ab 
Oxadiazon + propanil 0.8 + 1.5 34 a 37 a 0 a 
Bifenox + propanil 1.5 + 1.5 44 ab 52 ab 3 a 
Untreated check 96 d 125 c 27 c 
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Table 14. Weed density, weed weight, and grain yield as 
affected by herbicide treatment and flowing out of water 
at different times after treatment. IRRI, 1985. 

Time of flowing Weed Weed Grain 

Treatmenta out (h after density ) weight yield
herbicide (no./m (g 

application) /n.n (t/ha)) 

Butachlor - 54 a 22 a 2.5 a 
Butachlor 0.5 242 cd 40 bc 2.6 a 
Butachlor 1.0 178 bcd 23 ab 2.7 a 
Butachlor 1.5 84 abc 22 a 2.9 a 
Butachlor 2.0 80 ab 26 ab 2.8 a 
No herbicide - 278 d 72 c 1.0 b 

a1.0 kg ai/ha. 

SEEDENRICE 

A series of expmriments was conducted to try to 
reduce the toxicity of butachlor to wet seeded rice 
(WSR). 

Application at 3 D13S resulted in bett -r weed 
control, less stand reduction, and high, yields 
than when application was at 0 I)A-. No 
differences in weed control and yield were observed 
between granular and emulsifiable concentrate 
formulations when theywereapplied at 3 I)BS. At 
6 DAS, however, better wecd control and higher 
yields were obtained when tile enmlsifiable con-
centrate was used. 

Inanother experiment, thorough incorporation 
of butachlor into the soil before seeding rersultCd in 
less toxicity but a lower level of weed control than 
when it was surface applied orlightly incorporated, 

letter weed control and less toxicity were 
observed when the herbicide wasapplied at 3 I)BS 

Table 15. Weed weight and grain yield in butachlor-treated 
different times after treatn2rt. IRRI, 1985. 

than when it was applied at 6 DAS regardless of 
application method. The time of application is 
important in reducing butachlor toxicity. 

There were stand reductions when butachlor 
was applied at 3 DBS if the rice seeds Were 
underwater for 2 I)AS. 

A number of herbicides applied alone and in 
combination performed as well as butachlor 

applied at 3 D13S in controlling weeds and giving 
good yields without causing crop damage 
(Table 16). 

I'ERI-NNIAI VI+I )S AN) [IIIR CONI ROL. 

Irrigated transplanted rice. Research on the long
term effect of tillage level (conventional, minimum,and zero) and cultivar (IR4, IR40, and IR42) on 

weed shift continued in 1985 DS (23d crop) and 
WS (24th crop). Conventional tillage was one 
plowing and two harnowings, minimum tillage was 
one harrowing, and zero tillage was cutting and 
removing rice and weed debris. 

III the 23d crop, reduced tillage markedly in
creased PaVauhvtn istichtn bomiass, significantly 
reducing yield in the zero tillage plots (Fig. 2). 
Tillage and cultivar did not affectS. maritintusand 
annual weed biomass. However, IR40 had sig
nific~intlv more t. distichm and yielded signif
icantly less than IR 34 and IR42. 

In tile 24th crop grain yield and total weed 
biomass were the .mte among tillage levels(Fig. 3). 
[he significant P. di(ivichun and annual weed 
decrcase with conventional tillage was negated bya 
marked .'. nmarilimu.s increase. Although Weed 
infestation (lid not diffrir among cultivars, I142 
yielded significantly lower than 11(4 and IR40. 

and untreated plots as affected by flowing out of water at 

Time of flowing out Weed weight (g/tn2 ) Grain yield (t/ha) 
Treatment a 

(h after herbicide 
application) Treated plot Untreated plot Treated plot Untreated plot 

B3utachlor I a - 3.7 a -

Butachlor 0.5 21 b 
 18a 3.7 a 3.7 a 
Butachlor 1.0 6 ab 18 a 3.6 a 3.5 a 
Butachlor 1.5 20 b 19 a 3.8 a 3.7 a
Butachlor 2.0 9 b 8 a 3.9 a 3,8 a 
No herbicide - 152 c - 2.5 b 

a1.0 kg ai/ha. 
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Table 16. Plant height, weed weight, and yield of broadcast seeded, flooded IR58 as affected by different herbicide treat
ments. IRRI, 1985 DS. 

Treatment 

Uutachlor 
Bulachlor 
Bensulfuron - methyl 
Propanil 
Butadilor + bensulfuron - methyl 
Bensulfaron - methyl + quinchlorac 
Bensulfuron - methyl + dimepiperate 
Bensulfuron - methyl fb propanil 
Propanil fb propanil 
Propanil tb 2,4-D 
Pretilachlor + CGA 123,407 lb 2,4-D 
Hand weeded 
Unweeded 

aBased on transformed data. 

Weed biorross g/m 2 ) 
150 

Rate 
(kg ai/ha) 

0.75 
0.75 
0.04 
3.0 

0.5 	 + 0.04 
0.04 - 0.30 
0.04 + 2.0 
0.04 lb 1.5 
1.0 	 fb 1.0 
1.5 	 fb 0.5 
0.3 	 fb 0.5 

-

Time of aPplication 

3 DBS 
6 DAS 
6 DAS 
15 DAS 
6 DAS 
6 DAS 
6 DAS 
6 DAS fb 15 DAS 
15 DAS fb 21 DAS 
15 DAS fb 21 DAS 
3 DAS fb 21 DAS 
24 + 42 DAS 

-

25 

Snnual weeds (Echmoc/i/oo cres
(0/// ssp h/21pldu/a , e g/obrescns,and MonochornG va 7'nC/ ,;)

:!SiScrpus"[Ji,',tp, u 

-mTu ;s~,<, 

- Weed biomnsz 

j-Grain yield 
1004 

75 
.. . . .... 

50 

-b= 

25 

0 
Conventional 

-

M~ninumn 

loj-

Zero 

I 

IP~34 

-

1 

Plant height Weed weighta Yield 
11 DAS (cm) (g/m) (t/ha)

45 DAS 

17 cd 54 a 3.3 a 
15 e 141 b 1.1 b 
18 bc 39 a 3.0 a 
18 be 39 a 2.5 a 
18 be 30 a 3.4 a 
18 bc 13 a 3.2 a 
18 be 20 a 3.2 a 
17 cd 17 a 3.1 a 
18 be 38 a 3.0 a 
19 ab 47 a 2.7 a 
19 ab 17 a 3.3 a 
20 a 3 a 2.7 a 
18 be 163 b 1.3 b 

Grain yield (t/ho)
6 

-5
 

,v v .	 3 

2 

Eb 

1 0 
IR40 IR42 

cuv'i' - 4 

2. Weed bionmass adgrain yield inthe2dcrop asaffected by tillagetand clltivrIr lR 1 1985 DS. Within 
a parameter, items with a icommon lettef are not signiicantly different at the 5i level by I)MRT. 
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Wed biomass (g/m 2 ) Groin yield (t/ha) 

,V,, Annual weeds (E crus-qg/h"ssp 

250 - /spldula, E glabrescens, and 5 
/ vaglna/hs/ 

Weed biomass.5 fnar,/,,n.s 
Groin yield* P dcs, -hun 

4200 

3
150 

a. 
• .,.. ,. ...... ,:......
 

,,,. __ 2 

':?ii:!:~i:--- .E a E 

.,_..,_ b 

50

0 
Conventional Minimumn Zero I10 I4 0R4 

0 


I rilogei -Culi vr 

3. Weed hioin ss and g~rain yield in tlic 24th crop is affected by tillage anmd colis r. IRR 1 1985 W.S 
Within d parameter, itrnssitha c by DMRT.uinioileteri are not significaintly diffkreta0 the 5Ci level 

Wet seeded flooded rice. E/'ct ?/' cuhtiiar, In the 4th crop, cultivarand tillage again had no 
ti//age, and!lu'r/,i-/. ]'he study on the long-term effect onl S. maritimusv and annual weed population 
effect of cultivar (IR30 and l1R29723-143-3-2-l), (Fig. 5). Although three harrowings reduced 
tillage (1, 2, and 3 harrowings), and herbicide (ben- R dlistichwln stand, yield did not increase. The 
sulfuron - miethyl, propani I + 2,4-D, and hierbic ides ad eqatelINcon trolIled S.inaritinnis, sig
untreated check) continued in D~S (3d crop) and ilicantly increasing yield. However, propanil + 
WS (4th crop). Each harrowing treatment was 2,4-1) failed to control the annuial weeds and gave 
preceded by one plowing. Bensulfuron - methyl significantly lower yields than bensulfuron 

(0.05 kg ai/fha) was a pplied at 10 DAS and miethyli. 
l)ropaI ill + 2,4-1) (1.5 +-0.5 kg ai hia) tank-mnixed CMitrol ?f S. mlaritimlLis withi lwrhicides applied 
was applied atl 15 DAS. at low volumie. In D)S, the (limethylamine salt 

In the 3d crop,citlti var did not affect thle stanid of (amine). isobutyl ester (113E), and isopropyl ester 
any weed type (Fig. 4). The higher yield of' (IPE) formulations of 2,4-l were applied with the 
IR29723- 143-3-2-1 is its in he rent trait. Tlhree low-volumei Mieronhierbi, lBirky, and VLV-50 and 
harrowings significantly reduced the P. 'fistichum the conventional hydraulic knapsack sprayers to 
popuilation but dlid not affect.S. inariinnv,annual control S. maitiimuS. 
weeds, or grain yield. Bensulfuron - mnethyl and When 2,4-1) amnine Was Used, Micronhierbi and 
propantil + 2,4-1) markedly reduced Y.niaritimuslt Iirky plots had lowecr weed dry weights than the 
and annual weeds, significantly increasing grain conventional sprayer plots, whereas VLV-50 plots 
yield. and the conventional sprayer plots had similar dry 

186 IRRI ANNUAL REPORT FOR 1985 



weight (Fig. 6). With 2,4-D IPE and IBE, the with low-volume sprayers on S. maritihnus. One 
different sprayers performed similarly in con- trial compared 2,4-D amine and IBE, and another 
trolling the weed. Averaged over 3 formulations trial compared bensulfuron - methyl, bentazon, 
and 4 sprayers, the dry weight of S. inaritimt was and 2,4-D IBE. 
significantly iower at 1.0 kg!ha than at 0.5 kg,' ha. In tilefirst trial, the 2,4-D formulations gave 
Grain yield was not affected by 2,4-D formulation, similar weed dry weight at 61 DT at each of the 
rate, and sprayer type, possibly because of tilelow application rates. A significant difference in rates 
level of weed infestation, was observed only with 2,4-D amine, where 0.5 

In WS,bensulfuron methyl, bcntazon, and kg/ha was inferior to 1.0 kg/ha. 2,4-1) IBE was 
2,4-I) IBE were used at vanious rate!,. At half and Clually effective at both rates. Avenaged over two 
full recommended rates, they controlled S. mari- rates anld two formulations, the 13irky plots gave 
timtus better than at the lowest rate, 2.4-1) and the lowest S. n;..'i~imus dty weight and the highest 
bensulfuron -- methyl gave similarrdr- weight of the grain yield. Grain yield from the VLV-50 plots was 
weed regardless of sprayer type. With bentazon, similar to that from the Birky plots. 
Micronherbi performed the poorest. Sprayer type second trial, bensulfulron methyl andIn tile 

and herbicide rate (lid not affect grain yield of 2,4-D reduced S. maritimtus delsity better than 
WSR 1158, but the kind of lierbicide did. Ben- bentazoi, but only bensulfuron - methyl gave asulfuron- methylgave higheryieldsthan did 2,4-) grain yield significantlv higher than that of tile 

and henta,on. other plots (Table 17). Increasing herbicide level 
Rainfed f.ansplanted rice. Two experiments in significantly reduced S. mariiinusdensity for the 

WS evaluated the activity of herbicides applied three herbicides. Highest grain yield came from the 

Weed population (no/rn 2 
) Goain yield (t/ha) 

6,00 - 6 
Apinuol weeds (Ec/snvch/o0 SPP,4M va911nc/,S, Cyp efs d~ffor,77S,1 
Flnbrstll/ls /folls/, epoch/oqc chnens/s, and Sphenocleo :ey/n'coI 

500 -- - Weed population L P - 5chum 

--Groin yield x 

400 4 

300 - M IMI -3 

200 -2 

/ 

0 a 

FEE -_- t 0IP36 IR9723-143- I hcrrumi,. 2 harrowings ' r arowings Hensulfuron- Propanilt- Un rea ed 
3 21 methyl 2,4-D check 

l- ------( jltivor . ----I I lage . -- Herbicide .I 

Weed poptlatin ind prain yield ,affected h\ citttisai, and hcrbicide. I R RI, 1985 D .Within aparameter.in the 3d crop tillage, 
items with a co iion tliare foit signlificantly ditt l'nt atthe 5('; teXclhy I)MR I 
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500 

Weed populaton (no/m2) Grain yield (t/ho) 

600 r 7 Annual weeds (Echm,7ochoa spp ,M vagz;7o/is, -
C dflorms, C 1rio, and L chn/17%)s 

S nari imus ; 

F-Weed population --------- _b
 

-Grain yield
 

,100--

A' Z 

300 

[7)25 - hrro.,,'r r3n a 
' l L o',r(rrwnqr2 'v: rrc, l[ensulfuron [ropgn~l Untreated 
•-,methyl 3,4-[) check 

5.Weed ponpulation arid grain yield in the 4th crop a%allcitcd hy etuhivar, tillage, arid herhicide. IRRI 1985 WS. Withfin a parameter,
items with a common letter arc flit sipi iticarrtly dilterent at the 5(7 leseethy I)NiRT. 

_,__
....... ......... .......... 
 Table 17. Effect of herbicides, herbicide rate, and sprayer 
¢:- itype on the density of Scirpris nmaritinlus and grain yieldmm!;'7,.,,..,,

~of rainfed transplanted 11R5 8.a IRRI, 1985 WS. 

a Density of 

Treatmuent .5:oraritinios G(/n yel 
(tno./m 2 )(th, 

iilIteriiide 

2,4-1) 2 3a 2.4 b 
Blentazon 44 b 2.2 b
Bensulfuron -riethyl 28 a 3.2 a 

? , Ilerhicide level
 
: " recotrtetnded 
 50 c 2.2 b 

Recommended 29 a 2.8 a 

_ Sprayer type 
( jMicronhrerbi 25 a 2.5 aI-.irky 25a 2.7a

Ar,.,o:'prC 4i,.-?'e !'Uot,.?~le
t7 VLV-50 33 ab 2.7 a 
'4 {)tonrtT~ulrjtUr C n enin l 
 3 bi.
6. IF'lectof 24-1) fiort tat iun and sprayer typ oi the d rynetoal4 . 

ut 'ahet 
seeded irrigateid 11(,58. I[RRI. 1985 I)H. i', rsaving a1cutlotmo 

weight of SiirmuS otoarius at 55 l)AS and grain yiehl aAv of 3 replications. For eacti herhicide, herbicide level, 
and sprayer type, ttean separatikfn is by I)MRT at the 5% 

letter it t ,igtuilicanrtlyditlererir at thre 5' Ie.el I)MR Th'y level. 
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plots sprayed with herbicide at half or full recom-
mended rate. Micronherbi and Birky treatments 
reduced S. marifinus density better than the 
conventional knapsack sprayer. Grain yield was 
unaffected by sprayer type. 

WtIl) CONYROl. IN WEI :Ii)ED AND 
TRANSIANIEl)EDICE 

A long-term trial was conducted to determine the 
effect of different weed control treatments on TPR 
and WSR and to follow changes in the wee-d 
spectrum. The major weed species in the unweeded 
check plots in decreasing order of importance in 
the first crop were Al. arinalis,C /'l/fl)rnis, and 
E., a/'rescens. By tile
second crop, C c/i//['irnis 
comprised a minor component of the weed flora, 
By the third crop, L' g/a/r'scens was the major 
wced (summed dominance ratio, 51.,-56.8%,) but 
Al. vaginah's still accounted for about 40(b of the 
weed flora. By the fifth crop, E ,'ahrescens 

completely dominated the weed flora, having 
summed dominance ratios of 78.8% for I PR and 
89.6% for WSR. 

There was an incre.ase in weed weight in the 
unweeded check plots with increase in cropping 
(Table 18). In the first crop of TPR, where infesta
tion was light, weed weight was not reduced 
significantly by the weed control treatments used. 
In the second, third, and fourth crops, weed 
weights were significantly lower in the treated plots
than in tilecheck. In the fifth crop, where weed 
pressure was intense, herbicides failed to suppress 
the weeds. In WSR, all the weeding treatments 
significantly reduced weed weights in all crops. 

In the firstcrop, vields in all treatments were 
significantly higher in TPI than in WSR. In the 
other crops, yield differences of 1.0 t/ha or less 
between planting methods wew nt signilicant. 

In the first crop, wccdsdid not eautse a significant 
yield reduction in TPR. But thereafter, uncon
trolled weed growth causcd a significant yield 
reduction. In WSR, uncontrolled wed growth 

Table 18. Effect of crop establishnsnt and weed control nmethods on weed growth and rice yield.' IRRI, t 985. 

Weed control method 

Unweeded check 
Hand weeded, 15 and 35 DITor DAS 
Butachlor (1.0), 3 DT or 3 )IS 
Thiobencarb - 2,4-D (1.0), 3 DTor 3 DBS 

Unweeded check 
Htand weeded 
Butachlor 
Thiobencarb - 2,4-D 

Unweeded check 
Hand weeded 

Butachlor 
Thiobencarb - 2,4-D 

Unweeded check 
Hand weeded 
Butachlor 
Thiobencarb - 2,4-D 

Unweeded check

Hand weeded 
Butachlor 
Thiobencarb - 2,4-D 

Weed weight at 45 DT or DAS (g/m) Grain yield (t/ha) 

Transplanted 

First crop
20.5 a 

8.1 a 
2.5 a 
0.1 a 

Second crop
117.5 b 
11.0 a 
13.8 a 
32.9 a 

Third crop
320.9 b 

7.4 a 
25.2 a 
41.3 a 

Fourthcrop
484.7 b 

33.7 a 
185.9 a 
206.2 a 

Fifth crop 
666.4 b 

7.7 a 
347.4ab 
506.5 b 

Wet seeded Transplanted Wet seeded 

78.7 b 4.0a 1.7 b 
21.7 a 3.7 a 2.3 a 
10.7 a 3.9 a 2.8 a 
20.6 a 4.1 a 2.2 ab 

153.7 b 1.4 b 1.5 b 
15.3 a 3.2 a 2.9 a 
16.8 a 3.1 a 2.8 a 
41.9 a 3.3 a 2.1 ab 

228.9 b 2.1 b 1.8 b 
6.9 a 4.7 a 3.7 a 

34.6 a 4.2 a 4.5 a 
79.0 a 4.8 a 4.1 a 

465.5 b 0 c 0 b 
18.9 a 2.7 a 1.4 a 

186.6 a 1.9 b 0.8 ab 
271.0 a 1.3 b 0.5 b 

1080.4 b 0 c 0 
8.0 a 3.5 a 2.4 a 

403.1 a 1.5 b 1.2 b 
386.7 a 0.9 b 0.6 bc 

aln a column, within each crop, means followed by the same letter are not significantly different at the 5% level. 
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caused a significant yield reduction in all crops. By 
the fourth crop in both types of rice culture, weed 
growth in the untreated check was so great that no 
yield was obtained. 

Yield increases in the first three crops were due 
to the application of herbicides and hand weeding, 
and differences among weed control methods were 
not significant. By the fourth ciup, however, 
herbicides did not control weeds as well as hand 
weeding, and yirds in the herbicide-treated plots 
were significantly lower than in the hand weeded 
plots but significantly iigherthan in the unweeded 
checks, 

WEE!D CONI ROI. IN WATER SEFI)t) RICE 

In sonic parts of the Philippines, farmers broadcast 
pregerminated rice seeds directly into water to 
protect them from birds and rats and to control 
grassy weeds. Plots in which rice was water seeded 
were flooded with 5-10 cm water until 10 DAS, 
when the plots were drained for3 d to improve root 
anchorage. At 14 I)AS the plots were reflooded 
with 5-10 cm water.Convcntion:1l (seeds sown on 

puddled soiland plots flooded to a depth of 1-2cm 
at 5 DAS) hand weeded and untreated checks were 
included for comparison. 
The major weed species in the experimental area 

were E g/a/rescens and11. va'i halis Water 
seeding reduced the growth of grassy weeds; 
however, it did not significantly reduce weed 
weight at crop flowering (Table 19). 

In another experiment, the total weed weight in 
plots flooded for8 DAS was57% lessthan thatina 
conventionally seeded plot. 

The best weed control with herbicides was 
obtained with bensulfuron- methyl and pretilachor 
+ safener applied at 3 DBS and 6 DAS and with 
butachlor and thiobencarb applied at 6 DAS. 

Cropstand and plant heightwere not affected by 
water seeding in untreated plots. All herbicid,. 

treatments except bensulfuron- methylapplied at 
3 DBS and 6 DAS and pretilachlor + safener 
applied a. 6 DAS caused reductions in crop stand 
or plant height. 

The grain yield of tilehand weeded check was 
not affected by the method of crop establishment. 
Weeds caused a significant yield reduction in 
conventionally seeded plots but not in waterseeded 
plots. Except for plots treated with thiobencarb at 
3 DBS, yields of herbicide-treated plots were not 
significantly different from that of the hand weeded 
check. The crop compensated for stand reduction 
by prod ucing more tillers. 

CONIROL O:WI I.) RICE IN D)EIP WAFER RICE 

Previous experiments had demonstrated that 
tillage can reduce wild rice that emerges following 
the opening rains. A field experiment in 1984 WS 
(Table 20) included row sowing and the use of 
pregerminated seed. Row sowing increased the 
local population of the cultivar LMN III, thus 
increasing its competitive ability, and allowed 

Table '9. Effect of weed control treatment on weed weight, crop stand, plant height, and yield of water seeded IR60 rice. 
IRRI, 1984-85 DS. 

Herbicide Time of 
Treatmnt a application 

(kg ai/ha) 

Thiobencarb 
Hand weeded check 
Hand weeded check (conventional) 
Pretilachlor + safener 
Bensutfuron - methyl 
Pretilachlor + safener 
Butachlor 
Butachloi 
Pensulfuron - methyl 
2,4-D 
2,4-D 
Untreated check (water seeded) 
Thiobencarb 
Untreated check (conventional) 
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1.5 6 DAS 
- 21 + 35 DAS 
- 21 + 35 DAS 

0.4 6 DAS 
0.05 3 DBS 
0.4 3 DBS 
0.75 6 DAS 
0.75 3 DBS 
0.05 6 DAS 
0.8 30 DAS 
0.8 3 D3S 

1.5 3 DBS 

Weed weight 
at crop flowering 

(g/m2) 

49 abe 
22 ab 
26 abc 
16 a 
22 ab 
38 ab-
34 abc 
70 bcd 
11 a 
52 bcd 

111 de 
73 cde 

190 e 
107 de 

Crop stand Plant height Yield 
at 14 DAS (cm) (t/ha) 
(no.m) 21 DAS 

249 cd 23 be 5.2 a 
- - 5.1 a 
- - 5.0 a 

365 bc 25 ab 5.0 a 
337 bc 25 ab 5.n a 
156 de 19 d 4.,j a 
222 d 22 c 4.8 a 
122 e 18 d 4.6 a 
456 ab 26 a 4.6 a 

- - 4.3 ab 
413ab 22 c 4.2ab 
411 ab 26 a 4.0 abc 
44 f 18 d 3.6 bc 

533 a 26 a 2.9 c 



Table 20. Number of wild rice Oryza nfipogon and LMNI II plants, and grain yield of LMNIl I for different cultural treat
ments.a Pitsanulok, Thailand, 1984 WS. 

Treatment 

1 Broadcast 
2 Row sowing, 50 cmapart 
3 Row sowing, 50 cm, weeded betwee1L rows 
4 Broadcast 
5 Row sowing, 50 cm apart
6 Row sowing, 50 cm, weeded between rows 
7 Broadcast pregerminated sced 
8 Broadcast dry seed 

Plants/m 2 at 6 wk afte- sowing LMN1 11Date yield 
Wild rice LMN111 (t/ha) 

31 May 109 b 167ab 0.46 bc31 May 131 b 152 ab 0.27 c 
31 May 176 a 187 a 1.01 ab 
12 Jun 38 c 107 bc 1.26 a
12 Jun 44 c 146 ab 1.08 ab
12 Jun 35 cd 154 ab 1.63 a 
18 Jul 8 e 46 c 1.64 a 
19 Jul 12 de 71 c 1.44 a 

aMonthly rainfall: May, 240 mm; June, 83 mm; July, 162 nm; August, 406 rm. 

mechanical destruction of wild rice plants in the 
interrow space by hoeing. 

Early sowing treatments had the most wild rice 
plants and the lowest yields. Early weeding in 
treatment 3 improved yield. Late tillage in con-
junction with delayed sowing markedly decreased 
wild rice, but one eary-iV weeding between rows in 
treatment 6 still improved vield. Treatments 7 and 
8gave relatively high yields, hut sowing in mid-.tlty 
risks submergence of the crop. lregerminated seed 
was used for.the final sowing, when the soil was 
expected to be saturated. But the soil dried, and 
establishment was no better than that for dry seed. 
As few as 20 wild rice plants/m 2 substantially 
reduced yield. 

Ct JIUrRAL CONIROL MElIt)I)S 

Effect of flooding time. M. w'agihalis was best 
controlled by flooding at 4 DAS; E cnis-galliat 2, 

Table 21. Ffect of flooding time on 
WS. 

Flooding 
time 

(DAS) Broadleaf weedsb 

0 5 b 
2 19 d 
4 2a 
6 -7 b 
8 26 d 


10 16 c 

aAv of 3 replications. b31oochorla 

marithnus. 

6, and 8 DAS; and S. maritimtusat all postseeding 
floodings (Table 21). Seeding into water (0 DAS) 
reduced rice stand, increased weed population,and 
decreased panicle number. However, grain yields 
did not differ si-,,.',.cantly among flooding treat
ments. 

Control of Rottboellia cochinchinemis. The 
effect of rototllage at diffierent time intervals (2, 3, 
4.5, or6 wk) on R. cochinl'hjhwn.is emergence was 
studied in a fallow field at IRRI from August 1983 
to July 1985. Rototilling the soil every 2-3 wk 
eliminated IR. -l(imnsis in less than 2yr. L.ess 
frequent rotolillings took longer to reduce the 
poputation. 

The decline in R. cochihltinensis population 

was accompanied by an increase in the den';ity of 
other species such as Dl)itafia spp., ELetsin, 
inlicUa, Porttulcaolecat' , ,lurdannija niudfllora, 
and C. rtlth so that the total weed population 
was not reduced after 2 yr regardless of the 
frequency of rototillage. 

weed control, crop stand, and yield of broadcast seeded, flooded IR36.a IRRI, 1985 

Biomass (g/m') 

Grassesc 

204 d 

83 a 


123 c 

60 a 

98 ab 


103 bc 


tWinalis. cpaspahl 

Sedgesd 

57 b 
15 a 
19a 
30 a 
30 a 
5a 

, distichun and 

CONTROL 

Crop stand (no./m 2 ) Grain 
yield

Seedlings Panicles (t/ha) 

36 c 224 b 3.2a 
98 : 313 ab 3.4 a 
69 b 350a 3.7a 
76 ab 288 ab 3.6 a 
94 a 255 ab 2.8 a 

lOla 260 ab 2 .8a 
E:chiniochloa crus.galli ssp. hispidula, '1 Scirpus 
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Table 22. Effect of weed control method oit rice and weed growth under upland conditions.4 IRRI, 1985 WS. 

Weed count Rice stand count Total weed Tillers 
Treatmentb Application timee (no./n 2 ) (no./nr 2 ) weight (g/m 2 ) (no./m 2 

at 31 DE at 31 DE at 50 DE at 50 DE 

Butichlor (1.0) 	 PE 148 abc 78 c 245 bcd 554 b 
Butachlor (2.0) PE 129 ab 80 bc 275 cd 502 b 
Butachlor (1.0) lb IRC I'E lIb14 )E 173 bc 72 c 185 b 624 ab 
Butachlor (1.0) tb I HW PE fb 21 )E 138 ab 66 c 204 bc 739a 
IRC fb butachlor (1.0) 14 DE fb 19 DE 106 a 76 c 312 de 468 b 
IRC + IIW along rows 14 DL 185 c 62 c 301 de 473 b 
IRC 14 D. 156 bc 68 c 299 de 453 b 
I11W 21 IW 162 bc 106a 250 bcd 536 b 
2 11W 14 I fb 35 )1 184 c 76 c 63 a 747 a 
Untreated check 244 t 97 ab 350 e 443 b 

Av of 4 replications and 3 cultivars. bFignires in parentheses are application rates in kg ai/ha. IRC = interrow cultivation 
with lithao, IIW= hand weeding. LT':: preenergence. 

IN I tiRA I 1) WHll) %IANAGFIMI N I 	 Table 23. Fresh weight of Alzolla caroliniana 20 d after 
application a of different herbicides. IRRI, 1984. 

Effects of cultivar and cultivation. [he individual 
Application A. carolinianaaid combined fcftS 01 Cultiva r, cheniiCaI, and 	 Treatment rate fresh weight 

cultural method on weed control and crop 	 (kg ai/ha) (g/ni2 

cstltblishlucnt wereCCluttcd. 
Itutachlor 	 1.0 77 ef

At 31 D, all treated plots had fewer \veeds 2,4-1) 	 0.8 148 ef 
compared with the untreated check ( lable 22). 1 hiobencarb 1.0 520 b 
Plots with interrow Cultivation tollowcd bv hutta- hliobencart) - 2,4-1) 1.2 289 cde 

l'ipcrophts - 2,4-1) 1.0 191 1efg
chlor( 1.0 kg ai ha) had the letst IttlbteCr of weds, I:utactilor- 2,4-D 1.25 32 fg 
but were comparable to plots with htachlor 1.0, I'endimethalin 0.75 160 efg 
butachlor 2.0, and hIuttchlOr 1.0 tolhoweCd bv I Molinate - sitnetryn - MCI'II 0.93 0 g

Naproanilide - thiobencarb 1.7 198 defg
hand weeding. One hanrid weeding at 21 I) gav'C Oxytluorfcn I0.14 238 def 
the highest rice sttld cont, contpanthc to that of Oxadiazon 0.75 489 bc 
the untrealed check. 	 Iland weeded check - 735 a 

Unweeded check - 787 a
 
Although no tircatrcut redtrced tite Iotal weed
 

weight at 50 DF as \ell as two hand weedings, All hrbicides applied at 4 ( after transplanting except 
p reemergeielce atpplication of' btltIcItlor 1.0 lol- oxadiazon at 3 d before transplanting. 

lowed by interrow ctultivation \as the next best 
treatment, comparable to buttchlor 1.0, butachlor Effect of azolla. A trial was conducted to see if 
1.0 followed by I hand weed iig. and I hand herbicidescould be used in conjtnctiot with azolla 
weeding. Tiller number was highest in plots hand for weed control. 
weeded twice, but this was comprable to buta- None of the herbicides tested reduced the N 
chlor 1.0 followed by interrow ctrltitvation and content of azolla, but all significarytly red uced the 
butachlor 1.0 followed by I hand mceding. fresh weight of aziolla at 20 d after herbicide 

11(43 and UPLRi-7 plots had more tillers and application (Table 23). Conplete kill ofazolla was 
lower toutl weed weights than Kinandang Patong caused by rnolinatc - simtetryn - MCPIB, while 
plots. Moreover, tiller ntrmber was highly cor- thiobencarb catusei the least danage --- 30% 
related with total weed weight for the three reduction in weight conparcd with the hand 
cul ti Vt rs. weeded check. tic only other herbicide to cause 

No grain was produced becatuse of drought at less than 50'i redtuction in wccd weight was 
the reproductive stage of the crop. oxadiazon. 
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IMPROVING OPERATIONAL EFFICIENCY OF A 
PUMP-BASE-) IRRIGATION SYSTEM 

Water YManagement lDepartmen 

Maintaining high operational efficiency is crucial 
for pump-based irrigation systems becatuse of the 
high cost of energy needed to run them. Water 
users in these systems paya much higher iTigation 
service fee than in run-of-the-ilver or reservoir-
backed systems. Low efficiency not ol]\-limits the 
growth of pump-based irrigation but alo threatens 
to close down existing systems beca tse of the cost. 

A collaborative research project betwten the 
Philippine National Irrigation Ad miiiistration 
(NIA) and IR RI. conducted frot 198 1 to 1985 in 
the ILibmanan-Cabtusao Ptnip Irrigation System 
(LC'IS), Cama rines Sur, focused on developing 
effective means to improve the system's opera-
tional efficiency and to increase benefits from its 
use. Implications of this research are relevant to 
pump-based irrigation syv.tems in general. 

Rainfall, cropping calendar, and punpirig cost. 
The rainriall patten ba sed on records for 5 yr from 
7 stations within the I.('PIS coiniand area of 
about 4,000 ha is shown in Figure I. Although the 
total yearly rainfall was moderately high (2,140 
mm yr). weekly rainfail during Janta[--June was 
low. generally ls,, than 30 mam. Typhoons orought 
in rnich of the rain. Although historically Novcm-
her is the month wi ith most typhoons, followed by 
October, three typhoons occurred it .ulv 1983 and 

one ill ilyl 1982. 
The system's planned cropping calendar, de\-

eloped in 198 I, and the actual cropping cilendars 
that farniers followed dutring 1981-85 are also 
shown in igtrC 1. [he original ca lendar provided 
fora 22-wk wet season (WS) starting the first week 
of May and a 20-wk trv seasoi (DS) starting the 
last week of November. [he period aliowed for 
land soaking and land preparation was 7 wk for 
WS and 6 wk for )S. The turnaround time 
between the completion of harvesting of the WS 
crop and the start of land preparation for DS was 
8 wk. But farmers' actual cropping practices 
varied greatly. WS and DS overlapped during two 
ofthe fourcrop yearssttrdied. WS lasted from 22 to 
37 wkand DS from 25 to 34 wk. Delayed planting 
stretched the time between the start of land 

preparation and completion of transplanting from 
13 to 22 wk in WS and from 14 to 22 wk in DS, 
instead of the 7 wk in WS and 6 wk in DS that were 
envisioned. 

Delayed planting is undesirable for two main 
reasons: I) it forces the system to extend pumping 
operation at highercost and to distribute the water 
at ;,wer efficiency for portions of the total service 
area, and 2) late-planted fields in WS suffer more 
risk of typhoon damage in Octoberand November. 
lDuring tile extended period, the pumping cost for 
each hectare served and water loss are higher 
because the area needing irrigation at that time is 
smalcr and noncontiguous. but the ',ystem has to 
operate at its normal capacity to be able to deliver 
water where it s needed. 

A survey of 102 farmers '.tegorized into 3 
classes early (40 farners), middle (23), and late 
transplanters (39) --- showed that over 85% of 
farmers who transplanted early in WS did so to 
avoid crop damage by typhoons. However, about 

,871of the early farmeis indicated their reason was 
to be able to grow a second crop before DS, 
avoiding the payment ofirrigation service fees. The 
reasons given by tile middle and late transplanters 
to justify their delayed start were either lack of 
timely irrigation water, exccssive water in the field 
(in waterlogged areas), or lack of capital. 

Punip operation in I.CPIS was extended every 
year in IS to serve the late-planted rice areas
(Fig. I). btt at high cost beca use hcavy pumping is 

needed in April (l)S pumping schedule terminates 
at the end of March) when rainfall is very low. Late 
planting of aIlarge area every DS was responsible 
for major cost escalatiois (Table 1). In 1984 I)S, 
when about 69% of the total service area was 
planted late. pumping during the extended period 
required as much as40% of the total energycost for 
the season. In the other DSs. costs of extension 
ranged from 22 to 271' - of total. 

To improve tile system's economic viability, 
I) its operational schedule should be followed 
strictly in both seasons, ain( no extension of 
pumping schedule should be allow]ed; 2) farmers' 
organization and the system management should 
strive together to convince the farmers of the 
critical need to reduce pumping costs for the 
system's economic viability, and of the benefits, 
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Table 1. Pump usage, area planted, and energy (electric power) cost.a LCPIS, Philippines, 1981 WS to 1985 DS. 

Area irrigated during Total Total I',crgy cost Pumnp usage Energy cost duc to 

pumping extensionb pump Unit cost energy per unit during extension of pump 
usage of energy cost irrigted area extensionib operationbYear 

ha % of total (ptupL-h) ($/pu -11-l) $ (Sha) (IIllp-h %of total 

Wet Season1
 
1981 1,076 64 3,031 14 43,434 25 160 2,240 5 
1982 1,267 62 2,859 16 45,774 24 0, 0 0 

C
1983 558 37 3,512 13 45,656 30 0 0 0 
1984 618 41 2,753 16 44,048 30 54 864 2 

Dr season 
1982 1,458 89 2,479 16 39,664 24 673 10,768 27 
1983 1,026 55 4,844 11 53,284 28 1,060 11,660 22 
1984 912 69 2,250 15 33,750 25 902 13,530 40 
1985 834 51 2,704 17 45,968 27 683 11,611 25 

aExchange rates: $1.00 ::'7.90 (1981), S1.00 V18.54 (1982), $1.00 = 1111.1 (1983), $1.00 = P16.70 (1984), $1.00 
V20.00 (1985, bCalculation based on "revised plan" calendar. CNo pumping was needed because of rainfall. 

both for themselves and for the system, of prac-
ticing acropping ca lendar in tune with the system's 
pumping calendar, and 3) water allocation-
distribution should be improved to make irrigation 
wa er a-ailable to all water use rs early in each 
season so that they arc able t,plant on tiitC. 

The cropping calendar originally adopted in 
I ICPIS exses that created main-had certain weaki 
tenance problems and contributed to ofl-schedulc 
planting by fa rmes. lFirst, there \was only a 2-wk 
gap between the end of pumping for 1) and the 
start for- WS. This small gap encouraged some 
farrners to plant late in )S heca use the risk of their 
crop being substantially darnaged by water stress 
during the 2-wk period \was relatively low. The 
short gap was also not enough for repairs and 
maintenance. Furthermore. the short gap encour-
aged some farmers to grow three rice crops during 
the year, swith a higher risk of c;up damage by 
typhoon. Farms with delayed crops and ihose 
growing three crops were the ones most in need of' 
an extension of LIroping. 

Therefore. a resvised cropping acikndar and a 
supporting pUMp operation schedule ware dev-
eloped (Fig. I). The r\ised cropping plan allows 
WS one extra week to comp!cte harvesting, but )S 
starts earlier(I Nov) and bencfits from the usuall\ 
high rainfall during the month for land soaking 
and land preparation. 'ranspla:,ting, however, is 
to be completed by the first week of.lanuary, as in 
the original plan. The pumping schedule go,', 'o 

usually the driest month of the year, may be 
reserved for repairs and maintenance. 

Designed and actual service area potentials. 
I.CPIS was designed to irrigate 3,916 ha with 4 
pumps operated simultaneously for 24 It d dnring 
period(, of peak water demand. But 444 ha could 
not be irrigatcd because they were higher than the 
water level in tie canals, power for the pumps was 
available for only 17 h d; and siltation decreased 
tile
carrying ca pacity of tie main canal so that only 
tlree pumps could be used simultaneously. 

Assuinling no rainfall during the peak demand 
period, tilepractically irrigable area with 3 pumps 
operating for 17 i (Iisestinated as2,382-2,758 ha, 
depending on area location It was assumed that 
the ave rage water delivery efficiency between the 
PUlphottse and the service area is 801, which is 
reasonable considering the low water conveyance 
losses incanals dug in heavy clay. 

Effective use of rainfall. Effective use of rainfall 
is critically important for the system to minimi ,e 
pumping. The effectiveness of rainfall isinfluenced 
by both the system manager - through his 
decision to withhold pumping -- and the farmers' 
management of the ricefield spillway, the lowest 
portion of the dike, to hold rainwater in the field. 
The farmers' and the manager's efforts comple
mernt each other to establish a rainfall storage 
capacity inthe system in gencraland in the fields in 
particular. The rainfall storage capacity in the 
fields, also called freeboard, is the difference 

the end of March so that the whole month of/.p 1;, between the spillway height and the water depth. 
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For LCPIS, rainfall below 50 mm was found to 
be 100% effective. For rainfal! greaterthan 50 mm,be 10% efecive.Forrainal!greaertan 5 mmeffective rainfall (ER) was found related to rainfall 
(RF) through the following regression equation, 
which is significant at the 1c level: 

L R = 97.67 - 0.94 (1R/-)+ 0.(X 24 (RIt-) 

(r2=0.41; 1> - 12. 13**) 

where ER is in percent and R F in millimeters,.. 
These relationships are useful in developing a 
pumping suspension schedule to allow maximum 
use of rainfall within the service area.000 

In an experiment to assess the effective use of 
rainfall in thle various parts of' I.CPIS, ER was 
determined at the head, middle, and tail parts of 
the systen for threeconsecutive seasonsstarting in 

1982 W S. Freeboard was mtrisurcd dailh in 54 

selected fields at each of the 3 locations, and ER 
was computed using the following formulas: 

* For R"': frICVhordI:7 - Iftr. 

[r.uhoald
* For RF irC toaId. 3 R F 0 

In DS, harmers in the middle and tail portions of 
the system maintained significa ntly higherspillway 
heights, resulting in higher frcehoa rds than those in 
the head portion of the system (Table 2). These 
farmers also had a significantly higher ER. Ther 
reason for the difference is that irrigation watersuprply in 1)S is less in areas more distant f'rom the 
source and hence distant farmers are more 

meticulous about the use of rainwater. The 93 
ER value in the tail area is indicative of the 

Table 2. Average spillhay heiglt, freeboard, and effective 
rainfall in 3 sections of LCPIS, Philippines, 1982 and 
1983... 


: Pumps used during seasonNo pumnping because of rainfall
.No pmpig because of p..::No pumping because of pump brenkdown,canalo c repairs 

low r,erstage,etcliNo pumpino because of power foare 34% 

-N r %umang 4bf 
62%0/.k9 

51% 

I I 
Area (ha) , 301/ 29o/ 

... 8 1% 

3,0 ...".% 24--:X%' 

2• 31 

&0k 
2,000 -4~5%/ 

EI
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I 91 2 ... 9 ; 085I 0 . 41981 1982 9)82 19EI ,8 198", 1984 1985 

WS DS V 0S WS DS 
2. Arca irrigated during WS and DS. 1981-85, LCPIS.
Camarines Sur. Philippines. ie pie graphs show percentage of
periods of pump ttseand rionue due to various reasons. 

significant scope availe to improve the effective 

use of rainfall by controlling watersupplies to areas 
such as the head section where irrigation suppliesare abundant and consequently rainwater use is 
are (ER 4n t)ulow (ER = 47%).

Factors contributing to low irrigation co-vcrage.athe ol'blgt o riato oeae
 
irrigated area in LCPIS during the 8 seasons of1981-85 fluctuated between 1,325 ha in 1984 DSand 2,032 ha in 1982 S (Fig. 2). The two major 

factors contributing to the seasonal variation in 

irrigated area were the total water supply and the 
water delivery rate. 

Rainfall and pumped water constitute the total 
water suppl:, in LCPIS (luring both seasons. With 

Spillway Freeboard IEtffectiveoptimum timing and rate of supply to the serviceSection height rainfall 
(ram) ("_ (;) 


1983 DS 
Ilead 58.1 b 35.7 43.7 b 
Middle 83.0 a 52.4 77.5 a
Tail 75.0 a 64.4 93.1 a 

1982 and 1983 Is 
Iead 66.8 b 44.1 73.9 a 

Middle 69.3 b 39.7 59.8 b 
Tail 88.3 a 63.1 75.8 a 

aWithin a season, column means followed by the same 
letter are not significantly different at the 5% level, 

area, irrigation deliveries can be made to only
supplement rainfall, thus minimi/ng pumping 

costs. The water delivety rate from the pumps isdetermined bv the number of pumps that are 

operated simultaneously and by the related water 
stage that can be maintained at the canal network 
for delivery to the fields. Since powerto operate the 
pumps is available only during 17 h/d because of 
uther demands, the optimum scheduling of pump 

operation, in terms of both number of pumps and
time of starting, reuuires skillful management. 
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3. Seasonal kaaicirca micniclloi ric and water 'ipplic'.from ii igation and ainf allICTIS Catm ines Stur. Philippines. The rlative 

WateI tippN aluc i gien l tlop f the hav,. 

Seasons vith low service area arc associated with delivry\ rate (Annual report for 1984). The average 

frequent and prolonged punping interruptions flow rate was only 1.28 rn s in 1984 DS (Table3). 

becatuse of technical probkmns such as pUmp Among the WSs, the greatest difference in 

breakdown, eanal breach or low water in the ri\er irrigated area occurred between 1982 WS (2,032 

at the pump suction end (Fig. 2). In 1982 WS,when ha) and both 1983 \VS and 1984 WS,each of which 

the irrigation achievement was highest, there was had an irrigated area of 1,501 ha. Rainfall was 

no pumping interrupt ion when irrigation water significantly higher in 1982 WS (I,142 mm) than in 

was needed. But in 1983 WS,when only 1.501 ha 1983 WS (852 mm) or 1984 WS (730 mm) (Fig. 3). 

were irrigated, about 77(h of the nonpuniping Most 1983 WS rainfall Iccurred during three 

period was duie to technical problems. Similarly, typhoons in July and was largely wasted as nioff. 

57(T of the nonpumping in 1984 )S ksas caused The high incidence of technical problems, forcing 

mostly by 2 pumps remaining out of order for suspension of pumping in 1983 WS (Fig. 2),did not 
about half the season, allow enough irrigation water to be supplied into 

The highest difference in service area among the the system to bing total irrigation coverage close 

DSs was betwccn 1983 and 1984(Fig. 2). Although to the 1982 WS level. Among the three seasons, 

1983 DS received much less rainfall (Fig. 3), a 
greater a mnount 0ofpttlm'-d Water d ur11ing tile 

Table 3. Seasonal average water delivery rates. LCPIS, 

season, facilitated by fewcr putmping inten uptions Philippines, 1981 WS to 1985 1)S. 

due to technical problems, sustained the water----------........ ... 

needs of the cropped area. 'he primary factor Season Av flow (,n3/s) 
responsible for a higher area coverage in 1983 )S 1981 WS 1.84 

was the higher average flow rate maintained in the 1982 )S 1.23 
main canal(3.19 m3,s), which enabled quickerand 1982 WS 2.43 

3.191983 )S 

more effective delivery of water to the fields, 19,3 WS 2.51 

particularly d uring the land preparation time when 1984 t)S 1.28 
the area that could he prared each week was 1984 WS 2.71 

o pr e1985 )S 3.32 

strongly and positively correlated with the water 
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1984 WS had not only the least rainfall but also the area (Fig. 4). In 1983 WS, when pumping interrup
least pumped water (652 mm), resulting in a tions due to technical problems were very high,
significantly lower relative water supply (Fig. 3). DEI for lateral C was only 0.49. Fluctuations of 
As in 1983 WS, pumping in 1984 WS was con- DEI in lateral B were small, primailybecause of its 
strained by technical problems (Fig. 2), contribut- relatively small service area (500 ha) and favorable 
ing the water supply shortage in the fields, topography. Also, lateral B enjoys a more reliable

Water distribution equity. To improve water water supply from the main canal because it is the 
distribution equity in LCPIS, a sectionwise rota- closest major lateral to the pumphouse (lateral A 
tion in lateral method of water allocation-distribu- serves a very small area). DEI forthe entire system
tion was introduced in 1982 DS. The method was maintained at a fairly high level from 1982 DS 
required designing water delivery schedules in (Fig. 4).

defined sections ofa lateralsothateach section had Equitable distribution
water is desirable not 
the exclusive right to use the canal flow during only from the social perspective but also because it 
specified and fixed periods within a wek. Laterals promotes efficient utilization. The sectionwise 
B and C, where the method was introduced, were rotation in lateral method, if practiced meiculous
divided into three and four sections, respectively ly, can minimize the wastage that oftenwater 
(Annual report for 1982). The distribution equity occurs in the area served by the headend portions
index (DEI), which mcasures the wate, distribu- of canals. Strict adherence to the given schedule,
tion equity achieved during a season based on the which is possible only through the joint coopera
proportion of area actually irrigated relative to tion of farmers and sx'stem personnel, isthe key to 
arca targeted, improved significantly in lateral C, achievinga high degree ofwaterdistribution equity
which serves about 60% of the LCPIS command as well as high water use efficiency. 

DEI 

* Whole system 
Lateral B 

. Lateral C 

too

0.67 .... 
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During 1982-85 DS, the rotational schemes in 
laterals B and C were implemented with moderate 
success. With more supervision from system per-
sonnel and farmer organization leaders, signif-
icantly greater success could be achieved. One 
major problem, however, is that if pumping is 
interrupted due to technical problems, it becomes 
difficult to reestablish the schedule when pumping 
is resumed, because at that time all farmers need 
water. Furthermore, such interruptions ca itse users 
to lose confidence in the reliability of the newly 
adopted method, and force them to seek their own 
solutions, which may be detrimental to the system 
as a whole. The taiknd farmers are the worst 
sufferers from such a problem. The low DEI for 
latcal C ini used1983 WS (Fig.4) was most likely at 
by this problem. 

A unique ad vantage of implemcnting the rota-
tional scheme of water alloe7ation-distribution is 
that, because water right is exclusive to a given 
section on any given day, canal supet'ision can 
easily determine whether any illegal divcrsion of' 
water istaking place and where. By applying social 
pressures with the help of system personnel or 
farmer organization leaders, concerned farmers 
can expect to remedy the situation. 'ailend farmers 
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are the major beneficiaries of this advantage. The 
system as a whole gains because larger irrigation 
coverage becomes possible. Analysis of individual 
turnout service area data from past years indicates 
a strong positive correlation between the area 
planted to rice with irrigation and the relative 
frequency of no-water-delivery condition during 
unscheduled periods, likewise, a strong negative 
correlation was found between the area planted 
and the relative frequency of no-water-delivery 
during the scheduled periods. 

Rice yields and wateir productivity. Average 
yields, computed from crop-cuts taken from a grid 
system consisting of 108 sample farmers, and water 
productivity are shown in Figure 5. The highest 
average yield (3.62 t/ha) was achieved in 1982 DS 
and the lowest (2.15 t ha) in 1983 WS. In general, 
typhoons and consequent flooding suppressed WS 
yields, whereas DS yields were affected by water 
shortages and rodent infestations in some parts of 
the service area. In 1982 WS and 1984 WS, the 
water productivity values computed with pumped 
water only were mtch higher than those computed 
vith pumped water plus rainfall, because the 

proportion of rainfall to pumped water was higher 
than in other seasons (Fig. 5). 

Water productivity (kg/mm) 
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XHOyields and %%aterpt odtctivity co~mputed for pumipedwater as \kell as imnped wvatcr plus rainfll1.5. Seasonal rice: I.CPIS. Camarines 
Sur, Philippines, 1981-85. 
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FINANCIAL VIABILITY OF LCPIS 

Agricdtural Economics and Water Management 
Departments 

The benefit of the irrigation investmreni on rice 
production in LCPIS wasdetermined by sampling 
92 irrigated and 43 rainfed farms in 198 1-84. Data 
on input use and yields of first (planted .Jun-Jul) 
and second (planted l)ec-,an) rice crops were 
assembled through postharvest interviews of 
farniers. 

Productivity. Irrigation led to higher yields and 
a higler proportion of tarms laied to rice than in 
tle rainfed siituation (Table 4). Over the 3-yr 
evaluation period, tie mean first and second rice 
crop vields wcre significantly highcr for flood-free 
irrigated fari.S than foilrainfcd fo mis: flood-frec 
irrigated farms produced an average 2.6 1 ha for 
the first crp sea son and 3.0 t ha for tile second 
coipared with 1.7 t ha for tile first crop Season 
and 1.6 t ha for the scon d oi rainfed fimis.The 
prod tictivity of flood-prone and rainfed farms was 
similar for tihe first crop, but flhod-pronc flarnis 
recorded higher yields in the sccond season. when 
Moisture strexs tended to bc a problem ith the late 
second season crop maluritv, 
Inaddition to yield gains, cropping intensitV 

(nieastired as the percentage of rice area planted) 
was iigler t rider irriga ted than rainfed rice 
prodiction, paiticulairly for the second rice crop. 

Labor use. Flood-free irrigated farms used sig
nificantly higher labor inputs (74 d/ ha) than flood
prone irrigated (57 d/ha) or rainfed (63 d/ha)
farms for the first rice crop (Table 5). Components
of labor use for crop establishment and harvesting 
were higher on flood-free than on rainfed farms. 
For the second crop, total labor inputs averaging 
about 63 d ha did not differ significantly among 
systems. However, flood-free irrigated farms spent 
significantly more time on harvesting and thresh
ing; rainfed farms spent more time on land 
preparation. 

Purchased inputs. Irrigated and rainfed farms 
applied similar fe rtili/er rates (Table 6). Mean 
fertili/er ratesacross farms ranged from 29 to43 kg 
N ha, 13 to 17 kg P ha, aind 9 to 14 kg K/ha. 
Aldiough rates did not va .vbetween farm types, 
the extent of adoption Jiffered greatly. Over 70% 
of irrigated flood-free farms applied N compared 
viti 41-52,''(if rainfed farms in the first and second 

seasons. Trends arc simiar for the use of P and K 
fertilizer, with flood-free fharmers having the 
Ihigliest adoption rate. 

Almost all fmarnies applied pesticides regardless 
of waterregirne. There was no significant (ifference 
in the value of pesticides applied betwven seasons 
or aniong landscape positions. 

Benefits of irrigated rice. One measure of the 
uti lity of irrigation is to compare the benefits of 
irrigated rice with those of rainfed rice (Table 7). 

Table 4. Yields and cropping intensity on irrigated al rainfed farms, CY 1981-84, LCPIS, Philippinesa 

First season Second season 

Irrigated 
.... . .. . Irrigated......... I infed 
 Rainfed 

Flood-free Flood-prone Flood-free FtoodL-prone 

Yied (i/1ha) Yield tla)1981 3.30 a 2.08 ab 1.60 b 1982 3.44 a 2.13 1 2.03 b1982 2.54 a 2.28 ab 1.71 1 1983 2.80 a 2.26 at 0.85 b1983 2.06 a 1.35 t 1.7 a 
\ean 2.60 a 1.87 b 1.72 o 

Cropping intensity ('(area planted) 
1981 90 42 
 59 

1982 92 92 
 59 

1983 76 
 82 45 

Mean 86 81 54 

aMeans followed by the same letter within rows within a 

1984 2.85 a 3.20 a 1.76 b 
Mean 3.02 a 2.51 0 1.56 c 

Cropping intensity' (e,area planted) 
1982 89 
 83 45
 
1983 97 
 95 49 
1984 88 81 46 

Mean 92 86 47 

group are not significantly different at the 5% level by DMRT. 
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Table S. Labor use by activity on irrigated and rainfed farms for first and second crop, LCPIS, Philippincs, 1981-84. 

Labor use (labor d/ha) 

Activity First crop Second crop 

Flood-free 

Irril~ated 

Flood-prone 
__ Rainfed 

Irrigated 

Flood-free flood-prone 
Rainfed 

Seedbed preparation 
Land preparation 
Crop establishment 
Fertilizer and chemical application 
Care and cultivation 
Harvesting and threshing 

I 
17 
19* 
4 

10 
23* 

1 
15 
18* 
3 
6 

14 

1 
16 
14 
3 

12 
17 

1 
15 
17 
4 
8 

23* 

1 
13 
17 

3 
7 

18 

1 
19 
15 

3 
8 

17 

Total 74* 57 63 68 59 63 

Table 6. Comparative fertilizer and pesticide use on irrigated and rainfed farms for first and second crops. LCPIS, Philip

pines, 1981-84. 

Irrigated 

Input Flood-free Flood-prone Rainfed 

First Second First Second First Second 

Fertilizer 
Quantity applied (kg/ha) 

N 43 40 34 29 30 38 
P 17 17 16 13 13 16 
K 14 13 10 9 12 14 

Rate of adoption (% of users) 
N 73 77 59 61 41 52 
P 46 42 32 26 15 25 
K 33 27 15 10 10 19 

Pesticides 
Amount spent (S/ha) 11 9 10 9 10 7 
Rate of adoption (% of users) 99 98 100 98 96 92 

Table 7. Estimated net beaefit/haa per year, with and without comparison, LCPIS, Philippines, 1981-84. 

Irrigated 
Item Rainfed 

Flood-free Flood-prone 

First season crop 
Area planted (%) 86 81 54 
Total value of output6 (S) 224 152 93 
Total cost of production ($) 178 146 86 
Farmer's net income () 46 6 7 
Net benefits/haC (S) 39 0 

Second season crop 
Area planted (%' 92 86 47 
Total value of outputb ($) 278 215 73 
Total cost of production (S) 202 164 75 
Farmer's net income () 76 51 (2) 
Net benefits/hac (S) 76 51 
Total annual net benefits(S) 115 51 

derived from irrigation 

aAssumed exchange rate $1 = P20.00. bCalculated at local price of sOO/t. clrrlgoted net incnme-rainfed net income. 
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The annual benefit in the flood-free areas was 
estimated at $115/ha (at local prices), two-thirds of 
which was due to the second season crop and, 
one-third to the first season crop. The farmer 
benefits generated a surplus over and above the 
irrigation fee of $6O/ ha per year. 

Flood-prone irrigated farms, on the other hand, 
which frequently experienced flooding during the 
first season, derived benefit from irrigation only 
during the second season. In the low-lying areas, 
irrigation did not generate a benefit in the first 
season, although it gencratcd about $50! ha more 
than rainfed farms in the sLcond scason. 

An alternative measure of irrigation benefits is a 
before-and-after analysis, where the difference 
between tile net income of farms before and after 
the project is considered as the net benefit due to 

irrigation. By this approach, irrigation did not 
generate an added benefit over the system for the 
first rice crop, but it generated a net value of $26/lha 
for the second (Table 8). 

These estimated benefits are less than the 
benefits calctdated via the with-and-without com-
parative approach for two reasons: I) 25% of the 
samples representing the "after" situation remained 
rainfed although they were within the designed 
command area; and 2) the differences in the time 
periods of analysis created a downward bias in the 
"after" situation becatse several typhoons de-
pressed yields, 

Table 8. Estimated net benefits/haa per yr before and 
after comparison, LCPIS, Philippines, 1981-84. 
Item Before After 

First season crop 
Area planted (%) 62 74 
Total value of output b ($) 129 168 
Total cast ()
Farmer's net income ()
Net benefits/ha ($) 

94 
35 

(4) 

137 
31 

Second season crop 
Area planted (%)
Total value of outputb ($)
Total cost (S) 

21 
38 
32 

78 
202 
170 

Farmer's net income () 6 32 
Net benefits/ha () 26 
Total annual net benefits (S) 22 

derived from irrigtion 

Assumed exchange rate SI = P20.00. bCalculated at localprice of $IO0/t. 

The analyses reported in Tables 7 and 8 are the 
direct benefits from increased rice production. 
Systemwide benefits not reflected in the figuresare, 
e.g., the indirect benefits from extra employment 
becau;c of increased cropping intensity and in
creased labor use per crop when compared with 
rainfed rice production. These potentially large 
indirect benefits are currently being estimated. 

Distribution of benefits. The increase in real 
income associated with irrigation was not equally 
shared among factors of production (Table 9). The 
percentage share of current inputs in the first 

Table 9. Comparative distribution of output among factors of production and earners, with and without irrigation, LCPIS, 

Philippines, 1981-84. 

Distribution (%) if outpt.t 

Irrigated 

Flood-free Flood-prone Rainfed 

First season Second season First season Second season 

Rice output 100 100 100 100 
FactorpaymentsCurrent inputs 34 28 42 29

Capital 19 18 22 19 
L.bor 27 24 30 25 

Land 11 13 18 
Operator's surplus 9 17 -12 

Hlired laborers 21 19 22 
Current input earners 34 28 43 
Other earners 13 12 18 
Landlord 11 13 18 
Operators 21 28 -1 

15 
12 

Earner'sshare 
18 
29 
15 
15 
23 

First season Second season 

100 100 

25 27 
22 24 
33 38
 
13 13 
7 -2 

21 24 
25 27 
16 16 
13 14 
25 19 
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s',.ason increased from 25 to 34% and that of 
operator's surplus from7 to9% uponconversion of 
rainfed land to irrigated flood-free conditions. On 
the other hand, the percentage shares of capittl, 
labor, and land decreased. Similartrends occurred 
in the second season, except that the operator's 
surplus increased substantially with irrigation, 

The negative operator's share among flood-
prone farms during tile first season further con-
finned the fact that flood-prone farms received 
little if any benefit from irrigation during the first 
season. The majority of output was captured by 
current inputs (42w ). The reverse was true during 
the second scason, when the operator's surplus 
increased from - for rainfed to 12'i for flood-
prone ricelands. 

In terms of earner's share, Table 9 shows that, of 
the proportionate share of output in tile first 
season, only earnings of Current input, increased 
(25 to 34,%) when a rainfed farm was converted to 
an Irrigated flood-free farm; the shares of other 
earners were similar. In the second season, how-
eve r, the opernator's sha re increased from 19 to 28% 
of outp)ut. Therefore, most of the benefit from 
irrigation during the first season was captured by 
current input carners; dutiring tile second season, 
the operators benefitcd most. Trends were similar 
for flood-prone f'arms in the second season. 

Systemwide henefits. The econonic viability of 
LCPIS was evaluated using the direct benefits 
earned by rice grown in diff'erent water regimes in 
thc command area, and considering tile capital 
in vestment, operation,and maintenance cost of the 
sv:tem.. ienefiLs were estimated at three levels of 

assumed rice yield. Good yields were taken as the 
average yield of the first year of the project - a 
year when no typhoons hit the standing crop. The 
poor yield scenario v.as the last year of project 
evaluation, when severe typhoon damage occurred. 
The average yield was the mean over the 3 yr in 
which data were collected. Project benefits ol this 
basis ranged from$193,000 to$533,000!yrand not 
surprisingly were extremely sensitive to the 
assumed rice yield. We will conduct further 
research on yield expectations and system benefits. 

The economic efficicncy of the system was 
evaluated in terms of the benefit-cost ratio (B:C) 
and internal rate of return (IRR). These were 
estimated at two levels of cost: 1) full cost, which 
includes the cost of loan anorti/ation for the 
capital investment cost, plus operation and main
tenance(O&M) cost;and 2) partial cost, consisting 
of only O&M. 

The computed B:C and IRR at full cost at all 
levels of benefits showed low values. They were 
B:C 0.1 to 0.2, and 4(:; or less IRR (Table 10). 
Factors contributing to this situation were un
usually high capitalinvestment and high operating 
costs (electricity). lower than expected yields, and 
smaller benefil d area. The projected investment 
was $2.29 million, but actual cost was $3.22 
million, or $927/ha. Likewise, estimated O&M 
costs were $7.5,, ha. while actual costs were about 
$23 ha. 

On a partial cost basis, the project may be 
marginally viable. The 3:Cwas 1.5 for intermediate 
vield and 2.2 for high yield. Similarly, under 
favorable assumptions, the IRR values were 

Table I0. Estimat d annual direct benefits, benefit- ost rations (B:C), and internal rates of return (IRR). LCPIS, Ph ilippines, 
1981-84. 

ItCr_ 

Beivefits (S/ha per yr) 
Total project benefits (S) 

It:C 
IRR l%) 

B:C 

I R R (%) 


Level of benefits 

Iligh Iterve(iate Low 

154 101 56 
532,870 349,286 193,314 

At .fidl cost 
0.24 0.16 0.10 
4.16 1.4 0.001 

2.20 
/t partial cost 

1.50 0.90 
38.40 28.50 15.20 
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greater than the 18% interest charge on the project. 
A constraint to greater profitability is the in-

herently low yields in LCPIS and in Bicol in 
general. While mean yields in LCPIS were less than 
3 t/ha, irrigated rice yields in Central Luzon, the 
"rice bowl" of the Philippines, exceeded 4 tiha. The 
causes of low yields in Bicol are partly tcchnical 
and partly economic: the region is a hot-spot for 
tungroand otherdiscascs, and hasa high incidence 
of typhoons and floods. Our allculations suggest 
that the level of the N applied is profitable, given 
climatic uncertainty, crop N response, and prices, 
Constraints experiments conducted by the IRRI 
Agronomy Department (Annual reports for 1982 
and 1983) demonstrated that yields could be 
increased by up to I t ha using higher input levels, 
particuldrly fertilizer. In general, however, the 
higher yielding but higher cost technology was not 
clearly more profitable than that of' the farmers. 

Irrigation fee payment. An issue of cential 
concern to NIA is the low rate of irrigation fee 
payment in I'I S. Several models were devel-
oped, and farmcr- and crop-oriented factors that 
\wert hvpothesized to i)fhlence fee payment were 
examined. No systemnatic relationship between fee 
pavients anid determinants of payment was 
identified, 

)RI:(AS t tNGtI)RY .'LA.)NWAILR S)RtI\(;I!S 
If"at'r ntlartacnttentDl)parlment 


In most di veriorr irria tiori Systems, the pro-
grammed area for DS irrigation has to be 
determined using average Values of'streamflow late 
inDS, when water is likely to be in short supply. If' 
actual streamflows are below average, then irriga-
tion system managers face the challenge of meeting 
the water re'quirements of the cropped area with a 
lower water supply. AnalvNis of available stream-
flow records of two snall rivers -the Tigman and 
Hinaguianan serving irrigation systems in 
Camarincs Sur showed that actual discharges fell 
below tli average about 65% of the time, 
increasing the risk of water shortages if average 
values ar-e used to determine the programmed area. 
Research in 1985 was focused on determining how 
early in DS it is possible to predict whether flows 
will be above or below average later. 

For developing the relationship among stream
flows at different times, analysis of baseflow, or 
sustained runoff, is more desirable than using 
actual flow because unpredictable flash floods 
lasting for short durations have little utility for 
irrigation, and tileriver level soon reverts to its 
baseflow condition. Furtheimoie, streanifflow is 
usually characterized by a skewed distribution, 
with more flows being below average because of 
the effect of occasional large storms. 

To derive the baseflow, discharges associated 
with small flash floods fcllowing storms must first 
be removed from the record, leaving a smoother 
baseflow discharge curve. Figure 6 shows the 
average baseflow curve for the Tigman River over 
9 yr, typical of smal! river catchments with a 
smooth exponential shape compared with the 
more erratic actual discharge rate. 

The analysis of streamflow records of both rivers 
indicates that it is not possible to predict with 
confidence late DS discharges using average base
flows before week 5 (carlv Febmarv) because the 
end of the rainv season varies. Nevertheless, below 
average discharges in week I are a warning of water 
shortages if rains do not persist. Figure 7a shows 
that in the -ligman River, flows in week I were 
below average in 6 of total 9 yeas. Of the 6tile 
years, 4 ,.vrestill below a\L rage in week 15,close to 
the end of DS. while the other 2 years had flows in 
week 15 that were within + 10% of the average. 
Even though the regression is significant at the 5% 
level for the Tigman Riverdata and not significant 

for the other river, the data from week I may be 

Discharge (m3/s) 

30 
25 - Average weekly streamflow 

Average weekly baseflow 
20 

5 

0
 

0 ___L__]__L. L..LLJ
0 5 I0 5 20 25 30 35 40 45 50 

Week no.
 
6. Acragc weekly streamllow and ba cllow compt, ed frontrecords for9yr(1976-84) oltihe igmmuiRiver. (armarines Sr. 
Philippines. 
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used to obtain a first indication of the likelihood of considerable certainty the expected baseflow for 
a water shortage, and possibly early enough to both livers in subsequent weeks using average 
allow irrigation managers to discourage marginal weekly baseflow values. Figure 7b shows that there 
areas from planting. In both irrigation systems, is a high correlation between baseflows in weeks 5 
land preparation continued up to week 8. and 15. In 4 of the 5 years when weekly baseflows 

Once the main rains finished (week 5 in the were below average in week 5, theywerealso below 
sample catchments), it was possible to predict with average in week 15 (mid-April), which is normally 

O15(m 3/s) 

8.0
 
a
 

7.0 

0 

6.0

5.0 -	 0 

4.0 

30 	 Early DS 

0 Q15 = 1269 +0.340 01
 
20 0 r 2 :0.50*
 

010 32O--0 4. I 	 m s 

0 2.0 4.0 6,0 8.0 10.0 12.0 14.0 16.0 
O1(m3/s) 

80 

b 
70

70-0
 

6.0 

5.0 -0 

4.0 	 - 0
 
05 Late OS
 

3.0 	 Q15:-0.187+0 7 29 Q5
 

r2 - 0.90"*
 

20 

Q5 

10 

0 20 4.0 60 8.0 100 12.0 14.0 16.0 
05(m3/s) 

7. Relation of late DS baseflow to early DS aseflow for the Tigman River, Camarines Sur, Philippines. Drawn from records of9 yr 
(1976-84). QI, Q5, and QI5 are basetlows for the 1st, 5th. and 15th weeks of the year, respectively. The 9-yr mean value of each is 
indicated by a bar on top, e.g., Q1. 
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the period of greatest demand for water. Average 
baseflow in week 5 could be used to predict 
baseflow in week 15 with a 99% confidence 
interval. The same level of confidence applies for 
both river systems when week 5 data are used in 
predicting baseflov conditions from week 6 
through week 19, which is normally after the end of 
the main DS cutltivation (Table 11). 

This technique has the potential to provide 
irrigation system managers with several weeks of 
lead time in determining whether there may be a 
water shortage and how severe it is likely to be. 
'he',could therefore develop water distribution 

strategies that are suited to the expected water 
conditions. Typical strategies involve some form of 
rotation, either by laterals or sections within a 
lateral. A further potential use of the technique is 
possible if irrigation deliveries are made to difficrent 
sections of a systeni sequentially. Programming 
land preparation in blocks would allow cultivation 
over a limited ar,ca and its extension x,hen it 
becomes apparent that water shortages are un-
likel. n tile case of tile t\vo rivers, all years that 
had above axerage flows as carl,' as week I also had 
above average flows for the remainder of I)S.This 
tends toi ndicatc the low risk involved in extending 
tle prograinmmed arca, using wek I data, to 
include land that could not be irrigated in an 
ax'crgc y ear, Ihis would help to maximize the u:e 
of water iinboth Ilavorable aid rtriaivorable years. 

STRATEGIES FOR IMPROVING RICE PRODUCION 
IN FLOOI)-PRONE ENVIRONMENTS 
K'ater Managent ntand Plant Breeding
 

DepartMent;
 

Famiers in flood-prone environments are signif
icantly worse offeconomically than those in flood
free areas. The former suffer crop losses when 
flooding occurs and hesitate to make investments 
in fertilizers and other inputs under the high risk 
condition; thus they have lower yields even in 
relatively betterseasons. The impact offlooding on 
rice production throughout the Bicol River Basin 
under both irrigated and rainfed conditions was 
assessed following typhoon Saling in October 
1985, and ways to improve rice production in 
flood-affected areas were analyzed. 

Extemt of flooding (Water Alanagement). Fol
lowing the 18-19 Oct typhoon tSaling), which 
resulted in 200-300 mm rainfall within 24 h, some 
33,000 ha of riceland in low,,-lying portions of the 
[xsin were flooded. Most of the area was flooded 
to approxiriately I mand diraincd wi thin 7-10 d of 
the storm, but about 5,5(X) ha experienced severe 
floods lasting 7-14d,with water reachingdepths of 
I-1.25 m. The worst ,ffected a rca was 2,500 ha that 
remained flooded for more than I mo and 
experienced depths of' 1.5-2.5 in. 
The flood associated with typhoon Saling xas 

typical. The maxiruniu river stage at Santo 

Tamle I1.t)egree of predictability of weekly average baseflows in 2 rivers in Carnarines Sur, Philippines, 1976-84. 
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Domingo was 8.97 rna level that has been reached 
5 times in the past IIyr,a recurrence interval of 2.2 
yr. Floods exceeding 8.0 m,the generally accepted 
level at which widespread crop damage can be 
expected. have been recorded 9 times in the I 1-yr 
period. Only 2 years inthis period had no flood, 
but 1979 and 1983 had both carly and late floods. 
All floods occurred between .Julv and Dleeemberas 
tile
direct result of a typhoon. Floods in early WS 
have not exceeded the 9.0-n stage beca use water 
levels intile main rivers ae still low. Ilowever. the v 
are associated with widespread crop damage 
beca use the entire area is under cultivation at that 
time. Typhoons in the later pail of \VS result in 
coIllparatively larger floods because rainfall in the 
preceding nionths has alreadyv.i ttsed water in tile 
main rivers to rise above )Slevels. File three most 
devastating floods (river stage exceeding 9.5 i at 
Santo Domingo) occurred inlSeptember-Dccernber 
and resulted in iitndalion of inuch wider arcas 
than was experienced after typhoon Saline. 

Flood avoidance strategies (Wi iter Ihmagc-
.wet'n). Manv of the flaod--prone alcas \%Cele not 
cultivated before molern \alictIes, I\') c;,ime 
because traditional phIotpejtIoad-,eC. iti\c \arieties 
cotld be harvested onl\ attel the iatilflood 
season. [lhe high risk of flood darmagc and low 
yield potential made traditional varieties Ullat-
tractive to tarners in flood-prole aleas. 
The most effectixe strategy for Iliinri/iig the 

risk off f]ooding daiiage to the WS crop is to 
hatrvest it b\carlv October. Ihe actions needed folr 
this are to start the WS crop eii rly,e.g.. in May. and 

ow itshort-d [tratioi MV that cal be harvested 
before October (1Fig. 8). (tlistoricall}. the most 
typhoon-prone Itoiith Is Nme lebcr, followed byv 
Octobcr.) Ilarvesting by early Octobewr red uces tile 
risk of darnage frot-1 i lood a used by it9.0-hi ort 
higher %wavtersta,.in the Rlicol River front 5 in II yrr 
to 2 in II yr. Similarly. the risk of danage front a 
flood of'8.0 ior higher is red treed from 82 to 451. 

1"o have a WS crop transplanted by May, a 
dependable suppl}y of irrigation water is Olte;, 
necessary becatse rainfall in April-May i, oftell 
inad.luate for proper hand preparation and trais
planting. Farmers inlain fed a cas often ist wait 
too long fort ie right ariount of rainfall befacr tiley, 
cainstart field operatiors. Irrigated farns therefore 
have a big ad va lt age over rainfed farns. Falrms 
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located at the headend of gravity irrigation systems 
and those with access to shallow tubewell water 
generally receive a more timely and reliable supply 
of water, especially during the trly part of the 
season, than those located in the tailends. 

Strategies to minimize flood damage (Plant 
lireeilingaml lfawr tangm'elnet). Use q/alter
native varieties. In anticipation of a major flood, 
varietal trk is were conducted in 1985 WS in the 
Bicol River Basin area. Thirteen lines with varying 
degrees of flood tolerance and elongation capa
bilitv arnd 2 checks (IR36 and IR04) were estab
lished at I I sites in 5clusters. The clusters included 
areasintwvogra vity irrigated systems, acommunal 
low-lift pump system, a privately owned shallow 
tubewell system, -ild itrainfed environment. Each 
cluster had two or three trials. All varieties were 
planted concurrently with the farmer's planting 
time. 
The 4 short duration entries harvested before tle 

typhooii at 6 of the I I sites yielded an average 3.8 
( hlt(ialge: 2.4 4).7 t ha)l. w iereas tile average of 
tileafter-typhoon yields of 2 sites was 1.5 t ha 
(range: 0.6-2.3 t ha). At the rcmaining three sites, 
the short duirationi varieties weVre completely 
(estroyed by tvphoon Salilg. 

I odt ing of tiller \aieties decleased yields, while 
ice liar\ested liCr thli surrounding fieldsin tile 

wa.,Idaneed by rats, birds, and work animals. 
Short duration varieties at three sites and long 
duration varieties at four sites were damaged by 

V 

M.I'Iholgrah olrichiett takcn 5 d ilte Sating hit.lyphiuool
Oltming in hackground picriousty hancsted fieldsthit hadh1,_cn tidplanicdea. and in toregrundil late-planted 
at crop thahas heen srbmerged 



animals, and their yields are not included in the 
estimate, 

Long duration varieties harvested at 5 sites 
bfore the typhoon yielded 3.0 tihaan average 
(range: 0.5-5.4 t ha). The average yield from 3 sites 
harvested after the typhoon was 1.7 t/ha (range:
0.8-3.3 t ha). At thce sites, the typhoon completely 
destroyed some of tilelong duration varieties, 

At all sites where flooding lasted longerthan 7d, 
crops in the field were totally lost because of the 
very rapid rise and the high tturbidity of tile 
floodwater. Varieties with faster elongation cap-
acity could not cope with Iloodvater reaching -
3 inldeep \within 12-18 h after the rain stopped.
Once planiit, were sunirged, the high water 
tirbifity dl t' to sedienut load pre\ented alny
undCratCr photosynIthCtic and respiratory 
actiri,.Ifio 

Ihe folloini- arc prelulinia- conrclulsions: 
o l-lood e,,ca pe by the use of earhl or very Carlyv 

Illaturing \aIcties \%a possible at sit s that 
had access to irrigatiiit w\ater for canlY crop
csablislitnit. 

o Where escape was itot possiblc, so broergence-
tolciaiit \aietics orltpelirliicd Iht nlitries 
\iih steiii elongatiorn Capacit\ thosean 

\wi1htLt tolerice for deep wrater. 

* Soiime sirbtorergt.nce-t oleraut iilres%\t:se foold 
attracliatl Iorlther till. 

ra r."h.!u/rl . tla1' Flo(ssdtt recession 
rate is critical to the degree 01 crop Ilos sustained. 

",tatesnireasitll ili 8 cin
198' \wec d ltr t ie flst 5 

I,follcd I)V rllo'ond 0 col d.(logging of drains 

andlof the Bicol Rir itsclf by water hyacinth 

contributCd to the dieclinig 
 rate of floodwater
 
recession. Il areas of adeqiuate drainage 
 iiifra
strructure where iloodwater receded to)50 cm or less 

within 5 d,therc was relatively little damage t) 

standing crops.

Ina as Mhere rccsstoo soas delayed. se -l 

factors alfcteil drairiace iicltidnc lower densitv 
of (1friiis:sinioris aild rlliiciert natural drains: 
reduicedl ctinveyarice capa~city ora iis too~f fie 
siltation, eroioll, arid wMeeds arid iripo)tMd1nit 
nchind ernbankncnts dtc toinadcqtate niniberof 
ctlncrts, pior culvert design, ani Iloorly designicd
flapgates if) the coastal protection dike. At least 
10,0(X) ha appear to Iiasc flooded for longereren 
periods than neessary because existing drainage 

facilities were inadequate, especially in the lower 
portions of the basin. 

Flootdprotection. Initiatives to reduce flooding
of the basin have included coastal protection dikes 
and straightening of the lower portion of the Bicol 
River. Proposed measures include additional 
diversion channels and one upstream reservoir. In 
the central part of the basin, however, natural low
elevation conditions result in prolonged flooding
that isnot likelyto be eliminated. The combination 
of high intensity rainfall and flat valley bottoms is 
coIidtt0ve to waterlogging, and there is no prospect
for any upstream flood protection reservoirs. 

Water management requirement (W11Vater Nlan
ag,,emet). 3ccatuse early planting is the most 
pronmising strategy for avoiding flood damage,
there is a constant need to foctis on \,.'avto enable 

od-proic fiartners to obtain sufficiin water lbr 
land preparation in the first part of 'VS. In gravity
irrigation systems there is potential for improving 
water distribution throInul more efficient and 
equitable systen n agnmenient strategies, but this 
ca ii be achieved onlv \\ithi the st rong interest of the 
systemiima)irna ger' Od of fliCtio na , iespoi siVe 
arinrcr orgariiations. Inrainfcd arcasthe potential 

to iniLtCs(' use oftile privately owned shallow 
tuc\ clls itppca rs high, but tlie re is a need to assess 
thie Cost effectiveness of the investments reiluired 
for slrch facilities. Raiiifed farmers are increasingly 
using snall lo\-lift pLItlIpS to obtain water from 
creeks and ponds so as to advance their WS 
cropping schedule. I)evelopment of strategies to
make better use of these local water bodies to specd 
ip land prepanttionis a high research priority. 

IIANGI AtlS (It .\I-ORATIVft RFSEARCI 
11iier Manar,,ei'nt I)cDartnrcnt 

(-Collaborativeresearch with the Bangladesh Rice 
Research Institute (HRRI) and the Bangladesh 
Water I)evelopment Board (1lWDIB) started in 
1)82 with the iajo r ob.ctiveofincreasingirriga
tiori effcetiveess and crop production in two types
of irrigation systems: the large-scale Ganges-
K h( lfak ((i-K) Irrigatioi Systeur (phas I servic( s 
o\cr 40,0)M ha) and the North 1Bangladesh Iuie
well Irrigation System, whi'h consists of 378 deep
tubewells. The field rescarch was conducted in 9 
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tertiary canal areas, representing the headend, 
middle, and tailend conditions within the G-K 
system, and in 12 selected tubewell areas of the 
other system. 

The research followed the action research 
methodology, which involves systematic diagnostic 
analysis of the problems, applying the most 
plomising solution for each problem, and evaluat-
ing its effect. The continuing evaluation allowed 
improvements in the specific research design for 
each season, as one season's results were used in 
planning actions for the next. 

The field research was focused on three aspects 
of watermanagement and related crop production: 
1)improving reliability of irrigation water delivery 

to farmers' fields and developing suitable proce
dures for improving efficiency of water use; 
2) conducting field trials with selected components 
of modern technology and selected cropping 
patterns with a view to recommending practices 
that will increase crop production as well as farmer 
income; and 3) promoting faner organization 
development to sustain benefits from the results of 
the first two activities. A n ultidisciplinary team of 
BRR scientists and BWDB professionals, in 
collaboration with IRRI's Water Management 
Department, planned and conducted the research 

The results of recent research at one of the two 
sites are reported in the section on Cooperative 
Programs. 
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LOWLAND IROBLEM SOILS IN SOUTH AND resubmergence depended not only on the N con-

SOUTHEAST ASIA tent but also on the Zn- and S-supplying capacity
 

Soil Chemist 'I.Ph'.iicsDepartment 

Based on recent surve)ys, maps, publications, and 
discussions with national soil survey organizations, 
the extent of problem soils (saline, sodic, acid 
sulfate, and organic) in South and Southeast Asia 
was estimated to be over 58 million ha (Table I). 
The area of uncultivated land suited to rice produc-
tion using adverse soil-tolerant varieties is smaller, 
though, because some parts of this land -- s,dline 
and sodic soils in dry areas without irrigation, 
severe acid sulfate soils, and very deep organic soils 
with low bearing capacity h.ave no potential for 
rice cultivation. Ncvertheless, the area that could 
be cultivated is more than 25% of the total area 
currently under rice cultivation in tropical Asia. 

INFLUENCE OFWAIER RI.M: ON C'IMICAI, 
KINETICS OF SOIl. \NI) ON RICEIGOW lIf 

Soil Cheinistryl'/ hl'/ics epartIMent 

Ricefields undergo alternate flooding and drying if 
the water supply is not ensured by irrigation. A 
greenhouse study revealed that tile effect on yield 
(1R54) of intermediate soil drying followed by 

of the soil. 
Keeping standing water on rice soils during the 

growth period usually results in higher grain yields 
than alternate flooding and drying because of 
concomitant heavy N loss by nitrification and 
denitrification and decrease ill the Fe, N, P, K, Ca, 
and Mg content of the soil solution. But if'soilsare 
Zn- or S-deficient and not suppleniented with 
chemical fcrtili/er, yi'ld dccreasescan he limited by 
a short drying period 4-8 wk after transplanting 
(WT). 

In drum experiments irrigated with demineral
ized water, floodwater depth (10-40 cm) had no 
significant eltect on nutrient uptake and grain or 
straw yield of IR42, but both tiller and panicle 
numbers were higher at 10 cm floodwater. Soil 
solution and floodwater kinctics f'ollowcd the same 
pattern, independent of floodwater depth. Con
centration of elements in the soil solution was 
always higher than in the floodwater. 

A floodwater depth of 40 cm (lid not change the 
concentration of elements in the soil solution or in 
tile floodwater. As a result, the amount ol nutrients 
.in the floodwater was 4 times that at 10 cm 
floodwater depth (Fig. I). 

Table I. Estimates of areas of problem soils in South and So utheast Asia., 

Area (million ha) 
Country -

Saline Sodic Acid sulfate Organic Total 

Bangladesh 1.4 0.1 ((0.1) 0.4 1.9 (0. 1) 
Brunei 0.2 (0.2) 0.2 (0.2) 
Burma 1.2 (1.0) 1.2 (1.0) 
Kampuchea 0.1 (0.1) 0,3 (0.3) 0.4 (0.4) 
India 5.5 (2.8) 2.5 (2.5) 8.0 (5.3) 
Indonesia u u 27.1 (10.0) 27.1 (10.0) 
Malaysia u 0.8 2.9 (0.2) 3.7 (0.2)
Pakistan 6.2 (2.6) b 4.3 10.5 (2.6) 
Philippines 0.4 0.4 
Sri Lanka 0.1 (0.t)b 0.1 0.1 (0.1) 0.3 (0.2) 
Thailand 0.3 0.3 (0.3) 0.2 0.1 0.9 (0.3) 
Vietnam 1.d (0.1) 2.6 (2.6) 0.2 (0.1) 3.8 (2.8) 

Total 16.0 (9.5 )b 7.2 4.0 (3.0) 31.0 (10.6) 58.4 (23.1) 

au = unmapped or overlapping with other problem soil types. The extenc of potential ai as for growing rices tolerant of 
adverse soils is given in parentheses. From these areas have been excluded areas generally unsuitable for rice cultivation, 
saline soils that are desalinized by rainfall in the rice growing season, srline sodic soils in dry areas without possibility of 
irrigation, severe acid sulfate soils (strong jarosite formation in topsoil), and deep organic soils (>1 in deep). I'Saline and 
sodic areas are combfned. 
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51 

Aside from plant uptake (rice, algal), the con-
centrations of Fe2+, Mn2+, and NO3 are clearly 
governed by redox-reactions. while the kinetics of 

Concentrcton (thousand mg/Ol7m 2 
)
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1. Effect of floodwater depth on Fe, arnmoniurm. and pilosphate 
in the soil solution and floodwater above Maahas clay (pl 6.0, 
organic C 2.1 II,. clay 52%). IRRI, 1985. 

other nutrients in the floodwater are related to 
solubility, sorption or desorption, and pH. 

Water and nutrient consenation can be in
creased by avoiding high floodwater levels and 
seepage. Water should be remo',ed from ricefields 
by evaporation rather than by floodwater runoff, 
except where toxins have accumulated and per

colation is necessary. 
RESIDUAL EFI-ECIS OF LIME AND MANGANESE 

DIOXIDE ON RICE GROWTH AND YIELD 

Soil Chemistry/ Phy.sics Department 

a field experiment in Balza, Albay, Philippines, 
w e we tested the residual effects of applied lime and 
MnO, on an acid sulfate soil (Sulfaquept, pH 3.9,
organic C ECe 2.31.0, dS/m). Susceptible rice 
variety IR21015-136-1-2-3 was grown one season 

the application of either 5 t lime/ha or 50 kgM nO ,, or both. 
Plant -;nalses at 8 WT showed higher N, Ca, 

and Fe content of the leaves in limed plots 
regardless of MnO, treatment. 

Grain yields reve.-led a residual effect of liming
regardless of MnO 2, but strawyieldsdid not(Table 

The difference was mainly due to higher sterility 
in the unlimed plots. Mn showed a significant 
interaction with lime, resulting in highest yields. 

MICROBIAL. BIOMASS IN FLOODEDI0 RICE SOILS 

Soil Chiemistry/ Phuics )epartment• -

The increased interest in the role of soil micro
organisms in rice soils, especially with regard to 

pattern, emphasized the need to develop 
simple methods for determining the size of the 
microbial population in flooded soils. 

Freezing core samples with liquid N for 5 h 
followed by 12-d incubation yielded the same CO 2-
C flushes as fumigation with chloroform. 

In submerged rice soils, the microbial biomass 
comprising bacteria, fungi, and algae contains 3

of the soil organic C in Aquepts and Aquolls on 
the IRRI farm, which is greater than reported 

for temperate grasslands and much higher 
than reported for other cereals. 

This high biomass production seems to be one 
crucial property of su bmerged rice soils with regard 
to soil fertility and soil health. 
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Table 2. Residual effects of applied lime and MnO 2 in an acid sulfate soil, 1 season after application, 3 replications. IRRI, 
1985. 

Grain yield (t/ha) Straw yield (t!ha) 
Treatment 

1 2 3 X 1 2 3 , 

No lime No MnO 2 3.46 3.50 3.57 3.51 c 3.99 4.45 4.70 4.38 a 
No lime With MnO 2 3.61 3.35 3.05 3.34 c 4.05 3.95 4.02 4.01 b 
With lime No MnO 2 4.02 3.81 3.34 3.72 b 3.79 4.22 4.06 4.02 b 
With lime With MnO 2 4.38 4.09 4.44 4.30 a 4.17 4.61 4.84 4.54 a 

1-computed 
Treatment 9.84 * 5.41 ns 

sLime 19.29 0 0.62 n1
2.27 n s  Manganese 0.41ns 

Lime X manganese 7.98 15.21 * * 

AREA AND DISTRIBUTION OF ACID UPLAND These soils are in an advanced stage of weathering 
SOILS IN SOUTHEAST ASIA and are strongly leached, hence low in natural 
Multiple Cropping Department fertility. They are especially deficient in P. There is 

an apparent lack of technology --- improved 
Acid uplands in most of Southeast Asia are a vast cultivars, suitable crop mianagement practices, and 
land resource that can accommodate expanded cropping systems ----to exploit fully the extensive 
agriculture to meet the increasing demand for land resource of acid upland soils. 
food. Expansion has spontaneously been done by An acid upland soil in this study has a pH of 5.5 
many farmers in the hinterlands. Upland rice alone or lower, generally less than 10 ppm available P, 
is grown annually on close to 3 million ha of acid and low exchangeable bases -- characteristics of 
upland soils in the region. soils that are strongly leached and have a high 

However, the stability of crop production under degree of phosphate fixation due to Fe or Al. Most 
present farm management technology is generally acid upland soils commonly have hues of 5YR and 
low because of inherently adverse soil properties. 7.5YR, i.e., reddish. They tend to develop even 

Table 3. Distribution of FAO soil units interp'eted aq dominantly acid upland soils in the countries of Southeast Asia. a 

1985. 

Distribution (millior ha) 
Country 

Af Ali Ao Ap Bf Fh Fo Fr Fx Lc Lf Lo Nd Nh Total 

Burma 1.8 3.0 19.8 0.5 2.2 --.. 1.0 - 1.1 2.1 - 3.4 0.4 35.3 
Indonesia 

Kalimanta 1.3 7.3 11.9 - 0.1 2.6 1.3 0.4 0.6 0.4 - 1.2 0.2 0.2 27.5 
Sumatra 3.4 6 5 9.6 1.0 0.4 0.5 2.2 - 0.4 0.9 - 0.4 0.9 0.2 26.4 
Other islands 2.0 6.4 7.7 1.7 0.8 2.9 1.0 0.2 -- 4.3 - 1.0 0.7 0.1 28.8 

Kampuchea 1.7 0.4 3.9 - 0.9 - 0.1 0.2 .. - - 0.1 7.3 14.6 
Laos 1.5 1.7 13.1 0.1 -. . . 0.2 - - 1.0 - 17.6 
Malaysia 

Peninsular 2.4 0.4 4.8 0.9 - - 0.1 0.1  0.3 - 0.8 - 9.8 
Sarawak/Sabah 1.2 4.7 8.6 - - 0.6 0.2 -- - 0.2 - 0.2 0.8 - 16.5 

Philippines - - 5.5 . . - .- - 1.2 5.5 - 12.3 
Thailand 4.1 1.7 15.6 - - 0.1 0.1 - - 1.0 -- 2.4 - 25.0 
Vietnam 3.2 1.1 10.2 0.5 0.5 0.1 0.6 0.8 0.6 - 1.3 - 18.9 

Total 22.6 33.2 110.7 4.7 4.9 6.8 5.6 2.7 1.0 9.0 2.1 4.0 17.2 8.2 232.7 
7 of total 9.7 14.3 47.6 2.0 2.1 2.9 2.4 1.2 0.4 3.9 0.9 1.7 7.4 3.5 100.0 

aDerived by plaimetry from the mapping units of the FAO-UNESCO Soil map of the world for Southeast Asia, subse
quently adjusted into individual soil units using the mapping unit composition rules. See Table 4 for soil unit designations. 
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more acidic soil reactions (pH 4.0-5.0) when used 
for annual crops under normal management. 
Moreover, they occur mostly on sloping landforms 
ranging from gently undulating to Iiilly to moun-
tainous terrain. They are therefore subject to 
considerable runoff and erosion unless appropriate 
control measures are taken. 

We measured by planimetry the areas of soil 

Table 4. Percentage areaof soil mapping units representing
1
tropical acid upland soiL allocated to 3 surface soil p l 

classes with increasing acidity (FAO-UNESCO Soil map ofthe world),.oeigoe
the wor. 

SoilunitcodeSoil unit Code 

FericAcisls
Af
Huric Acrisols Ah 

Orthic Acrisols Ao 
Plinthic Acrisols 
Ferralic Cambisols 

Ap 
Bf 

Hurnic Ferralsols Fh1 
Orthic Ferralsols Fo 
Rhodic Ferralsols Fr 
Xanthic Ferralsols Fx 
Chromic Luvisols Le 
Ferric Luvisols Lf 
Orthic Luvisols Lo 
Dystric Nitosols Nd 
Ilumic Nitosols Nh 

Frequency (%)of given 
surface soil pit
uprofiles 

> 5.5 5.0-5.5 < 5.0 

10
20 

30 
30 

60 
50 

10 30 60 
10 30 60 
50 25 25 
20 20 60 
10 20 70 
10 20 70 
10 20 70 
50 30 20 
30 40 30 
50 44 20 
30 50 20 
40 40 20 

mapping units (SMU) of acid upland soils on the 
FA 0-UNESCO soil map of the worldfor South
east Asia, particularly those known to have a high 
probability of pH less than 5.5. The area of each 
SMU was further disaggregated by applying the 
mapping unit composition rules that specify the 
proportion of area occupied by dominant, a.;so
ciated, and inclusion soils. The final area of a soil 
unit was determined by summing all areas at
tributed to the unit, whether dominant, associated, 
or inclusion (Table 3). Orthic Acrisols is the 
dominant acid upland soil unit in the region,
covering over 110 million ha or 47% of the gross1 ilonh r4%o h rs
 
area of all soil units considered. 

Available chemical data from sample soil 

in the legend of the FAO-UNESCO soil 
map of the worl/ for Southeast Asia indicate that 
most soil units identified asacid upland soils range 
in pH from about 4.0 to > 5.5. To account for this 
variability, we allocated the areas to three pH
classes on the basis of the information (Table 4). 

The probability that soil p- is <5.0 for Ferralsols 
and Acrisols, for example, is high, while Nitosols 
and Luvisols are commonly less acidic (pH > 5.0). 

Table5 shows the distribution of two p1 classes 
for the countries of Southeast Asia. All have large 
areas of acid upland soils, of which 118 million ha 
or63%isestimatc to havea pH <5.0, i.e., highly 

acid. 

Table 5. Distribution of acid upland soils in Southeast Asia, 1985. 

Total land Estimated arcaa Estimated area
Country area of acid upland soils (million ha) withb 

(million ha) 
million ha ,% pil 5.0-5.5 pHt < 5.0 

Burma 61.1 28.9 47.3 11.3 17.6 
Indonesia 216.9 67.6 31.2 24.0 43.6 

Kalimantan 65.1 22.9 7.8 15.1 
Sumatra 65.7 22.1 7.8 14.3 
Other islands 86.1 22.6 8.4 14.2

Kampuchea 18.1 6.1 33.7 2.1 4.0 
Laos 23.2 15.6 67.2 5.4 10.2
Malaysia 44.8 22.5 50.2 8.1 14.4 

Peninsular 15.9 8.6 3.1 5.5 
Sarawak/Sabah 28.9 13.9 5.0 8.9 

Philippines 30.8 9.6 31.2 4.9 4.7 
Thailand 51.0 21.5 42.2 8.0 13.5
Vietnam 32.4 16.2 48.4 5.8 10.4

Total 478.3 188.0 39.3 69.6 118.4 

aBased on planimetry, subsequently adjusted using the mapping unit composition rules, tAO-UNESCO Soil map of the
world, Vol IX - Southeast Asia, 1979. bSee Table 3 for the allocation of the proportion of soil unit area in each pH class. 
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COMPARISON OF TOTAL N LOSS AND AMMONIA ature (Fig. 3) and floodwater pH (Fig. 4) occurred 
VOLATILIZATION USING SIMPLE TECHNIQUES at about this time. 

The total N loss in the circular plot from '5N 
In collaboration with the Commonwealth Scienti- bae studies fte 0rduwas 5 lefr . Of 

fic and Industrial Research Organization balance studies after 30 d was 55% (Table 1). Of 

(CSIRO), total N loss determined by 15N balance this,31%waslost byNH 3 volatilization during the 
first 8 d after fertilization ('Fable 2). Since leachingtechiqus,N 3 lssaddterine fro inas- and runoff were negligible, the difference of 24% 

urements of N H3concentration and windspeed at a 
was the maximum loss in the circular plot due to 

given height above the floodwater were obtained at ni tfia i icath. 

Mabitac, Laguna, in 1985 dry season (DS). N The m easurflux dens 

losses were also compared for a range of manage- The measured flux density of NH3 has been 
ment practices and fertilizer application rates. cro~e ihd.l;o-c ld,,e n h

High rates of NH volatilization were observed difference in NH.I concentration in the floodwater 
Higheen r40ate of N h on lloand00 ere obysev in the air at 0.8 in. The resultant equation for

between 1400 and 1600 h on the 3 days following tefu ~nk /apr)i 

surface application of urea into the fleodwater at the flux F (in kg N/ha per h) is 

80 kg N/ha (Fig. I). These periods coincided with F= 0.0357 X 10)-'[48 o-, (n= r = 0.74) 
daytime fluctuations in the concentration of 
ammoniacal N in the floodwater (Fig. 2). Maxi- where 1 fo isthe meanconcentrationofNH 3 inthe 
mum values of windspeed and floodwater temper- floodwF .er (g N/ m3) and c, the mean background 

NH3 - N flux (kg/ha per h) 

50 

25 

Day NMqh 

075 

r- Applied 
0 .........- ur'ea
50 


[ T 
1 3 4 6 7 8 

Doys aftnr ferhhizator 

I. NH fluxes from the circle as measured by simplified aerodynamic tchnique. Mabitac, L guna, Philippines,
1985 DS. The vertical ammonia flux density F (in Mg Nm per s) was calculated from F0.091 . wher 
5i)8 is the mean windspced (in rn/s)at a height of0.8 m ald i .8isthe excess coicentration of NH3 (in pg N/rm) 
over the background NH3 concentration measured at a '.ight of 0.8 m at the center of a fertilized circle with a 
25-rn adius. The fluxes we-re then converted to kg/ ha p'.- h. 
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Ammoniocol N(q/m 3 ) in floodwater 
25 

20 

1 -Applied urea Day Night 
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Days after fertilzation 

2. Ammoniacal N concentration in tliodwater in afertilized circle during measurennt of NIt fluxes. Mabitac. 
Laguna. Philippines. 1985 DS. 
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3. Diurnal flucluations in windspmd and floodwatcr temperature in a fertilized circle. Mabitac. Laguna.
Philippines. 1985 I)S. 
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Floodwater pH 
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03 

4. Diurnal fluctuations, in floodwate.r fill in it fcmili,'d circ. Mabitac. Laguna. Philiplpines,, 1985 IDS. 

Table 1. Recovery of 15N-labeled fertilizer at 30 (1 after transplanting (DT) in soil and plant as affected by application 
method and water depth. Mabitac, Laguna, Philippines, 1985, late DS. 

53 Kg N/ha 80 kg N/hia 

is N recovery Researchers' split,' armers' Researchers' split a Farmers' 

Without water \With 5 cm \ithout water Split b Circle cWpih With 5 cin 

water water 

Plant 24 14 1 26 14 15 14 
Exchatngeable N 11 5 7 18 7 1! 1 0 
Nonexchangeable N + roots 32 27 20 24 21 is 21 
Unaccounted for 33 54 60 32 58 59 55 
Totald 67 (±8) 46 (±4) 40 (t 1) 68 ( 3) 42 (±-3) 41 (±2) 45 
a213 urea broadcast and incorporated asally, 113 topdressed 5-7 (1before panicle initiation (I)BI'I). b2/3 urea topdressed 
at 10 DT, 1/3 at booting. cUnreplicated. dN source wais uirea. Figures in parentheses are standard errors. 

Table 2. Relation between total N loss and Nil 3 volatilization. Nlabitac, Laguna, Philippines, 1985, late IDS. 

Application Water Total N N11 3 Estimated nitrification-
Application method rate depth loss loss denitrification 

(kpglha) (CnlI) (%11) G(%) los (% 

Researchers' splitb 53 0 33 6 27 
Researchers' split b 53 5 54 22 32 
Farmers' split bl 53 5 60 27 33 
Researchers' +sphl 80 0 32 7 25 
Researchers' split hl 80 5 58 27 31 
Farmers' split cd so 5 59 31 28Farmers' split 80 5 55 31 24 

aBy difference b2/3 basal + 1/3 at 5-7 DBli. c2/3 at 10 DT + 1/3 at bootingdCircular plot. 
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concentration of NH3 in the atmosphere at 0.8 m soil and fertilizer, exchangeable N increased from 
(g N/r 3). This equation has been used to predict 5-11% to 11-18% and nonexchangeable N + root 
NH 3 loss from the different management treat- increased from 20 to 32% with 53 kg N/ha and 
ments. from 15 to 24% with 80 kg N/ha.

'N balance in microplots. Highest total '5 N Figure 6 shows the cumulative loss due to NH3 
recoveries at 30(1d aftertransplanting (DT) of 67% volatilization for three methods and two rates of 
with 53 kg N/ ha and 68(/(' with 80 kg Ni ha were fertilizcrapplication. Volatilization was maximum 
obtained with the researchers' split without stand- when urea was surface applied (farmers' split), and 
ing water(Table I ). Fertilizer incorporation in the was lowest when urea was incorporated into the 
presence of standing water decreased 15N recovery soil without standing water. Within a method, 
by 21-26%. 15N recovery was lowest when fertilizcr losses at the two rates of application were 
'as topdrcscd as larmers' split, comparable. 

Total N loss as predicted from unaccounted-for Total N losses after 30 d for the two rates were 
was N ranged from 54 to 60IYwhen N applied as about 60% when urea was surface applied (Table 
researchers' split with 5 cm standing water or 2). Total loss was reduced to about half (32-33%) 
farmers' split (Fig. 5). The least percentage of when urea was incorporated into the soil without 
unaccou,.ted-lor N and the highest plant recovery standing water. Losses other than as NH 3 were 
of 24-26,i were obtained wkith researchers* split probably a used by nitrification-denitrificttion. 
without standing water. Standing water during The implied nitrification-denitrification losses 
fertilizer incorporation decreased plant recovery were all about 30%, more than N loss as NH 3,
by 101". \Vhere theic was more contact between irrespective of method or rate of application. 

53 Aq N/ho 
Unaccounted 
for 330/ eo0% 

Plant 

214% 

Nonexchangeable N Exchangeable N 27% 20
 
i-roots 32% ll1,o C13%
 

80 k, V hO 

59%/ 

,? - ~~~~7%..::..'(.% 

(%2I'° 1% '1o 

Researchers' split Farmers' split 
Witriout water With 5 cm water 

N-latld Licaal .MI) t,5. Balance ofl I ith ditelete nIctnhods o application and ,aL' dnict h(,, tMabilac. Lagona. Philippines. 1985. 
lite DS. 

SOIl. ANI) ('tROI MANAGEIMENT'[ 221 

0 

5 



Cumulative NH 3 loss (0) 

35) 
53 k N/hq 80 kg N/ho30- - / ,
 

Surface applied 

25 - KSDOo LSD,,,5 

20- 1 

15- '
 
Bol with water 

l0

5

0 2 4 6 8 0 2 4 6 8 

Days offer fertilization 

6. Curnulati. c N II. Iloss as aflected by fcnilier nianagenient. Mabitac, Laguna, Philippines, 1985 DS. 
B&! = broadcast arid incorpoited. 

The yield response of IRO) to N fertilizer was 
almost 2 t/ ha more than that of the unfertilized 
control (Table 3). Applying 80 kg N/ ha gave an 
average yield of5.4 t/ ha. andapplying l2OkgN/ha 
increased the average yield to 5.8 t ha. However, 
the yields did not significantly differ. 

POII-NIIAI. N lOSS. JSN IlAIANCE. AND Y!EI) IN 
WET SEEDEI) FI.OOI)t[) AND IRANSI'.AN I-:) 
RICE 

In a cooperative project with the International 
Fertilizer Development Center (IFDC), the effects 
of crop establishment method on potential N loss 
and recovery of applied N were evaluated during 
DS at the Mafigaya Rice Research and Training 

Center (MRRTC), Nueva Ecija, Philippines. 
Using the 15N balance method, fertilizer N use 

efficiencies after different application methods in 
wet seeded (WSR) and transplanted rice (TPR) 

were compared. Floodwater N contents were 
monitored to determine potential N loss through 
volatilization. 

Floodwater nitrogen. The equilibrium vapor 
pressure of NH1 (pNH1 ) in floodwater was used as 
an indicator of volatilized N. Broadcasting and 
incorporating N before seeding or transplanting 
generally gave similar pNll to TPR and WSR 
flooded rice (Fig. 7). In both crop establishment 
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methods, 2/3 urea broadcast and incorporated 
(B&l) intomudand5cm waterintruduced4 d later 
resulted in lower floodwater pN- 3 than did urea 
B&l with 5 cm standing water. Vapor pressure of 
NH3 was high for 5 d after N was B&I in 5 cm 
standing water. (NH 4)2 SO 4 as the N source gave 
higher pNH 3 values than did urea. 

Floodwater pNFI values were higher in TPR 
than in WSR with topdressing of 1/3 urea at 5-7 d 
before panicle initiation (DBPI). 

Under the farmers' method of N application, 

Table 3. IR60 grain yield as affected by method of N ap
plication and water depth. Mabitac, Laguna, Philippines,
1985 DS. 

Treatment 

Unfertilized control 
Researchers' splita
Rescarchers' slita 
Farners' split 

Researchers' splita
Researchers' spita
Farmers' split o 

Farmiers' splitb 

in circle (unreplicated) 

(2/3 basal - 1/3 at 5-7 
booting. 

Rate 
(kg 

N/ha) 

0 
80 
80 
80 

120 
120 
120 

120 

Water Grain 
depth yield 
(cm) (t/ha) 

- 3.9 c 
0 5.6 ab 
5 5.2 b 
5 5.4 ab 

0 5.8 ab 
5 5.8 ab 
5 5.9 a 

5 5.0 

DBPII. b213 at .0 DT + 1/3 at 

http:IRANSI'.AN


_ _ 

pNH 3 (Pa) 

024 Wet seeded Transplanted*,j \ Wthoujt stonolng water 

0.20 ------Researchers' split of urea 
....-- Researchers splifof' / (NH4)2 S04 

016 0t1h 5 cm water 

2/3N BResearchers' spl. of urea -2/3N BBI Y 
012 into mud 

1/3 N at 5-7 D8PI 

004-' 

N 881 in5 rm water s
 

--------------------.. .
o- '. ."... 

I I - - - I I I 

-2 0 2 4 6 8 K) 12 30 32 34 45 47 49 
Days after seedirg or transplanting 

7. Corrected equiilibrift vapor pressurc offloodwater N I1bat 1400 1afterapplying N by researchers. split using 2 water managemeits
with 2 rice establishment methods. Values corrected over the unfertilized control. MRRTC, Nueva Ecija, Philippines, 1985 DS. 
Bill =basal, broadcast and incorporated. )BPI = d before panicle initiation. 

pNH3 values in WSR and TPR did not sig- fertilizerwasappliedat 15daftersecding(DAS)or
nificantly differ (Fig. 8) but were appreciably at 15 DT,pNH3valuesremainedhighforabout3d 
higher than with the researchers' split. When and then declined rapidly. Lower pNH. values 

13:
(i')
 

Wet seeded 1ronsponted
 

With 5cm vroler 
Farmers' split of urea 

0.40 Farmers'spit ot(NH 
4)2 S04 

0 rN applied at 

0.3 INapplied at 

DAPI
 
0200 


010-
N opphed at As's
 

15 DAS or DT
 r I I 4I J "i 1I 
15 17 19 21 23 45 47 49 58 60 62Days after ,,eedin or fronrpkinti, 

8. Corrected equilibrium vapor presure of floodwater NH1 at 1400 Ihafter applying N by farmers' split(1/2 at 15 
DAS or 1 I +I/2at 10 I)API) under two rie:establishment methods. Values corrected o5cr the untellilzed control. 
MRRTC, Nuea Ecija. Philippines, 1985 DS.DAS = d after seeding, DAPI =d after panicle initiation. 
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were observed at 10 d after panicle initiation 
(DAPI). 

(NH 4)2SO4 initially gave higher pNH1 values 
than did urea. When urea was applied in 3 equal 
split doses, very low values were obtained at 
seeding and at 5-7 DBPI (Fig. 9). Applying N at 20 
DAS resulted in high floodwater pNH 3,suggesting 
greater susceptibility to volatilization loss. 

Floodwater measurements were also taken at 
06W0 1. Floodwater pNllr; was very low even when 
ammoniacal N was high, since floodwater pH and 
temperature, which influence pNfl 3 values, were 
low at the sampling time. 

,,NH3 (Po) 

040 F_.,3Not20 DAS 

020 

2
010- 0, 

0 __ .. . ......L-. , _4.t _._ 
0 1 8 12 20 24 28 4 ,8 

Do sedng 

9. (oiirrcvicd ctquiihihimin pii pi;csumic ofl flottcr NilI 
allc appl\I g N ill 3 split d() cs ill %\ctsetcd iiL.. Values 
cormectcd mecr iiileoili/d conrii l MRIC.R I cva F' ia, 
Ihilippines. 1985 IDS 

% 9% 

29%

3 0° for 33% 

C'ese wiher's spht 

2/3 H9 io (rnd 2 '3 [36 
/ Q) N. / r[ into' -m wi ti,r 5 (i 5 1 

'5N balance. InTPR, N losses from farmers'and 
researchers' splits were comparable (33-39%). 
Improved water management at the time of basal 
fertilizer N incorporation did not improve plant 
recovery of applied 15N urea (Fig. 10). 

Preliminary results indkiate that the magnitude 
of N losses were less from flooded WSR than from 
TPR.losses were less with (NH4)S0 4 than with 
uiea (Fig. II). Basal deep placement of urea 
completely eliminated N loss. 

Grain yield. N application to either WSR or 
TPR produced significantly higher yields than no 
fertilizer(av yield difference of 1.7 t/ ha) (Table 4). 
With N, TPR yielded higherthan WSR, although 
the yield differences were not significant bctecn 
researchers' split without standing water and 
farmers' split. A significant difference in yield was
noted with researchers' split with 5 cm water: the 
presence of standing water at seeding time eaused 

many seedlings to die. 
In WSR, point placement of urea supergranurles 

(USG) produced low grain yields because the crop 
lodged at early flowering. 

oN-" , II, .NtI AND I , 111.IZI- N EFICI I-N Y IN 
1+1_ RICITIII.N 

5N-labeled urea was tuscd in 1984 W S to measure 

tlie effect of lfrtilizcrapplica tion method on N loss 

in upland rice. IR43 was grown on an Alfisol. The 
highest 15N recovery was 87% (56% was by straw+ 

12 

32%/ 

39% 37% 

F r er's sofit 

into 5 cm water 1I-/ 
int 5 Cn water w 

(i 
tlierI/ 

I Li into crn 
at I DAP1 ito 9cm wa er 

10. iN lCC)\ m ill tlanphulted IR 
PhillIpaics, Is I)S. 

) at llalIlllva, all.'ctd by te ii,ci Iaagcriicrnt at 87 kg N Im s ICa. MItRItI C, Nujea Eciji. 
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(NH4 ), SO Urea 
Straw 19% 15 

Grains 371, 

30%/ 

Roots +soilt 
32/o 

Unacounted for 12% 
Researcher's split 22% 

2/3 B&,I into mud + 1/3 of 5-7 DBPI into 5 cm water 

17% 14%
 

4424 

240/o.2.. /.0
 

ij ~Former'ssplt2 

1/2 at 15DAS into 5 cm water + 1/2 at 10 DPI into 5cm water 

I 1. "N recov'eR, in WSR IRN0 at maturity as affcted by source of N at 87 kg/ ha. M RRTC,
Nueva Ecija, Philippins. 1985 DS. 

grains and 31% by soil + roots) when 1/2 N was The lowest 15N recovery was 49%, when fertilizertopdressed 30 DASand after first wcedingand 1/2 was applied basal in furrow and covered with drytopdressed at 5-7 DBPI (Fig. 12). Two-thirds B&I soil. The results indicate that, under upland con+ 1/3 at 5-7 DBPI and 1/2 basal in furrows + 1/2 ditions, fertilizer should be applied when moistureat 5-7 DBIPI gave similar 15N recoveries of 55-56%. is sufficient and roots are established. 

Table 4. Grain yield of IR60 as affected by crop establishment method and fertilizer management at 87 kg N/ha. MRRTC,Nueva Ecija, Philippines, 19P5 DS. 

Water depth during N application (cm) Grain yieldC (t/ha)Fertilizer management' N sourceb 

Basal 15 DAS 20 DAS 5-7 10 DAPI WSR TPR 
orDT DBPI 

No fertilizer N (no standing water)
No fertilizer N (with 5 cm water) 4.8 d 4.5 d 

4.5 d 4.4 dResearchers' split PU 0 
Researchers' split 5 6.2 abc 6.7 abPU 5 5 5.9 c 6.8 a 
Farners' split PU 53-split application 5 6.3 abc 6.4 abcPU 0 5 5 6.5 abcPoint placement USG 0 5.9 cResearchers' split AS 0 5 6.4 abcFarmers' split AS 5 5 6.1 bc 
aResearchers' split = 2/3 B&I 
DAPI: 3-split = 1/3 

+ 1/3 at 5-7 DBI'1; farmers' split 1/2 topdressed at 15 DAS or DT + 1/2 topdressed at 10 
em X 20 cm 

B&I + 1/3 at 20 DAS + 1/3 at 5-7 DBI3'l; point placement = hand placement at 10-12 cm depth on a 20spachig before seeding. bpu = prilled urea, USG = urea supergranules, AS = (Nil 4 )2SO 4. cCV = 6.8%. 
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Grain %I-IO% 

27o/% 28%/ 

-51% 

Soil t roots- - noccut 

31% ed for13% 

1/2 at 30 DAS + 1/2 at 5-7 DBPI All basel in furrow 

%" 
 ii~~ii~i
14 13%li5o/. 15% 

29 %- 25% _ 

29%~ - --4%/ 

2/3 B B +1/3 at 5-7 DBPI 1/2 basal in furrow + 1/2 of 
5-7 DBPI 

12. 15N recovery of fertili/ei at harvest ol upland IR43 ,is affected by application method. Santo Tomas, 
Batangas. Philippines. 1984 WS. 

Rainfall (mm/wk) Soil moisturetension (bars) 

640 09 
Soi moisture tension 

-- -- 0-cm soil depth
600~-I 30-cm soildeph 08 

IL 1 

240 6-0.6 

200- 0.5 

160- 120 Xex 1 
II0,1 

*' ii/" 4'iii i.. 03 

120, ii I 

80 41I .02 4 

2i 

40 6 01 
:_::: ::0 0:: X::: ::::::X!iiii! 

0.,. ,0 .... . : 1 0.:1:,. 

Jun--f------ Jul f - Aug -------- Sep i-------- Ocf----- Nov---o 

13. Weekly rainfall distribution and daily soil moisture tension at 10- and 30-cm soil depth. 
Santo Tomas, Batangas, Philippines, 1985 WS. Numbers on the bars indicate number of rainy 
days. 
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The experiment was repeated ink1985 WS to 
determine the yield response of IR43 to different 
fertilizer practices under uplard con 'itions. Figure 
13 shows the weekly rainfall distribution and soil 
moisture tension. Severe moisture stressjust before 
the crop reproductive stage and slight moisture 
stress during ripening ca used low yields in all plots. 
Fertilizer application increased yields from 1.9 to 
2.7 t/ha, but different application methods had no 
significant effects on grain yield. 

EFFECTIVENESS OF A UREASE INHIBITOR IN 
LOWLAND RICE 

Urease inhibitors offer the attractive possibility of 
increasinE N use efficiency and grain yield through 
inhibition of irca hydrolysis in the soil without 
requiring a chatige in the farmer's application 
practice. In trials at IRRI, the inhibitor phenyl 
phospho-odiamidate (PPD) delayed urea hydro
lysis and reduced the buildup of ammoniacal N in 
the floodwater(Fig. 14). 

Urea with and without I% PPD was broadcast 
into the floodwaterat either 18, 28, or 38 DT. PPD 
was effective in reducing N loss as determined by 
15 N balance. The added "5N-labeled urea not 
recovered in the plant and soil and presumably lost 
as N gases was significantly less with PPD at 2 and 
4 wk after N application (Table 5). N loss decreased 
as the time of N application was delayed. However, 
PPD, used at different times of N application, did 
not significantly increase the yield of 5.2 t/ha. 

In another study, urea amended with 2% PPD 
was evaluated at 4 N rates (Table 6). IR58 
responded significantly to both urea and urea + 2% 
PPD broadcast into 5 cm of floodwater 2/3 at 18 
DT and 1/3 at 5-10 DAPI, but the slight yield 
increase with PPD (0.2 t/ha) was not significant. 

VARIETAL DIFFERENCE IN SOIL N uTILIZATION 

Cooperative studies with the University of Cali
fornia, Davis, USA, continued to evaluate the 
ability of modem varieties to efficiently utilize soil 
N, a major N source in most lowland rice soils.

Twenty-four varieties or lines were grown in six 
replications at IRRI from 1983 to 1984. 15N-
depleted (NH 4)2SO 4 was used to distinguish 
between soil- and atmosphere-derived N and 
fertilizer N in the rice plant. 

Urea N(g/m3 ) 
8Co 

"Uroo +I%PPO 
60 7~Nopphed 

40 

40
 
ur
 

20 

0
 
Ammoniacal N(g/m 3)
 

apphed 

1[o p 

8 I A 

4 

2 -

Urea+,I%PMO 

040 2 3 4 5 66 7 88 9 10 
Days after ferhilization 

14. Effect of the urease inhibitor phenyl phosphorodiamidate
 
(PPD) on floodwater urea N and anmoniacal N. IRRI, 1934
 
DS. Urea was applied to floodwater at 28 DT.
 

At 30 DT and at panicle initiation (PI), the dry 
matter, total N, percentage of N derived from 
fertilizer, and dry matter to fertilizer N ratio of 
varieties or lines were evaluated. At harvest, three 
additional parameters were used: panicle weight, 
panicle weight to total N ratio, and panicle weight 
to fertilizer N ratio. Thus a variety or line 

Fable 5. Effect of phenyl phosphorodiamidate (PPD) and 
timing of N application on unrecovered 1 5 N, presumablygaseous N loss, at 2 and 4 wk after N application. IRRI, 
1984 DS. 

aNc(%)TiemoftN Unrecovered 
Treatment application(DT) 2 wk 4 wk 

Urea 38 12 be 8ab
Urea +1%PPD 38 0Qa 2 aUrea 28 16 c 20 b 
Urea + 1% PPD 28 8 b 6 a 
Urea 18 35 d 34 c 
Urea + 1%PPD 18 16 c 18 b 
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Table 6. Influence of N rate and treatment on grain yield 
of IR58. Pila, Laguna, Philippines, 1985 DS. 

Grain 
Treatment yield 

(t/ha) 

Nrate 
0 3.9 
30 kg N/ha 4.8 
60 kg N/ha 5.8 
90 kg N/ha 6.4 
120 kg N/tha 6.7 

Ntreatment 
Urea, 5 cm water (N1) 6.0 
Urea + 2% PPD, 5 cm water (N2 ) 6.2 

Analysis of variance 

Source df Mean squareN rate 4 16.350"* 

0 vs treated (1) 40.646** 
Among treated (3) 8.251" 

N treatment 2 1.497* 
N1 vs N2 (I) 0.184ns 

praducing high grain yield with minimum N 
fertilizer used would have a high panicle weight to 
fertilizer N ratio. The opposite would he true for a 
variety strongly responsive to N fertilizer, or of low 
efficiency in utili,,ing soil- and atmosphere-
derived N. 

Considering 5 yield and N-uptake efficiency 
parameters at harvest -...dry matter: total N, dry 
matter: fertilizer N, panicle weight, panicle weight: 
total N, and panicle weight: feitilizer N -- overthe 
3 seasons, there were statistically significant 
differences in 14of 15 instancesamong rices,and in 
13 of 15 instances with dituation nicans. These 
parameters were used to rank individual varieties 
and lines with respect to N uptake efficiency. 

The variety orline having the highest value fora 
particular parameterwas ranked l,andsoonupto 
24. The results suggest reasonable consistency 
among varieties and lines as well as from season to 
season. Short duration varieties and linestended to 
rank low, although IR 19728-9-3-2-1-2 ranked high 
in 1984 DS. By giving the five yield and N-uptake 
parameters equal weight, cumulative rankings for 
each season were obtained, from which an overall 
ranking for the three seasons was made (Table 7). 
Among II0-d varietiesand lines, 1R 13429-150-3-2-
1-2, IR 18349-135-2-3-2-1, and IR21912-56-3-1-2-2 
ranked high for all parameters in all seasons. 
Among >120-d maturity varieties and lines, 
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IR13540-56-3-2-1, IR21912-131-3-3-2-2, and 
IR 15323-78-1-3-1 performed exceptionally well, 

while short duration varieties IR8608-167-1-2 and 
IR9752-1-2-1 consistently ranked low. 

Of the four released varieties that were included 

in the trial, 1R26 and IR42 performed at about the 
same level, but neither ranked high. 

The breeding line IR 13429-150-3-2-1-2 had the 

highest total and fertilizer N harvest index values 
and produced the highest average grain yield for 
thre seasons(Table 8). Most of the 100-d varieties 

were low yielders. On the other hand, 1R2863-38-1 
in the 120- to 135-d maturity group appeared to be 
an excellent gatherer of soil N but produced low 

grain yield, implying it is a poor N utilizer for grain 
production, i.e., it has a high protein content. 
lit1985 DS and wet season (WS), the per

formances of the 24 entries were tested in 2 soils of 
contrasting soil N content. One site at the Bureau 
of Plant Industry station in Maligay3. Muhoz, 
Nueva Ecija, had a soil N content ef 0.08%. At 
IRRI, the soil N content was 0.12% (Table 9). 

Table 7. Curmuktive rankings of varieties or lines based on 
5 yield and N-uptake parameters. IRRI, 1983-84. 

1983 1984 1984 Ovea 
Varietyo line WS )S WS 

IOO-d atirity 
11R8455.78-1-3-3 21 18 20 20 
1R8608-167-1-2 24 24 24 24 
IR9729-67-3 15 11 16 17 
11(9752-1-2-1
IR19729-5-1-1-3-2 

23 
19 

23 
15 

22 
23 

23 
21 

IRI,42)-268-1-2-1 22 20 19 22 
IR19728-9-3-2-3-3 16 4 18 13 
R19735-2-3-2-1 18 20 21 18 

IR36 11I0-d inaturit)'
12 17 13 14 

IR50 20 12 7 16 
IR13429-150-3-2-1-2 5 1 1 1 
iR13427-40-2-3-3-3-3
IR13240-82-2-3-2-3-1 

17 
6 

22 
14 

17 
3 

18
9 

IR25588-32-2 14 13 15 15 
IR18349-135-2-3-2-1IP,21912-56-3-1-2-2

12- o 
233 

3
66 

2
88r5 

25 

13540563-2- 7 9 5 5 

IR21912-131-3-3-2-2 1 8 6 3 
IR26 11 19 12 12 
AR2863-38-1I,42 713 1610 109 1110 
iR8192-200-3-31-1 10 2 14 7 
IR11248-148-3-2-3-3 3 5 11 8 
IR15323-78-1-3-1 9 7 3 4 



Table 8. Total and fertilizer N harvest index values and grain yield of rices that showed highest and lowest N use efficiency,with rankings. 1985 IRRI-U.C. Davis cooperative experiment, 1983-84. 

Ranka Variety or line Duration Mean total Mean fertilizer Grain yield (t/ha)() 	 VN harvest N harvest(d) indexb indexb 1983 WS 1984 DS 1984 WS Mean 

HighestrankingI IR13429-150-3-2-1-2 110 0.74 0.74 5.4 6.3 4.4 5.3? IR18349-135-2-3-2-1 110 0.68 0.69 5.7 5.3 4.1 5.03 IR21912-131-3-3-2-2 >120 0.71 0.66 4.7 5.7 3.7 4.74 IRIS323-78-1-3.1 >120 0.63 0.63 4.6 6.7 4.0 5.15 1R21912 56-3-1-2-2 110 0.64 0.67 4.9 6.3 4.0 5.15 1R13540-56-3-2-1 >120 0.68 0.69 4.3 5.6 3.8 4.5 

Lowest ranking23 IR97 32-1-2-1 100 0.69 0.68 4.1 4.8 3.8 4.224 IR6 )8-167-1-2 100 0.65 0.6 3.6 5.2 3.7 4.1 

aBased onl N utilization. "Av of 1983 WS and 1984 DS and WS. 

Table 9. Properties of soils at IRRI and MRRTC, 1985 Croin yield (t/ho)

cropping season. 
 far 	 (sodNNIRn02%) Mohgayo(3oiifd 00 / 7 

Soil property IRRI MR0TC 6 - Noz/ho _ t !/ 

pit (1:1) 	 7.1 5.8 5- -:

CEC (,neq/ 100 g) 40 
 36 	 i o::s.: 
Total N (%) 0.12 0.0,8 14
 
Available Olsen P (ppm) 40 3
 
FEAchangeable 	cations (ine1/ 100 jz)
 

Na 1.32 0.67 3
 
K 
 1.23 0.29
 
Ca 32 28 
 2 
Mg 12 17
 

Available Katyal and Ponnamnperunia nil 0.93 1
 
Zn ppn) __ 

100 11 )120 100 t10 120 
Vorietal group (days to moturity) 

Without N fertilizer, rice grin yields were higher IS.Effect of total soil N on grain yield of rices of 3 growth
at sites with high soil N values(Fig. 15), but with N, durations. 1985. 
yield differences were higher on the Maligaya soil. 
N response was lowest with short duration rices on 
soil high in total N. Distinct varietal differences Urea-formaldehydes (ureaforms) are slow
exist in fertilizerN response on soil high in total N. release N compounds. Chemists at IFDC devel-
On the other hand, dependence on fertilizer N is oped a simpler manufacturing process that
high and uniform in soil low in N, irrespective of produces shorter molecular chains of urea than do
nice variety or growth duration. commercial processes. Experimental ureaforms 

with either 5 or 1,% paraformaldehyde (PFA) 
EVALtJATION 01: EXPFRIMENrAI N SOURC , added to urea were evaluated in a farmer's field in 

Pila, Laguna, Philippines.
The search for cost-effictive slow-release N fer- Grain yield of IR58 without applied N was
tilizers and their application methods was con- 2.9 t/ha. Yield with the two ureaforms was com
tinued. Super 60/urea gave no higher yields than parable to that of the researchers'split of urea. But
PUappliedeitherasresearchers'splitorasfarmers' yields with ureaform and prilled urea (PU) were
split at IRRI. Osmocote, however, gave grain significantly less than with hand-placed USG. 
yields comparable to the other slow-release fer- Guanylurea sulfate, an experimental slow
tilizer, sulfur-coated urea (SCU) (Table 10). release N source, was also evaluated because of 
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Table 10. Effect of uea source and application method on grair yield of IR64. IRRI, 1985, late WS. 

GrainN rate
Urea sourcea (kg/ha) Application rethodb 	 yieldC 

(t/ha) 

0 2.0 d 
PU 58 1/2 at 10 DT + 1/2 at 10 DAPI 2.7 c 

(farmers' split) 
PU 58 2/3 B&I without water + 1/3 at 3.0 bc 

5-7 DBPI (researchers' split) 
SCU 58 All basal, B&I without water 3.6 a 
SCU 58 All basal, B&I with 5 cm water 3.6 a 
USG 58 All basal, hand point placement 3.9 a 
Super 60/urea 58 All basal, B&I without water 3.4 ab 
Super 60/urea 58 Full dose at 10 DT 2.8 c 
Osmocote 58 All basal, B&I without water 3.6 a 

(3-4 mo formulation) 
Osmocote 58 Full dose at 10 DT 3.5 ab 

(3-4 mo formulation) 
Osmocote 58 All basal, B&I without water 3.8 a 

(5-6 mo formulation) 
PU 87 2/3 B&I without water + 1/3 3.6 a 

at 5-7 DBPI 

aSuper 60/urea = 75% super 60 (2,4,6-triamino 1,3,5-triazine) + 25% urea. bTopdressing at t0 DT and before 	 or after 
panicle initiation with 5 cm standing water. cCV = 12%. 

previous promising results in the greenhouse at 
IFDC. However, grain yield was not significantly 
greater for guanylurea sulfate than for PU 
(Table II). 

Ulptake of N by IR58 was markedly increased 
with N application (Fig. 16). It was greatest with 

USG and slightly greater with ureaform and 
guanylurea sulfate than with PU. Uptake of N was 
comparable for the ureaforms with 5 and 
10% PFA. 

ALTERNATIVE TECHNOLOGY FOR INCREASING N 
EFFICIENCY IN LOWLAND RICE 

In an experiment to demonstrate alternative tech
nologies for increasing fertilizer N use efficiency in 
lowland rice using traditional variety Binato and 
elite breeding line IR29723-143-3-2-1, yield 

responses to fertilizer source, application rate, and 
method were comparable. All treatments gave 
good yields of the elite line bat low response to 
fertilizer N because of high soil iertility. The yields 
of Binato did not reach more than 3.3 t/ha with 
any treatment. 

Even when N was not applied, grain yields of 
modern rices were higherthan those of traditional 

rices by 2.7 t/ ha in DS and by 1.4 t/ha in W,; 
(Table 12). Results suggest that the potential yield 
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Table 11. Influence of N source on grain yield response of IR58. Pila, Laguna, Philippines, 1985 DS. 

Grain yield (t/ha)N sourcea_____ 

58 kg N/ha 87 kg N/ha 116 kg N/ha Mean 

PU, researchers' split 4.4 ab 4.8 b 5.5 a 4.9 b 
USG, DP 4.9 a 5.6 a 5.8 a 5.4 a 
Ureaform (5% PFA), B&I 4.3 b 5.0 b 5.4 a 4.9 b 
Ureaform (10% PFA), B&I 4.3 5.0b b 5.5 a 4.9 b 
Guanylurea sulfate, B&I 4.8 ab 5.1 ab 5.5 a 5.1 ab 
PU, researchers' split with poor water control 4.5 ab 4.8 b 5.3 a 4.9 b 
aResearchers' split = 2/3 B&I without standing water + 1/3 at 5-7 DBPI, DI = deep placement, PFA= paraformaldehyde, 
poor water control with approximately 2 cm water during incorporation. 

Table 12. Effect of urea source, application rate, and method on grain yield of traditional variety Binato and modern 
cultivar IR29723-143-3-2-1. !RRI, 1985. 

N rate (kg/ha) Grain yieldc (t/ha)

Urea sourcea Application methodb
 

Binato 11,29723-143-3-2-1 
 Binato IR29723-143-3-2-1 

Dry season 
- 0 0 No fertilizer N 2.7 ab 5.4 b 

PU 29 58 Farmers' split 2.4 abc 6.2 ab 
PU 29 58 Researchers' split 3.0 ab 6.7 a 
SCU 29 58 BBI 2.9 ab 6.2 ab 
USG 29 58 lan~d point placement 3.2 a 6.8 a 
USG 26 56 Point placement by 2.3 abc 5.9 ab 

press wedge
PU 29 58 Band placement by 2.2 abc 6.0 ab 

plunger/auger
PU 58 87 Farmers' split 2.3 abc 6.2 ab
PU 58 8/ Researchers' split 2.4 abc 6.4 ab 
SCU 58 BBI bc87 1.9 6.2 ab 
USG 58 07 Hand point placement 1.3 c 6.8 a 
USG 58 71 Point placement by 2.1 abc 6.1 ab 

press wedge

PU 58 87 Band placement by 1.9 be 6.5 ab
 

plunger/auger
 
PU 80 120 Researchers' split 2.1 abc 6.8 a
 

V mean 2.3 6.3
 
Wet season 

- 0 0 No fertilizer N 2.2 ab 3.6 d 
PU 29 29 Farmers' split 2.3 ab 4.6 abc 
PU 29 29 Researchers' split 2.7 a 4.3 c 
SCU 29 29 BBI 2.1 abc 4.5 be
 
USG 29 29 Hand point placement 1.4 def 4.4 c
 
USG 26 29 Point placement by 1.0 ef 4.8 abc
 

press wedge

PU 29 29 Band placement by 1.7 bed 5.1 ab
 

plu nger/auger
PU 58 58 Farmers' split 1.1 def 4.4 c 
PU 58 58 Researchers' split 0.8 f 5.1 ab 
PU 58 58 BBI 1.0 ef 4.6 abc
 
USG 58 58 Hand point placement 1.5 cdc 5.1 ab
 
USG 58 46 Point placement by 1.3 def 5.2 a
 

press wedge

PU 58 58 Band placement by 1.2 def 4.8 abc
 

plunger/auger

PU 80 120 Researchers' split 1.2 def 4.9 abc 

V mean 1.5 4.7 
apU = prilled urea, SCU = sulfur-coated urea, USG urea supergranules. bFarmers' split = 1/2 at tO DT + 1/2 at O DAPI. 
Researchers' split = 2/3 B&I Into mud + 1/3 topdressed at 5-7 I)131'. BBI = basal, broadcast and incorporated. CFor each 
season, means in a column followed by a common letter are not significantly different at the 5% level. CV = 14%. 
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of modem rices, at least in good soils, is higher than beca use rices were planted on 25 Mar, which is late 
that of traditional varieties underlimited resources for the DS crop. 
such as fertilizer N. No interaction was observed between variety 
Low yields of the traditional variety were due to and fertilizertreatment. Hence, data wereaveraged 

severe lodging that started during heading. for the two varieties used. 
PU applied at 29 kg N/ha gave comparable

N USE EFFICIENCY AT l.LW APlPLICAIION RAI[S grain yields regardless of application method in 
both seasons. Point-p!aced USG at 29 kg N gave 

The yield response of rice to urea source and the same yield (3.8 t/ ha) as PU applied as farmers' 
application method at low fertilizer rates was ,plit at 58 kg N/ha. 
studied in DS and WS. Grain yield in DS was low At 58 kg N/ha, 	hand point placement of USG 

Table 13. Grain yield of rice as affected by urea source and application method. IRRI, 1985, late DS and WS. 

N rate Grain yieldb (t/ha)
Urea source (kg/ha) Application method"
 
DS WS 

- 0 	 - 3.0 e 2.7 g
PU 29 Farmers' split 3.5 d1 3.5 ef 
PU 29 Researchers' split 3.7 d 3.4 f 
USG 29 Iland point placement 3.8 cd 3.8 cde 
PU 29 IBand placement by plunger/auger machine 3.7 d 3.5 ef 
PUI 29 Single dose at 5-7 DBPI 3.6 d 3.7 def 
PU 58 Farmers' split 3.8 cd 3.7 def 
PU 58 Researchers' split 4.1 bc 4.1 be 
USG 58 I land point placement 4.4 ab 4.5 a 
PU 58 Band placement by plunger/auger machine 4.5 a 4.0 bed
PU 58 1/2 at 20 )T+ 1/2 at 5-7 I)[PI 4.2 ab 4.1 bc 
PU 58 1/2 at 30 )T + 1/2 at 5-7 I)IBPI 4.2 ab 4.2 ab 

aFarrners' split 1/2 at 10 l)T 1/2 t0 t)AItI. Researchers' 2/31- at 	 split r t3&l into mud before transplanting + 1/3 top
dressed at 5-7 111. bAy of 4 replications and 2 rice varieties (IR58 and IR28150-84-3-3-2). CV = 8.2% in DS and 8.1% 
in WS. 

Table 14. Field duration, productivity, and brown rice protein content of 5 varieties and 9 early maturing IR lines as 
affected by rate and method of N applic.ation. IRRI, 1985 DS. 

Grain yieldb (t/ha) 

Field 150 kg Brown rice
Entry durationa No N 116 kg N/ha N/ha Av yield protein

(d) 	 urea split (%) 
Urea split SCU US( t/Ia kg/ha 

per day 
IR8 106 4.3 abc 6.9 (let 6.7 ef 6.3 d 6.9 cd 6.2 59 7.4 
IR36 93 4.4 abc 6.3 f 6.5 f 6.3 d 6.2 d 5.9 64 8.3 
IR42 109 4.2 abc 6.8 ef 6.8 (lef 6.7 cd 6.9 cd 6.3 58 8.4 
IR58 84 3.9 c 7.8 abe'd 7.5 abode 7.2 bed 7.0 bed 6.7 79 9.2 
IR64 95 4.1 abc 8.5 a 8.3 a 8.2 a 8.0 a 7.4 78 8.4 
IR13540-56-3-2-1 96 5.0 a 8.0 abe 7.3 bcdef 7.1 cd 6.8 (1 6.8 71 8.3 
IR29658-43-3-2-1 88 4.2 abc 7.4 bode 7.6 abode 7.4 abc 7.1 abed 6.7 76 8.4 
IR29658-69-2-1 88 4.3 abc 7.5 bcde 7.2 cdef 6.9 cd 7.0 bed 6.6 75 8.8 
IR31802-48-2-2-2 90 4.9 ab 7.7 abcde 8.2 ab 7.0 cd 7.8 abc 7.1 79 8.7 
IR31851-63-1-2-3-2 88 4,3 abc 7.2 bcdef 7.6 abcde 7.4 abc 7.8 abc 6.9 78 9.2 
IR31868-64-2-3-3-3 90 4.2 abc 7.1 cdef 6.8 def 7.1 ed 6.9 cd 6.4 71 8.6 
IR32429-47-3-2-2 88 4.9 ab 8.1 ab 7.9 abc 8.1 ab 7.9 ab 7.4 84 8.8 
IR32429-68-3-3-3 
 90 3.8 c 7.1 cdef 7.7 abcd 7.3 abc 7.8 abc 6.7 75 8.5 
IR32429-122-3-1-2 88 4.0 be 7.0 def 7.6 abode '.1 ed 6.9 cd 6.5 74 8.2 

ot include 18 da iDoes in thne seedbed. bAv of 4 replications. CV = 1017 
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Table 15. Field duration, productivity and brown rice protein content of 5 varieties and 9 early maturing IR lines as affected by rate and method of N application. IRRI, 1985 WS. 

Grain yieldb (t/ha)Field Av yield Brown riceEntry durationa No N 58 k, N/aha protein

(d) 90 kg N/ha d/ha poikg/haUrea split SCIU USG urea split per day

R8c 107 2.8 f 3.3 g 3.4 d 3.1 e 3.5 e 3.2 30 7.0IR36 93 4.1 be 5.2 bed 5.5 c 5.5 bed 5.6 be 565.2 8.4IR42 118 4.4 be 4.9 def 5.5 c 5.2 bcd 5.0 d 5.0 42 8.1IR58 83 3.5 de 4.6 ef 5.3 c 4.9 d 5.2 cd 4.7 57 9.3IR64 100 4.6 b 6.4 a 6.5 a 6.2 a 6.3 a 6.0 60 7.5IR29658-43-3-2-1 92 4.4 bc 5.3 bed 5.4 c 5.7 ab 5.5 bed 5.3 57 7.9IR29658-69-2-1 92 4.6 b 5.6 be 5.6 be 5.8 ab 5.7 be 5.5 60 8.31R31802-48-2-2-2 93 4.1 bc 5.7 b 5.9 be 5.8 ab 5.8 abe 5.5 59 8.2IR31851-63-1-2-3-2 90 4.3 be 5.0 cdef 5.8 bc 5.4 bed 5.7 be 5.2 58 8.61R31869.64-2-3-3-3 97 5.2 a 5.6 be 6.1 ab 6.2 a 5.7 bc 5.8 59 7.8IR32429-47-3-2-2 90 3.9 cd 5.1 bcde 5.6 be 5.3 bcd 5.5 bed 5.1 57 8.3IR32429-68.3-3-3 90 4.4 bc 5.5 bcd 5.9 be 5.6 be 5.9 ab 5.4 60 8.0IR32429-122-3-1-2 92 4.2 be 5.5 bcd 5.8 be 5.6 bc 5.8 abc 5.4 59 7.7IR39422-18-1-2-2 83 3.1 et'4.5 f 5.4 e 5.0 ed 5.4 bed 564.7 8.8 
a)Does not include 18 d inthe seedhed. 'Ma of 4 replications. CV = 7.9%. CAffected by virus diseases. 

gave significantly higher yield than did farmers' broofi rice protein
split application of PU (Table 13). Machine-placed 0 

o/o 

Ure, spit
 
PU was also significantly superior to farmers' split 
 LJG application
 
in DS but gave comparable yields in WS.In WS, 
 Ureo,spht a
 
researchers' split ga\e significantly higher yields pro0
ation 

than farmes' split. 

N MANA(iI IMIN I FOR EARLY MAII RIN(G RICI" Control 

C 
The productivity, brown rice protein content, and 
lodging resistance of early nmaturing elite breeding 
lines as affected by application method and N rate 6 
wcic cvah tied. 

IR64 ) id:ded the highest (8.5 t,, ureaha) when 
was split-applied at 11s kg N/ha in DS (Table 14) 
and 6.5 t:ha when SCU was applied at 58 kg N /ha 
in WS (Table 15). IR4 also gave the highest 
average yields of 7.4 tha in DS and 6.0 t/ ha in 
WS. However, the earlier maturing IR32429-47-3
2-2 gave the highest productivity of rough rice (84 
kg/ha per day) in [)S compared with 78 kg,'ha per 
day for the medium duration variety IR04 and 64 

kg/ ha perday for IR36. 
In DS and WS,the very early maturing IR58 

consistently gave the highest brown rice protein 
content (Table 14, 15). Proper lrtilizer manage- _
 
ment may thus increase protein content. Single 116 150 
basal incorporation of SCU and deep placement of' j,oe (k'1I)

USG significantly incrcasLd brown rice protein 17. Ellect of tre so rtr'.it applicaion methiod. and application
content over the Isearche s'split (Fig. 17). These late on l)ro\%,t HLcprotein ontent (a\ ol 14 rices). IRRI. 1985DS. Has ,ilt acomnion leller aie tOl tiilicantlY dillierent at
findings are consistent with results in the last 5 yr. the 5"1 lesel. 
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may be broadcast and incorporated with 2 cmINCREASING EFFICIENCY OF APPIED N IN 

LOWLAND RICE OF DIFFERENT MATURITY standing water in soil with high CEC, like Maahas 
clay (Andaqueptic Haplaquoll), or when water is 

In DS and WS, the farmers' practice of applying not immediately withdrawn before fertilizer appli
urea gave yields significantly lower than or com- cation. 
parable to the improved method and timing of Broadcasting and incorporating 2/3 N in 
application (2/3 B&I without water+ 1/3 at 5-7 saturated soil + 1/3 N at 5-7 DBPI gave yields 
DBPI) and deep placement of IJSG (Table 16, 17). comparable to those obtained with deep-placed 
Yields when urea was basally incorporated with USG using either an early or a medium maturing 
2 cm standing water were comparable to those variety. Deep placement of N may be done from 0 
without free water. Results suggest that N fertilizer to 20 DT. In low fertility soils, deep placement 

Table 16. Effects of water depth and urea application method on grain yield of early maturing IR58 (102 d) and late 
maturing IR29723-143-3-2-1 (135 d). IRRI, 1985 DS. 

Grain yieldb (t/ha) 
Urea source N rate Application methoda 

(kg/ha) 1R58 IR29723-143-3-2-1 

- 0 No fertilizer N 2.7 g 4.4 c 
PU 58 1/2 at 10 DT+ 1/2 at 10 DAPI 3.9 f 6.0 cd
 
PU 58 Single dose at 20 DT 5.0 de 6.3 bed
 
PU 58 Single dose at 5-7 DBPI 4,5 ef 5.9 d
 
PU 58 2/3 B&I without water + 1/3 5.2 cde 6.5 bed
 

at 5-7 DBP1
 
PU 58 2/3 B&I with 2 cm water + 5.0 de 6.7 bed
 

1/3 at 5-7 DBPI
 
USG 58 Hand point placement at 0 DT 6.0 bc 7.1 ab
 
USG 58 Hand point placement at 10 DT 5.9 be 6.7 bed
 
USG 58 Hand point placement at 20 DT 5.5 ed 6.8 abc
 
USG+PU 58 1/2 at 0 DT as USG + 5.4 cd 6.7 bed
 

1/2 at 5-7 DBPI as PU
 
USG 116 Hand point placement at 0 DT 7.0 a 7.0 ab
 
PU 116 2/3 B&I without water + 1/3 6.6 ab 7.6 a
 

at 5-7 DBPI 

aTopdressing at 10 DT and before or after panicle initiation was done with 5 cm standing water. bCV 8.4%. 

Table 17. Effects of water depth and urea application method on grain yield of early maturing IR58 (98 d) and late matur
ing IR29723-143-3-2-t (132 d). IRRI, 1985 WS. 

Grain yieldb (t/ha) 
Urea source N rate (kg/ha) Application method a 

IR58 IR29723-143-3-2-1 

0 No fertilizer N 3.5 d 3.9 e 
PU 58 1/2 at 10 DT + 1/2 at 10 DAPI 4.4 c 4.8 cd 
PU 58 SingkT dose at 20 DT 4.9 bc 5.3 abc 
PU 58 Single dose at 5-7 DBPI 4.9 bc 4.7 d 
PU 58 2/3 B&I without water + 1/3 at 5-7 DBPI 4.9 bc 5.4 ab 
PU 58 2/3 B&I with 2 cm water + 1/3 at 5-7 DBPI 4X be 5.6 a 
USG 58 Hand point placement at 0 DT 5.0 ab 5.0 bed 
USG 58 Hand point placement at 10 DT 5.1 ab 5.2 abed 
USG 58 Hand point placement at 20 DT 4.9 bc 5.1 abed 
USG+PU 58 1/2 at 0 DT as USG + 1/2 at 5-7 DBPI as PU 4.8 be 5.4 ab 
USG 87 Hand point placement at 0 DT 5.5 a 5.3 abc 
PU 87 2/3 B&I without water + 1/3 at 5-7 DBPI 5.0 ab 5.6 a 

aTopdressing at t0 DT and before or after PI was done with 5 cm standing water. bCV = 7.5%. 
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should commence shortly after transplanting to 
encourage early tillering. Further studies using 
different soils, however, are needed to ascertaih, 
wider adaptability of these findings. 

INTEGRATED N MANAGEMENT IN LOWLAND RICE 

Biofertilizers. The sixth (DS) and seventh (WS)
consecutive crops were grown at IRRI (Table 18) 
and in a farmer's field in Victoria, Laguna (Table 
19), to evaluate integrated N management using 
combinations of organic and inorganic fertilizer 
sources. In WS at IRRI, Sesbania rostrata as green 
manure was tested as an alternative N fertilizer 
source. 

Fresh rice straw at both sites and rice straw 
compost in the farmer's field proved superior to the 
control in DS. In WS, however, fresh rice straw or 
rice straw compost gave yields no higher than the 
control. In DS in the farmer's field, PU and USG 
performed comparably with fresh rice straw and 
rice straw compost. Inorganic sources proved 

Table 18. Effect of supplementary N fertilizer source ongrain yield of IR36. IRRI, 1985. 

Grain yieldb (t/ha) 
N sourceZ 

DS WS 
(6th crop) (7th crop) 

No fertilizer N (control) 3.5 e 2.7 de 
Single sources 
PU, best split 6.2 ab 3.6 ab 

USG 6.1 ab 3.9 1
Fresh azola, soil 6.5 a 3.4 abc 


incorporated

Fresh rice straw, soil 4.5 cd 2.3 c 


incorporated

Rice straw compost, soil 4.0 de 3.0 cd 

incorporated
Fresh Sesbania, soil - 3.3 bc 

incorporated
Combinedsourcesc 
Fresh azolla + PU, best split 6.2 ab 3.6 ab
Fresh rice straw + PU, 4.9 c 3.0 cd 

best split
Rice straw compost + PU, 4.9 c 3.4 abc 

best split 
Fresh azolla + USG 6.1 ab 3.7 ab 
Fresh rice straw + USG 5.6 b 3.5 abcRice straw compost + USG 5.6 b 3.2 bc 

All treatments applied at equal N rates. For best split
application, 2/3 urea was l3&l at planting and 1/3 top-
dressed at 5-7 DBIPI. N rate = 58 kg N/ha in WS and 116 
kg N/ha in DS. bCV is 8% in DS and 10 in WS. CFor coibined applications, 29 kg N/ha each of organic and inor-
ganlc sources in WS, and 58 kg N/ha in DS. 

Table 19. Effect of rupplementary N fertilizer source on 
grain yield of IR36. Victoria, Laguna, Philippines, 1985. 

Grain yieldb (t/ha) 
N sourcea 

DS WS 
(6th crop) (7th crop) 

No fertilizer N (control) 4.2 e 2.8 d
Single sources 
PU, best split 5.2 d 3.8 ab
 
USG 5.9 abcd 4.0 a

Fresh azolla, soil 6.2 ab 4.0 aincorporated 
Fresh rice straw, soil 5.3 cd 3.2 bcd 

incorporated 
Rice straw compost, soil 5.2 d 3.0 cdincorporated 

combined sourcesc 
Fresh azolla + PU, best split 5.9 abcd 4.1 a
Fresh rice straw + PU, 6.6 a 3.6 abc


best split
 
Rice straw compost + PU, 6.2 ab 4.0 a
 

best split

Fresh azolla + USG 6.0 abcd 3.8 abFresh rice straw + USG 5.7 bcd 3.7 ab 
Rice straw compost + USG 6.1 abc 4.0 a 
a.Ml treatments applied at equal N rates. For best split 
application, 2/3 urea was B&I at planting and 1/3 top
dressed at 5-7 DBPI. N rate = 58 kg N/ha inWS and 116
kg N/ha in DS. bCV is 9% in DS and 11% in WS. CForcombined applications, 29 kg N/ha each of organic andinorganic sources in WS, and 58 kg N/ha in DS. 

superior to fresh rice straw or rice straw compost at 
IRRI. 

Sesbania, when incorporated into the soil as 
green manure, gave yields comparable to those
with PU and significantly higher than those with 

fresh rice straw and the control (Table 18). In the 
farmer's field, azolla gave yields higher than those
with rice straw compost or fresh rice straw and 

comparable to those with USG. The same trend 
was observed at IRRI in DS. 

Combining organic sources with PU or USG 

consistently gave yields higher than the control 
and, in most cases, comparable to that with PU or
USG. In the farmer's field in DS, fresh rice straw or 

rice straw compost with PU performed betterthan 
PU alone. 

Commercial fertilizers. The extent to which 

inorganic fertilizer may be replaced by organic 

nutrient sources was evaluated in farm trials using
three soils of different physical and chemical
properties(Table 20). Soil at IRRI was deficient in 

N and Zn; at MRRTC and in a farmer's field in
Pangasinan it was low in N. P, K, and Zn. A 
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Table 20. Some physical and chemical properties of soils at 0-20 cm depth. IRRI, MRRTC, and farmer's field in Pangasinan, 

Philippines, 1985 WS. 

Soil propertya IRRI MRRTC Farmer's field 

pll (1:1) 6.9 6.3 7.6 
Organic C (%) 1.40 1.73 1.34 
CEC (Ineq/100 g) 40 37 41
 
Total N (%) 0.13 0.13 0.10
 
Total P (ppm ods) 517 246 206
 
Available Olsen P (ppm ads) 13 5 3
 
Exchangeable K (meq/100 g ads) 1.36 0.20 0.09
 
Available Katyal and Ponnamperunia Zn (ppm ods) 0.25 0.46 0.08
 
Exchangeable cations (meq/100 g ads)
 

Na 1.60 0.69 0.33
 
Mg 17 14 
 32 
Ca 31 36 23 

Particle size (§ ) 
Sand 17 5 5 
Silt 34 43 51 
Clay 49 52 44 

Texture Clay Silty clay Silty clay
Soil series Maahas clay Maligaya silty clay San Manuel silty clay 

ads = air-dried soil, ods oven-dried soil. 

commercial compost was used as the organic than with PU alone. Furthermore, yield increased 
fertilizer source, as the amount of PU in the combination increased. 

The researchers' split application of PU with or Organic fertilizer, when applied as the primary N 
without added P and K gave the highest yields source even with applied P and K inorganic 
(Table 21). In the farmer's field and at MRRTC, sources, produced yields no betterthan that of the 
combining 75% PU and 25% organic fertilizer unfertilized control. 
produced yields comparable to those with PU These preliminary results show that organic 
alone. At IRRI, however, substituting 25 ', PU sources partiallysubstituted for inorganic frtilier 
with organic fertilizer produced a yield I t/ha less in the trials at MRRTC and in Pangasinan. 

Table 21. Grain yield of IR64 and fertilizer cost as affected by source of fertilizer. IRRI, MRRTC, and farmer's field in 
Pangasinan, Philippines, 1985 WS. 

Yield (t/lia) Cost of 
aFertilizer source fertilizerc 

IRRI MRRTC Farmer's field (S/ha) 

Unfertilized control 3.7 cd 3.0 d 3.7 c -

Control + PK 3.4 d 2.7 d 3.7 c 102 
Control + PKZn 1 

3.6 cd 2.8 d 4.1 be 130 
25%1 PU + 75% commercial organic 4.1 c 3.3 cd 4.4 b 754
 

fertilizer 
50% PU + 50% organic fertilizer 4.7 b 3.8 be 4.3 b 556 
75% PU + 25% organic fertilizer 4.9 b 4.0 ab 5.0 a 352 

PKe
All PU without 5.9 a 4.4 a 4.9 a 45
 
All PU with PKC 6.0 a 4.3 ab 5.1 a 147 
All organic fertilizer without PK 3.8 cd 3.1 d 4.2 be 887 
All organic fertilizer witi PK 3.8 cd 3.1 d 4.2 bc 964 

aFertilization rate: N = 60 kg/ha, 1) 26 kg/ha, K 50 kg/ha. 1'CV = 8.8% at IRRI, 12.2% aL NIRRTC, and 7.5% in the 
farmer's field. cCost of fertilizer material ($/kg) as of Aug 1985: ZnSO 4 .7 1120 = $0.78, PU (46-0-0) = $0.34, ordinary
superphosphate = SO.23, muriate of potash (0-0-60) = $0.25, commercial organic fertilizer = $0.12. Conversion rate as of 
Jun 1985: $1 = P17.19. dTwenty kg Zn as ZnSO 4 . eUsed researchers' split: 2/3 PU without standing water before final 
harrowing + 1/3 PU topdressed at 5-7 D13111. 
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mcut tech niuesCSNUSV,ated using the line
w 


source sprinkler system (ISS) at five iM,-a tRnels arid eight N trea tents. IR() was ttfetest 

Variety. eiat 13 kg ha and K at 5 kgha ee 
ba.tyll. applied. 

,Ai,,,, rr,,,,)
*} t'-.,' 

',,!er
from surface ,igaton 

,,-.l 


1 i. t al )iphL'dhI I, )jMU 1,IrW1aci IIHIC 
ld frakc II imitin domll! ,t., pcmd IR RI. 

Table 22. Grain yield of IR6) as affected by irrigation level and N treatment. IRRI, 1985 DS. 

N treatmenta 

------------------..No,N ftrtilier 
H '. )T+ I12 at1 2at 10 1b l)AI'I 
It', 2:3 B&I into niiid+ 13 at II'i 5-7 
I't',
2 3 BI&I into 5 cm w:ter 4 1,3 at5-7 DII'I 
I'S(, iimid-iplaccd it I lIT 
I!SG aridI , 1, 2 asU'S(; at I 1)I t2 as I'Uat 
Sti , B&I into l1iitd 
Pt' + I)('10', 1/2 at 10 It- 1'2 at l).lt 

I ertili/er 

\tkLc,ISS
c 

185 I )S. 

The field wassurface irrigated stari ngat 3 1)T to 
about 2cm waterdepth for seedling establishment. 

The total water supplied through I SS is given in 
Figure 18. Irrigation level (I.) I represiactd con
tinuously flooded rice; it received the same amotunt 
of water from [LSSasdid 1.2, but surface irrigation
wis needed to main ta in 5-cm continuous flooding.
At 8 DT, the standing Nsater at 1.2-1.5 \%as allowedto dry by cvapotranspiration and percolation. 
Irrigation by I.SS, which \was positioned between 
I.1and 1.2. started at 14 )Tan sedssd 3timesa 

week until !he end of the \egctative period. 1.2-1.4 
received a decreasing arotit of"s atcr from I.SS 
during the stress period. 1.5, the most stressed 
treatment, did not receive wajter from I.SS. 

Pan evaporation \was LSCd to determine waterto 
be applied by I.SS. The skhole Ield \kias refloodcdto about 5 cm fromt 1) to I0d bcorc har.es. 

C(ontinu(ot sv flooded plots received the highest 
aotlnollt of waicl (Fig. 1I). 1.2, 3.4. and 5 received 
19., 113. 48, and 0 iui of wate from LSS, 
respectively. The degtcc of soil cnrc,.:ing increased 
with increasing water stress. Alternate wetting and 
drying ckcl's in 1.2-1.4 were also observed. 

Uinder contintious flooding (1.1). the highest
yield (5.3 t ha) was obtained \with dCCp-placed 
USG (Table 22). llo ,ver. this was not signifi
cantly higher than that of tlie reseLarchers' split of' 
1)u. (2 3 B&I into mud + I .1at 5-7 I)BPI). Split 
application of i'llor IT1.+ du.yandiamide at 10 
D and at 10 I)AI'l g,,esignificantly lower yields
than rescaichers' splir of PUI.or deep-placed US,5G. 
At 1.1-1.4. the rescarichers' split generally gave 
higher yiclds than incorporation ol N into 5 cm 
standing sareir, but yields did not signifiicantly
differ. When irrigation vaterwas withheld starting 

ieldt~(i/Ia) 

~ 
1 

~-.~--3.5 d 
3.8 cd 

2 
-- 3.3 

3.4 

--
c 
c 

2.5 
2.7 

3 4 
-- .-----------

( 2.6 c 
cd 3.2 bc 

5 
-

4.2 a 
4.2 a 

5.0 al 4.4 a 3.4 ,ibc 3.8 a 4.3 a 
4.5 bc 3.9 be 3.2 abc 3.7 ab 4.7 a 

5-7 1)II PI 
5.3 a 
5.1 ai 

4.8 a 
4.0 it 

3.8 a 
3.5 oh 

3.5 ab 
1.11a 

4.7 at 
4.8 a 

4.8 ib 4.3 ab 3.4 abc 3.7 ab 4.3 a 
3.8 cd 3.5 c 2.9 bed 3.2 1c 4.3 a 

. is applied t 58 kg Nitli. I'l ') +_LiCtyanidiaiiid,.. 
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19. Effec of irrigation level owe treatmn onyiand N (5 kg yilcaof IR0. IRRI.
1985 DS. 

at 10 DT during the vegetative stage (15), N unfertilized plot was comparable to that of the
 
application regardless of source and method gave fertilized plots at L5.
 
no significant increa.v in grain yield over the no-N Results suggest that in areas where water supply
 
fertilizer treatment. from rains is limited but soil is relatively fertile,
 

Regardless of N treatment, L3 gave the lowest high grain yields can still be attained with modest 

yield (Fig. 19). This is attributed to alterrate amounts of N fertilizer. Rice plants require water 
wetting and drying, which ca used substantial loss during the initial seedling establishment, and con
of both applied and native N. N losses at L2 and L4 tinuous flooding during the reproductive and 
were probably less. Yields at L5 approached those ripening periods. But continuous flooding is 
of the continuously flooded plots, perhaps the improbable in most rainfed rice areasin South and 
result of high mineralization of applied and native Southeast Asia. 
N after reflooding. Furthermore, the yield of the 
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BACTERIAL NrfROGEN FIXATION 

Soil Microbiologyv Department 

Chemotaxonomic characteristics of N2-fixing 
Pseudomonas from rice roots. Deoxyribonucleic 
acid (DNA) base composition, ttbiqlUinore and 
cellular fattv acid anal ,vcsof some bacterialisolates 
from rice vcrc made in collaboration with H. 
Kuraishi of the Tokyo University of Agnclture 
and Technology. DNA GC content of Pseudto-
,onas was 65(,7 in strain 1-18 and 67C% in KLI-176. 
Several isolates of Psetudonionashad ubiquinone 
QIO as the major isoprenoid. Rhizobia, mostly 
from Seshania spp., 1tzospirillum anazontense, 
Alcaltenes latus, ,Vanthobacter autotroph'ic t, 
and some strains of',,lzospirilltni lipto/erutm and A. 
brasilense, als, had QI0. terbazopfirillum scro-
pedicae, Enterobacteriaceac, A/otobacteiaceae, 
and some strains of .,4. 'rasih'ntte had Q8. All 
strains of Ps'uetdo onas tested had straight chain 
fatty acids C18:1 (63-85%'i of total fattv acids) and 
Cl 8:0 and Cl6:0 (< I(Yi to trace). Among hvdroxy 
fatty acids, 3-01t ('14:0 was present in large 
amounts (22-37(' ) in all strains of P'etwuc onews. 
Fatty acid contents and utbiquinone type suggest 
that I'setinronasstrains from rice belong to a 
new species of grou p 4 of Komagata's classifica-
tion. An tidentilied N,-fixirig rice isolate, SGi3BP 
(slow-growing black pigmented) did not contamn 
3-011 fatty acid C14:0 but had 3-01-I C12:0 and 
2-OH C14:0, suggesting that it differs from 
Pscudotnonasstrains. 

Azospirillum loofenimStr Rif t inoculation. ,-. 
lipofi'rum 341-1. resistant to streptomycin and 
rifampicin, was inoculated through peat as the 
carrier into Maahas clay in pots in the greenhouse 
10 d before rice varieties OS4 and I-ta-chou-chi-
mo-mor (Hua) were transplanted. The inoctdated 

bacteria were detected by antibiotics in Congo red 
agar plates and were furtherchecked by fluorescent 
antibody reaction and acetylene-reducing activity 
(ARA). Inoculated bacteria could survive in the 
soil and around the roots and stems of both 
varieties, but declined progressively and became 
absent frrm the soil and stems of both varieties at 
heading. The control treatment (inoculated boiled 
cells) had no antibiotic-resistant bacteria 

Inoculation enhanced flowering and grain 
production of both varieties. In Hua, in(culafion 
increased the dry weight of roots by8l%, leaves by 
24%, and submerged culmand leafsheath by2-3%. 
The increases in OS4 were 45% for roots, 12% for 
leaves, and 38% for subnerged culm and leaf 
sheath (Table I). Inoculation increased grain yield 
by 18% for Hua and 11%, for OS4. Total N uptake 
also incrc ased 20% in OS4 and 7.2% in HuIa. 

The effict of inoculation on N, fixation asso
ciated with the rice plant was studied by in situ 
acetylene red uction assay, 15N2 incorporation, and 
15N dilution. AR A was not affected by inoculation 
at twoearlystages bu wassignificantly lowerin the 
inoculated plants at heading. There were also no 
significant differences in '5 N, incoiporation and 
"N dilution between control and inoculated treat
ments. 

It is unlikely that the yield and total N increases 
in both varieties due to inocdation were attributa
ble to the enhancement of N, fixation. 

Standardization of rice plant-asociated ARA. 
Our modified method measures the ARA of the 
excised plant in the dark at a constant temperature 
to avoid the effects of climatic conditions in the 
field. The sampling time (08(X). II00, and 1600 h) 
did not influence 6-h ARA when sampling was 
made from 3 varieties for 3 consecuive days. A 
modified plant sampling procedure for ARAassay 

Table i. Dry matter yield responses of rice to inoculation with Azospiillm lipoft,rnt. IRRi, o5. 

Variety Treatment Root Straw 

OS4 Control 5.5 36.3 
Inoculated 8.0 * 40.6* 

flua Control 2.6 32.0 
Inoculated 4.7* 39.9* 

Dry weight (g/pot) 

Submerged 
cul11 and 

leaf sheath 

5.8 
;.0* 
3.5 
4.3 

Grain Total N (ng/pot) 

35.7 
39.5* 
40.4 
47.8* 

83.3 
96.1 * 
78.5 
96.7* 

638 
765* 
719 
770 
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was used in 1985 dry season (DS). Two plants per 

block from 3 blocks for3 consecutive days (total of 
18 plants/variety) were sampled at heading. Selec-
tion of rice hills with average tiller number could 
minimize plant-to-plant ARA variation, 

Plant ARA and growth characteristics of short 
and long duration varieties. Plant ARA and other 
plant characteristics (root and shoot dry weights, 
tiller number, and leaf area) over a growth cycle 
were determined by sampling plants of 8 long and 8 
short duration varieties from 21 d after trans-
planting(DT)untilabout 20dafterheadingat 10-d 
intervals(Fig. 1).The trendsof ARA and shoot dry 
weight were similar in both groups, showinga peak 
at heading, followed by a sharp decline of ARA 
and gradual decline of shoot dry weight. Leaf area 
and root dry weight trends were similar among 
short duration varieties, with peaks at heading. 
Root dry weight and leaf area of long duration 
varieties declined before heading. Maximum 
tillering occurred after panicle initiation in the 
short duration varieties, and before in the long 
duration varieties. 

Varietal differences in asociative N2 fixation. 
Using the standardized method, the ARA of N, 

.ionq duraflan 

~3 

-Jw 

fixation of 16 rice varieties was studied during 1984 
wet season (WS). The F values for both groups 
increased from the vegetative stage to heading. The 
CV of ARA among blocks also tended to decrease 
toward heading. 

Differences in ARA per plant and per unit plant 
dry weight among varieties of short and long 
duration groups were significant in both seasons 
(Fig. 2). Plant ARA significantly correlated with 
root, shoot, and total plant biomass at heading, 
and with total plant biomass at harvest. Generally, 
the higher the plant biomass, the higher was the 
ARA, with some exceptions. Traditional varieties 
like Peta and Rodjolele had high plant biomass but 
low ARA. Although IR50 had short growth 
duration and produced lower biomass, its ARA 
was similar to that of some long duration varieties 
with high biomass. In both seasons, 1R42 among 
the longdurationgroupand IR50amongtheshort 
duration group had the highest ratios of ARA to 
their plant biomass. 

N2 fixation, microbial population, and straw 
application. In 1983,a field experiment wasstarted 
on the effects of straw incorporation on N2 fixation 
associated with plant and soil bacterial populations 

Short durollon 

Pantcte prirnordia Heading Ponncle primordia Heading 

initiation initiation 

Days otter transplanting 

I. Trrends of rice plant acetylene reducing activity (ARA) and plant characteristics in long and short 
duration varieties. IRRI, 1984 WS. 
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2. ARA per plant vs ARA per g dry weight of plant. Long
duration varieties (a): J = 1R42. O = Rodjolecle. P1 IR20.N 
= IPeta.L= it13540-9)-.-2-1, K = IRL20824-1-2, F IR 18.9-= 
135-2-3-2-L.and M = IR 5314-.)-3-I-3; short duration varieties(e):= IR3420-45-82-2-3-23.1, I) = IR.3.GA IR50. I = 
11380248--2-2-3189. C - IR9729-67.3. F lIR21912.-56-3-
1-2-2, and B = IR19728-9-3-2-3-3. IRRI, 1984 WS and 1985 
Ds. 

and rice plant growth. In 1985 DS,surface applica-
tion of straw was added as a treatment, 

Surface application of straw showed significantly
higherARA in the soil at earlystages of application
(Fig. 3). It general, straw application stimulated 
the populations of total and N2-fixing heterotrophic bacteria and photosynthetic purple non-
sulfur bacteria in the soil. The population of the 
last, in particular, was significantly higher in the 
surface-applied straw treatment in several sam-
plings throughout the rice growth cycle (Table 2).
The surface layer of soil (0-1 cm) had higher 
average populations of hetcrotrophs and N2 fixers 
than the subsurface layer (I-15 cm) in the control 
and straw-treated plots (Table 3). 
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ARA (fUmol/g dry weight per 24h) 

Straw cn surface 

incoqvi\rotedSt. 
I...
 

, Co n I I~oto 
01 
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Days after )fn
straw incorport 
3. ARA of nonrhizospheric soil with and without straw 
application. IRRI. 1985 DS. 

'SN dilution techniques. To determine the de
pendence of rice N nutrition on soil N or bio
logically fixed N, 15N contents were measured in 
rice plants grown in flooded soil with 15N-labeled
(NH 4)2SO 4. Twoseriesof concrete pots were used.In series A of 1984 WS, 16 varieties were placed in4 
groups based on growth duranon. Rodjolele in group 3 and TKIM6 in group 4 gave the lowest '5Nin their grains, compared with Palawan and N22 as 
references. In series B in 1984 WS, significant 

differences were observed in two out of four 
groups.1IR42 and Hua-chou-chi-mo-mor had the 
lowest '5 N content in the grains. 

Table 2. Population of photosynthetic purple nonsulfur 
bacteria in the surface layer (0-1 cm) of soil. 1985 DS. 

Days after Population (log .clls/g dry soil) 
straw Control Straw Straw 

pp incorporated surface-applieda 
-2 3.10 3.62* 3.62* 
1020 3.04 3.52*2.44 5.35* (6.0)2.66 4.25* (4.56)34 3.11 3.76 4.35* (5.41) 
54 2.89 3.23 3.07 
90 3.01 3.23 4.22* 

aValues in parentheses are log number of cells/g dry straw. 



Table 3. Population of total and N2-fixing heterotropis in surface (0-1 cm) and subsurface (1-15 cm) layers of soil after 

straw application. a IRRI, 1985 DS. 

Population (log cefls/g dry soil) 

Treatment Total heterotrophs N2 -fixing heterotrophs 

Surface Subsurface Surface Subsurface 

Control 6.41 5.96 4.71 4.30
Straw incorporated 6.45 6.02 4.73 4.42
Straw surface-applied 6.72 6.09 5.35 4.61 
aBased on average population at 2 d before straw application and 10, 20, 34, 54, and 90 d after straw application. 

In series A in 1985 DS, 10 varieties werc laid Out 
in a balanced incomplete block design with 4 
varieties in each block (concrete pot) (Table 4). 
IR9729-67-3 and lIt58 had higher 5N than 
IR31917-31-3-2 and 1R15314-30-3-1-3. Among 6 
cxpeiments from 1982 to 1985, the largest dif'-
ference in ~5N in grains of test varieties was ,.5% 
lower than that in the reference varieties, 

The naturalabundance of 5N in grains was also 
studied. B~catse the 15N isotope ratio in available 
soil N varies with depth, wellmixed soil was put in 
pots, and rice varieties were planted in them. The 
pots were placed in a rice ca nopy.The 15N isotope 
ratios were analyzed in cooperation with T. 
Yonevama of the National Institute of Agricdtural 
Resoutrcs., Japan. The 615N values (in parts per 
thousand) in grains were 5.2 for IR 18349-135-2-3-
2-1, 6.0 for Hua-chou-chi-mo-mor, 6.0 for IR50, 
6.1 for IR42. 6.45 for OS4,and 6.5 for Rodjolele
(SE --0.17). 

'Fable 4. Atom percent excess (APE) of 15N in grains of 
plot A. IRRI, 1985 DS. 

Growth duration API 5
Variety or line (dafter 1 N 
transplanting) (%) 

IR9729-67-3 86 0.540 
IR58 86 0.538 

86 0.528 
IR13540-56-3-2-1 100 0.506 
IR42 113 0.502 
OS4 
 86 0.500 
llua-chou-chi-ino-mor 86 0.492 
IR 15314-30-3-1-3 105 0.482 
IR22082-4-1-2 100 0,473 
;R31917-31-3-2 105 0.467 

SE 0.022 

P11OTODEPEN)ENT NITROGEN FIXATION 

il Microiology I)epartm 
Blue-green algae colleefion. The curr,,nt blue-green 
algae (BGA) collection comprises 150 strains, 
mostly from riccfields (Table 5). Sixty.-five strains 
from the ORSTOM collection in Senegal were 
transferred to IRRI in 1985. Short-term preserva
tion in the diw state of nonaxenic material per
mited their easy transport. 

Standardiation of ARA measurenents. We 
studied the photodcpendcnt ARA of wetland soil 
samples and laboratory cultures of BGA in the 
presence of soil under a range of experimental 
conditions. We compared two methods of measure
ment underconstant temperaturc(25 C) and light 
intensity (20 klux). One method used undisturbed 

Table 5. Number and origin of the collection of blue
green algae. IRRI, 1985. 

Blue-green algae (no.) 
Genus or type 

Philippines West Africa Other Total 

AInabaena 5 1813 36 
Aphanothece 1 00 1 
Aulosira 0 11 2
Calothrix 5 016 21 
Cylindrospertnton 1 3 0 4 
Gloeotrichia 3 1 0 4 
lischerella 7 0 0 7 
Noduhria 1 2 1 4 
Nostoc 12 15 9 36 
Scytonema 1 16 7 
TIilypothriv 0 0 4 4 
Nonfixing 0 9 0 9 
Other 
 4 7 0 11 

Total 40 72 34 150 
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composite soil core samples and the other, com-
posite samples obtained by collecting and mixing 
floodwater and the first millimeters of soil. In the 
second method, samples were gently shaken during 
incubation. 

Frequently, results from the two methods did 
not differ significantly. Apparently, in soil-water 
samples the decrease in ARA because of increased 
water turbidity is balanced by an unknown process 
that could be better diffusion and recovery of gases 
than with undisturbed soil cores. 

Samples comprising only floodwater and the 
first millimeters of soil are easier to collect than 
core samples; because they can be homogenized, 
theirutilization permits more reproducible measure-
ments of ARA. 

Occurrence of N2-fixing BGA in rice soils. A 
comprehensive bibliographic studyanda survey of 
rice soils from 5 countries (Fig. 4) indicated that 
BGA are present in all rice soils. Densities ranged 
from a few dozen to more than 10" colony-forming 
units (CFU)/cm2 of soil; the median was 8 X 104 

cm 2 . An abundance of' heleroc\tous BGA 

in rice soils was positively correlated with soil P 
and available P content (Fig. 5). 

The field survey and bibliographic study showed 
that Nostoc spp., Anahaena,spp., and (icthrix 

CFU/crm2 
of Soil 

0,o0oooo •0
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" "
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1,000
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Olsen P (pprm) 

5.Abundana: of heterocystous BGA in relation to available 
Olsen P of the soil (R = 0.87'*). IRRI. 1985. 

BGA (20%), Anahaena (9%), Calottzrix(7%), and 
Fi l (2%). 

Among the 37 genera and 248 species of hetero
c3-tou., BGA listed by Desikachary, about two
thirds have been recorded in riccfields, indicatingthat BGA found in flooded ricefields are not 
se 
specific to those conditions.
 

Composition of soil-based inocula. The density 
of N2-fixing BGA in 20 soil-based inocula ranged 

spp. are present in80X%,or more ofdthe rice soilswas
spp.areprst ins 80frequentyme donlnth e risis consistently the dominant genus in the multistrainstudied. NVostoc was frequently tt'e dominant genusi soil-based inocula studied. 

and comprised 61% of the CFI of heteroc.istousB G rccA t at o d cd w . O th e m aj o ta x , i nM 

BGA that we recorded, Other major txc, t 
decreasing order of abundance, were unicellular 

Frequency (0) 

25 

20 

15.

1o
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0 T,,,T 

Log no CFU,'crnof soil 

4. Density ofheterocystons BGA in 109 rice soils sampled from 
5 countries. 1985. CF = colony-frming unit. 
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fixing 1BGA in the quantity of inoculum recom
mended for application (10 kg, ha) is considerably 

smaller than that of indigenous BGA. The ratio of 
indigenous to inoculated BGA was larger than 100 
in 80% of the cases and larger than 1,000 in 50% 
(Fig. 6), indicating that inoculation is not the only 
possible way of utilizing BGA; emphasis should 
also be placed on agficltural practices that en
hance indigenous BGA growth. 

Composition and biomam of BGA from rice
fields. Analysis of cultures and natural samples of 
N'-fixing BGA showed that soil-grown and field 

have much higher ash contents and lower 
N contents than laboratory cultures (Table 6). 

A positive correlation between Pand N contents 
was observed for P)values lowerthan 1%(Fig. 7). 
Field samples were P-deficient (<0.5%), indicating 
that P isa major limiting factor for BGA growth in 
ricefields. 

1000 
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Principal component anaNis of the composi-

tion of strains grown uLIde r laboratory conditions 
indicated that composition is more influenced bv 
the phyiological state of' the strain, especially its 
age than by its taxononical psitiol, 

Table 6. Average comp)sitiorn of cultures and field sam-
pies of N 2-fixing BGA from ricefields. IRRI, 1985. 

ilt orator cultlures Field samllpes 

As . . .. dry.
NAshdry weight) 

.. 
5-9 

.. .. . 
3-7 

P (%dry weight) .7-I.) 0.2-0.5 

- V 

0 i 

i- vgreenhouse 

7 • [ ji fo,we~o"/•L I tf'cci',a , . :r'IL o loomts s 

oOF Id~~i ,p~es ~ 
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_1 .. . . - 
05 0 I) 20 25 

7. Correlation be ,tcen N and I' colnt .entIsin .1) n plcs of 
N -fixing IIGA. IRRI. 1I)85. 

Studies of BGA blooms and crusts showed that 
a visible growth of BGA usually corresponds to less 

than 10 kg N/ha, a dense bloom may correspond 
to 10-20 kg N/ha, and higher values (20-45 kg 
N/ha) occur only under artificial conditions such 
as in experimental microplots or in soil-based 
inoculum production plots. 

Fate of inoculated BGA. In microplot green
house experiments in 1984, BGA inoculated in 
wetland soils rarely became dominant. In only a 
single case among 10, when gnzers were con
trolled, did an inoculated strain of Aulosirafertilis
sima form a bloom; in the other cases, blooms of 
indigenous strains were observed. 

In 1985, a similar experi ment was conducted in 
newly flooded upland M aahas soil. The initial 
population of hcterocstous BGA was about 103 

C'UJ-cm2 . ('ominations of alga l inoculation with 

Va liltis trcatments of' 1Pand natural pesticide 
resulted in an N balance ranging fron -17 to 134 

kg N ha (a v 25 kg ha) during a 2-mo submersion 
period (Table 7). The avi'ragc balances in inoculated plots were higher than those in the cor
responding noninoculated plots. but the differences 

were not statisticalk' significant, whereasthe effects 
of P and natural pesticide were highly significant. 

Agricultural practices to enhance B(;A growth. 
In a field experiment in an acidic soil (Luisiana). 
neither presoaking rice seedlings in 13GA culture, 
nor BC A inoculation showed any statistically 
significant effect on grain yield. 

A WS field experiment at IRRI indicated that 
split Papplication may be niorcefticient than basal 

Table 7. Effect of P fertilizer, natural insecticide, mollus
cicide application, and 13GA inoculation on N balance in
upland Maahas soil submerged for 2 mo.a Microplot 

experiment, IRRI, 1985. 

Treatment N balance (k/lla) 

P Neein [idod Noni uti, uited Inoculated I)ifference 

- 92I - + - 1 7 - 13 
- + - 16 17 

+ + 16 301 
+ - - 16 27 
+ - + 0 23 
+ + - 70 134 
+ + + 26 52 

"Effect of 1'and pesticides t)ot Iiig l y significant . 
of inoculation not significant at the 5% level, 

4 
1 

14 

11 
23 
64 
26 

frect 
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application in increasing photodependent ARA. 
Surface application of N fertilizer inhibited N2 
fixation more drastically than deep placement. 

The slightly larger yield values in all inoculated 
plots were not statistically different from the 
control. The response to BGA inoculation was 
variable and small, and the experimentalerror was 
larger than the response. 

Invertebrate fauna in floodwater. Invertebra',' 
fauna was surveyed in six fields in India. Gravers 
comprised 68 of 82 taxa in farmers' fields and 50 of 
77 taxa at the experiment station, which was 
irrigated by wells. The total number of taxa 
recorded was also lower in the experimental fields. 
Taxa described in Philippine ricefields sufficed to 
describe those in Indian ricefields. Ostracods were 
less dominant in irrigated experimental fields than 
in rainfed ricefields in the Philippines. At sites 
where pesticides might have been applied heavily, 
mosquito larvac and mollusks were dominant, but 
not ostracods. 

AZO.LA-A.VAIALVA SYMBIOSIS 

Soil Microhiologjy l partment 

Azolla collection and distribution. A. filiculoides 
collections from Colombia were added to the 
azolla collection. A totalof 158 collections are now 
maintained. We received II lines of'Anhaena-frec 
azolla from natural populatiotis. germinating spo-
rophytes, orapextisstieculture(Table8). A totalof 
2(X) collections were sent to 25 scientists in 13 
cotmntries upon their request. A. tmicrojph ia #418 
was requested most often. 

Response of azolla to high temperature. We 
tested the growthI of' a/olla strains from Brazil 

Table 8.A naaa. free' lines (itazolla. 111R1, 1985. 

Parent 
Accession no. Species accession Methoda 

97 A. pilnata 2 T 
112 A. fliculoides Unknown S 
129 A. filiculoides Unknown -5 
130-131 A. filiculoides Unknown N 
132-133 At.]ilicu oidt's 10 S206 A. tnte.vicana 201 S 
425,427,429 A. microphilla 418 S 

aT = frori tissue culture, S = from germinating sporocarp, 
N = from natural population. 
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(#307-315) at 22, 29, and 330 C with 8VCdifference 
between day and night (12:12 h) under 20 klux 
light. 

Azolla was grown up to 16 d. 'Except #315, all 
grew better at 29 and 33 'C than A.ficuloies 
#101 and A. caroliniana #301. Some strains like 
#308 and #309 produced at 33 'C biomass similar 
to that of A. inicroqhylla #418. Azolla #309 and 
#310 are likely to be A. me.\icana from their 
morphology of megasporoca rps and microsporo
ca.rps. Growth of Antabaena-free A.filiculoides 
was compared with that of symbiotic A. /licu
loicles #101 at 22 and 33 'C. High temperature 
(33 'C) greatly reduced growth of Anahaena-free 
azolla and, to a greater extent, symbiotic azolla, 
suggesting that the low temperature tolerance ofA. 
fihictloidts is governed mostly by host-plant char
acteristics and, to a smaller extent, by symbiotic 
algae. The ARA of azolla grown for 24 d at high 
and low plant density at 33 and 29 0C was0C 

measured as a quick test for high temperature 
tolerance. High temperature at high plant density 
affected A. micro)h.lla #418 least and I.fi/licu

loi/s #101 most (Fig. 8). 
Growth in the field. Azolla growth was studied 

at IRRI from January to May 1985. Strains used 
were mainlythose from Brazilthat had been tested 
for temperature response. Maximum biomass 
accumulated in .January-February was plotted 
against that accumulated in April-May, a hotter 
period in which the growth was poorer (Fig. 9). 

fe,,hre,,h/ ; fresh weight/10 cm 
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8. Ratio ofaeage ARA at 2(andn4 d.to ARAat 0 d grownat
37290at 3 plant densities. IIRI, 1985. 
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Strains os309' 12 showed bcst pcrforrmanc inandI3 
hoth periods. NIMost aiolla achiev:d inaxinnnn 
biomass 5-7 wk after inoculation (WAI) of 0. I kg 

2fresh weight i . A.pinuata var. inhriat fS grew 
faster than the 3(X) series. In lune and September
1985. 4301 and 4310 gave the highest bioinass, 

almost similar to that of A. microphvila #4 18. 
Azolla growth under rice. A clear-cut relation-

ship exists between growth of a/olla and light
intensity on its surface, expressed as: 

I).3)X 	 (r - 0.'X)2)t)ry weight (g III) 

m
where X isaverage daily solar radiation (mVh/i 
per d) during tile 10 d before harvest of azolla. 

A/olla st rains differ in abilitv to grow un(le r shade, 

A. microphrlla being more tolerant than A. 
pinnata var. Jpinnata. 

The presence of azolla depresses tile increase of 

pi and 0, concentration in tloodwatCr during 

daytime by inhibiting the penetration of light and. 

hence, the photosynthe tic actiitv of aqua tic flora. 

A/olla density of 60W-800 g fl'csh weight, nl. 

decreases light penetration by 0'1-. 
es of azollaNutrient content of azolla. Anal\ 

from 'various sites in the Philippines and from 
showed tnat its N content isINSFFER trials 

proportional to its P contett where contents are 

below 0.4i P .and 41o'j N (Fig. 10). When the P 

content is above 0.4%'j. increase of P does not 

increase N content. N content of azolla (123 

samples) from ricefields in Leie averaged 2.9X% 

(median 2.93%, maximum 4.75%, minimum 
2.02%). Only 4% of the samples had a N content 
higher than 4%. Their P content averaged 0.17% 

minimum(median 0.16%. maximum 0.47%, 
0.07%). Oni 4% of the samples had a P content 

higher than 0.4/,g. Three-fourths of the samples 
contained less than tile critical P limit of 0.16%. 
Azolla in farners' fieldsiti t, deficient in P, low in 

N, and probably low in growth rate. 

Method of P fertilizer application. In most soils,
sayt s 

a/olla is deficient in P, so it is necessarv to use P 
tertili/er or soil I'Imore eficiently. Wcconpared I) 
fertilizer I1 split application (0.55 kg 1) ha = 10 

times split), 2) inoculation of P-enriched a/olla. 3) 

disturKince, and 4) no-I1 control. Enriched 
azolla (/1 . inicrophylla #418) rcccixcd P fertilizer 

twice in the inoctlunlm preparation field. At 2-d 

intervals, 10 kg Pha was applied, and harvest was 

2 d after final P application. 
The azolla was then inocuiated in the field. 

Becattse tile biomass in the inoculum preparation 
field was 2 kg fresh weight, m2 and the inoculum 

ni 2, rate was 0.15 g the amount of P received 
corresponded to 1.88 kg P, ha in the main field. 
[he azolla 	thus enriched contained 1.2% P. The 

growth rate of' P-enriched a/olla was better for the 

first week than that of the split-P treatment. P
enriched azolla grew until its P content decreased 
to0.2-. It yielded 1.0 kgfresh wcight!in 2(Fig. II). 

Soil disturbance was aimed at releasing soil P to 

the floodwater; however, it neither increased flood
water P nor azolla growth. 

N % 
6 
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0	 020040 000
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1). Nand I'contents of aolla. IRRI, 1985. 
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AZOLLA INSECI' pesTrs

P application Ento/ogi'Department 

I I 2specimen Confirmed insect pests and their distribution. Oneof Bagous affinis Hustache (Col., Cur
culionidae) was collected on inazolla Banaue,
Ifugao, Philippines, on 20 Jan. An Elop hila species

P-split (caseworm) was identifi, d as Elophila nigralha/is(Caradja). The larval :old pupal stages of Ephe
stiopsis vishnu (spinning worm) are shown in
Figures 12-14. Further distributions of 4 pyralid
moths were newly confirmed: E.vishnu in Antique,
Aklan, Negros Occidental, and southern Palawan;Elophilaenixalis in Occidental Mindoro; E.nigralP-enriched 
 balis in Occidental Mindoro, all four provinces ofPanay, and Leyte; and Elophila responsais in 

Soil distUrbed, Aklan. 
Life cycle and prevalence of four pyralid moths. 

Ephestiopsis vishnu required about 20 d from eggControl~ 
0
L. deposition to emergence and produced 246-370reggs/pair,0 0 Da 20 

whereas 3 Elophila spp. required about 
11. 31-32 d and produced 44478 eggs/pair (Table 10).Growth olaolla as affected byPapplication,pretreatment 
 The seasonal prevalencewith P and soil of the four majorh 1985.pisturbancv.prtnly pyralid moths at IRRI was surveyed. Daily adult 

Final N yields were 65 kg/ha in the split-Ptreatment and 18 kg/ha in the P-enriched treat-
-ment. The ratios of N yield to P applied were the L
 same, showing that application of P only in the 
 -


inoculum preparation field is a promising way to B 
save P fertilizer. / m. .
 

Culture of rice and azolla in wide-narrow row
spacing. Wide rows were alternated with narrow ,. . . " ,, c
Crows to allow more space for azolla grown at 25 - imMIhills/ m2. The experimental design resembledprevious ones, except A. inicrophyllawas inocula- 12. Larvae of Ephiestiopsiv vivlvu. A. Istinstar. B.2d instar.ted (Table 9). The 13th crop was the final one. c. 5th (last instar. IRRI, 1985. 

Table 9. Dual culture of rice and azolla. IRRI, 1984 WS and 1985 DS. 

Trial seuence Rice varieties and Chemical Ncropldurationeapplied Azolla incorporation Rice grain yield (t/ha)Split ratio Number N co No N)(kg/a) Chemical Azolla
 
12th IR56 60 1:1:1 4 83 3.7 4.4 4.4 
13th Jun - Aug 84IR56 60 1:1:1 4 62 3.4 4.4 4.3Nov 84 - Jan 85 

,'i IRRI ANNUAL REPORT FOR 1985 



Ih i -' " " i 

IL T2 T3 A3 F 

0 2 mm 

13. Fiftlh-i nstar Iarvae of IEphwxtiopliSL i'i td. A. I lcad, hoot ew. II. Flecad. la teral view. C. ('la of pro lrg. I). I.abhirn . 1".Ma nd ihle. 
inner \iew. F. C-h}aettav.ly thorax to 3d abdominal segment. ( i. ('hactotaxy. 71h to 9th abdominal seg'ments. IRRI, I9X5. 

light trap catches were recorded lthroughotit the
,.',;; ,' i the same nmnner as in 1984. T'he highest/'; , .) /';;.a1i - year in 

i, 'iti ..... I catches were in caseworm complex in, March and 
'; ft4 ( . -'IIf the spinning worm in Febuary. There werec usuallyiK' /',4 i~i more spinning worms than aseworms (Fig. I5); 

ii I 12,406 adults of the 4 pyralid moths were collected 

" i;)' 'iS-and the c,.eworms 207% More females were,:,, ,,, ;' ;collected than males except for I:Ilophida ('nixalis 

A B C D E (Table I I). 
________Weekly surveys were made of larval and pupal 

14. FPtpae oFlI:'/he.otiopxix ihu. A. Female, ventral viesv, populations on standing hiomass of untreated A. 
IH.Femlale, lateral viewv. C. I:emale.dorsal siew. I). Female. F1lth inicroptty/Ia #41 8 and A. pitnnata var. ifltrifcata #5 
segment, ventral view. I-. Male, at IRRI. On A. nnfcrophtyl/a, caseworm complex 

Table t0. ILife cycle of 4 pyralid moths on/1. pinnata vat., t bricata at 27 -+3°C. IRRI, 1985. 

iEphe'stiopsis '~ishnw Elop/ija cntb'alis Elophila nigraibalis Elop/hila responsaIis 

Duration (d)
Egg 3 4 5 5 
Larva 12 21 20 20 
Pupa 5 6 6 7 

Total 20 31 31 

Adult longevity (d)
Male 3-4 2-7 1..4 1-6 
F'etnale 3- 7 2-7 2-6 2-6 

Eggs (no./pair)
Av 310 252 236 344
 
Ranuge 246-370 196-346 44-414 
 253-478 
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Adults (no /wk) Total larvae plus pupae (no /m 2 )
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15. light !lup ,'archc f caseworms l-hloia enixalLs, E 16. Weekly lanal and pupal samples of casewornis and theni'ralt,s,and L re.umpualh and of the spinning worm spinning worm on A. microlph/tla in untreated plots. IRRI,
Lphe.iolp.sis Vt/Lunu. IRRI. 1985. 1985. 

populations showed the highest peak in May and Standing biomass and yield loss. Standing bio
the next highest peak in October, whermsspinning mass in insecticide-treated and untreated plots of 
worm appcared in Octoberand May(Fig. 16). On A. inicrophylla is illustrated in Figure 17. The
A. pinnita var. imnricata, caseworm complex biomass values, which fluctuated considerably,
showed the highest peak in May-.June and the were not closely correlated with temperature and
second highest peak in October, spinning worm averaged 1.0kg/m 2 perwkintreatedplotsand0.46
showed the same tendency. Both caseworm and kg/ in2 per wk in untreated plots. The estimated 
spinning worm populations were frequently higher yield losses, averaging 53.7%, appear in Figure 18. 
on A. icroph lla than on A. pinnata var. imbri- With A. pinnatavar.imbricata, standing biomass 
ca ia. 2averaged 0.49 kgi m per wk in treated plots and 

Table It. Species components and sex ratio of 4 pyralid moths collected at IRRI by a blue-black fluorescent tube light
trap. 1985. 

Caseworms 
Spinning wormn 

Ephestiopsistishnutti Elophilaenixalis El. nigralbalis El. responsalis 

Adults collected (no.)
Male 4420 1499 49 17Fenale 5421 848 90 62 

Sex ratioa 81.5 176.7 54.4 27.4
Species component3

%each aclong 4 species 79.3 18.9 1.1 0.7%each amog 3caseworms - 91.5 5.4 3.1 
aMales/1O0 females. 
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0.26 kg/rM2 per wk in untreated ones. Yield loss 
aver-aged 46%. 

Table 12 summarizes the interactions among 

azolla standing biomass, pest populations, and 

yield loss caused by insect pests. Though the yield 

loss in standing biomass on A. microphylila was 
53.7% and on A. pinnata var. imbricata 46.0%, A. 

2

microphylla produced at least 0.52 kg/m per wk 

2 per wk moremore in treated plots and 0.20 kg/ rn

in untreated plots than A. pinnata var. imnbricata. 

In untreated plots, spinning worm averaged 

Ill /m 2 on A. microphylla and 50/m 2 on A. 

pinnata var. imbricata, whereas caseworms aver
aged 78/m 2 and 61/r 2, respectively. Evidentlyae 8m n 1m2 

there were more pyTalid pests on A. microphylla. 

Standing plus harvested biomaw,and yield loss. 

Standing plus harvested biomass was 1.81 and 0.46 

kg/rM2 per wk in treated and untreated A. 
2

yla, and 0.79 and 0.26 kg/r per wk in 

treated and untreated A. pinnata var. imbricata. 
The yield loss averaged 74.4% on standing biomass 

66.4% on harvested biomass (Table 12). In 

treated plots, A. microphylla produced more than 

A. pinnata var. imbricata. 
Production biomass and yield loss. On the last 

day of the month, A. microphylla inoculum was 

divided into 2 groups: insectici 'c-treated (I t fresh 

azolla mixed with0.5 kgdiazinon lOG formulation 

within plastic bags) and untreated. The azolla wasincltdneahpo(4X5-)nteflowg
 
on the followingnoculated in each plot (4- X 5-) 

day. Samples for production biomass and insect 

lar Joe± p Jpae (TC 'm- )-o/o) 

-- Insecticide-treated 
once atnoculoon
 

200 - Untreted
 
* Spinnng worm 

. Cose~ormm 
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 A. inicrop/rllaand insect pest populations. IRRI. 1985. 
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Table 12. Standing biomass of 2 azolla species, larval and pupal populations of the spinning worm and caseworm complex,and yield loss. IRRI, Jan-Dec 1985. 

Biomass (kg fresh weight/m 2') Larvae + pupae (no./ni) Estimated yield loss (%)
Insecticide Standing larvested Spinning worm Caseworin Standingtreatment Standing and .
 .
 .
Av Range Av Range 

.. bionmass harvested biomass
Av Range Av Range Av ___Range Av 
 Range 

A,.nmicro;phylla 
Treated 1.002 0.593-1.442 0.811 0-1.065 0.0 
Untreated 0.0 53.7 5.5-89.7 74.4 42.8-95.10.463 0.083-0.700 0.000 - 111.5 0-438.8 78.2 0-290.2 

Treated 0.486 I. pinnata var. imbricata0.159-0.852 0.306 0-0.658 0.0 0.0Untreated -- 46.0 8.1-76.8 66.4 30.6-88.40.263 0.063-0.416 0.000 50.0 0-250.1 60.9 0-378.6 

pest populations were taken weekly 111) to 4 WAI. evaluate its effects compared with those of chemicalBiomass was harvested 4 WAI. In treated plots. N fertilizers. The treatments wereproduction biomass reached the maximum value 2 * no azolla, no fertilizer;wk WAI and afterwards decreased; in untreated a 43 kg N/ha best split. 2/3 basial and incorporaplots, it reached maximum I wk later and de- ted before transplanting, 1,3 topdressed atcreased rapidly to nothing 4 WAI (Fig. 18). 5-7 d before panicle initiation (DBPI);Spinning worms and caseworm complex started to 0 fresh 'olla inoculated at 500 g/m ,incorporacause damage earlier and more severely in un- ted aiter 10 d and again 20 d before transtreated than in treated plots. Yield loss in produc- planting; last incorporation was at 25 d aftertion biomass by insect pests averaged 20.3% at I transp.anting; andWAI,57.61at2 WA, .543%at3WAI and 84.7%' 
at 4 WA!. 

* fresh azolla inoculated at 5(X) g/m2, grown
20 d and incorporated before transplanting; 
15 kg N/ha was topdressed at 5-7 DBPI.AZOL.LA APPLIED RF.SARCIl During 1985 DS,trials were conducted at four

Trainingatnd Technologi, Transfer lJepartment sites: two each in the municipalities of Baybayand
Hilongos. P was not applied. Response to N wasRice yield response to azolla. On-farm trials on A. significant at all four sites (Table 13). In Baybay,pinnata were conducted in Leyte, Philippines, to azolla grew poorly at both sites, resulting in no 

Table 13. Effect of supplementary N source on grain yield of IR60. Baybay and Ililongos, Leyte, Philippines, 1985. 

Grain yield (t/ha) 

Sourcea 
Dry season Wet season 

Ilaybay Ililongos Baybayb Baybay and lli!jigosc 

Site I Site 2 Site I Site 2 
No fertilizet, no azolla 3.6 b 3.3 b 3.4 b 
 2.8 c 2.8 b45 kg N/ha as PU (best split) 4.8 a 4.4 a 3.3 b5.2 a 4.5 a 3.8 a
A. pinnata alone, 4.2 a3.6 b 3.4 b 5.0 a 3.5 b 3.6 a 
 3.9 a3 incorporatio:.,A. pinnata incorporated once, 4.1 b 4.1 a 5.2 a 4.1 ab 4.0 a 
 4.1 aplus 15 kg N/ha as PU
 

CV (%) 
 8.6 8.5 12.5 8.2 8.7 
apu = prilled urea. bAv of 3 replications at I site. eAv of 6 replications across sites. 
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significant yield increase. In Hilongos, azolla alone 
significantly increased yield. At site I, the contribu-
tion ofazolla appeared to be similarto that of 45 kg
N/ha of pulled urea (PU). At site 2,the azollacontribution was significantly less than that ob-
tained from 45 kg N/ha. At all 4 sites, a single 
incorporation of azolla at 20 d after inoculation,
supplemented by 15 kg N/ha topdresscd as urea, 
was equivalent or superior to 3 incorporations of 
azolla. 

During 1985 WS,one trial in Baybay had three 
replications at one site, while the otier trial was 
replicated six times across fields. In contrast to the 
result obtained in DS,the trial in Baybay showed 
that azolla incorporated 3 times significantly in-
cresed rice yield by 0.8 t/ha (Table 13). The yield
obtained through azolla use was not significantly 
different from that with 45 kg N/ha applied as PU. 
A similar result was obtained frem the multiloca-
tion trial, which was replicated across fields in both 
Baybay and Hilongos. In both types of' trials 
during 1985 WS,a single incorporation of azolla 
grown for 20 d supplemented bya topdressed 15kg
N/ ha gave yields equivalent to 3 atolla incorpora-
tins. 

Azolla growth trials. The growth of three azolla 
species was studied in Iarmers'fieldsin Baybayand
Hilongos. The initial inocUtum was 500 g fresh 
azolla/'m- quadrat. At I wk, the azolla was har-
vested. After determining the biomass, 5X) g fresh 
weight was inoculated in a quadrat. Net azolla 
biomass accumulation was obtained on a monthly 
basis from February to August 1985. Solophos was 
added at 1.09 kg P/ha twice a week. 

2Azotlo fresh weight (kg/m ) 
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19. Growth of 3 species ol a/olla at Baybay (B)and Hilongos 
(H) inLeyte. Philippines. 1985. n5 =,,I.pinnata var. imhricata. 
N41I= A.inicrolhyrla , 9701 = .-pinnata var. Iflnata.I. 


Across the two locations,A.pinnata var. inbri
cata #5 appeared to be most adapted during the 
period of observation (Fig. 19). 

Azolla growth in Hilongos was poorer than in 
Baybay, dcspite the fact that field growth and 
response of rice was better. The N content ofazolla 
in Hilongos ranged from2.3 to3.%, whereasthat 
in Baybay ranged from 3.3 to 4.8%. Unlike at 
IRRI, A. microphyvlla #418 was not best, perhaps
because of low P fertility. A. pinnatavar.pinnata 
seemed to be more suitable for less fertile soils. 
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Soil Chemistry/ Physics Department 

DECOMPOSITION OF 4C-L-ABEL.D RICE STRAW 256 
EFFECT OF INCORPORATION OF RICE STRAW, AZOLLA AICROPttYLLA, AND
SESBANIA ROSTRATA ON NH--N RELEASE PATERN IN FLOODED soiLs 257 
LONG-TERM EFFECTS OF STRAW AMENDMENTS ON SOIL FERTILITY AND 
RICE GROWTH 257 



DECOMPOSITION OF 4C-LABELED RICE STRAW The decomposition pattern (Fig. 1)reveals that 
submergence retarded decay of 14C-labeled rice 

The decomposition of 14C-labeled rice straw in straw only slightly in puddled neutral and alkaline 
different soils undersubmerged and drained condi- soils. In the acid soil (Humult), no difference was 
tions was investigated. To ensure equal environ- found. Decomposition rates and patterns of all 
ments, the following soils were sampled as mono- submerged soils were similar. A somewhat re
lithsand installed atthe IRRI farm: Tropept (0.8% tarded mineralization occurred in the Aquult 
organic carbon [OC], 37% clay, pH 7.6), Tropept during the first weeks only. 
(0.8% OC,43% clay, pH 6.0), Udult (2.1% OC, Following the rapid mineralization losses of 
46% clay, pH 4.8), Aquept (0.8% OC,37% clay, pH about 80% in the drained acid and all submerged 
7.6), Aquoll (2.2% OC,38% clay, pH 6.0), Aquult soils, and 90% in neutral and alkaline drained soils 
(2.1% OC,46% clay, pH 4.8). during the first year, all decomposition curves 

Chopped labeled straw (equivalent to 5 t/ha) showed a logarithmic function regardless of water 
was incorporated into the top 10 cm of the soil. regime. Apparently only the initial decomposition 
Each particular treatment was replicated eight differs, and the remaining compounds and meta
times. Soil cores were taken at appropriate times, bolites behave rather similarly, irrespective of 
and each year the entire soil was sampled down to initial soil properties and water regime. The half 
40 cm in 2 replications. Soil samples were freeze- life of the more resistant residues and labeled 
dried, combusted, and analyzed for 14 C. metabolites is estimated to be about 2 yr only, 
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1.Decomposition of 14C-labeled rice straw in a) flooded lowland soils and b)upland soils in the field, 1981-85 (incorporation depths 
0-1 cm). 
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which is 3 to 4 times lower than the reported half 
life in drained soils of temperate zones, but com-
parable to other determinations for drained soils 
for the tropics. 

The initial decomposition rate followed in the 
order of: 

Tropepts> HumultTropeptsNaAquollqul=Aupt quAquept= Aquult 

Incubation experiments with submerged soils 
under N2 atmosphere resulted in highly retarded 
mineralization. Thus, submergence cannot be 
equated with anaerobic decomposition, even if 
redox potentials are below -50 mV. 

Aside from the constant high soil temperature of 
27-30 'C and a pH of 7, the constant low bulk 
density of puddled and flooded clayey soils (>0.6
g/cm 3), high microbial biomass (>3% of soil C), 
and enormous activities of aquatic invertebrates 
must contribute to rapid decomposition in sub-
merged rice soils. The floodwater ecology might be 
as important as the soil edaphon. 

EFFEC[ OF INCORPORATION OF RICE STRAW, 
AZOLLA MICROPHYLLA. AND SLSBANIA 
ROSTRA TA ON NHI -N RELEASE P'ATTERN IN 

FLOODED SOILS 


The established high initial mineralization rates of 

rice straw in submerged rice soils lead one to 

assume that incorporation of organic substrates 

having a high C to N ratio (C:N) causes a net 

immobilization of N in flooded soils as it does in 

drained soils. Low or even negative yield responses
to straw amendments (Table I) support thisassumption. 

assmpton. e 
In a greenhouse experiment we studied the effectof 

of incorporating rice straw, azolla, and Sesbania 
on the soil solution kinetics inan Aquoll (1.8% OC, 
silty clay, pH 6.5, C:N 10, ,ztion exchange capacity 
[CEC] 35.8 meq/100 g, Olsen P 27 mg/kg). 

Table 1. Effect of 4 straw treatments on the grain yield of
IR60 on Luisiana clay (pH 4.7) at PangdI, Laguna, Philip
pines, during the 12th crop, 1985 WS. 

Straw management Grain yield (t/ha) 
Removed 3.0 a
Burned 2.9 a 
LChopped straw a3.0 

Organic substrates were added at equivalent rates 
of 58 kg N/ha and 116 kg N/ha, . oth in the 
presence and in the absence of rice plants (IR36).
All treatments received additionally 13 kg P/ha
and 25 kg K/ha as inorganic fertilizers. 

In both the presence and the absence of rice 
+ 2+Caut
plants, neither soil solution pH, Eh, EC, HCO-Na,CaMg" nor Cu22 was affected by any of 

the organic amendments. 
Soil solution NH4+-N, however, was significant

ly altered by the materials. While straw decreased 
NH4+-N concentration below the control treat
ment, azolla and Sesbania increased it (Fig. 2, 3).
The effects were more pronounced at the higher 
rate of application. There was no difference 
between azolla and Sesbania at the lower rate, but 
at the higherrateSesbania provided more NH4+-N. 

Without rice plants, the NH4+-N concentration 
reached a maximum at 60 d after flooding and 
remained approximately constant; with rice plants,
the concentration decreased to very low levels after 
about 30 d because of N uptake by the plants. 

Unlike in upland soil, the immobilized N seems 
not to be released subsequently during the growth
duration of 1R36. 

The soil solution concentrations of K+,Fe2+,
Mn2+, and H2PO4 - increased more with straw 
tn wit ao o resedapplit Only 

Sesbania application. Only
straw application severely depressed Zn2+ 
concentration in the soil solution, especially at the 
higher rate of application (Table 2). 

Grain and strawyields (Table3) werelowerthan 
in:he control for straw treatments, significantly so

inhecnrlfrsawtamnssgfcnlyo
 
at the higher rate of application. Grain yields

seemed to be depressed to the extent that soil Nwas
 

immiiz ed aa litn Additin of 
green manure increased Navailability, resulting in 
improved plant growth and higher yield. 

LONG-TERM EFFECTS OF STRAW AMENDMENTS 
ON SOIL FERTILITY AND RICE GROWTH 

Long-term trials on straw amendments on Aquolls
 

have been done at IRRI since 1972. In a dry fallow 
system with two rice crops per year, the treatments
in experiment A are straw removed, straw burned 
and ash incorporated, long straw incorporated,
and straw compost treated with single superphos
phate and lime incorporated.p In experiment B,sstraw incorporation is combined with three water 

SOIL AND CROP MANAGEMENT 257 



Soil solution NHt-N(rg N/liter) 
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2. Changes in concentration of NfI-4-N in soil solution of flooded Maahas clay without a rice crop as affected by
incorporation of rice straw, Azolla microp/:y//a,and Sesbania rostrataat N equivalents of 58 and 116 kg/ha. IRRI 
greenhouse, 1985. 
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3. Changes in concentration of NW-f-N in soil solution of flooded Maahas clay with a rice crop as affected by
incorporation of rice straw, Azolla microphylla, and Seshania rostrala at N equivalents of 58 and 116 kg/ha. IRRI 
greenhouse, 1985. 

treatments: dry fallow, dry fallow + midseason In all treatments the C content of the soildid not 
drainage, and flood fallow with midseason drain- change significantlyexcept for aninitialdrop in the 
age. Rice is planted directly after straw incor- straw removed and straw burned treatments during
poration. the first years. The initial soil C:N was 15.6 in 
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Table 2. Changes in concentration of Zn 2+ in soil solution of an Aquoll as affected by incorporation of organic substratesequivalent to 116 kg N/ha. IRRI, 1985. 

Zn2+ concentration (mg/liter) at given days after floodingOrganic material 
3d 8 d 15 d 29 d 43d 57 d 71 d 

None (control) 0.19 0.15 0.14 0.10 0.08 0.13 0.12Rice straw 0.08 0.06 0.07 0.06 0.06 0.08 0.07Azolla 0.19 0.10 0.12 0.08 0.06 0.09 
Sesbania 0.17 0.18 0.12 

0.06 
0.06 0.08 0.09 0.06 

Table 3. Grain and straw yields as affected by application when the ash of straw was incorporated, butof rice straw and Sesbania rostrara,each equivalent to 116 differences among the treatments were not sigkg N/ha. IRRI, 1985. nificant, most likely because of high K content of 

Organic material Grain yield Straw yield the irrigation water.(g/pot) (g/pot) Seasonal incorporation of 5 t rice straw/ ha for 
None (control) 40 !, 62 b more than a decade has not improved fertility onRice straw 32 c 49 c Aquolls having anS. rostrata 46 a 69 a 

initial organic C content of
about 2% and C:N of 10. Because in the soils 
studied the initial C:N was higher than 10, straw 
removal and burning caused a decline ofC content 
during the first year, while straw incorporationexperiment A and 13.0 in experiment B. The N maintained the original C content. After about4yrcontent in both experiments increased until a C:N in all treatments, a C:N of 10 was established soof around 10 was established; thereafter no that straw incorporation resulted in higher Nsignificant change took place(Table4). Decreasein content. Thereafter, C and N contents remained

the C:N was enhanced by applying NPK fertilizer stable. 
to the first 10 crops. Water management seems to have no influenceThe addition of compost enriched with P on these dynamics (Table 5), possibly becamtse thissignificantly increased available P, but no dif- soil is well buffered against excessive reduction.ference was found with the other treatment. These results are in line with decomposition studiesAvailable K increased most (by 1.6 mmol/ kg) of 14C-labeled rice straw on this soil. 

Table 4. Effect of straw amendments on the C and N content of an Aquoll.a IRRI, 1972-84. 

Treatment 1972 1973-75 1982-84 Amean mean means 

Straw removed Carbon (%)2.05 1.82 ± 0.23 1.67 ± 0.07Straw burned 2.05 -0.021.85 ±0.15 1.74 ±0.05 -0.11Straw incorporated 2.05 2.07 ± 0.10 1.90Straw compost 2.05 2.07 
± 0.05 -0.13 

t 0.06 1.98 ± 0.06 -0.09 

Straw removed Nitrogen (%,0.132 0.126 ±0.012 0.173 ±0.007 +0.047Straw burned 0.132 0.129 ±0.019 0.179 t 0.011Straw Incorporated 0.132 +0.043
0.141 t 0.014Straw compost 0.132 

0.191 ± 0.007 +0.048
0.153 t 0.006 0.202 ± 0.014 +0.047 

a2 rice crops a year, dry fallow. 
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Table 5. Effect of water management on the Cand N content of an Aquoll, averaged for 2 straw treatments a IRRI, 1972
84. 

1972 1973-75 1982-84Treatmentb mean mean means 

Carbon(%)
Dry fallow 1.95 1.8! t 0.12 1.88 ± 0.03 +0.07 
Dry fallow + msd 1.95 1.94 1 0.02 2.08 ± 0.05 +0.14 
Flood fallow + msd 1.95 1.97 t 0.04 2.05 ± 0.03 0.08 

Nitrogen (%)
Dry fallow 0.150 0.153 ±0.010 0.191 ± 0.007 +0.038 
Dry fallow+ msd 0.150 0.158 ±0.016 0.211 ± 0.009 +0.053 
Flood fallow +msd 0.150 0.165 ±0.014 0.202 ±0.003 +0.037 

a2 rice crops a year. bmsd mldseason drainage. 

Table 6. Effect of straw treatment on the grain yi"ld of Drum or pot experiments on the effects of water 
rice on an Aquoll. IRRI, 26th cropping season, 1985 DS. management have to be evaluated carefully 

Grain yield (tlha) because artificially high rates of N fixation and C 
Treatment input by algae are likely,intensifying the reductionIR36 IR58 IR60 Mean inubyageaelklitniigthrdcio 

processes so that toxins are produced. 
Straw removed 3.8 3.8 4.3 4.0 b Differences in grain yield are not consistent over 
Straw burned and ash 4.2 3.5 4.2 4.0 b the years except with compost addition. Compost 

incorporated 
Straw incorporated 4.2 3.8 4.2 4.1 b incorporation increased yield by about 0.5 t/ha 
Straw compost incorporated 4.4 4.3 5.0 4.6 a (Table 6). 
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RATE AND TIME OF PHOSPHORUS AND 
POTASSIUM APPLICAION 

Trials on the effects of rate and time of P and K 
application on rice yields were initiated in 1985 dry 

season (DS) in a farmer's field in Bugallon, 
FPangasinan, Philippines, where both elements 
were deficient. Table I shows the properties of the 

soils.
Grain yield rcsponscsto applied P(Table2)and 

K (Table 3) were significant, but at the same 
fertilizer rate, different application methods gave 
comparable yields. 

In DS and wet season (WS). K application 

without P gave lower yields than without Zn, 
suggesting that P is more limiting than Zn. 

P applied at 45 kg; ha during the last harrowing 
gave tl-e highest P response of 1.8 t/ha and was 
comparable to the same rate applied at 4 or 6 wk 
after transplanting (WT) in the loamy soil with 
available Olsen 1 of 1.5 ppm. 

"Fh, results suggest that on this soil type, delay
ingapplication of 45 kg P/ha until4 or6 Wldoes 
not reduce yield compared with early basal 

application. This supports the farmers' practice, 
but a problem arises it' only compound fertili/ers 
are available. 

Table 1, Properties of soilsa used in Pand K fertility trials. 
Bugallon, Pangasinan, Philippines, 1985. 

Soil property Ptrial K trial 

pH (1:1) 5.3 5.4 
Organic C (%) 2.53 2.05 
Total N (%) 0.21 0.18 
Exchangeable bases (meq/ 100 g) 

Na 0.34 0.32 
K 0.07 0.06 
Mg 12 14 
Ca 16 is 

CEC (meq/100 g) 24 26 
Fe (%,perchloric) 4.6 4.7 
Available Olsen P (ppm) 1.5 1.2 
Available Zn (ppm) 0.12 0.10 
Particle size (%) 

Sand 25 17 
Silt 48 52 
Clay 27 31 

Texture Loam Silty cliy loam 

aMolllsols; fine-loamy mixed isohyperthermlc Typic 
Haplaquoll. 
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Table 2. Grain yield of IR36 as affected by rate and time 
of P application. Bugallon, Pangasinan, Philippines, 1985 
DS. 

P rate Grain yield b (t/ha) 
Application time a (kg/ha) 

No P fertilizer 0 2.7 f 
Last harrowing 5 3.2 ef 

15 3.3 ef 
4S 4.5 a 

Transplanting 5 3.4 def
15 3.8 a-e 
45 4.2 abc
 

2WT 5 3.4 def
 
15 3.7 b-e 
45 4.1 a-d 

4 WT 5 3.4 def 
15 3.5 ode
45 4.3 ab 

6 WT 5 3.5 cdc 
15 3.8 a-e 
45 3.9 a-e 

aWT =wk after transplanting. bCV (%)= 1. 

Table 3. Grain yield of IR36 as affected by rate and time 

of K application. Bugallon, Pangasinan, Philippines, 1985. 

Krate Grain yielda (t/ha) 
Application time kg/ha) 

Dry season Wet season 

Unfenilized control 0 2.2 b 1.7 d 
No K fertilizer 0 2.7 b 1.9 cd 

Basal 50 4.5 a 2.9 ab 
100 4.5 a 2.7 b 
150 4.6 a 3.2 a200 4.3 a 3.0 ab 

Split (4WT) 50 4.2 a 3.0 ab
 
100 4.6 a 3.0 ab
 
150 4.6 a 2.8 ab 
200 4.5 a 2.9 ab 

Split (4 WT) 200 (no Zn) 4.3 a 2.7 b 
200 (no P) 2.3 b 2.2 c 

Basal 200 (no Zn) 4.4 a 2.9 ab 
200 (no P) 2.4 b 2.3 c 

aCV (%) = 10 for DS and 10 for WS. 

POTASSI UM-ZINC INTFRACIONS IN L.OWIANI) 
RICE 

Trials were continued in Bugallon and Manga

tarem, Pangasinan, to evaluate the response of 
1R36 to Kand Zn. Tabl 4 lists the soil properties. 



Table 4. Properties of soils for trials on K-Zn interaction. Bugallon and Mangatarem, Pangasinan, Philippines, 1985. 

Soil property 

pH (1:1) 
Organic matter (%) 

Total N (%) 

Available Olsen P (ppm) 

Exchangeable cations (meq/100 g)


Na 

K 

Mg 

Ca 

Ca/K 

Mg/K 

Ca/Mg 


Ca + Mg/K 
CEC (meq/100 g) 
Fe (ppm, perchloric acid) 
Available Zn (ppm, Katval and Ponnamperuma) 
Particle size (%)

Sand 

Silt 

Clay 


Texture 

Bugallona Mangataremb 

Topsoil Subsoil Topsoil Subsoil 

5.8 5.8 7.1 7.2 
3.4 2.4 2.2 
 1.9
 
0.17 0.10 
 0.11 0.08
 
0.65 0.46 
 1.6 1.3
 

0.18 0.14 0.27 0.29 
0.02 0.01 0.06 0.08 

10 11 24 27
10.9 10.9 15.2 16.9
 

545 1090 253 211

520 1070 
 400 335 

1.05 1.02 0.63 0.63 
1065 2160 
 653 546
 

24 24 40 43 
3.8 3.8 6.2 6.2 
0.13 0.12 0.02 0.02 

27 28 9 8 
46 43 48 44
27 29 43 48
Loam Loam Silty clay Silty clay 

aFine loamy mixed isohyperthermic Typic Haplustoll. bFine mixed isohvperthermic Aquic Haplustoll. 

On Bugallon soil (pi 5.8), Zn application at all 
rates significantly increased yield in DS (Fig. I). 
When Zn was applied with K. grain yields wcre 
significantly higher than without K. Thc highest 
yield was obtained with 2(X) kg K,1ha in combina-
tion with 40 kg Zn/ha. In WS,Zn gave responses 
of over I t'ha without K. but Kaloneat I(X) kg: ha 
increased yield by 2.1 t!ha; higher rates of K or 
added Zn gave no further significant yield increase. 

At Mangatarem (pH 7.1 ),yield response to Zn 
was observed only with 100 kg K/ha (Fig. I). In 
WS at the same K levels, yieldsdid not significantly 
differ among Zn application rates. It was only on 
Bugallon soil that yield differences among Zn levels 
were recorded,although this soil had a higher level 
of available Zn than the Mangatarem soil. 

In DSand WS,application ofK alone produced 
a yield response. At Bugallon. the same trend was 
observed in WS. but Zn application was needed 
with K in DS to obtain highest yield. Response to 
Zn was due to the very low (<1.0 ppm) exchange-
able Zn of the soils. More Zn is needed if Mg levels 
are high (Ca/ Mg <2.0) or if(Ca + Mg)/ K is high. 
Because of the imbalances of the soil nutrients. 
results varied between sites. 
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LONG-TERM FERTIL[TY TRIALS 

The 42d (DS) and 43d (WS) consecutive crops in 
the long-term fertility trials were planted at IRRI in 
1985. In Maligaya, Bicol, and in the Visayas, 18 yr 
of cropping were completed. 

IRRI. Significant N response wvas observed at 
IRRI. Without applied N, rice yield was corn-
parable to that of the control. Applying N with P, 
K,or both gave yields not significantly higherthan 
with N alone. All test rices responded similarly to 
fertilizer application. IR8 yielded as well as IR36 
and IR29723-143-3-2-1. 

In WS, however, IR8 was severely damaged by 
brown planthopper, and data wee not included. 
Yield responses were similar to those observed 
on DS. 

Replacing inorganic fetbiili/er N with rice straw 
compost by about 17';, in )S and 40(%'j in WS 
produced yieldscomparable to those obtained with 
inorganic sources alone (Table 5). 

Bureau of Plant Industry stations. In Bicol, IR8 
was excluded due to tungro infection in both 
seasons(Table 6). In )S,long maturing 1R29723-
143-3-2-! ou:yiclded 1136. Low yields of IRZ36 

were caused by insufficient water supply during the 
early reproductive stage. N application signifi
cantly increased yields of IR29723-143-3-2-1. 
Yields from both rices were highest with NPK 
fertilizer, with K at 75 kg! ha applied in split doses. 
However, the small additional response to NPK 
over NP was not statistically significant. 

Maligaya silty clay loam (Entic lPellustert) was 
highly responsive to NP and NPK fertilizer (Table 
7). The DS yield of9.8 tC ha with lR29723-143-3-2-
I was the highest for the past 18 yr. Even IR8 
produced 8.8 tiha, which was 2.4 t/ ha higherthan 
the yield of IR36. Significant response to N alone 
was obtained with IR29723-143-3-2-1 but not with 
IR8and IR36.NK appliattion waseven inferiorto 
N alone in the DS crop. 

In WS,application of N or NK did not sig
nificantly increase yield unless P was also added. 
Results for both )S and WS show that after 
seveaml years of cropping, N must be combined 
with 1)to increase yield. 

In Santa Rita clay, low I)S yields had been 
,'ontinuously obtained (Table 8). Insufficient water 
stipply just before the reproductive stage has 
always been a problem. The 1985 DS crop was 

Table 5. Effect of NPK fertilizer on yie!h of test rices in the 42d (DS) and 43d (WS) consecutive crops in the long-term 

fertility trial. IRRI, 1985. 

Fertilizer (kg/ha) 

Na 
 P K 

0 0 0 
140 0 0 

0 13 0 
0 0 25 

140 13 0 
140 0 25 
140 13 25 
140 a 13 25 

0 0 0 
60 0 0 

0 13 0 

0 0 25 


60 13 0 

60 0 25 

60 13 25 

60d 13 25 


alncludes topdressing at 5-7 d before panicle 

Yieldb (t/ha) 

IR8c IR36 1R29723-143-3-2-1 

Dry season 
3.6 b 3.8 b 3.6 b 
7.0 a 6.6 a 6.7 a 
4.1 b 3.9 b 3.6 b 
3.8 b 3.8 b 3.4 b 
6.6 a 6.0 a 7.0 a 
6.7 a 6.4 a 6.6 a 
6.9 a 6.8 a 7.3 a 
6.7 a 6.3 a 6.9 a 

Wet season 
- 3.7 b 3.1 b 
- 5.2 a 5.1 a 
- 3.9 b 3.5 b 
- 3.7 b 3.2 b 
- 4.9 a 5.1 a 
- 5.0 a 5.1 a 

5.4 a 5.5 a 
- 5.1 a 5.3 a 

initiation of 40 kg N/ha in DS and 20 kg N/ha in WS. bWlthin a season, 
figures in a column followed by a common letter are not significantly different at the 5% level by DMRT. CV (%) = tO for 
DS and 12 for WS,ClR8 olants were severely damaged by brown planthopper in WS. d24 kg N/ha from rice straw compost. 
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Table 6. Effect of NPK fertilizer on yield of test rices in the long-term fertility trial. Bicol Experiment Station, Pili, Camari

nes Sur, Philippines, 1985. 

Fertilizer (kg/ha) Yieldb (t/ha) 

N4 P K IR36 IR29723-143-3-2-1 

Dry season 
0 0 0 2.3 b 3.2 c140 0 0 2.9 b 4.4 b140 26 0 3.6 a 6.6 a140 0 50 2.8 b 4.8 b140 26 50 4.8 a 7.1 a140 26 50+25 4.5 a 7.2 a 

0 0 0 0Vet season 3.3 ab 3.1 b
 
70 0 
 0 2.8 b 3.1 b70 26 0 3.5 ab 4.1 a70 0 50 2.8 b 3.2 b70 26 50 3.0 ab 4.4 a70 26 50+25 3.9 a 4.4 a
 

alncludes topdressing at 5-7 DBPI of 40 kg N/ha in DS and 
30 kg N/hp in WS. bWithln a season, figures In a column fol
lowed by a common letter are not significantly different at the 5% level by DMRT. CV (%)= 18 for DS and 17 for WS. 

Table 7. Effect of NPK fertilizer on yield of test rices in the long-term fertility trial. Maligaya Rice Research and Training
Center, Mufioz, Nueva Ecija, Philippines, 1985 DS and WS. 

Fertilizer (kg/ha) Yieldb (t/ha) 

Na P K IR8 IR36 IR29723-143-3.2-1 

Dry season0 0 0 2.4 c 1.8 c 2.4 d140 0 0 3.4 c 1.6 c 5.3 c140 26 0 6.9 b 5.6 b 8.1 b
140 0 50 3.0 c 1.4 c 4.2 c140 26 50 8.8 a 6.4 ab 9.8 a140 26 50+25 8.4 a 7.5 a 9.1 ab 

Wet season0 0 0 2.2 b 1.8 b 1.9 c70 0 0 2.3 b 1.9 b 2.5 c70 26 0 3.7 a 3.2 a 3.9 b70 0 50 2.4 b 2.0 b 2.1 c70 26 50 3.6 a 3.3 a 4.8 a
70 26 50+25 3.0 ab 2.7 a 4.7 a
 

alncl les topdressing at 
 5-7 DBPI of 40 kg N/ha in DS and 30 kg N/ha in WS. bWithin a season, figures in a column fol
lowed by a common letter are not significantly different at the 5% level by DMRT. CV (1) = 13 for DS and 16 for WS. 

planted early to avoid the later water supply IR60 and IR29723-!43-3-2-1 were used. On both 
shortage. Nevertheless, yields were still higher in soils, response to N applied either alone or in
WS. All test rices responded to N. N-P interaction combination with P and K was observed. 
was greaterthan N-K, giving yields comparable to With NPK. IR29723-143-3-2-1 gave the highest 
or better than that with NPK. N response of 3.0-3.2 t/ha in both soils in DS 

Farmers' fields. The 18th and 19th crops (Table9, 10). In WS, only IR60 gave a response to
in Luisiana, Laguna(Aquic Troporthent), and the P. Grain yield response to K was noted only witll
16th and 17th crops in Tanay, Rizal (Vertic IR29723-143-3-2-1 in calcareous (pH 7.1) Tanay
Tropaquept),weregrownin 1985 in farmers' fields, soil, which contains 0.09V meq exchangeable 
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Table 8. Effect of NPK fertilizer on yield of test rices in the long-term fertility trial. Visayas Experiment Station, Hamu

ngaya, Jaro, Iloilo, Philippines, 1985 DS and WS. 

Fertilizer (kg/ha) Yieldb (t/ha) 

Na 
 P K IR8 c IR36 IR29723-143-3-2-1 

Dry season 
0 0 0 - 1.5 b 1.5 c 

140 0 0 - 1.7 b 2.6 b 
140 26 0 - 3.9 a 3.8 a 
140 0 50 - 1.8 b 2.4 b 
140 26 50 - 4.1 a 4.1 a 
140 26 50+25 - 4.1 a 4.1 a 

fiet season 
0 0 0 2.3 d 2.0 c 2.9 c 

140 0 0 3.7 c 2.7 bc 3.8 b 
140 26 0 6.3 a 5.1 a 5.7 a 
140 0 50 4.0 c 3.3 b 3.1 bc 
140 26 50 5.4 b 5.0 a 5.9 a 
140 26 50+25 5.2 b 5.2 a 5.7 a 

alncludes topdressing at 5-7 DBPI of 40 kg N/ha in DS and 30 kg N/ha in WS. bWithln a season, figures in a column fol
lowed by a common letter are not significantly different at the 5% level by DMRT. CV (%) 13 for DS and 12 for WS.
ClR8 was damaged by RTV in DS. 

Table 9. Effect of NPK on yield of IR60 and IR29723-143-3-2-1 in the 18th (DS) and 19th (WS) consecutive crops.
Luisiana, Laguna, Philippines, 1985. 

Yield t' (t/ha) 

Fertilizer Dry season Wet season 
treatment a 

IR60 IR29723-143-3-2-1 IR60 IR29723-143-3-2-1 

Control 3.4 b 2.7 d 2.1 b 1.6 c

N 4.7 a 3.9 c 2.0 b 2.4 b 
P 3.4 b 3.3 cd 2.1 b 2.0 bc
K 3.5 b 2.7 d 2.1 b 2.1 bc 
NP 5.2 a 5.3 a 3.4 a 3.0 a 
PK 4.0 b 3.0 d 2.2 b 2.1 be 
NK 4.9 a 4.5 b 1.9 b 2.3 b 
NPK 5.0 a 5.9 a 3.5 a 2.8 a 
a 12 0 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 (%) 10 for DS and 13 
for WS. 

K 100 g soil ascomparcd with the acidic (pI 4.3) dressings of8.8 kg P/haas rock phosphate or triple 
Luisiana soil with 0.165 meq exchangeable K, 100 superphosphate (TSP) with the residual effects of 
g soil (Table II). theequivalent of35 or 8.8 kg P ha asa single initial 

application in the first y'ear. 
The soil isclassified as P-Ill a of the Maha PotFOR -EREIIWATER RICE series. At the start of the experiment, the surface 

soil (0-20 cm) had a pH of 4.I,available P)was 4 
Modern deep water rices grown on ppm (Bray 1I),acid sulfate and total P was 185 ppm. The whole 
soils at Prachinburi. Thailand, respond to P,and area wassown with the deep water rice RD19 on30 
some residual eflects have ben obsercd. A long- May 1984. P treatments and grain yieldsare shown 
term experiment was initiated in 1984 to compare in Table 12. Treatment differences showed early in 
the response of deep water rice to small annual the season. Plants on the zero-fertilizer P plots 

266 IRRI ANNUAl. REPORT FOR 1985 



Table 10. Effect of NPK on yield of IR60 and 1R29723-143-3.2.1 in the 16th (DS) and 17th (WS) consecutive crops.
Tanay, Rizal, Philippines, 1985. 

Yieldb (t/ha) 
Fertilizer 
treatmenta Dry season Wet season 

I1?60 IR29723-143-3-2-1 IR60 IR29723-143-3-2.1 

Control 3.0 c 2.8 d 1.8 c 3.3 dN 4.4 b 4.4 c 2.8 c 3.7 dI' 3.4 c 3.3 d 2.4 cd 3.5 dK 2.8 c 2.6 d 1.9 de 3.3 dNil 5.3 ab 4.5 bc 3.5 ab 4.3 bePK 3.4 c 2.9 d 2.3 cdc 3.8 cdNK 4.6 b 5.2 ab 3.2 b 4.5 bNPK 5.9 a 5.8 a 4.0 a 5.4 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 (%) 13 for DS and 10
for WS. 

Table 11. Soil properties of control plots in long-tern
fertility trials, after 1984 WS. 

Soil property Luisiana Tanay 
soil soil 

Oac (1:)
1)11([: 1) 
Organic C (1)
Total N (%) 

.3 
4.3 
1.66 
0.20 

7.1 
7. 
1.90 
0.19 

Available Olsen P (ppn) 2.3 4.1 
Exchangeable bases iniLl/100 g) 

Na 0.29 0.29 
K 0.16 0.10 
Mg 3 7 
Ca 

Fe (%,perchloric) 
Available Zn (ppm) 

10 

7.9 
4.9 

51 

6.7 
0.002 

were sfhoicr than wIll other trea tients and had 
less dry Matter. The plants on Ifhe highet 1) le\cls 

showed UntitslallY pale and broad lel\e's. Tht 
plots in pa licilar %Nere severely da naged bY k.ail-
eating gryllids. 

The graitn yields lor 1984 \Ncrc not signiticantly 
diflecretl( \ - 10"7 ).Soil [Pcontent alter iestilr 
was much higher loi trcalinent 7, the niaxinmiU 
le ofirock phosph than,at I'mranmV oither trc'al-
llet, illtiledatl had a \' high CV (I 54(1 ). 

trtattn-nt 7 hadAlter ha t.est, a surlace soil pll of 
4.5. signil'icantly higher than in the other tretl-
ilents(plt 4.0-1.1, P 0.011. CV 4(' ). 

Plant eecigciencc was poor in 1985. but plant 
growtlih diftercd mitrkedlv aniong treatlents. 
(hain yields icllccted dilfrcnces in soil 1) content 
at the cnd of, the previOls season and the addition 
of TSP in treattment 7. 

Table 12. Grain yields and P content of the soil in a long
term P experiment with deep water rice. Prachinburi,
Thailand, 1984 and 1985 WS. 

Available 1) 1984 Soil pa 1985 
(kg/ha) Source yield (ppm) yield 

(1/hla) (t/ha)(t/ha) (ppm) (t/ha)

1.No P 2.9 a 3.4 b 1.4 d 
2. Annually 8.8 TSP 3.3 a 8.5 b 2.2 bc 
3. Annually 8.8 Rock 3.4 a 8.1 b 2.0 c 
4. Initial 35 TSP 3.4 a 5.7 b 1.9 c 
5. Initial 35 Rock 3.2 a 73.7 b 2.4 ab 
6. Initial 140.8 TSP 3.2 a 30.3 b 2.0 c 
7. Initial 140.8 Rock 3.5 a 842.5 a 2.6 a 

alray 11test for all soil samples taken after harvest, 1984. 

INlI I llN(I ()l \\ I1: \ \(if\IllNI O'sSVlII'R RIS I'I'()NSI'
 

sc
 

Ihe st,tdv on the clfc.Is oflwater management on S
 
aailability and plant uptake 1R36 conof was 
tiniued for a no'her ea sonl in the greenhouse. The 
chetmical clhal-ctetislics and texture of' the soils 
uscd are pcsented in Table 13. 

Avcrage nnlliters of tillers per hill, panicles per 
hill. aid tia\V\I'ls Of' tilethre soils were highest 
wilh pted ryitg bef lre c nticnuous flooding (Table 
141. followed by continuous flooding. 

Meal graill yield o\cr t\\o seasons showed that 
piedr.'ing bdorc continuou Ilooding produced 
the greatest response to S but \as rliot significantly 
differenl tronl continuolts fHooding (Table 15). 
S respolCs \\ALre high in the KlaClotan aid Aguilar 
soils and lowest in the Hotolan soil. Plrcdrying 
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Table 13. Chemical characteristics and texture of 3 apparently S-deficient soils studied in the greenhouse. IRRI. 1984-85. 

pH CEC Total Organic C Ava.lable P S04-S Total Clay Soil
Soil (1:1) (meq/100 g) N M (ppm) (ppm) p M) texture

(M1 (ppm)Olsen Bray 

Botolan. Zambales 6.8 14 .08 0.72 1.8 4 4 73 17 Loam 
Bacnolan, La Union 6.1 14 .05 0.50 4.7 18 9 60 15 Sandy loam 
Aguilar, Pangasinan 6.5 23 .15 1.59 4.5 10 14 - 21 Loam 

Table 14. Effect of water management on tiller number, panicle number, and straw yield of IR36 grown in 3 Philippine 
soils. IRRI greenhouse, 1984-85. 

Tillers per hill Panicles per hill Straw yield (g/pot)
 
Moisture regimea --

1984 DS 1985 DS 1984 DS 1985 DS 1984 DS 1985 DS 

MI 33 a 34 a 32 a 31 a 41 a 34 a 
M2 28 b 30 b 30ab 27 b 38 b 31 b 
M3 22 c 27 c 27 b 21 c 28 c 25 c 

aM1 = predrying, then continuous flooding, M2 = 'ontinuous flooding, M3 = predrying, then alternite drying and wetting. 

Table 15. Grain yield of JR36 grown under 3 moisture regimes and 2 S levels. IRRI greenhouse, 1984-85. 

S Grain yield (g/pot)
 
Soil Moisture regina level 

(ppm) 1984 DS 1985 DS Mean 

Botolan, Zambales M1 0 50 def 38 de 44 
30 50 def 50 abc 50 

'12 0 46 efg 50 abc 48 
30 56 cde 53 abc 54 

M3 0 42 fgh 22 fg 32 
30 35 h 26 fg 30 

Bacnotan, La Union 0 48 efg 46 bedM1 47 
30 75 a 57ab 66 

M2 0 37 gh 46 cd 42 
30 71 ab 54 abc 62 

M3 0 38 gh 24 fg 31 
30 50 def 26 fg 38 

Aguilar, Pangasinan 0 40 fgh 47 bedM1 44
 
30 62 bc 60a 61 

M2 0 13 i 47 bed 30 
30 59 cd 61a 60 

M3 0 46 efg 17 g 32 
30 54 ede 29 ef 42 

aSee footnote, Table 14. 

followed by alternate drying and wetting prod uced EVALUATION OF SULFUR SOURCES FOR 
the least response to S; this regime reduced the LOWLAND RICE 

availability of both native and applied S. This is 
also reflected in the S uptake of the rice plants Five S fertilizers- urea S (US), elemental S (ES), 
during 1984 (Table 16). (NH 4)2SO 4, CaSO 4, and S bentonite - were tested 
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Table 16. S uptake of IR36 grown in 3 soils under 3 
moistvre regimesa and 2 S levels. IRRI greenhouse, 1984. 

S uptake (mg/pot)
Soil S lee ua M(ppmn) MI NM
2 M3 

Botolan, Zambales 0 28 24 18 
30 31 33 16 

Bacnotan, La Union 0 21 14 143 4 2934343 4 29 

Aguilar, Pangasinan 0 16 7 25 

30 33 38 26 

aSee footnote, Table 14. 

on II soils. Their residual effect on growth, straw, 
and rice gram yield was likewise evaluated. 

On the first crop, (NH4)2SO 4 (24% S)and US 
(21% S)produced significantly more tillers per pot 
than the 3 othersources (Table 17). Triller nui.,,bc r 
and straw yield in S bentonite (90% S)-treawd 
plants were the ,ame as in the controls. US 
produced tilehighest grain yield, followed by ES 
(70%, S), (NH4 )2SO 4. and CaSO 4 (16% S). but at 
the same level of significanu:e. S bentonite yielded 
the same as the control- this material is not a gooC' 
source of S for lowland rice. Trends were similar in 
the rcsidtalcrop(Tabl 18), with US producing the 
highest yields. S bentonite ULcmonstrated some 
residual effects, producing signilicantly higher 
yield than tilecontrol The performance of the 
different sourceson the residual crop varied among 
the II soils (Fig. 2). Figurc 3 shows the average 
relative yield increases due to the different sources 
on the applied and residual crop. 

VARIETAl. TOlERANCE FOR LOW SULFUR INSOIL 

Seventeen rices of varying maturity were evaluated 
in a greenhouse experiment to determine their 
toleranceforlow S in sois.Sulfur wasapplied at0, 
I, and 10 ppm as (NH 4)2SO 4. The soil used was 
taken from San .Tuan, Batangas, and had a pH of 
6.8, organic C 1.44/(, total N 0.14%, CEC 34.4 
meq/ 100 g, SO42-S nil, and texture of silty clay 
loam. 

At 30 d after transplanting, yellowing of leaves 
and marked reduction il tiller number and plant 
height were observed among plants V.ithott S. 
With S,plant height increased in the range of 

Table 17. Tiller number, straw yield, and grain yield of 
aIR36 as affected by S source. IRRI greenhoure, 1984. 

-or 
Tillers 

(no./pot) 
Straw yield 

(g/ve00 
Grain yield 

(g/pot) 

Control 26 c 29 e 48 b 
Urea S 38 a 38 ab 64 a 
Sbentonite 25 e 28 c 48 b 
CaSl4Elemental S(N11 4 )2SO 4 

35 b33 b39 a 
36 b35 b39 a 

57 a59 a58 a 

aAv of II sites. 

Table 18. Residual effects of added S on tille number, 
straw yield, and grain yield of IR36. a IRRI greenhouse, 
1985. 

Tillers Straw yield Grain yield 
s source (no./pot) (g/pot) g/pot) 
Control 14 d 20 d 29 d 
Urea S 23 a 36 a 46 a 
S bentonite 18 c 26 bc 34 c 
CaSO 4 19 bc 24 c 38 b 
Elemental S 20 b 28 b 37 b
(N1t 4 )2 SO4 19 be 28 b 36 be 
a 

Av of II sites. 

3040% and tiller number increased significantly 
(Table 19). 

IR20, 1130, and IR21820-154-3-2-2-3 showed 
no significant increase in grain yield with either I or 
10 ppm S. suggesting that these cultivars are 
relatively tolerant of low S (Table 20). IR56, IR60, 
and IR 1972-155-5-1-1-3 increased in yield not 
only at I ppm S but also at 10 ppm S. Ten of the 
cultivars tested did not respond to I ppm S but had 
increased grain yield at 10 ppm S, suggesting that 
they have relatively high S requirements. Of the 10, 
7 are late maturing. 

S content in straw and grain increased with the 
application of S only among early and medium 
maturingcultivars (Table 21). Scontent in straw of 
late maturing varieties decreased with the addition 
of S,possibly boca t1S. of a dilution effect. When S 
is applied, very high biomass is produced, but 
uptake is not correspondingly increased. S uptake 
in straw and grain increased with the application of 
10 ppm; the greatest increase occurred among the 
early maturing cultivars and tile least among the 
late maturing. 
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100 

80 

Grain yield (g/pot) 

I Control 4 Calcium sulfate 
2 Urea sulfur ' ElerinerVal S 

3 Sulfur bentonite 6 Ammonium sulfate 

a o 

a 
a a b 

b
40- bc 

c b10- 1---
b	 

_ 
b 

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 12 3 4 5 6 1 2 3 4 5 6 
MoncadaTarlac Santo Maria,Pangasinon Natividad,Pangasinan San JuanBatangas Botolan,Zarmbales 

2. Yield response of IR36 to resid ual Sfert ili/ers. I R RI. 1985. C'olu ins headed bya common letter ate not igrlilicantly diffe rent at the 
51" level by DIMRT. 

Yieid ,,Crease (g/pot) 	 Table 19. Effect of S on plant height and tiller number of 
rice varieties at harvest. IRRI greenhouse, 1985. 

20 - Apphed S Plant height (cm) Tillers (no./hiil) 
Pesidua S Variety 

No S 10 pptn S No S 10 ppm S 
15-

Earl' maturing 
IR30 77 111 5 11 
IR36 76 109 6 11
 
IR56 79 118 7 13 
11160 82 108 5 11 
IR13540-56-3-1 74 109 5 10 

Medium maturing 
IR20 79 99 6 8 
IR34 98 120 5 13 
IR18348-36-3-3 83 122 7 17 

o .. .Late 	 maturing 

Urea 3ulfur Elemental (trH,, Ca 04 Sulfur IR42 85 125 6 13 
S So4 

2 
beitonite IR54 76 110 7 13 

5-	 Syntha 145 191 5 9
 
Pelita 1/1 10L 122 6 14
 

3. A, , rage yield increase ol IR36 with S letili/er, it soll., rottt 	 IR21820-154-3-2-2-3 88 125 6 13 
II sites itt tile PItilippittCS. IRRI grttln Isc. 1984-85. IR29723-143-3-2-1 107 140 6 10 

IR2153-26-3-5-4 88 125 5 12 
IR28222-9-2-2-2 110 135 6 12
 

I.ON(i-lI-R SUILFUR, I-I:R I I IlY I-XIllFRI Xsl N I 	 IR19672-155-2-1-1-3 106 119 6 14 

Studies on the -I'lc Lsof continuous applica tion of 
high analysis fenili/cis (trea and TSP on IR4(on f'our treatments gac significant yield increases 
Maahas clay) continued at IRRI during 1985 DS over the control (labIle22). N PK alone resoI cd in 

and WS (6th and 7ih crops). In the 6th crop, all but a significantly higher yieIld thaii NIK - Zn ,Said 
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Table 20. Effect of S level on grain yield of rice varieties. Table 22. Yield of 14 treatments in the long-term fertilityIRRI, 1985. trial with irrigated IR64 rice. IRRI, 1985 DS and WS. 

Variety Grain yielda (g/hill) 
Treatmenta Yieldb (t/ha) 

No S 1 ppm S 10 ppm S Dry season Wet season 

Group jb Control 3.1 d 3.3 efIR20 46 a 58 a 61 a Zn 3.0IR30 d 3.2 f67 a 72 a a95 N+Zn 5.0 ab 4.0 bcdeIR21820-154.3-2.2-3 33 a 54 a 53 a P + Zn 3.0 d 3.8 def 
Group 2 c 

K + ZnNP + Zn 2.7 d 3.4 defIR56 5.6 a 4.7 ab45 c 105 b 137 a PK + Zn 2.8 d 3.5 defIR60 31 c b67 95 a NK+ Zn 5.0 ab 4.6abIR19672-155-2-.1-3 50 b 64 ab 91 a NPK + Zn 5.2 ab 4.7 a 
Group 3 d NPK 5.4 a 4.8 aIR36 31 b 68a 94a NPK+S 5.0ab 4.7a 
Group 4e 

+ Zn + S 4.6 beNPKNPK + azolla + Zn 3.8 cdefIR34 4.9 ab72 b 90 b 12 4 a 4.4 abcNPK +straw+ ZnIR42 4.0 c 4.1 abed45 h 59 b 104a 
31 b 39 b 107 aIR54 aZn as root dipin4% ZnO solution. S as AS at 40 kg S/ha.Syntha 59 b 62 b 226 a bCV (%) = 10.3 In DS and 11.2 in WS.Pelital/1 54 b 74 b 1Il a 

IR29723-143-3-2-1 80 b 106 b 163 aIR2143-26-3-5-4 34 b 58 b 111 a NPK + straw + Zn. Moreover, theIR18348-36-3-3 57 b 79 b yield from245 a NPK alone was comparable to those of NPK withIR28222.9-2-2-2-2 54 b 70 b 191 aIRI 3540-56-3-2-1 40 b 52 b 114 a Zn. NPK with S.and NPK withazolhaandZn. The 
a,, a row, figures followed by a common letter are 

same trends had bcn observed in the previous fournot seasons, indicating that N remains limiting and,significantly different at the 5% level by DMRT. bNo sig- i I Inificant increase in yield at both S levels. cWith significant despite the use of highincrease analysis fertilizers within yield at both levels. dwithout significant in- almost no S content, S deficiency is not yetcrease in yield between I and 10 ppm S. eWith significantincrease at 10 ppm S but not at t ppm S. apparent. 

Table 21. S content and S uptake in straw and grain of rice varieties at harvest. IRRI, 1985. 

Straw Grain
 
Variety 
 Total S (%) S uptake (ing/pot) Total S (%) S uptake (mg/pot) 

No S 10 ppm S No S 10 ppn1 S No S 10 opm S No S 10 ppm S 

IR36 'arly,maturing.027 .063 8 54 .018 .062 5 58IR60 11 33 .032 .071 10
.026 .056 


IR13540-56-3-2-1 .022 .091 67

7 55 .01 .061 20 

Mean a 
.026 .063 

70 
12 47 .038 .064 17 69 

IR20 Medium mate ing.029 .046 12 
IR34 

23 .032 .064 15 39.125 .062 76 98 .051 .069 37 86JR 18348-36-3-3 .019 .065 11 120 .067 .062 38 152 
Mean .058 .058 33 80 .050 .065 30 92 

IR42 Late maturing.087 .048 75 67 .056 .063 25 66Pelita .142 .076 83 96 .074 .058 40 65IR21820-154-3-2-2-3 .105 .050 43 32 .058 .056 19 29IR28222-9-2-2-2-2 .107 .042 75 71 .038 .059 21 113 
Meanb .108 .063 79 91 .053 .058 27 73 

aMean values of 5 varieties. bMean values of 9 varieties. 
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In 1985 WS, no significant yield increases were 
observed with Zn alone, Zn with K, and Zn with 
PK. The response to N, alone or in combination 
with P and K, was still significant, although lower 
than the corresponding DS values. The responses 
to NPK + Sand NPK+ Zn+ S were lowerthan 

the response to NPK alone, suggesting thatthere is 
no benefit from the application of S. This could be 
attributed to the presence of adequate S in the 
irrigation water, which ranged from 16 to 23 ppm 
S0 4"2-S. 
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CONTINUOUS CROPPING insignificant differences in some vie,d components 

The continuous cropping experiment continued to 
compare yeld responses of broadcast seeded (BR) 
and transplanted (TPR) rice over four N rates. 

Table I shows the average yield of 6 rices in the 
67th and 68th crops. In dry (DS) and wet (WS) 
seasons, IR8 was damaged by tungro virus and 
brown planthopper(BPH). 

In DS, transplanted medium-late maturing lines 
IR25587-133-3-2-2-2 and IZ29723-143-3-2-1 
yielded significantly more than when broadcast 
(Table I). The advantage of TPR over BR was 
observed in IR25587-133-3-2-2-2 at 100 N, and in 
IR29723-143-3-2-1 at 0 and 150 N (Table 2). Wiih 
early maturing 1R36, 1R58,and IR3242947-3-2-2, 
yields of TPR and BR were similar. BR 1R36 
yielded 6.5 t/ ha at 100 N. 

Severe BPlH was recorded in WS. The advan-
tage of TPR over BR was generally observed at low 
N (Table 3). 

PLANIGROWTH REGI [AI Olt S IUIIES 

Research on the effects of synthetic plant growth 
regulators on rice continued in 1985 DS in field and 
greenhouse experiments. 

Effect of chlormequat chloride in the field. In 
the field, chlormequat chloride (2-chloro-ethyl-
trimethyl ammonium chloride or CCC) at 3.0 and 
6.0 kgaii ha wasapplied to IR60 and IR29723-143-
3-2-1 at 10 d after seeding (DAS) in seedbeds, at 
tillering and at booting. Rices were transplanted at 
15 and 30 days old. CCCdid not significantlyaffect 
yield, although there were some small, statistically 

Table 1. Average grain )ield of transplanted (TPR) and 

experiment, IRRI, 1985. 

depending on the rates and time of application, 
cultivar, and seedling age. 

15-daj,-old R60 seedlings. Applying CCC at 3.0 
kg aiiha at tilleing and booting, and at 6.0 kg 
ai/ha at 10 DAS and tillering increased panicle 
weightand spikeletnumberof IR0plants. Except 
in t-.-tments with 3.0 kg at 10 DAS and 6.0 kg at 
tillering, spikelet sterility also increased. 

15-da '-o1l IR29723 seedlings. Panicle number 
in IR29723 increased with application of CCC at 
3.0 kgai'haatallgrowthstagesandat6.0 kgai/ha 
at booting; panicle weight increased with 3.0 kg 
and 6.0 kgattilleringand booting;spikelet number 
increased with 3.0 kg at all stages, and with 6.0 kg 
at tiliering and booting; and grain-straw ratio 
increased with both rates and at all growth stages. 
Spikelet sterility was high with 3.0 kg ai/ ha applied 
at 10 DAS and at booting. 

30-day-old seedlings. Except for 100-gi ain 
weight and gmin-traw ratio of 30-day-old seed
lirrgs, no other yield components were affected by 
the CCC treatment. CCC increased grain-straw 
ratio with 3.0 kg ai/ha applied at tillering and 
booting, and with 6.0 kg ai/ ha at booting. 

CCC affected more yield components in IR60 
transplanted at 30 dand in I1(29723 transplanted 
at 15 d. Panicle weight and spikelet number were 
the components most affe.cted. 

Effect of abscisc acid, Tachigaren, and B-995. 
Low temperature normally affects plant growth 
adversely. Greenhouse experiments examined the 
effect of abscisic acid (ABA), "'achigaren, and B

"
995 each applied at 10-3,10', 10"5,and 10A'M -
in minimiling low (16,/12 °C) temperature stress 

broadcast seeded (BR) rices at 4 N rates. Continuous cropping 

Yielda (t/la) 

Variety or line Dry season (67th crop) Wet season (68th crop) 

TPR BR Difference TPR BR Difference 

1R8 3.2 c 3.0 c 0.2n s 0 0 
ns  
IR36 5.1 . 5.4 a 0.3 3.9 a 3.7 a 0.2* 

IR58 5.0 a 5.1 a 0.1 nis 3.7 ab 3.8 a o.1ns 
IR25587-133-3-2-2-2 4.4 b 3.9 b 0.5** 3.7 ab 3.8 a 0.lns 
IR29723-143-3.2-2 4.5 b 3.8 b 0.7** 3.6 b 3,2 b 0,4**

ns  
IR32429-47-3-2.2 4.9 a 5.0 a 0.1 3.6 b 3,1 b 0.5** 

aAv of 4 replications. 0 = no harvest because of severe RTV and BPH. 
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Table 2. Average grain yield of transplanted (TPR) and broadcast seeded (BR) rices at 4 N rates. Continuous cropping experiment (67th crop), IRRI, 1985. 

Yielda (t/ha) 
Variety or line 0 N 50 N 100 N 150 N 

TPR BR Difference TPR BR Difference TPR BR Difference TPR BR Difference 
IR8 2.8 c 2.7 b 0.1ns 3.6 b 3.2 b 0.4ns 3.6 c 2.9 d 0.7nsIR36 2.6 d 2.9 b 0.3ns3.6 ab 3.6 a 0.Ons 4.6 a 5.0 a O.4ns 6.1 a 6.5 a 0.4ns 6.1 aIR58 6.4 a 0.3ns2.9 bc 3.5 a 0.6ns 5.0 a 4.8 a 0.2ns 6.0 a 6.2 ab 0.2ns 5.9 aIR25587-133-3-2-2-2 5.8 a O.1ns4.1 a 3.6 a 0.5ns 4.7 a 4.3 a 0.4ns 5.1 b 4.3 c 0.8* 3.8IR29723-143-3-2-1 c 3.4 b O.4ns3.6 ab 2.7 b 0.9* 4.6 a 4.2 a 0.4ns 5.2 b 4.8 c 0.4ns 4.7 b 3.5 bIR32429-47-3-2-2 3.2 bc 3.5 a 1.2"*0.31ts 4.8 a 4.9 a O.1ns 6.0 a 5 7 b 0.3ns 5.7 a 5.9 a 0.2ns 
Av of 4 replications. 

Table 3. Average grain yield of transplanted (TPR) and broadcast seeded (BR) rices at 4 N rates. Continuous cropping experimcnt (68th crop), IRRI, 1985. 

O Yielda (t/ha)
>- Variety or line 0 N 30 N 60 N 90 N0 

TPR BR Difference TPR BR Difference TPR BR Differ,.nce TPR BR Difference o IR36 3.1 a 2.6 bc 0.5* 3.9 a 3.4 ab 0.5*IR58 3.3 a 3.3 a 4.3 a 4.3 a O.Ons 4.4 a 4.4 a O.OnsO.Ons 3.0 c 3.1 bc O.1ns 4.1 ab 4.3 a 0.2ns 4.3 aE: IR25587-133-3-2-2-2 4.4 a 0.lns2.8 a 3.0 ab 0.2ns 3.4 abc 3.6 a 0.2ns 4.1 ab 4.2 a 0.1nsIR29723-143-3-2-1 4.4 a 4.4 a O.Ons 
> 2.8 a 2.6 bc 0.2ns 3.6 ab 3.1 be 0.5* 3.7 b 3.4 b 0.3nsIR32429-47-3-2-2 4.3 a 3.9 b 0.4*2.9 a 2.5 c 0.4* 3.2 be 2.8 c 0.4* 3.9 ab0 3.4 b 0.5* 4.2 a 3.9 b 0.3ns 
M 

aP-v of 4 replications. 

z 
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Groin yield (t/ha) 

6 IOd freatment
 

I 5-d treatment
 
5  t------Tchigaren ---

4 - Absisic oci -I 
 I
 

3
 

2 

I0 6 "5Check 1O 10- 4 
10- 3 

10-6 10.5 10-4 1O-3 10-6 10-5 IO-4 O.3 

Concentration (M ) 

I. Ef'e' of growth regtllators and their co nailtrall i oin viield ol IR20654-R -R -R exposed at tie 4-lealstage 
to lom(16 12 C tempratlre lor 5 anid I0 d. IRRI, 1985. 

on IR20654-R-R-R. Five- and 10-d periods of 
exposure were compared. 

plant regulator treatments did not affect dry 
weight and tiller number but generally increased 
plant height and root length. Tachigaren at 1(-4 

and I0 fMin theIl -d treatment and 13-995 at I0-5 
and I1 IMin tie 5-d treatment prod uced the tallest 
plants ABA at I()V M in the 5-t exposure and 

" B-995 at I()1 /i the 10-d trcatnient produced tie 
longest roots. 

Regardless of plant growth regulator, the 5-d 
treatment consistently gave higher yields than the 
I0-d treatment (Fig. I). At both exposures, 
l;achigaren and 13-995 genrerally yielded higher 
than the untreated check. Highest yields were 
obtained with B-995 at 10-3 and 105 M in the 5-d 
expostre. Sotme A13A treatments ielded either ats 
well as or lower than the untreated check. 

None of the plant regulators used affected tiller 
number and dry weight of the rice seedlings 
exposed to temperature stress, but all influenced 
plant height and root length. 

St()I-('(V, WAI FRIIR()(i A- C.ICA IFIANAFIII( 1, ANDN C ANUSG 
Nil ROM AP.-IACA IION MIl I101))( 

With spraying of tile growth relardant CCC at 1.5 
kg ai la and midseason drying, prilled urea (PU) 

gave higheryieldsthan urea supergranules(USG). 
Without CCC, however, PU performed betteronly 
with standard water management (Table 4). PU 
gave significantly higher yields than USG for 
medium and late maturing vatieties but not for 
early maturing o{les(l'ableS). USGat 145 kg N/ ha 
gave significa ntlv lower yield than 1)IJ for medium 
and late maturing varieties became of more severe 
lodging that statied during flowering. IR21820
154-2-2-3 and IR36 suffered from lodging. There 
were no significant response. to CCC application. 
IR29723-143-3-2-1 produced the highest average 
yield. 

Table 4. Effect of plant growth retardant CCC, water 
management, anti N source oit grain yield. IRRI, 1985 
late DS. 

U e YjeldbYieldb(t/hra)(t/lia) 
Water manage;aent Urea 

sotrce Untreated CCC- Mean 
treated 

Continuous flooding PU 5.0 a 4.6 a 4.8 
USG 4.5 b 4.4 a 4.5 

Midseason drying IPU 4.6 b 4.7 a 4.74.4 b 4.0 b 4.2 

Mean 4.6 4.4 
atU = prilled urea, USG = urea supergranules. N rate was 
145 kg/ha. bAvof6 IRvarletiesor lines and 4replications. 
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Table 5. Effect of N application method (145 kg N/ha) on 
grain yield of early, medium, and late maturing IR rices, 
IRRI, 1985 late DS. 

Yielda (/a) 
Maturity group 

PU USG Difference 

Early 4.4 b 4.3 ab 0.14ns 
Medium 4.6 b 4.1 b 0.50** 
Late 5.2 a 4.5 a 0.63** 

aAv of 2 CCC treatments, 2 water management treat-
mients, and 4 replications. 

Low grain yields in all treatments were caused by 
three successive typhoons that occurred at crop 
flowering to maturity. 

INTERCR(P)INi EARI.Y MAIURING AND )EE' 
WA I[-RRICF 

Previous trials at Huntra Experiment Station, 
Thailand, showed that under good growing condi-
tions, a 40-50% increase in total grain production 
could be obtained by planting rows of an early 
maturing rice between rows of deep water rice. 

Trials in farners' fields during 1984 simplified 
establishment by broadcasting the early variety 
and then dropping s;eeds of deep water rice in rows 
either 75 cm or 100 cm apart. lhe intercr,, were 
compared ,ith broadcast monoculturc. deep 
water rice and early maturing rice. Yields for three 

Table 7. Grain yields of rainfed early maturing (106 d)
rices in farmers' fields at Wang Noi, Thailand, 1984 WS. 

Entry Mean yield
Entry(t/ha) 

Khao Nai Neuong 2.6 a
 
IR15429-268-1-2-1 
 2.3 ab
 
SPRLR78002-124-1-2 1.9 abc
 
IR19774-23-2-2-1-3 1.6 abc
 
CNT BR79256-30-1 1.6 abc 
IR19735-5-2-3-2-1 1.5 be
IR19743-25-2-2-3-1 1.1 c 
IR22097-41-4-3 1.0 c 
CNT BR79041-8-2 1.0 c 
IR9752-71-3-2 0.9 c 
IR36 0.7 c 

sites are given in Table 6. Poor establishment in the 
rows of deep water rice, early drought, bird 
damage to the early rice, and rat damage indeep 
water rice gave low yields and high variability, but
the intercrops outyielded deep water rice mono
cultures at all three sites. 

EARIMN MA[1:RIN6RICES FOR PREFOOl 
I-ROD CI ION RIN EEP WA ER 

In 1984 WS floodingfrom heay raindestroyed the 
first sowing at Wang Not, Thailand, and the crop 
from a second sowing wasaffected bydrought. The 
plants recovered well, but much of the grain was 
eaten by birds. Grain yields are shown in[able 7. 

Table 6. Yields of monocultures of deep water rice and early maturing rice, and of components of intercrops with 2 row 

spacings of deep water rice at 3 sites in Thailand, 1984 WS. 

Type of culture Bang Ban 

Early rice IR19735-5-2-3-2-1 
Deep water rice Puang Madcua 

Monoculture early rice 1.0 b 
Monoculture deep wa: c ice 1.4 b 
Intercrop, 75-cn rows 

Early rice 0.8 
Deep water rice 1.7 

Total 2 .6a 
Intercrop, 100-cm rows 

E'arly rice 1.2 
Deep water rice 2.3 

Total 3.5 a 
CV 35% 

Phu Khao Tong Wang Noi 

Entries 
IR22097-41-4-3 1R22097414-3 
Khao Puang PG56 

Yield (t/ha) 
1.2 b 1.6 a 
1.1 b 1.2 b 

0.5 0.6 
1.4 1.8 

2.0 a 2.3 a 

1.0 0.9 
1.7 1.7 

2.7 a 2.6 a 
25% 12% 
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Table 8. Grain yieldsand emergence and harvest dates for preflood production of rainfed early maturing rices in deep water 
rice areas of Thailand, 1983 WS. 

Huntra Experiment Ban Sang farmer's Prachinburi Prachinburi 

Entry or parameter 
Station 

Yield Rank 
(t/ha) 

field 

Yield 
(t/ha) 

Rank 

Research Center 

Yield Rank 
(t/ha) 

Township 

Yield Rank 
(t/ha) 

IR9752-71-3-2 
IR15429-268-1-2-1 
IR19735-5-2-3-2-1 
IR19743-25-2-2-3-1 
IR19774-23-2-2-1-3 

0.4 
0.8 
0.8 
0.9 
0.9 

7 
4 
3 
1 
2 

0.5 
0.5 
0.4 
0.7 
0.6 

6 
5 
8 
1 
2 

1.2 
1.6 
1.9 
1.7 
-

6 
5 
1 
2 
-

1.2 
1.8 
1.6 
1.5 
-

5 
1 
2 
3 

IR22097-41-4-3 
Khao Nai Neuong 

-
0.5 

-
6 

0.4 
0.6 

7 
3 

1.6 
-

4 
-

1.0 
-

6 
-

RD25 0.6 5 0.6 4 - - - -
Hin Sor 14 
Hin Sorn 9 
1R9729-6 3 -3 

-

.. 

.. 

- -

.. 
.. 

- 0.3 
0.9 
1.7 

8 
7 
3 

0.4 
0.9 
1.2 

8 
7 
4 

Sown 
Emergence 
Harvest 

3 May 
10 May 
20 Aug 

10 May 
17 May 
30 Aug 

23 Apr 
2 May 
9, 19 Aug 

25 Apr 
5 May 

2,9, 15 Aug 
Problems Drought at panicle 

'initiation (PI), dirty 
Drought at P1, 
dirty panicle, severe 

Drought, rapid flood 
at harvest, severe rat 

Severe bird damage 

panicle, severe bird bird and rat damage damage at early stage 
damage 

During 1985 WS yields at four sites were very ment rainfall. Although water was pumped until 
low because of drought, dirty panicle disease, rats, the field was flooded, drought stress still occurred. 
and birds (Table 8), but IR 19743-25-2-2-3-1 1R19735-5-2-3-2-1 yielded 2.65 t/ha; lR9752-71-3
ranked high at three sites. 2, 2.52 t/ha; IR36, 2.23 t/ha; and IR19774-23-2-2-

In a farmer's field at Ban Sang, Ayutthaya, four 1-3, 2.14 t/ha. There was heavy infestation of 
entries were irrigated on four occasions to supple- Echinochloacolona, which depressed rice growth. 
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EFFECIVE USE OF ENERGY AND WATER IN RICE-

SOIL PU)IDI.ING 

Soil Chemistr ,/Phiics,Water Mfanagement, 
and Agricttural Eniineering ['partments 

The need to minimize percolation by puddling is 
especially important in rice svstemsthat are rat,wed 

or partially irrigated. Puddling requires water an 
mechanical energy (usually from a draft animal or 
hand tractor). Current studies seek to determine 
whether effective puddling can be achieved using 
smaller inputs of water and energy than are 
traditional, and whether puddling implements and 
machines differ in tti, *- effci\cieness and con-
venience. Puddling effec: %eness is assessed in 
terms ol seasonal percolation, the proportion of 
fine silt and clay particles that arc detached front 
the soilaggregates, niicromorphologia Ichanges in 
soil structure, and effects on rice growth and yield. 

Experiments were crnied out on two Vcrtic 
Tropaquepts ( f'silty clay overlying clay loam, with 
topsoil having 22 nicq Ca2 /100 g and 13 meq 
Mg2 ,i /(X) . They I) investigated cffects and 
interactions of 3 levels each of water for land 
preparationand of mechaniralenergy impartcd by 
a conventional (skid-supported) rototiller, 2)corn-
pared at 3 energy levels the puddling performance 
of skid-supported and floating rototill r (see 
section on Machiinry l)evclopnment and Testing) 
and carabao-drawn plow and harrow, and 
3) measured the effects of percolation rate on soil 
structural changes and rice grain yield. 

Three levels of prepuddling water 50, 120,and 
2WXmm water depth \were applied to soil whose 
moisture content was about two-hirds of field 
calptcity, farmers apply 20)-61X) mam. Each levelcapacitysurface aplyto field niipacor levl 
brought soil field pacity slightly 
wetter. Compared to 50 nrna, nmthe 120 and 2(X 
applications did not wet the soil appreciably 
beyond field capacity but rather incrt sed the 
thickness of the surface laver that was brought to 
field capacity. Cultiv':tion wa,t.thts undertaken at a 
water content only slightly wetter than field 
ulpacity and should bo regarded as awet rotolilling 
rather than a puddling of supersaturated soil. 

The three levels of cultivation energy input 

were achieved by operating one particular skid-
supported power rototiller (SRT)for three time 

im aSRTintlervals. Assulming it 30(1, transfer of power fr'rnl 
the 4 kW (6 hp) engine to the soil, the 3 time 
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intervals corresponded to energy inputs of 5, 10, 

and 15 kJ/ m2 of ground area. These energies were 

roughly equal to those from one, two, or three 
passes of the carabao-drawn plow and harrow 
(P+H). The floating rototiller (FRT) was 
evaluated only for energy input of 15 k./ n1 

The presence of standing water affcted pud

dling more than did energy input (Table 1). Water
dispersible silt-plus-clay, which was 13% prior to 
puddling, was increased to only 16-17% bycultiva
tion at field capacity with thv SRT. On plots that 
had 20 mm or more of standing water bcattSe of 
upwelling, the increase was to 28%. The imple
nients differed in the ability to disaggregate 
saturated soil: the FRT and the P+II dispersed 
more material than the SRT. Operators found the 
FRTeasierto maneuverand less prone tosink and 
stall than the SRT. 

Cultivation decreased total soil porosity from 
66( to about 61%; the decrease may have been less 
with standing water (Table 2). There were no 
differences in the effects on total porosity of the 
different energy inputs eitherforthe rototilleror 
the calabao-drawn plow (Table 3). On plots that 
were puddled under standing water and thus had 
soft soil 12 cm deep or deeper. soil btlk density, 
and hence total soil porosity, was measured using a 
new type of'sampler (Fig. I) designed to withdraw 
undisturbed ho-izon,; from soft mud. 

Although cultivation had a relatively small effect 
on total porosity, it did cause large changes in pore
si/e distribution. Before cultivation, :he porosity 

contributed to the 0-15 cm layer by pores wider 

Table 1.Effects of puddling implement, energy input, and
soil-water content on perceuitage of water-dispersible silt
plus-clay for 0-10 cm soil depth. Vertic Tropaquept, IRRI, 

1985. 
t nergy isprsible 

hnpleicta at cultivation input silt-plus-clay 

(kJ/i 2 ) (%) 

None Precultivation 0 13 ± 1 
SRI I:C 10 16 ±1 
SRT I(" 15 17 t I 
SRT > 20 nom 5,10, 15 28 ± 2 
FRT --20 mm 15 34 ± 4 
11+11 ;,20 rm 5, 10, 15 3? ± 2 
a 

skid-supported rototiller, FRT = floating rototiller, 11+1I " plow and harrow. 1 FC = field capacity, ;20 
,nm= 20 mm or more of standing water. 



Table 2. Effects of puddling implement and water application on total porosity expressed as a percentagea at various soil
depths.b IRRI, 1985. 

Applied water (imm) 

50 

120 

200 


Standing waterc 

SED 

aPrecultivation total porosity 
c2 0 mm or more. 

Porosity (%)resulting from 

Skid-support-d rototiller measured Plow and harrow mcasured 
at dpth (cm) of at depth (cm) of 

0-5 5-10 

62 61 

64 62 
60 58 
63 65 

2 2 

66%, particle density 

Table 3. Effects of puddling implement and energy 
depths.b IRRI, 1985. 

10-15 

62 

0-5 5-10 10-15 

62 
60 
64 63 60 61 

2 

= 2.40 t/mI. bAy of 3 energy treatments. Soil is a Vertic Tropaquept. 

input on total porosity expressed as a percentagea at various soil 

Porosity (%)resulting from
Energy (kJ/m 2 ) Skid-supported rototiller measured Plow and harrow measured 

at depth (cm) of at depth (cm) of 

0-S 5-10 10)-15 0-5 5-10 10-15 

5 
10 
15 

62 
62 
63 

62 
62 
61 

63 
61 
62 

64 
63 
63 

62 
61 
58 

62 
61 
61 

SED 2 2 2 2 2 
aPrecultivatlon total porosity 66%, particle density 2.40 t/m3. bAv of all water treatments. Soil is a Vertic Tropaquept. 

!.A newdesign for takingsamples for bulk dcnsity determina. 
lion insoftmud.IRRI. 1985. 

than 50 Mm was between 20 and 30%. This wide
pore porosity decreased to about 5% after cultt va
tion at field capacity (Table 4), and to 3% (and 
possibly to 2% at 10-15 cm depth) after puddling
tinder standing water. Effects of energy input were 
not significant - either for SRT )rfor P+H 
(Table 5) - but the plowing may have compacted 
the soil at 10-15 cm. 

The effects of puddling on type and shape of 
pores werc measured on thin s.)ilsections using an 

.image-analyuingcomputer it the Istituto per la 
Chimica del Tcrreno, Pisa, Italy. Only pores wider 
than 30 Mm in two-dimensional cross-siection are 
measured, and they are classified as rounded, 
irregular, or elongated. The last are the pores that 
facilitate percolation. Porosity contributed to the 
5-15 cm layer by pores wider than 30 Mm (regard
less of shape) was decreased by puddling under 
standing water (Fig. 2); the number of pores per 
standard area was proportionally more affected 
(Fig. 3). The distribution of porosity among pores 
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Table 4. Effect of puddling implement and water application on percentage porosity contributed at various soil depths by 

a pores wider than 50 pm.b IRRI, 1985. 

Applied water (mm) 

50 
120 
200 

cStanding water


SI'D 


Porosity (I,")resulting from 

Skid-supported rototiller measured Plow and harrow measured 
at depth (cm) of at depth (cm) of 

0-5 5-10 10-15 Mean 0-5 5-10 10-15 Mean 

5.8 4.2 4.7 4.9 
4.0 4.6 4.0 4.2 
4.1 5.2 6.5 5.3 

3.04.0 2.2 2.6 2.9 3.8 3.5 1.7 

1.2 1.2 1.2 0.8 

a Porosity >50 Aim prior to cultivation = 20-30%. hAy of 3 eneigy treatments. Soil is a VerticTropaquept. mm or more.C2 0 

Table 5. Effect of puddling implement and energy application on percentage porosity contributed at various soil dqhs by 
a pores wider than 50 Mm.b 1IRt, 1985. 

Porosity (c) resultilig from 

(kJ'm2 ) Skid-suppoited rotctiler neasurcd Plow and harrow measured 

Energy at depth (cm) of at depth (cm) of 

0-5 5-10 10-15 Mean 0-5 5-10 10-15 Mean 

5 	 5.8 4.3 4.8 5.0 2.7 5.2 0.8 2.9 
3.4 4.7 3.5 2.3 3.510 	 3.2 3.1 3.9 

15 	 3.9 4.3 41.1 4.1 4.0 1.7 2.0 2.6 

SED 1.1 1.1 1.1 0.8 1.1 1.1 1.1 0.8 

aPorosity >50 m prior to cultivation 20-30%. bAv of all water treatments. Soil is a Vertic Tropactuept. 

Depth (cm) 

o 


4- :E alr 75cm 

d I Nonpouled 

201 

-4- Zj C1 
22! . 

30 -~Iespecially

0 5 IG iC 20 25 
0 e,centooe porosty> 'OLrn 

at i on \kit hndepth il ou ddcd an[o lu (it] led il of tlte
2. Va 
porosity contributed hy pores %%ndcr than N0 am ftrot 

2-dimcnsional scLviotnsl. IRRI. 1985. 
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of different shapcv; anJ sizes in the 0-5 cm layer of 
pudd led soil (Fig. 4) shows that t he elongated pores 
dominated the areal porw;ity (though they were in 
fact fewer in number). Averages of puddled and 

nonpuddled plots for porosity in the 3 shape classes 

in the more disturbed surface soil(0-20 cm)and the 
less disturbed deeper soil (20-30' cm) (Table 6) show 

that porosily in all shape categories in the 0-20 cm 
layer was less in purddled soil, but below 20 cm 
there was no statistical or practical di'!,rence. The 
decreased porosity in puddled surface soil was 

associated with a lower water infiltration rate. 
Measurements on thin-section samples taken 

just before rice harvest showed that porosity 

of elongated pores increased between 
transplanting and harvest in the 0-20 cm layer and 
decreased in 20-30 cm on both puddled and 

110npuddled plots (Table 7). This phenomenon is 

illustrated more clearly in TabIc 8, where the totals 
of porosity (from Table 7) for puddled and non



10 

20 

300 

Depth (cm) porosity (/o) 

0 21 
U Elongoted 

Puddled N:puddled rrogular 
$\,\"
Rounded 

pet standard ddpotd itha Lcd itiI te200 

500 700 900 1130 
Number of p3'es 

3.'V;riatioiui dethi ntddCIad101MLlesoll'h 
Inifrtbhc are %itdc Y~ipin 

2-dnniiitt ai~tsctiotis). IRIt 1. 1985. 

puddled plots are supplemented by results lf r one 
pa rticutla r puidd led plot that had high infiltration 
bec-iuse of' is exposed] plot pennicier and deep 
water table. We hypothesiz.e that the changes in 
porosity were caused byimigration of'clayarid silt 
particles from the 0)-20) to the 20-30 cm layer. This 
hypothesk. issupported by our, observation in thin 
Soil sections fromn 20-25 cmi depth: the wider pores 
showed yellowing that is characteristic of clay 
mnigration. The hypothesis may be tested quanti-

X 

0s 

30-50 50-100 100- 200- 300- 400- 500-- Above 
300 400 500 1,000 1,000 

Pore vidth (,um) 

4. Percetagc porosity in various st/n.and shiape categories for 
po tdied soil at 0-. cmrde.pth0 (ftrnt 2-d irnnnsion i seixons). 
iRRI, 1985. 

tatively if it is assumed that the two-dimensional 
measures of porosity may be convcrted to three 
dimensions by simple 3/2-power-law scaling, and 
that soil material leaving the 0-20 cm layerdoes not 
ltenetrat. deeper than 30 cm. Within the precision 
of' the data, these assumptions are valid in that the 
computed three-dimensional porosities (not shown 

Table 6. Effect (ofpuddlling onl tite percentage porosity contribuited in various shape attegories and in 2 soil diepth tayers by 
pores wider' thtan 30 plu (fron 2Aiirnensional sections, after puddling and before transplanting). IRRI, 1985. 

Tretmet ____--porosity (Io') Inffltrationa 

Round ed IrreguLlar Hlonvateci Total mld 

0.20 vin depth
Nonpudded 1.4 2.0 4,8 8.1 8.4 
Puddled 1.2 1.7 3.5 6.4 4.7 

SIEl 0.3 0.3 0.6 0.8 2.2 

20.30 cnn depf.thi 
Nonpuddled 3.0 2.6 10.2 15.8 
Puddled 2.1 2.5 9.7 14.3 

SIl) 0.3 0.3 2.0 2.1 
aby douitrinF infiltrorneter. 
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Table 7. Comparison, for puddled and nonpuddled soil, of changes between rice transplanting and harvest in pL centage 

porosity contributed in various shape categories and in 2 soil depth layers by pores wider than 30 Am (from 2-dimensional 
sections). IRRI, 1985. 

Sampled at Puddled 

Rounded Irregular Elongated 

Transplanting 1.2 1.7 3.5 
Harvest 1.8 1.8 4.0 

SED 0.3 0.3 0.8 

Transplanting 2.1 2.5 9.7 
Harvest 2.3 2.7 7.2 

SED 0.3 0.5 1.8 

Porosity (%) 

Total Rounded 

0.20 cm depth 
6.4 1.4 
7.6 2.2 
1.0 0.3 

20.30 cm depth 
14.3 3.0 
12.2 2.0 
2.0 0.4 

Nonpuddled 

Irregular Elongated Total 

2.0 4.8 8.1 
2.0 6.3 10.5 
0.3 0.8 0.8 

2.6 10.2 15.8 
2.1 10.1 14.2 
0.3 1.0 1.8 

Table 8. Effects of water infiltration rate on changes, between rice transplanting and harvest, in percentage porosity con
tributed in 2 soil depth layers by all pores wider than 30 pum, for puddled and nonpuddled soil (from two-dimensionp, 
sections). IRRI, 1985. 

Sampled at 
Puddled, 

low infiltration 

Transplanting 6.4 
Harvest 7.6 

SED 1.0 

Transplanting 14.3 
Harvest 12.2 

SED 2.0 

Calculated loss (mm depth) 1.0 ± 0.8 
of soil from 0-20 cm 

Calculated gain (mm depth) 1.1 ± 1.0 
3f soil in 20-30 cm 

Soil migration (mm depth) 1.0 ± 0.6 

Infiltration (mm/d) 5 ±1 

Migration + infiltration 0.20 ± 0,14 
(mm depth/mm per day) 

aResulting from deep water table and exposed plot perimeter. 

in Table 8) were consistent with measured values 
from water-release characteristics. and that the 
calculated losses of soil material were equal to the 
calculated gains. If the average of the loss and gain 
is assumed to represent the amount of migrated 
material(represented as mm depth), then there isa 
remarkable though perhaps fortuitous constancy 
(Table 8) in the ratio of soil migration to seasonal 
average infiltration, 
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Porosity (%) 

Nonpuddled Puddled, 
high infiltration a 

0.20 em depth 

8.1 6.4 
10.5 9.6 
0.8 1.0 

20.30 cmn depth 
15.8 14.3 
14.2 8.4 

1.8 2.0 

2.2 ± 0.8 2.8 ± 0.8 

0.9 ± 1.1 3.0 ± 1.0 

1.6 ±0.7 2.9 ±0.7 

8 ±2 14 ±4 

0.20 ± 0.10 0.21 ± 0.06 

Measurements of the effects on water infiltration 
of puddling implements and cultivation energy 
showed no correlaticn between infiltration and 
either the total or the wider-than-50 pm porosity 
(as derived from bulk density and water-release 
characteristics) or the water-dispersible silt-plus
clay. But infiltration was affected by cultivation 
energy: for the SRT, seasonal average infiltration 
was 6 mm/d at 5 kJ/m 2 and only I mm/d at 



10 Ui/rM2; it decreased no further when energy 
increased to 15 kJ/ in2. For the FRT, which was 
tested only at 15 kJ/m 2, and at each of the energy 
levels applied by P+H, infiltration was I mm/d. 

The amount of precultivation water applied 
affected subsequent infiltration only for the SRTat 
energy ipput of 5 kJ/m 2 . At this input, seasonal 
averages of infiltration were 8 -± 2 mm/d for
cultivation at field capacity and 4 ± I mm/d for 
cultivation with standing water. On most plots, 
infiltration decreased initially (Fig. 5), piobably 
because soil pores became blocked as a resuilt of 
soil swelling, -lay migration, root penetration, or
mticrobialI activity. 

Infiltration was strongly influenced by regional 
hydrologyand the local watertable. At all levels of 
cultivation energy, infiltration wvas faster in areas 
learer to a deep drain that lowered the water table. 
Subsurface 'ivdrology was probably the reason 
why seepage-plus-percolation, as measured by an 
inclined scale. was much higherthan infiltration as 
deteit-incd by a double-ring infiltrometer. For 
plots least affected by the deep drain, the ratio of 
seepage-phs-pcrcolation to infiltration ranged 
from 18 to 80. The high value for these ratios may 
indicate that there was prele rentially high percola-
tion dlown unpuddled soil beneath the bonds, 
Prelimina3nlmasuremtlents snowed infiltration into 
soil beneath recently removed 'oundsto be 100 -±30 
times faster than into puddled soil alongside the 
blinds. 

infilral~on rate I rnm/di 

2o-La 


I0 

20 31 Jo 20 0 10 J20 t0 A 20 31 p0
May Jun Jul Aug] Sep 

5. Change in rate of infiltration of water into a puddled Vertic 
Tropaq tiept rict soil (ileastirenlet hydouble rikiginfiltrorneter 
%%ithinner ring extending to 25-cm depth). IRRI. 1985. 

Grair yild(t/ho) 
5
 

0 

0 
0 
0 

•00 
T 

%A 
a 

0 

3  • 0 

I 

1836 1f 2~50 

IR-9; 985 S 15,j/m 2 C2 15. /,2g 

_ _ I___ 
I10 100 
Infiltraticn rate (mm/d) 

6.Relation otfricegrain y,'ield to seasonal a etage infiltration 
rate and to cultivation energy input. IRRI. 1985. 

Grain yield of IR36 was similar at the different 
inputs of puddling water and energy. Yield was 
independent of infiltration (Fig. 6) over the range 
0.5-80 mm/d -- and for all treatments soil was kept 
saturated throItghottt the season, and seepage
plus-percolation much exceeded infiltration and 
ensured sufficient throughput of water to remove 
toxins and prevent excessive reduction. 

Large savings of puddling water and energy 
can thus be made with no penalty of lost rice yield. 
Micromorphological measurements can give 
usable information about the abundance of pores
that facilitate transmission of water and penetia
tion of roots. The rate of downward soil migration 
seepage-plus-percolation to infiltration is affected 

by depth to water table. Unpuddled soil b neath 
bunds may constitute a channel for excessive loss 
of water from flooded ricefields. 

TILL.AGE EFFECIS ON SOIt PHYSICAL 
PROPERTIES AND LOWLAND RICE YIEL) 

Agronom.i, Department 

Ongoing tillage research for lowland rice had an 

additional treatment in 1985 dry season (DS): dry 
seeded rice (DSR) with zero tillage. Other treat
merits were zero tillage, minimum tillage (one dry 
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Table 9. Effect of tillage on soil bulk density (0-10 cm), crop water requirement, weed growth, and grain yield of IR36 in 2 

k-Nlan rice soils. IRRI, 1985 DS. 

Water requirement 

Tillage treatmenta 

Zero tillage, DSR 
Zero tillage, TPR 
Minimum tillage, TPR 
Puddling, TPR 

LSD (.05) 

Bulk density (t/m') 

Clay Clay loam Clay 

0.99 1.14 37 
0.99 1.17 35 
0.92 1.01 35 
0.66 0.96 30 

0.13** 0.08* 4* 

aDSR = dry seeded rice, IPR = transplanted rice. 

rototilling plus submergence), and puddling, all for 

transplanted rice (TPR). 
Two locations on the IRRI farm were chosen: 

one with claysoildominated by X-ray-amorphous 
alumino-sillcates and montmorillonite-like clay 

minerals, and the other with clay loam soil 

Cloy Cloy ;oa, 
Grain y-To---01-


I-3 02+o o° 
,.68' 'o. 
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V Zmo,,,, .. 

)-JgjI' 

s c_]_........ I e, ... 


(cm,/cmootenqm ldenity 
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o v,- * I 

i .associated 

2 ,-1 Vhad 

06 08 10 12 08 o 12 14 
EuX dens y /'n 
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6 ~that 
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vj
2- I 
L____~~~-t--..---- ... ...............I.------... 

0 01 02 03 04 0' 03 C5 07 

Soilpenetration resstonce (MPo)
 

n rice and7. Relation be tv~ec grain y'ich root-len gtldertssty. 

bulk density, and soil-penetration resistance (0-10 cm). IRRI. 
1985 DS. 
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(mm/d) Weeds (t/ha) Grain yield (t/ha) 

Clay loam Clay Clay loam Clay Clay loam 

786 4.8 4.3 3.9 3.1 
1002 4.0 3.8 3.5 2.6 

527 2.9 2.7 4.3 4.3 
328 1.2 0.7 4.5 4.5 

475* 1.8* 2.3* 0.6* 0.9* 

dominated by X-ray-amorphous alumino-silicates 
and halloysite-like clay minerals. 

In the clay loam soil, bulk density with minimum 

tillage was similar to that with puddling, but was 

significantly lower than with zero tillage. In the 

clay soil, minimum tillage produced bulk density 
similar to that with zero tillage (Table 9). 

Crop and soil properties in puddled and zero
tilled plots differed more widely in the clay loam 
than in the clay soil( Fig. 7). Root-length density in 

the top 10 cm was positively correlated with grain 
.yield, and bulk den.;ity and soil strength as 

measured by soil penetration resistance were 
negatively correlated with grain yield. 

Minimum tillage and puddling significantly 
reduced soil penetration resistance inthe top 15-cm 

layer (Fig. 8), crop water requirement (except in 

clay), and weed growth(Table 9). Soil temperature 

the top 20 cm was lower in puddled than in 
zero-tilled plots (Table 10). These redu~ctions were 

with significant increases in grain yield 

in the puddled and niinimum-tilled plots, which 
similar yields (Fig. 7, Table 9). 

Root-length densities of DSR and "PR with 
zero tillage did not significantly differ, showing 

root injury to seedlings at transplanting does 

notaffect root-length density any more than the 

hard root medium does. 

PI-RCOI.AI-ION RATES IN LOWIANI) RICE SOIL 

Agronomy,De[prtment 

Percolation. Greenhouse studies were continued in 

1985 DS and wet season (WS). Percolation rates in 

three soils did not affect grain yield in DS. In WS, 



SouIclfm(cm) however, high percolation increased grain yield
O0 I (because of high weight per panicle) only in the silty 

clay loam soil, which had a 10.3% native organic 
matter (0M) content. 

The amount of exchangeable K and Ca and the10 Fe content in the three soils significantly increased 
0 17 Ons after two seasons of percolation studies (Table 11). 

- LSO Organic C notaNy decreased in soils with 5 and• v zem,,,og,DSo . 0%cGM. 
20 	 Zem,,ageTMR Percolation-organic matter interaction. A silty 

clay loam with VILLy low native M content (1.2%)
is, ns 0 PudingTIR was used to determine the interactive effect ofCloy ca loom percolation rate and OM amendments on rice yield 

30 0 3LI and nutrient concentrations. Percolation rates 
0 02 04 06 0 04 08 12 were 0, 15, and 36 rnm/d, and OM levels were

Sod penetration resistance (MPa) 	 equivalent to 0, 5, 10, and 20 t rice straw/ha, 
8. Tillage effects on the penetration rcsistanix of 2 submerged incorporated in the top 15 cm of soil I d before
rice soils. IRRI, 1985 )S. DSR = dry seeded ria:. IPR = transplanting 5 seedlings/ pot.

transplanted ri o. ,
 

In DS and WS, tillering in pots that received 20t 
OM/ha was significantly less than in pots with no 

Table 10. Tillage effects on soil temperature (0-20 cm) in added OM (Table 12). Unfilled spikelet percentage2 lowland rice soils. IRRI, 1985 DS. was lower with 20 t OM '/ha than with 0 or 5 t 

Temperature, (°C) 	 OM ha. In WS, tillering was decreased in plots
without percolation because of the accumulation

Treatment Clay Clay loam of organic acids (Fig. 9). 

Minimum Maximum Minimum Maximum In DS, an OM level of 20 1/ha and intermediate 
-- percolation rate of 15 m/ d gave the highest yieldZero tillage 27.8 ± 0.9 29.6 ± 1.0 28.9 ± 2.0 32.4 ± 4.5 of 41 g/hill (Fig. 10). ONM and percolation rate did

Puddling 26.0 ± 0.7 28.1 ± 0.9 27.2 t2.1 29.3 ± 2.6 
Air 23.3 ± 0.9 31.5 ± 1.2 23.2 ±0.9 32.5 ± 1.4 not significantly affect yield in WS. 

An increase in OM level also increased Fe and 
Averaged from transplanting to harvest. 	 MVn concentration in the soil solution (Fig. I1, 12). 

Table 11. Nutrient status of 3 soils after percolation experiments in 2 seasons. IRRI greenhouse, 1985. 

Total N Olsen's I) i' xchangeable cations (meq/100 g) FeSason (%) (ppm) K 	 Mn Organic CCa Mg (%) (%) 

Sillt' clay loa, (OMa . j)1984 WS 0.5 7.6 0.17 21 9.3 4.7 0.053 	 7.21985 WS 0.5 8.1 0.28 30 11.4 5.0 0.052 6.7 
LSD (.05) ns ns 0.02** 7* 0.9** 0.2** ns 0.2** 

Silt)' day (OM - 5%)1984 WS 0.3 10.3 0.24 17 9.4 6.2 0.066 3.31985 DS 0.2 12.2 0.30 26 11.6 6.4 0.066 3.1 
LSD (.05) ns 0.8** 0.04** 1"* 0.4** 0.2* ns 0.1" 

Silt), clay loam (OM - 1%,)1984 WS 0.1 5.2 0.26 34 7.3 4.4 0.105 	 0.9
1985 DS 0.1 6.1 0.28 52 7.1 4.5 0.091 0.9 

LSD (.05) ns 0.7** 0.02* 2** ns 0.1* 0.004** ns 

aOM = organic matter. 
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Table 12. Yield and yield components for rice straw and percolation rate experiment. IRRI greenhouse, 1985. 

Dry season Wet season 

Treatment 
Tillers 

(no./pot) 
Grain 
yield 

(g/pot) 

Straw 
yield 

(g/pot) 

Grain 
to straw 

ratio 

Unfilled 
spikelets 

(%) 

Tillers 
(no./pot) 

Grain 
yield 

(g/pot) 

Straw 
yield 

(g/pot) 

Grain 
to straw 

ratio 

Unfilled 
spikelets 

(%) 

Rice straw addeda kt/ha) 

0 115 
5 103 

10 103 
20 101 

164 
154 
161 
184 

140 
116 
118 
129 

1.2 
1.3 
1.4 
1.4 

16 
14 
13 
12 

65 
62 
61 
51 

120 
122 
126 
115 

83 
80 
79 
75 

1.4 
1.5 
1.6 
1.5 

23 
17 
13 
11 

LSD (.05) 13 18 15 0.1 2 8 ns ns 0.1 4 

IPcrcolation rateb (inretd) 
0 114 

15 105 
30 97 

169 
175 
153 

29 
128 
119 

1.3 
1.4 
1.3 

16 
12 
13 

57 
62 
61 

114 
126 
121 

76 
83 
79 

1.5 
1.5 
1.5 

17 
16 
15 

LSD (.05) 11 16 ns ns 2 ns ns ns ns s 

aAv over all percolation rates. bAy over all added rice straw levels. 

Tilers (no /hill) Percolation, however, did not affect Mn con
12[ 

--	 .- centration. 

"Increased yields because of higher percolation in 
soils with high OM levels were probably due to 

organic acids leached from the root zone (Table 
13). However, the beneficial effects of leaching on 

soils with high OM were at times counteracted by 
4 

2

Total organoc acid (x 10 rnoi/liter) 

II4
 
400 -

ZO mm/d 

300 -	 No percolaton 

,3 2 
,ID228 

2/ 1 

100 

o 2 4 6 8 " o10u 	 . io 15 ,. 
20 0W eeks ifte r tton spIcrtng". 

,eo'
 2 
R36 and organictillerig 	ofI 

ing 201 rioe straw'ha. straw added and percolation rate on 
9. Effect of percolation rate on 

acid content in soil solution inpots eosi\ 10. Effect of amiount of lice 


IRRI grc house. 1985WS. R36 grain yield. IRRI greenhouse. 1985 )S.
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12. Effect olaf 0? tiimaddit ol~~rltu 
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high leaching losses of plant nutrients such as Fe 
and M n. 

efficts of' percolationi rate on soils withdifferent OM (ihv and applied) will vary with 

changes in nutrient concentration in the percolat

ing water.-

RE-SPONSE 10 I.A(1 I Of- MmI NGIIEAN AFI ER 
LOWLAND) RICE 

Ivarimn 

Nunghean was grown in 1985 DS after rdinf'ed 
i lowland rice in 1984 WS to investigate the effects of 

tillage on phylcal properties of two soils of'0 diffrent texture and water table depth, on root 

h 	 and shoot growth, and on grain yield. Trials were 
conducted at IRRI on Maiahas clay (Andaqueptic 

SOIL \N!) CROV MANAGEMEN V 289 



Table 13. Leached organic acids and nutrient losses for 11 wk of rice straw and percolation experiment. IRRI greenhouse, 

1985 WS. 

Percolation rate (rnim/d) Organic acids 	 Nutrient losses (kg/ha) 
leached
 

Intended Actual (t/ha) 

15 14±2 0.7 
30 29 ± 4 1.6 ab 

NH4 +-N Fe Mn 

Without rice strait 
d 8a 

10 a 
2.2ab 
0.4 a 

6a 
2 a 

With 5 t//h rice straw 
15 
30 

14 t 2 
28±-3 

0.9 cd 
1.6ab 

10 a 
39 b 

1.7 ab 
27.5 abc 

8 a 
38 be 

15 
30 

14±2 
29 t 4 

With 10 tIha rice straw 
0.9 Cd 10a 
1.5 ab 34 b 

11.8ab 
41.8 c 

28ab 
67 d 

With 20 t/ha rice straw 
15 14 t.2 1.3 be 
30 29 ± 4 1.9 a 

Haplaquoll) and in a farmer's field in Bulacan on 
Sibul sandy loam (Aeric Tropaquept). Minimum 
tillage (two 7- to 10-cm deep rototillings) was 
compared with zero and conventional tillage (one 

15-cmi-deep moldboard plowing followed by 2 
rototillings). Table 14 shows some chemical 
properties of the soils, 

Tillage soil moisture was0.49 kg, kg at IRRI and 
0.1Q kg kg in Bulacan. At 4 wk after planting at 

rahle 14. Sonie chemical properties of IRRI and Bulacai,Philippines. soils (0-30 cr), 1985. 
....... .................
itip s ..... 	 ............ 

Soil property Clty loam Sandy loam
(IRRI) (Bulacan) 

pH (1:1, wt/vol 11,0) 6.5 4.9 
Organic C W/kg) 17.0 5.6 
Total N (g/ke) 	 1.4 0.8 
Available Olsen P(og/kg) 21 6 
lxchangeable K (innol/kg) 12 2 
CE (nmnol/kg) 340 58 

11 a 29.7 be 57 cd 
24 ab 109.7 d III c 

both sites, bilk density was higher and aeration 
porosity correspondingly lower in zero-tillage plots 
than in either minimum or conventional-tillage 
plots (Table 15). 

Soil strength of the Maahas clay progressively 
increased with depth from 0.3 MIPa at the surface 
to about 4.0 MIPa at 60-cm depth. Bulacan had an 
exceptionally high soil strength of 6 MPa even 
within the top 20 cn'. Matric suction was not 
affected by tillage at either location. At IRRI, 
matric suction was less than 13 kPa; in Bulacan, it 
ranged from 20 to 90 kPa within the first 4 wk after 
planting and to 9(X) kPa at crop harvest (Fig. 13). 

Maximum andl m inimum soil temperatures
averaged 25.8 ± 0.8 and 24.8 ± 0.90 Cat IRRI, and 

28.6 	± 1.0 and 26.7 -± 0.9 °C in Bulacan. 
Tillage significantly increased plant height, root 

length, and grain and straw yield, irrespective of 
water table depth (Table 16). Minimum tillage was 
as effective as conventional tillage at both sitesand 

Table IS. rillage effects on bulk density and aeration porosity in mungbean plots. IRRI and Bulacan, Philippines, 1985 DS. 

IRRI Bulacan 

lreatinent" Bulk density
{,Iin 

Aeration porosity
)(?',Vol/VolI) 

Bulk density(tij, 3 )( 
Aeration porosity

,Vol/Vol) 

Zero tillage 
Miniuitmun tillage 
Conventional tillage 

1.00 
0.90 
0.91 

20 
30 
30 

1.47 
1.38 
1.36 

27 
43 
44 

LSD (.05) 0.04 6 0.04 5 

"At field moisture content of u-i1 cm soil layer, 4 wk after planting. 
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Table 16. Tillage effects on yield, plant height, and root length ofI mu ngbean after rainfMl lowland rice, IRRI and Bulacan, 
Philippines, 1985 DS. 

IR R P2 

Treatment Plantheight (4rillyield Stra . '  
yield 

On) (t/ha) (t/lhal 

Zero tillage 0.56 ).83 1.63 
Minimum tillage ).61 0.96 2.44 
Conventional tillage 0.62 1.04 2.73 

I.S) (.)5) 0.04 0.0)9 0.35 

Water table 0.25 rr. , ater table "'2.0 i. 

thus was efficie ill In time and energy inpilt. But in 
Bulacan where the water table was >2 in Jeep. 
mungbean grain yields sutcred tmin se\crc 

drought stress. 

DEEIP CI I.1 IVAI ION OF PI'I0 A NI) I lANI 

SOII.S I-() IRAlN+I-1:) MI'ON(WIllIN 

Soil ( ]enisirvr lhti:hsan(I .. l,ri'ulrura/ 

IA'tngintcring l('parim(,ns 

In 1984 )S. a mungbca n grain yield of2. It ha was 
attained without irrigation or lc rtiliicr on a 

Bulacan t' 

]O't lengthper plant Plantheight Grainyield StrawYield Root lengthper plant 

(1n) On) (t/ha) (t/lra) (in) 

6.1 0.20 0.12 0.21 3.3 
9.6 0.23 0.16 0.28 4.8 

10.0 0.24 0.17 0.34 5.4 

3.3 0.13 0.02 0.07 1.1 

previously puddled soil when that soil's compacted 
layer was disrupted by strip cultivation to 35-cm 
depth bya narrow tinc(Annual report for 1984). A 
yield of' 1.9 t'hat resulted ftrom moldboard plowing 
and harrowing, and also from strip cultivation 

using a wider tinte. For all tillage methods, yield 
declined hv about 0.4 t ha when planting delay 
(measured from date of ticld d raining) increased 

trom 4 to 6 d. 

The high yields deived in part from precision 
seeding that rcsulled in uniform crop stands. which 
cffccti\eiy intercepted solar radiance. Soil physical 
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Table 17. Soil physical properties on field FI 1, IRRI, 1985 DS. 

Depth Organic C Bulk Clay Silt Sand Texture 
(-in) density : (%) (%)t 

0-10 1.5 1.01 40 42 is Silt cl ay loam 
10-20 1.2 0.99 39 43 18 Silty clay loam 
20-30 0.8 o.97 39 42 19 Silty clay loam 
3040 0.5 0.93 36 38 26 ('LI loam 
40-50 0.4 0.91 47 36 17 Clay 

,
.tltlCtitc also influenced yield: indiv idual plot bIio, 4)) cm. ihe' \ater table \..s naintained 
viclds co'TCelated with depth ol root-cxploitablc soil blM 1.5-1n depth by pipe d ittls installed at 2.5 il.
abo\ c athort,'on of high solil stret~gth. ;Strip tillages to 35-cm depth %seC ut riCd ot Using 

t ,ning C,; ld-2I tnummmibcan asthlest crM,.t,o adeep ,iungcd tin(Fig. 1I4)anI a deep iarrow tine 

new0tort11, 01 dee) stip tillage and Conscntionld \\ith two sltallo%\ leading tines (Fig. 15). I he draft 
pls,,ing and harri g Ws\e-'-,, aated . I iIC force lot pulling tile tine,,( IablIc 1S) \as in.,-ased 
cmilti,. atiotis,,tt: done sHon atfte idainineltand1 in b i. 0.3 kN s.hcn the Wi. g i, Lt C. aind by3.3 as 
%Uatl aid hi , it. I hC 'oil %\is Is\eStine lMIZ.md 

mote ( 
atid ltighe dctsit\ ( liblc 17) than tlie 1984 soil. 
\%fithll i lt.A an to t'tsu"ll)tt ti ltill l s.Itndl 

VcrtitC Ihoi ycpt with s 1ils1 oiiniMC 

.06 "".. '..t1 
". - - , , ' 

1 k 1-%% d hi I RI1,N "I14. 1 ii II R 1. ,.' 15. I),."l, r11 ,,,1hr1,1 Ml l, l! W. 111.h , 

Il;tI 18. )raft Iforce a i! specilic resistitnce tr .arittus cmt'igti.tI it Its (d exlriiienital lities \\ rkiui ti 35-cm d.epth 
tlhrmiu i a \ertic lroIpaquept cday taum. ilh and ittiut rice stubble aiind at motisture Cet llleit abtli 0.8 liquid limit. 
IRRI, 1985 ItS.d 

I ilc + %% +it 

Ilk' aline l'ine 4iX all-s tiles tineA + sin: shallom tines 

I1)t ,t Resistan ra 0 ReSiStLat Draft ResistanceResistt'.i nrafIt ce 
IkNI 1kN mn tkN) (kN/!i ( (Mm" ) (kN) (kN,'iii 

No stubble 5.4 450 5.6 8.8 650 8.8 
\ithm stubble 6.2 160 

SI': dralt 11.2kN. specific resistance 50', 

_ Itt mteasttred. 
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Table 19. Effect of cultivation method on dry bulk density p (t/m3 ) and on fractional total porosity eat various depths in 
silty clay loan. a IRRI, 1985 DS. 

Uncultivated Plowed Strip-tilled by Strip-tilled by
Depth soil and harrowed winged tine deep + shallow tines 

P C p p P C
 

0-10 1.01 0.59 0.98 0.60 0.94 0.62 
 0.95 0.61
10-20 0.99 0.60 1,01 0.59 0.93 0.62 0.97 0.61
20-30 0.97 0.61 1.02 0.58 0.87 0.65 0.87
30-40 0.93 0.62 0.98 0.60 0.88 

0.65 
0.64 0.88 0.6440-50 0.91 0.63 0.91 0.63 0.88 0.64 0.89 0.64 

Means of' 3 replications at eacht of i .aOpling datCs, a.nLassuming 2.45 t/111 3 
particle (entSit y. 

0.6 ± 0.3 kN when rice '.tubble was present. The 
shallow tines. whose purpose \%as to disturb addi-
tional cross-sectional area ot soil. did so without 
reqiriing extra draft. and decrcased sPCcific 
icvistatncc to ,oil disturbance trom 450 -1 21) to 
1) _f 8( kN n- becatuse the\, w\erc positioned 

to exploit the -15" soil-cleaxage planes. Both drdt 
and specific resistarice \%ere highest with the winged 
title. Village decreased hulk densit\ by ant awvmgc 
of 0.07 ± 0.04 . m over the 0-30 Cm layer (lablc 
19): identical decrease,, with tli'rent (deep tilies 
werc achieved in 1984. ('onvettional tillage may 
hae Comipacted tlie soil slightly between 10 and 
30 ctil. 

Soilshcar strengthand fictional properlicswere
also changed bvssoil distu rba nec and restructunring. 

(Ccme rdeK -f so I PP )%trerl 

f 'q -J 

o 

Strength increased steadily at all depths as soil 
dried, and then dcreased rapidly between 7 and 9 
wk atcrseeding (WAS) in response to rewetting by 
83 mm rainfall (Fig. 16). ThLk two soils tilled by the 
deep titles were weaker than the plowed soil by 
about 1.5 VIlla in the 25-40 citn soil layer( Fig. 17). 
Additional nltu:lUlCtllcllts of soil strength and 
friction w,: re made by shear vane; rcpr,,csentati\'e 
da ta (Fig. 18) show for the 0-20 cm depth seasonal 
progression ill soil-water content 0 and in the 
I oh r-(ioulornb pammeters of coliesion C and 

internal fiction angle tan (h. Both C and tan (h 
gceially were least on stiip-tilhcd soil, and were 
possibly higher on conventionally tilled soil than 
on umillcd soil bctwetn crop rows. Ihis may
indicate hat diring ha nowirg, the fairly roist soil 

' 
. / ."7 '-A 6 

--- A... ,1 

-- '4-4 3 

/*/ 

0 I', :'- 40 50 60 

16. SC tt, at tlog[tC' 1tt ol I tlttc t .X .oit te nt110 pl'llt'ltallltortMoI' sirioes deplr th 
Ixticath ros 01 ttttttigkb. pl;t,,inacomvcntionalflv filled plot. IRRI, 1985 1)S. Merttn \%k 
7 and ,kk 9, 3 tminttminell.) 
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Cone indexof soil %trength(MPo) 

4 
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r-- ,,significance 


1. iresulted 
+ri+ d,,iit, ( r,,; 

.............0l._ ?0 i 


on ,xIcm aicra ii i 

IctilV_ It) penlilitn dcptl prlwlotl\ 
17. Ilicit Of tillagC M lt! Lc C e\ f 

Ui 6)ill11 III 

puddlet soil tmcasm cd l n Iield Itn,). IRRI. 195 I S. 


in ilie top 20 cm may itae repacked to higher 
density (Table 19) and strength. Ihc influence of 
watercontentU0 on CMiaId tan ) isseen itt Figure 19. 
These 1985 data are consistent %kiththose for an 
adjacent field of similasutrfacc soil texture in 19,14. 
Flowvcer. tatn 4)at a particular 0 \%as predictably 
higher for the soil with 23IsanSd in -20 cul( 1984) 
thatt for that with 18I1 salnd (1985). [he more 
precise LIta a1nd the I irgCer Htl+gU of t rClcontent 
sarmipled in 1985 indicate that C had ait expected 
curvilinear dependenc ott 0: 19841 datmr were 
sufflicient ottlv to determnineian aeit \ atu forh' ". 
but did in fact c01fornrt to tile quadlttic rCla0iolr 
expressed for 1985 rcstlts in [icItie). lhe re ised 
equtatiois for the Soil-k itter depentdentce11 co-
hesion arid ficitiOnt coeffici-nt \\ ill x' ued ill ltttire 
sttulies of root-,oil irtenictiotm. 

For both strip tillage treatitenits, spacittig 
betConrt tilled strips. tid he te btsteen rI-Os of 
plants. was 0.4 m. as it was ;aso be.tecn ro\'s ott 
the corvcntiottallv tilled plots. Plot si/c \ts 
16.0 5, 0.4 ft. and thte 6 ieplications for cach 
treatnicni were atritnged asts o ILaitin squares. 
Inintentionallv and unv\oidlably. preceding rice 
was harvested and irrigation disconinred 50 d 
earlier ott the first square. Iltis difterencc had 
signtificaitt cO'isCqrLeniCCs. F3otht squares were re-
flooded bieflv and sittl ta ncorsly to equ alize 

their moisture contents, and blocks within the 
squares were cultivated and seeded in random 
sequence during a period of I to 5 d followipg the 

of floodwater. Seeding by hand was 
Uuniform both in depth (5 cm) and in within-row 
spacing (4 cm). 

Grain vield of mungbcan (Table 20) wa., highest 

on plots cultivated by the deep winged tine, both 
for plots planted sooner (3-d delay)and later(5 d). 
However, the yield advantage of this treatment 
(0.09 ± 0.07 t ha) had only slight statistical 

and insufficient practical significa nce 
to justifyV the required high dntft force ([able 18). 
The increase in planting delay (from 3 to 5 dL 

inl additional g,ain yiel of 0.08 ± 
0.07 	t ha: but in 1984 )S. an increase in delay 

'rom 4 to 6 d \as associated with a grain lyietl 
dLcine of 0.37 ± 0.07 1 hi. Pbs contrast ii 
behavior nav ha\e been utsed bv dillerences inl 

the oxidation statis of the two soils, which in other 
resp,cts were \ct similar. )ata if, Fable 21 
!1utpport this suggestion: fort lieatsquarewhere 
rice in 1985 was harvested 70 d belorc munighean 
planting, niigbean yield was 0.12 _- 0.07 1 ha 
hIghcr than on the square with later rice harvest. In 
1984 )S. when the soil had more than I yr for 
possible rcoxidation, average yield was higher than 
in 1985 by 0.46 -f 0.11 t ha. There were sillilar 

though less conclusive effects on total dr' matter 
a id fresh fodder yields (Table 21). 

Int both 1984 aitd 1985. \'ields were high 
compared with the Southeast Asian average of 
about t.6 t ha. and were achicved without fertilier 
or irrigation. In eaCh \eat. ciop-water uptake 
totaled about 75"' of thc potential transpiration of 
23)) mm1(iii 1984) ind 2() 1m (il 1985). The water 
required for these uptakes utine from water stored 
in the soilat planting.,afterthe l-to 5-d drainirigof 
profiles delibcitel'\ stturatcd to sintulate end-of

ric-season coilditions. Growing season rainfall 
was small in each \'car, and 1984. with less rainfall 
(33 nam) bit also \%ith loe\cr evaporative 
dellad ga\c higter yield tll wetterhart te 
(47 rtm) 1985. 

Yields in 1984 exceeded those in 1985 forucuscs 
other than reduced soil cotditittns. Crops in 1985 
sI Heled t1ioCre insect prcrstrc, especial ly from 
leaflolders, and were hiarxestcd for both grain and 
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',ohesion (kPo 
40 
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0 None 

I0- 1 Conventional 
v Strip b deep winged tine 
V Strip by deep + shallow tines 

0---- I 

Friction coefficient (tan ) Friction angle 
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0 8 

350 

06 V 
225" 

150 
02 _ I 

Volumetric soil-Nater content
 
(av of 4 tillage treatments)
 
06
 

05 

047 

03 I 

02 ________
0 ,G. 

Weeks- aftef tillage 

18. Cohesion, friction cot'dIjient. and (1)11nlll ic ,ii-var content for the 0-20 emi layer at various 
wtel;s after different tillage treatrments. (For tncinied soil atnd normal stresses of (-50 kVa.) IRRI,. 
1985 )S. 
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C" ,,i C (kPat 	 fodder earlier than in 1984 because of the earlier 
40[ 	 onset of WS rains. The mechanism for the yield 

response to earlier rice han,est and soil reoxidation 
in 1985 has not been established, although some 

30 - ."hypotheses Ihave been rejected. Crop emnergence 
was very high for all tillage treatments (Table 22) 
and did not differ between early and late planted 

. plots, or between longer and shorter reoxidation 
regimes. Fe-Mnr interactions, which can be affected 
b reduced soil conditions. \,e assesscd through 
Fe to Mvn concentration ratios in plant tissues at 29. 

.... .......... ... CC[- ,K14.6 ,4?b 46, and 58 d after seeding (l)AS). Differences in 
.,rp t, dieep s?,II, ,: C,.-,, Fe:Mn, as between longerand shortcr reoxidations 

I - in 1985, were greatest at 46 DAS, but ratios at thati,, , ., plant age did n,0t correlate with mungbean yield, 
even though the\ exceeded the upper limit of the 
1.5-2.5 range considered optimal for growth of 

- , ./.some legumcs. Fe:Mn in 1984 also exceeded 2.5, 
and the higher yields in that year were not the result 
of more favorable Ic-Ni n interactions. Notwith

) standing this uncetainty as to fhe mechanism of 
the influcnce of soil-oxidation status on growth of 
legumes, the effect may have important implica

o4tions 	 for screening and breeding of cultivars for 
31 ,5C.[to- reduced soil conditions, and such screening may 

r:-0861 i 

need to be additional to that currently Undertaken02-
for waterlogging tolerance. 

The decrease of soil strength catLsed by tillage 
0 44 . . 1-.. A 	 (Fig. 17, I) had observable cffects on crop rooting. 

030 00 0.0 0(0 Excaations by the pinboard technique showed 
Vounetr c Lc- voter Contet ( )that roots in strip-tilled plots proliferated in the 

19. Relation oftcohesion and friction cocfficient to %olutctic fractured soil zone. In these pinboard samplings, 
soil-water content an(d to tillage for the )-2) cm layer. (For 
1tticonfited soil anI noual ,cs,,Cs of l-. kPa.) IRRI. the excavated soil slabs were40 cn wide and 10 cm 
1985 I)S. thick, with depth vairing according to plant age at 

sampling; pins were arranged on a 5-X 5-cm grid, 
and roots contained in each 5- X 5- X 10-cm-hick 

Tale 20. Effect of tillage and 3- and 5-d delay bet,,,een 
field draining and seed planting on grain yield of CES id- soil element were weighed. Root-mass density at 
21 mungbean. IRRI, 1985 DS. depths below 10 cm was higher on deep-tilled than 

(;rain yield' (t/it) on conventionally tilled soil (Fig. 20), and densityTillage.. 	 . . . . . . . . . . . . . 
3ld 5 d Mean11 of roots within slabs oriented along the plant rows 

Conventional 1.25 1.32 1.28 (and hence along the tilled strips) was higher than 
Strip by deep winged tine I.38 

b 1.36 1.37 in slabs oriented across the plant rows -- a 
Strip by deep + shallow tines 1.181) 1.36 1.27 consequence of there being 25 plants/m along rows 

SE 0.04 0.11 0.06 and only 2.5 plants m perpendicular to rows. 
Mean 1.27 1.35 However, when root-mass density was normalized 
SE - 0.03 0.06 according to the number of plants included within 

aFrom 2 primings. Excluding I replication each for the 10-cm-thick slab, alues were larger for across
which yields were improbably low becitese of shallower 
depth of fertile soil. row than for along-row sampling, indicating an 
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Table 21. Yield of grain from 2 primings, total dry matter, and fresh fodder of DS CES ld-21 mungbean (av over 3 tillage
treatments and all planting delays) as affected by duration of possible reoxidation of the previously submerged rice soil. 
Fields F13 and 11, IRRI, 1984 and 1985 DS. 

Variable 

Days of possible reoxidation (d) 
Mungbean grain yield (t/ha) 
Total dry matter yield (t/ha) 
Fresh fodder yild (t/ha) 

1984 1985 

Rice plots
harvested 

Rice plots 
harvested 

Rice plots 
harvested SED 

much earlier sooner later 

406 70 20 
1.77 ± 0.09 1.37a 1.25 a 0.07 
5.2 ± 0.2 3.0 a 

3.2a 0.3 
10.3 ± 0.4 7.3 a 

7.1 a 0.6 

aExcluding 1 replication each for which yield. were improbably low because of shallower depth of fertile soil. 

Table 22. Percentage emergence of CES id-21 mungbin as affected by tillage, delay between field draining and seed 
planting, and duration of possible teoxidation of the previously submerged rice soil. IRRI, 1985 DS. 

Tillage Planting delay 

3 d 

Conventioral 86 
Strip by deep winged tine 92 
Strip by deep + shallow tiIes 88 

SE 3 

Mean 89 
SE 2 

effect of interplant competition. Dry root mass in 
the 10-90 cm layer at harvest was calculatcd to be 
equivalent to 0.2 t/ ha for deep-tilled and 0.1 t/ ha 
for conventionally tilled plots. The corresponding 
totals for all roots (including those in 0-10 cm, 
where thick primary roots contribute most of the 
mass) were 0.4 and 0.3 ts ha. These values may be 
compared with the aboveground total dry matter 
at harvest of3.2 and 3.0 ti ha (Table 21, 1985 data), 
although the root-rnas totals must be considered 
as lower-limit estimates for whole-scason root 
production, because much root material would 
have died or been respired during the season, 

Deep tillage, by fissuring soil as far as 15 cm 
from the tine shank and tip, promoted indirect as 
well as direct effecu; of soil strength on crop 
rooting. At any specific value of soil-strength index 
there was relatively much more rooting in deep-
tilled than in conventionally tilled soil (Fig. 21). 

Emergence (%) 

Reoxidation 

5 (1 70 d 20 d 
Combined 

87 
94 
90 

91 
91 
89 

83 
94 
88 

87 
93 
89 

3 3 3 2 

90 
2 

90 
2 

88 
2 

89 
1 

Even though the three tillage treatments may 
exhibit identical values for cone index of bulk soil 
strength, the deep-tilled soils include additional 
fissures and planes of weakness that allow greater 
proliferation of roots. 

Root-length density (Fig. 22) was monitored 
more frequently than root mass, using cylindrical 
soil-core samples. Although soil volumes sampled 
were necessarily much smaller than for pinboard 
excavations, data were sufficiently precise to 
indicate that during 0-6 WAS roots penetrated 
more quickly to depth in soil cultivated by the deep 
winged tine than in conventionally tilled soil. As in 
1984, roots eventually penetrated to 90 cm in all 
tillage treatments. 

Thegreatermassand earlierpenetration of roots 
on the deep-winged-tine plots may have resulted in 
slightly higher grain yield (Table 20). That deeper 
rooting and consequent exploitation of a greater 
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depth of soil should give higher grain yield is 
indicated in Figure 23., where grain yield on dclch of 
the experiment's 18 plots V,related to the plot's 
depth of cxploiltable soil above a layer of difTering 
structure and higher strength. (As in 1984, there 
were two high-strength layers in the top meter of' 
soil in each plot, and Figuire 23 relatesto the deeper 
oflthei.) For each additional 9 cm of exploitable 
soil depth, one might expect 1X) ± 20 kg more 
grain,, ha. The mcclianisni for the yield increase is 
probably the increase in soil-watcirstorage capacity 
contributed by the additional soil depth; hl 

hypothesis is supported by the observed correla
tion between seasonal water use SWUJ (in mnm) and 
depth I) (cm) ol exploitable soil: 

= SW' rn= 122 f-0.78 1) cm (r =O.52**.n 18) 

This equation, in addition to its significance of 
correlation, is also phsically tenable because the 
soil's water charactenstics voe such that a 9-cm 
soil increment would contribute I1 ± 2 mm of 
additional water storage. hi saddition, in relation 
to ianaverage seasonal water use of 180 ± 30 mnlat 
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I 
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04 
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Depthi (cm) to second strong horizon 

23. Reimin of) pain \ ild(Y) of [S Id-2 mi 141dept 1 

tottiescconad srong soil tiitiNi,h dhti/on (1I),%ith data 
according to tillage IRRI. 19t85ifncnt.)5 

a D of 70 cm and an average yield of 1.3 1 ha ([able 
20), would generate an extra 80 + 20 kg grain ha. 
in conformity with the IMX :!±10 kg Ila derived 

from Figure 23.fom ring 2 nd ealong
Dece1 rooting and enhanrced va te rupta ke shoulId 

afftect mungbean growth and grain yield mainly 
thro ugh infltenrces oil \i%hole-clop photosynthesis..

activephotosyntheticallySeasonal totals of 

radiance (PAR) actually intercepted by the crops 
w'ere nicasured for three replications each of the 
three tillage treatments. Final yields of total dr, 
matter ( Fig. 24) and of grain yield for those nine 

plots each correlated strongly with intercepted 
PAR. On the average, crops on the dccp-tilled 
plots absorbed slightly more radiance than crops 
on the plowed plots, although there were no 
significant differences in leaf area index or plant 
height. The slope of the Figure 24 regression line 
implies a 1.7%)' differential the rmodynanic cffi
cency of use of the additional absorbed PARI. but 
becaLISe of tile Iarge intercept (I.13 t ha), the 

higher, averagingoverall efficiency was much 

2.5%; within the growing season, tie highest 
efficiency (4.2%) was recorded betv,'cn 31 and 
38 DAS. 

Although plants on conventionally tilled plots 
rooted less quickly to depth than those on deep-
tilled plots, they made more rapid initial uptake of 
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nutrients (Table 23), perhaps beca use the nutrients 
in the surface soil were made more accessible by 

plowing and harowing. There wxere liwer weeds 
on conventionally tilled plots. For ratungbean 
production it may be advantageous to combine 

and conventional tillage. 
A diffe rent tillage strategy for mu ngbean follow

ing rice in puddled soil is to relay-plant the legume 
in rows between and parallel to rice during the 

latter part of the -10-d period between field 
draining and rice harvest. Reaping. threshing, and 
drying of rice may then continue without corcern 
or effort for the mungbcan. But if to encourage 
deep rooting of the latter it is ncccssary to disrupt 
the compact soil layer by deep tillage, then such 
tillage can be accomplished through the growinglegume crop. as close as 7 cmn from the lines of 

plants, and up to 32 d after sowing tie legume, with 
acceptably low losses of plants. For pa rtiicula r ice 
legume sequences, legume row, pacing, persisting 
rice stubble, and through-the-crop tillage opera
tions may require that the preceding rice be planted
with nonuniform spacing between rows. Trials of 
irrigatedl W IR5 planted at row spacings 1"of(20. 
irgtdW Z8paic trwsaig f(0 
30,20, 30, 20) (20, 30, 20. 30, 20) cm,with plantings 

rows at 17-cm intcrvals, showed that tiller 

n,).reto,, fil'ol harvest(f/ho) at
1 

-

Thfferepo, efiency - 1 % 

4 - Oeorl efiiency :2 5%
 

v 
-


o .
0 C,,,,. .. , 

2 ...ot,,I, 

0100 150 200 250
2 

Abt rbed photosynthetic radiance (Mj/m ) 

24. Rclation of final 
" 
harvest diy maier MI) t ('lS hd-21 

nuingbcan io scasonils totalofi aboilxd pholo, nithclically
acile radiation PAR). %ithdata distinguiisid according to 

idlage ieatilocrt. IRRI. 985 )S. 



Table 23. Effects of conventional and of deep strip tillage on nutrient uptake and weed production in CES ld-21 mung

bean in DS. IRRI, 1985. 

Rate (ng/n 2 d) of uptake 

Period Nitrogen Phosphorus Potassium Weed dry mass (t/ha)
(DAS) 

Conventional Deep Conventional Deep Conventional Deep Conventional Deep 

0-28 86 64 10 
28-47 184 189 17 
47-57 50 80 11 

0-29 

number, leaf area, and rice grain yield were no less 
than with equal-row spacing. For mungbean relay-
planted between rice rows into moist soil at 2 d or 
more after preharvest field draining, emergence 
was acceptably high at 75 ± 5%,and relay-planting 
4 d before rice ha rvest gave uniform populations of 
mungbean plants that su ffered little damage during 
ensuing rice harvest. 

For mungbean grown after rice in upland or 
lowland rainfed cropping systems, seeds and seed-
lings run risks of soil being too wet, too dry, or too 
hot for germination. Growth-chamber experi
mnnts undertaken as part of the IRRI Inter
national Institute of Tropical Agriculture Colla
borative Progran have studied the interacfive 
effects of soil temperature and water content on 
legunc emergence from sieved cnirbs of IRRI 
uplard soil (soil-water retention characteristics am 
shown in the sectio oilClimatic environment and 
rice). Figure 25 shows for 30 "C the effect of soil 
water-content and potential on tileemergence 
percentage of CES Id-2' mungbean. Similar 
curves were obtained at 25 and 35 "C. At 45 "C. 
there was no emergence either for CES Id-21 or 
IP3 79-17-79 nungbeain, or for SJ2 or UPL SY2 
soybean. ForCES ld-21 betwen 25 and 35oC. the 
potential corresponding to 50W:' emergence 
decreased (i.e., became more negative) as temper-
ature increased: -60 kPa at 25 0C,- 100 kPa at 
30C, and -150 kPa at 35 °C.At higher temper-
ature the biochemical processes of germination 
progressed more rapidly, and drier soil was able ,o 
supply the necessary water. Associated field studies 
in collaboration with the University of Reading, 
England, showed that when puddled soil at about 
30 C dried from saturation, soil at 4-cm depth 
dried to- 100 kPa potential within 2d in cultivated 
soil and within 5 d in uncultivated soil. 

8 89 53 
18 153 195 
13 120 130 

0.51 ± 0.08 0.71 ±0.13 

Trto! emergence °/) 
too
 

0 

80 

o/
 

60 0 
* 

0 
40 - / 0 

20 
0 

00 004 

Frochcfriql hater .ontent (kg/kg) 

I 
10 -100 -I 

Mntr'c soi water penti (kPa) 
of soil contint andI25. t'llect \ t",iLr potlntial on permntageC of dry soded (ES fd-21 nungtx-mn from teds of 

2-into crumbs of IRRI upland soil. Growth chanu-r at .10'C. 
.J't riic humidis. IRRI. 19X5. 

Effects on IPB 79-17-79 of seedbed drying and 
deep strip tillage were studied with University of 
Reading colleagues in 1985 DS at a nonpuddled 
upland site. Uniform fertility across the site was 
achieved by a preceding WS upland rice crop that 
was uprooted prematurely on 14 Dec 1984. Strip 
tillage to 35-cm depth by deep + shallow tines, and 
surface tillage comprising 3 rototillings to 10-cm 
depth were compared in factorial combination 
with prompt (19 Dec) and delayed (26 Dec) 
plantings that took deliberate advantage of con
trasting natural levels of seedbed dryness. 
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Cone index of solstrength (MPo 	 cm depth (Table 24, for 36 DAS and for early 
4 - plantings only). Compared with that on lowland 

soil(Fig. 22, week 5), root-length density ', upland 
soil was of similar magnitude in 0-10 cm, but 
considerably less in 10-30 cm. 

3It was not possibl to determine whcther the 

extra roots in strip4illed soil promoted anincrease 
in grain yield. The effect of planting delay (Table 
25) was larger mean grain yield declined from 0.24 

2 to 0.04 t/ha. Moreover, there was high variability 
in yields within one planting, as shown by the 

Strp-tdled 
0
y deep 	 ranges. The yield variations were associated mainly 

with variations in the number of pods per in 2. Yield 
was not increased significantly by deep strip tillage. 

Growth, yield, and yield components also varied 
considerably within some individual plots. For 
regions of good and poor growth within such plots, 

0 .. ------........ ---.....intensive measurements were made of soil physical
 
0 10 20 30 't0 

Soil depth (Cm) 

26. Effect of tillage on ,casonal asciage of Cotte inulex. (1 
resistance to p et[cati a triiou IRRI.lt dcpih,in uplnd ,ill 
1984-S5 I1S 

1)ee p tillage elffects on strength of upilanrd soil 

were similar to those on lowland sol: tileseasonal 

average for cone index of soil resistance to penetra
tion (Fig. 26) was about I NIPa less in 1040 cm 
depth on deep-tilled soil. There werc corresponding 
effects on coliesion and friction coefficient. 

The doiinnit soil-pli\,icailefictl in 1984-85 IS, 

and chemical variables. Table 26 shows that some 
small part of tilewithin-plot variability might have 

been catlsed byvariations in soil strength: the depth 
at which the cone index of soll resistance to 
penetration first attained values of I IMPa or 2 

MPat was slightly less in regions of poor than of 
good growth. although the difference could have
citsdol lgtcfe ngotI.Cenc l' 

soo o m go and or growt h icadNr 
shoots from goof] and poor growth amts differed 

-length density at 36 
24. 0fl'attI Effect tie (t [(h0al)AS for iPB79-17-79 ningiean early planted on aniup

land clay loam Typic Tropudalf. IRRI, 1984-85 DtS. 

however, was seedbed drying. The 1984 monsoon--------------........ 	 ...
ROOt-lengtht~ denlsity (cin root/cn) soil) 
ended so abruptly that prompt planting was Depth (C ) t..ro....t.soimade 	 ....... ............


into soil ofonh0.27 kg\ atercontenl k_ much Deep strip-tilled Rototifled 

driei thjaniacnded. Rate,,of i nrngbea nemerge ncc 
0 .64 t 0 .06,.78± 0 .12-I)were orrespondinglvlowat(5c. coniparedwith a 1O-30 0.21 ! 0,03 0.16 t 0.03 

germination rate of 83c7 in water. For t lie delayed .. ..-. 
planting, seedbed soil dried to 0.22 kg kg, and 
emergence was only 4('. These rates of field 
fle rgencea re corsislt-it wi tl the growt h-cllainbe r Talle 25. ffects of tillage on grainF, and planting delay 

findings (Fig. 25). yield of IPB 79-17-79 ftungbean grown on anopland clay 

Both e rh- nild late-planted crops werc har- loam 'ypic Tropudalf. IRRI, 1984-85 DS. 

vested on 26 Feb 198 5. By that date. early-planted Grain yield (W/hatfor planting ott 

crops had received 25 rim rainfall and late-planted Item ......... ............ . .. 

19 Dec 26 Dec crops 14 fiim. The consequent soil drying resulted 

in high soil strength for each planting, and in tie otlan 0.040.24 

diffrence (Fig. 26) in strength b.t\%.eel tillage Range 0- 1.5 0-0.8 

treatments. Thus, there were more \Vithr strip tiltage 0).25roots in strip- With rottillage 0.23 

tilled than in rototilled soil, for both 0-10 and 10-30 
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Table 26. Depth for regions of good and poor munghean plots with adequate plant emergence, Figure 27
growth at which cone index of soil resistance to penetra- shows the relation of grain vield to depth of soil 
tion first attained values of I MPa and 2 MPa in early
planted, rototilled plots. IRRI, 1984-85 DS. abovealayerof highernmechanical strength. l'here

is strong similarity with Figure 23, although the 
C(ne index of Depth (cm) slope of Figure 27 is larger, and there is a threshold 
soil resistance ...-. SED sI depth below which yield is predicted to be zero. 
to penetration Poor growth Good growth 	 sol ic 

The threshold is only 8 cm, and there is no
1.0 MPa 6.5 7.1 0.5 	 threshold for the loland soil, because the strong
2.0 MPa .6 10.2 0.7 	 horizons only impede but do not prevent deep 

rooting. Differences between the correlation equa
tions arise also because the soil profile at planting 

most in their Fe and Mn concentrations and ratios was much drier for the upland than for the lowland 
(Fable 27). At 28 DAS, shoots from poor growth experiment. 
regions had twice as much Fe but less Mn than Deep strip tillage lessened soil strength and 
shoots from good growth areas. Fe:Nn was cor- encouraged quicker rooting to depth ofnungbean 
respondingly mtrch higher for poor than fot good in both upland and lowland soil, but additional 
growth areas. Even for good areas. F:In at 28 experiments need to determine whether greater
DAS was appreciably higher than in lowlard producetion can be achieved throughacombination 
mungcan at 46 l)AS or than the 2.5 at w.hich of conventional and strip tillage, and whether strip 
legume growtlh is impaired. tillage technology can ne developed to give

Above the soil. differences in interception of adequate soil disturbance using draft and power 
solar radiance can be both aIeuse anrd tColl- appropriate to sniall faricrs. In upland and 
sequence of variations in plant gtnoih. Calcula- lowland soils, mungbean yield correlated with 
tions iiiclate that bet\%CCnI 29 and 43 1)AS. the depth of retdily exploitable soil In early )S,sced
25'1 of a ns tihat 9tV,\ best intercepted aboot 30'; /ne soil dried within 5 d to ;iwater potential low 
of incidenit PAR.bt the poorest 25" intercepted 
onl\ 5('. The PAR \U s IicasuIred on our plois 
only. and incr itrital ditv naiter harcsts were 
take n for the sante plots, lhe ritodvniani clii ,i, 
crc icv for con verting absolbed PAR, ncasirred 
doring 28-54 I)AS. \kas 3.21. sonewha Ilower
than w\as found for nmtrlrbcarr n ilowlatnd soil with 	 Y" --OI6+OO2OD 

less sevcre water strcss. r 7,o' 

The large range of yields bet\\cen plots (I able 
251 can be explained in part ii physical terms. For 

V V 
Table 27. Fe a i n concentrations in iitiilegwan shoots J 

from regions of good and poor grownh on in upland clay
toant (t'ypic Tropudalt) at 28 and 54 I)AS: early-plaitet..,
 
rototilled plots. IRRI, 1984-85 DS. ,
* 	 V Strp-tiled t,1 deerp 

Sshaloi tnes;So1111inb " timc 	 3 V e-5hllotI 

Sterneut I),.AS) l'tor erow? Ih (;t)d :ruvth 

__-_ -- -- - - . - a0 

I-c (ppm) 28 12o0 660 
Mn (ppm) 28 125 180 

Fe Oipin) 54 2301 0 20 .;0 E
Mn (ppm ) 54 t100 [)o . 

80 
c', . 

lFe:Mn1a 28 9.6 3.6 
Fe:Mn 54 2.3 27. Relation olgram icld(Y) l1t'lh ')-17-79 munI can in 

(plai d ois tept toiiI .,iiongci soil io n )).1 iih tliiDa 
Ratio for optimal growth is 1.5-2.5. d isti icd it: nc totilligctreatmn t.IRR I,It-1-55l). 

SOIl.-\NI) (C'R(PMANAGiLMI!N .3 



enough to cause serious loss of mungbean 
emergence. In lowland fields, relay-planting of 
;,gumesafterfield drainingana before rice harvest 
avoided this drying and achieved high emergence; 
relay-planting in lines parallel to rice rows allowed 
subsequent deep tillage through the growing 

legumes. Reduced soil conditions continuing after 
rice harvest possibly reduced growth and yield of 
the succeeding legumes; the effect may be of 
sufficient magnitude to merit screening and breed
ing of cultivars tolerant of such reduced conditions. 
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PERFORMANCE OF THE 6UNN-IILLANI SOLAR 
RADIATION INTEGRATOR 

Multiple CroppingDepartment 

l)ata onsolarradiationareawailableforonlyafew 
agricultural research stations and field research 
locations in the developing world. Most radiation 
instruments are electronic, costly, delicat-, and 
difficult to service, so the noube r of' hours of 
sunshine or estimates of cloud coverare often used 
to approximate solar radiation..t). 

We tested the usefulness and reliability of the 
Gunn-Bellani solar radiation integrator (GBSSRI) 
for lowlanrd research sites in thle homid tropics. The 
(lBSRI has advantages over the clcctronically 
operated Kipp-Zonen. RI NICO. and I.icor radio-
meters in that it is lightweight and mobile, it does 
not require electric power or ha tteries so that 
difficuies iII miaintaining millivoIrcter installa-
tions ar. eliminated: it S, iniexpenisive, sillelC to 
ope rate and maintain. st urd,s.and d triale: an lt 
produvces resulIts .showing a verv high degree of 
corrclation with the more expcnsi c Kip p-.ocii 
or RI MC() radi ileters. 
r11MC (Fdioeters, ablack 
[he (1BS1RI blackcLopper(CFig Iai houses, a 

sphere containing liquid (\rater or alcohol)arid 

coiicetCd to a glass tobe in O.I ml grad uialtions thait 
collects distilled liquid. [he copper spherc is 

00~~}Jr eim 'tr 

Copper ~ rr 

enveloped by a glass dome.The air pressure within 
the copper sphere and the glass dome is reduced to 
I mm Hg to balance the onset of nonradiative 
distillation. The housing( Fig. I b) is composed ofa 
metal cylinder, rubber funnel guide, and rubber 
supprig ring. The cylinder is blackened to 
eliminate reflection of incident radiation and is 
wide enough (12.7 mm) to prevent instrument 
contact with the soil. The housing is buried so that 
only about 10 mm of its rim is above the grassed 
ground area (Fin. 


When radiation falls on the glass dome, the 
black copper sphere absorbs and converts it into 
lheat that causes distillation of the liquid into the 
graduated glass tube condenser. [he amount of 
liquid in milliliters collected in the condenser is 
proportional to the total incident solar radiation. 

l:ffect of location on alihration. Using 2 yr of 
daily data, the rcadins of the GBSRI and the 
RI NICO solar radiation integrator showed a very 
high coefficient of determination (r) (Fig. 2). The 
high r2 values for Colombia, Bangladesh, and 
('hina vre siril'ir at all 23 sites in the Inter

national lRice Weather Studies. suggesting that t lie 
B ,R lis anacceptabl csu bst itute fort he RIMCO. 

JMC0reodrn,'jmS /,m" 

800 
S
 

CY - 2 70 12 f30 0?72X-
",94 / 

0 

i,,)<\:4o00e,/ 

2Bangladesh
Stem-s . Y = 89 04 +2,55518X 

" " )China
 

r gide 200" Y 6119 +24 3767X 
-K */" r

2
? 

0 95 

'00 Z 

About cm 0 5 10 15 20 25 30 

rgu rn t '.rr ' Gunn-Bellam reading(ml) 

q b 2.Relation btiween (unt-lelani and RIMC) rcords using 

... . .... . .. ........... 2-yr of daily data from Palmyra. Colombia; Joyde hptr. 
liaiodincglmtur.I. (1iun1-Illani 'ohl t Bangladesh; and Nanjing, China. 1983-84. 
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The t-test comparing regression coefficients 
showed significant differences among sites. The 
regression coefficient for Palmyra, Colombia 
(30.03), was significantly higher than that for 
Joydebpur, Bangladesh (25.16), and Nanjing, 
China (24.38). For the GBISRI to leasutre solar 
radiation accurately, it must be calibratcd at the 
site where it is installed. 

Effect of water talble and ground cover. A high 
water table submerged the stem of the GI3SRI and 
raised the readings by 23%. The regression coeffi-
cients of the daily %alue,; under the two exposures 
were significantly different (Fig. 3). A GBSRII 

calibrated under sta nda rd ex)osu rcs should not bIe 
installed in places %hcre the water table isat or near 
the ground surface. 

Placing the inst rument in an callth nound 50 cm 
above ground level produced no major d iffe'rence 
in readings. When the water table alpproaches the 
surface, the GBIISRI may be cle\ated; however. it 
should he reca librated. 

Two precalibrated BS RIs were lifted 25 cm 
above ground l\ el, one being provided with a 

5-am hole at about round level. Compared with a 
sianda rd se tu p. inca! soh r radiation V'alues were 

RIMCo reading (rrWh/kv 
'00 . . . .. 

5tansrde,,m ,,oo /available 
Stndr - x-

GOO 1I) 9C)C,f."O 1,1:)A'• •ure 

2- o c5 /° 

500 I-- / 

J,
,4oo -

Submerged condition 
300- Y 3111851 23,7777X 


r
2 096

r2096 

200 

o0 -daily 

0 - I I L. 
0 5 10 15 20 25 

Gunn-Belloni readng (ml) 
3. (iinn-Fettani-IMC()rlalionunderstandarde, postrcand 
undtsuhmeged condition. IRRI. 195. 

RIMCO reodinj (mWh/cm2x 00) 

. . . . .
 
Instrument I U,,Vassed

7 :687 #-
oloe 0 .. "# 

,2=o,
 

6 
1 6,o ,d 

0 Y 6 5t 30 (0 trument 2 

,0 -. Y: T) O.f29B o27X 

4 
, irum,..t2 ingrassed area 

[IY 782 128O56A
 
3
 

2 

I
 

0 
0 5 ,0 5 20 25 3 

Gum- Belkini reoding (ml) 

4.Calibration of two GBSR Is under standard exposure 
(grassed surrounding area) and their be-havior on tngrassed 
atea. IRRI. 1985. 

not increased or were slightly increased (6%) by the 
25-cm elevation within limits of random experi
mental variation. [herefore. \\,here grass is not yet

and heavy rainfall is possible, the GBSRI 

may be elevated 25 ci i from grounud level to avoid 
soil particles on the glass dome and to prevent the 
instrument from floating out of its housing during 
heavy rains. 

The regression coefficients (Fig. 4) were nearlyidentical anong (iBSIRIs installed in grass cover 

and those installed in bare ground surroundings, 

implying that use is possible in a long diy season 
when it is not possible to irrigate the strroundinggdS
 

g ra ss. 
Effect of temperature, rainfall, and season. 

Figures 5 and 6 show GBSRI and RIMCO 
regression curves with data sets selected to include 

values contrasting in maxiinum temperature 
and rainfall anount for two sites. Regression 
coefficients among data sets within a site did not 
significantly differ. implying that the cabration 
curve for the GBSRI as related to the RIMCO 
solarinmeter is not sensitive to extremes of other 
meteorological factors. 
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Data on the effect of season on the rclation 
between GI3SRI and RIMCO readings were 
separated according to rainy onths, tra nsition 

o ran in ,t 
months, and dry months (Fig. 7). There were no 
significant difTrcnccs, suggesting that calibration 

a'be drla eo 
a be (loneduring a shorter pcdod of' 2-3 mo oa 

at 
any timee ofof the v'ar without significant bias.il c 

Although the maauiacturer has included a 

equation for the G BSRI, calibration 
does in [ict differ signiticantly from site to site. 

helicfeoc,each instru mcdt.

site with a standard thcr inoic ,,olame ter. 

T-- should be calibrated on 

FFEC [O l- \ IFAT tlF. ON RICE YIEI .S IN THE 
IRRI CON I INUOUS RICE IPR()ID.CH'ON SY-;TF 

Multile C/-',lin.ganel Tr)ainingwill "lichniology 

The IRIRI col tin Ois 'ice production svstem 

(CRPS) or rice garden had \wcckly harvests from 

October 1977 to 1984. The same vaicty (IR36)and 
a high level of management practices werc used 
throughout. Si.-vear (I1978-83) \v kly grain yield
data x,e\c 'crcsCd against the daily aVe age IUeal

time soflar radiation (,"Z) and air temperature 
durintg the 30-d ic)iiod before each wckly harvest. 

2 
RIM O reoding (cmWm'cm Ct) 

-- - - -- - -- - -
lwf,7onu1morih. 

--- 9. 1,01 4,000 im'n'h6y-z : 9 ' SFI[.=;6 /., 

;0999 

months / 
- y 5377 120436-4X -/ 
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7. (unn-Ilit]lani-R IM relation diuring rainN m,)CO rtlhs. irani
l omnal mnmlis. and dix m, 1983-84.n n h IRRI. 



Table I. Results of stepwise multiple linear regression ii estabIishing the derived equation using 1977-83 rice garden week
ly yield data as dependent variable and data oi solar radiation and temperature as independent variables. IRRI, 1985. 
n = 286. 

Step a ) 	 S11 F value rl 

1 -1.1164 	 0.64 15TRANGE 0.0399 258.79 0.477** 
2 -1.1279 0.(10027SR 0.0011 

).5235TRANGIE 0.0634 134.34 0.487** 
3 -3.4141 	 0.0023SR 0.0011
 

0.0995TM IN 0.0538
 
0.5416TRA NG;F, 0.0639 
 91.469 0.493**

4 -49.9977 4.25,14TM IN 2.0252
 
0.6530IRANGE 0.0397
 

-0.0925IM1IN 2 
0.0453 91.539 
 0.493** 

Jo ex.amine the dependence ol' \ iCM otit X.ca the r Table 2. Results of stepwise MLR to establish the derived
equatiom using 6-yr average (1977-83) weekly data. IRRI,2 sets of data wcc used: 1) 6-yr ,e:.kh datla 1985. =52.
 

COnsisting of286 ohs ,er
'altions, and 2) ,I ,IL t, .IL... ... .......... S.
 

lot 6 %r tcnsisting of 52 ohscr ations (\weeks). o Step a ) SE, r
2
 

deterrItine the prtdi'Ii\e i 
 -ilitVof the qIalion, 1 -1.5880 0.6939TRANGI: 0.0290 0.92**
 
(el i\Cd helre ;111I 11C S StrII to enter
it the odel of aId ( ad'V. Variables not I 

\\. COM_' edI the1 Ctirnl tt'i \iIds ]01 I9'4 ill equation:
tl 


SR 1.576
hasCd olnthe Model CltlrraOliris dLtied the 	 1.047Irolla IAMAX 

1977-83 pcriod arnd the' actual \ 
eld datl lo 'IIN 1.133 

T.N 1(; 1.15 7 
IM IN2 1.053Ill stepsI',e mu,t l iple hintrearIrL ",ssioll(M I.R)- ... ........
 

of the 0-\i \\eekl\ t a:.diurnal tClnipelraturcla ig ' , ,'-) \ a
 

-\\( ,i ,+sei. t111
ran t" ( I I :', , t ed to he tlost 
itlijltarrt , ariuble Celtd t dd ,Ie lih+,e. hv Yield (/ho) 

tfi r t t ni ttri..irtte i .l\'\ ard its ,lurarvreIa 

( IN ) ( Iit lC 1. I l ,ris d Cq tilltU Is-6 - r2:0.92 

,11)997 ( I 1k \\(I - II 	 \ 

4 	 somwhere Yis vield ialt ham lRmi NGIF and IlMIN 
are in 'C. W hen th,+ aerage week hv nra iret the; 1 Y:0 6939X-i 588 

6yr e rCgrIL'cf stepss ise MIR. 	 (002901%, by 	 only 
ws
JR A N( \' identiliel as,a szgti tfk'int sott c of 	 L__ Le (d, J-

vilrialoi r Iable 2). [ ecstablished \ield-s'.eathe r 7 8 9 10 1 I 
rclation using aeCmgc data rs Diurn emperalure rone ('Q 

I.,S' N 69'0)), I \\6(il ) 8. Rclation k ttvovi 	 it.\ d ihlthe IContinuous, Ric: lPr duc
(I)I .N 0) ~ (2) io l lilt, i L1 I i lilS\ i ll ari t111]il it It- i (.liiu 	, li i di 

%%ler , Is ,vidd ill I hla (FIig. 8). 
atiots shwedc 

SR is highly corrclated with IRAN(61 (Fig. 9). ard withlRAN'(il asthe depettdnt s'atiable the 
With SR as tie dependent \aiable, tile equration ettation is 

I he ailage data iti 52 ,hserl that 

* de eloped is ) I 5\,,1 2.01112 - 0I0 7,SR r -r t,8 , 

S/ R 12S27 - 55 5 -1 1 R tiN ,t * (3) w e Ia a t 2i t 
H 1-1121 (lcic SR -: .,lmradiatio ll n Vh i1 per d. 
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Diurnal ternperc! *erange (M ) 
12 -

I0- r2 _ 98 	 "3 

Y-0 3176X+ 2 0012 
(00004) 

oT _ ... . 

0 300 400 500 600 

Solar radiation (mWh/cm 2 ) 

btM Len temperat ure range and solar radiation using 
aerage mxcekly data. IRRI. 1977-83. 
9. Rela tior, 

Dropping FRANGE from tne avMage data set 
and rerunning the stepwise M LR,tie equation for 
grain yield (Fig. 10) becomes 

F 0.915Y- -0.2367 	 + 0.0123 SRt 
( 0.)05 	 (5) 

Weekly averages of the 6-yr data on CRPS gnin 
yield, SR,and diurnal temperature range in Figure 
11 show their distribution throughout the year. 
The curves of TRANGE and SR clearly paralleled 
the trend ot yield response. 

A model, using results from sites in the Inter-
national Rice Testing Program (IRTP), was 
recently developed by Seshu and Cady to predict 
grain yield as a function of SR and temperature. 
T! e model is of the form 

) ' 36 .8 + 0	.(X)46 2 R A I) - 2 .7 3 M IN I 


(0.(X)923) (0.345S) 


I,.N,
+ 0.0516 MI NI2 

(0.(X)762) 

where Y ispredicted yield in tiha, RAD is SR in 

mWh/cm2 MIN1 iisnminimLm tenperaturein°C, 
and MINT 2 is the square of MINT. When the same 
model was applied to the C R PS data set, the 

relation estimated was 

Y . .301.3234 1-0.0 It SR t 2.75 IAI IN 
(.(XX)6) (1.8494) (7) 

0.06I TM IN_ 
(0.(P13) 


The predictions estimated by equations 1,2,6, and 
7 were compared with the actual yields of the 1984 
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7 -B
 

- r2 = O9 1 

5-% 

4 F-j 	 ° Y=00123X-0 2367 
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10. Relation between rice yield in the Continuous Rice Prodtul

lion System and solar radiation using average weekly data. 
IRRI, 1977-83. 

CRPS (Table 3). The 1984 data were not included 
in the data set used to derive the parameters for 
these models and were thus independent. 

Equation 7 overestinmated the actual yield 

throughout the test petiod (Fig. 12), resulting in 
an overestimate of 670 kg/ha compared with the 
1984 actual yield. Equation 6(Scshu-Cady) under
estimated actual CRPS yield (Fig. 12) duringApril 
to .lutnc (high SR periods). This model is known to 
be more sensitixe to tninimum temperature than to 
SR fluctuation. The newly derived model using 
pooled CRPS data (equation I) was most sensitive 
in predicting rice yield of IR36 during 1984 at 
IRRI.
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Table 3. Comparison between 1984 actual weekly yields of the IRRI rice garden and estimates from 4 equations employing 

weather parameters. IRRI, 1985. 

Diffeece t-testEquation ( Mean SE of difference probability 

1984 actual weekly yield 4.14 0 
IRTP model (Seshu and Cady) (6) 3.77 0.37 0.2016 0.0358 
Pooled equation (1) 3.95 0.19 0.2403 0.2183 
Average equation (2) 3.80 0.34 0.2450 0.0819 
SR substituted TRANGE equation (7) 4.81 0.67 0.2358 0.0030 

Yield (f/ha) 
7 

a b 
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12. 1984 actual ricegarden yield compared with yields predicted by a) pooled data equation, b)Seshu-Cady equation. 
c) SR-TMin-TMin 2 equation, and d)a.erage data equation. IRRI, 1985. 

RESPONSE OF RICE 10 WEATHER VARIABLES diseases and insects were carefully selected on the 
hiternationalRice Testing Program basis of their multilocation performance in IRTP 

trials. Trials with a uniform set of entries were 
Rice-weather relationships under irrigatcd condi- conducted at sites at different latitudes. The test 
tions were studied during 1983-85 at 22 IRTP sites sites generally did not have soil problems; because 
in 16 countries in Asia, Africa, and Latin America. they were fully inigated, drought was not a factor. 
The test sites, located at latitudes between 6°S and Thus, yield variability could be broadly related to 
370 N, represented a wide range of 2 major weather the major weather factors. 

factors: SR and temperature. To minimize the The test locations can be grouped into four 
interference of biological stresses, the nine early categories based on the annual fluctuation of the 
maturing test varieties with tolerance for major monthly minimum temperature (Table 4). 
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Table 4. Test sites of rice weather studies grouped according to seasonal temperature fluctuation. IRRI, 1985. 

Temperature (0C/d) Radiation Altitude 
Site aium (mWh/cm2 per d) Latitude (in)Minimum Maximum (f/nlprd M 

-olup 1: tlighly seasonal (minimum temperaturefluctuatioll more than I 0 C or 
lowest minimum temperature less than 10°Ci 

Suweon, Korea -10.1 - +21.8 1.0 -29.2 190-485 370 16'N 37 
Milyang, Korea - 6.8 - +22.0 5.7 -30.0 145-360 35"29'N 12 
Nanjing, China - 1.1 - +24.4 6.9 - 32.5 295-585 32e03N 9 
Kapurthala, India 
Sakha, Egypt 
Dokri, Pakistan 
Parwanipur, Nepal 

5.2-
6.0-
8.3-
9.0-

25.7 
19.0 
27.9 
25.4 

18.6- 39.2 
19.3 - 34.0 
22.1 -43.7 
23.2 - 36.7 

350-700 
290-725 
350-640 
415-675 

30'56'N 
310 05'N 
27 0 50'N 
27 0 04'N 

247 
20 
30 

115 

Joydebpur, Bangladesh 
Yezin, Burma 

Group 2: Moderately seasonal (minimum temperaturefluctuation 8-15'C) 
11.4 - 26.2 25.1 - 32.8 395-610 23 0 54'N 
12.7- 26.0 26.6- 38.2 425-635 21 0 57'N 

8 
74 

Sanpatong, Thailand 13.2 - 23.2 28.3 -36.0 460-630 180 45'N 312 
Hyderabad, India 
Pingtung, China 

13.2 - 26.1 
13.6- 24.8 

27.7 - 38.6 
24.6 -32.5 

355-650 
330-440 

17'25'N 
22 0 40'N 

545 
24 

Cuttack, India 14.3- 26.3 27.6- 39.2 350-520 20°30'N 23 

Coimbatore, India 
Group 3: Weekly seasonal (mnininum temperature fluctuation 3.80C) 

18.4 - 22.3 28.9 - 35.3 445-620 1 10 02'N 431 
Los Bafios, Philippines 21.2- 24.2 28.0- 32.6 350-635 140 10'N 21 
Pattambi, India 22.2 - 26.5 30.3 - 33.5 390-645 10°48'N 25 
Paranthan, Sri Lanka 23.3- 27.1 28.1 - 31.9 450-650 80 59'N 4 

Ibadan, Nigeria 
Group 4: Nonseasonal (miniimum temperature fluctuation less than 3'Q7 

22.0 - 23.7 27.3 - 33.8 450-545 70 34'N 200 
Sukamandi, Indonesia 21.8- 23.8 29.0-31.6 460-530 6* 15'S 7 
Muara, Indonesia 
Palmira, Colombia 

21.0 - 21.9 
17.5 - 18.4 

28.4-31.0 
28.6- 30.7 

315-440 
450-520 

6°35'S 
30 31'N 

240 
1,006 

Ahero, Kenyai 13.1 - 15.1 28.5 - 3..4 630-720 0°09'S 1,200 

Based on data from 39 trials conducted at 19 where 
sites, and considering that the estimates should he DNB= day-night t :mperaturedifference before 
reasonable in subject matter knowledge and flowering, with an average of 3.1; 
meaningful in associated standard errors, predic- TDB = day temperature before flcwering(CC), 
tion equations to relate the varietal yield response with arn average of 28.!; 
to weather variables were formulated for each of RS13= radiation sum before flowering, with an 
1he 9 test entries (Table 5). 'he weather variables average of 30.446 (RSB variable in the 
are three prefloweing factors - radiation sum, equation is the measured RSB multi
day temperature, and day-night temperature plied by 0.001): 
difference and two postflowering factors F.SC = radiation sum after flowering, with an 
radiation sum and night temperature. The overall average of 13.9(A (RSC variable in the 
prediction Cquation estimated from compositing equation is th: measured RSC multi
individual entry data is as follows: plied by 0.0W I): and 

4.8Wft.Xi 0.t-u7.t)Nl)-. 1) k).1492( 1 1) TNC = night temperature after flowering (CC), 

(0.047) (ut); IX1t (0.03142) (8) with an average of 24.0. 

- 0.0t6384 (RSBI-.N.446) -4 0. 1,05 (RSC-13.9f4) The values in parentheses are standard errors, and 

(0.0.(88 1 !) (0.01793) 4.8 t/ha was the average yield of the 9 entries. 
From equation 8, isoql int (lines or curves of 

- 0f 1327 (TNC-?4.0) equal yield) plots may be constructed (Fig. 13). The 
(0.02192) isoquants are straight lines, since all components of 
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Table 5. Estimated coefficients for prediction equations with 3 preflowering explanatory variables - day temperature
(TDB), day-night temperature difference (DNB), and accumulated radiation (RSB) - and 2 postflowering explanatory
variables - night temperature (TNC) and accumulated radiation (RSC).a IRRI, 1985. 

Variety Intercept TDB DN 

1135-2 3.66 -0.11 0.54 
(2.44) (0.085) (0.20) 

13G367-4 5.95 -0.073 0.76 
(2.98) (0.098) (0.23) 

NIRC603-303 5.73 -0.21 0.57 
(2.71) (0.092) (0.23) 

IR13429-196-1 3.76 -0.061 0.48 
(3.23) (0.11) (0.24) 

1R36 5.24 -0.16 0.49 
(2.42) (0.080) (0.18) 

1150 9.91 -0.19 0.56 
(3.18) (0.10) (0.25) 

IR9729-67-3 9.98 -0.22 0.30 
IR9828-91-2-3 5.04 -0.17 0.51 

(2.43) (0.081) (0.19) 
Taichung sen yu 285 7.40 -0.12 0.88 

(2.98) (0.10) (0.23) 

Mean 6.12 -0.15 0.57 
(0.93) (0.031) (0.072)

aThe values in parentheses are standard errors. 

the prediction equalion are linear terms. Ripening 
period variables are used for the axes of the plots, 
while the preflowering vaiiables are held constant, 

AGROHYIROLOGY OF UPIANI) RICI 

Soil Chemistri/ Pthsics. Agronomy, and Plant 
Breeding De)artments 

For upland rice on a gently sloping hill topo-
sequence with shallow water table, growth and 
yield may depend on position up the hill. Position 
my affect seedbed temperature, mnoisture, and soil 
strength -- and hence rice germination and 
emergence -- and may influence groundwater and 
nutrient uptake. intensity of soil erosion, weed 
growth, and aboveground physical, micrometeor-
ological conditions that favor fungal disease 
development. Whether any or all of these effects 
occur in a particrlar year. and at what magnitude, 
is determined by the total rainfall and its distribu-
tion before and during the rice-growing season. In 
1984 WS research, a low rainfall dispersed among 

RSB RSC 
(1,000 TNC (1,000 Mean Standard r 

i)h/cni2 ) C) n\Vh/cm2 ) 

0.088 -0.077 0.10 /.5 0.76 0.75 
(0.026) (0.052) (0.055) 

-0.0014 -0.17 0.20 4.9 0.94 0.64 
(0.032) (0.073) (0.056) 
0.067 -0.069 0.18 4.6 0.88 0.71 

(0.028) (0.059) (0.065) 
0.074 --0.14 0.18 4.9 0.98 0.67 
(0.032) (0.073) (0.063) 
0.068 -0.098 0.22 5.0 0.76 0.77 
(0.025) (0.053) (0.056) 
0.064 -0.22 0.15 4.9 1.01 0.68 

((.036) (0.096) (0.060) 
0.094 -0.20 0.16 4.5 1.05 0.68 
0,077 -0.076 0.19 5.0 0.76 0.76 

(0.026) (0.053) (0.049) 

0.060 -0.24 0.13 4.9 0.90 0.77 
(0.028) (0.063) (0.063) 

0.064 -0.3 0.17 4.8 0.89 0.68 
(0.0088) (0.022) (0.018) 

many lain days resulted in a groundwatertoo deep 
to affect rice growth appreciably, but persistent 
topsoil wetness promoted severe weed competition. 

In 1985 WS, in a collaborative project with the 
University of Reading, England, rice was grown in 
eight 81- X 10-m strips oriented along a 1.5% 
incline on a I(X)-Y 1X)0-rn field. Each strip had 9 
sections averagingl. 13-m higherelevation than the 
one below it. Two pairs of the eight strips werc 
crossed at right angles by a series of \ertical 
wooden ba rriers (terraces) to restrict aboveground 
downslope flow ol'soil and nutrients during intense 
rain. Within each strip-pair there were thus nine 
sets of two sections having the same elevation. In 
each set, one section was chosen randomly to be 
planted with the lowland variety IR36, the other 
with upland UPIL Ri5. Soil and crop variables, and 
the incidence of weeds, insects, and diseases were 
monitored regularly i'n the 72 sections. Meteoro
logical variables, including shortwave SR, were 
monitored at a nearby observatory. Absorbed 
photosynthetically active radiance (PAR) was 
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14. Soil-water retention characteristics for the 20- to 30-m soil 

t layer at 4sites at different elevations in Ifield. IRRI, 1985.22-
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at which many rice varieties suffer water stress), 
14- arid average water table ,depth was 1.4 m at the 

DNB (39),TOB(26 3),RSB(231 highest elevations and 0.3 m for the lowest. The 

10 -) 0NB(39) T08(26 S (37) latter depths were uncontrollably shallow because
0 )),RSEB(3 of intrusion of irrigation water from an adjacent

8 10 12 14 16 18 20 8 10 12 14 16 18 20 flooded ricefield. Rates of recession of the water 
RSC (rnWh/cm 2 ) table ranged from 0.3 to 13 cm/d; rates at higher 

13. Isoquant (equal yield) lines expressed as functions (i)2 elevations were. on the average, twice as fast as at 
postflowering weather variables: lower elevations, where recession was sufficientlynight tenperature (TNC)and 
accumulated radiation (RSC). Three prellusering variables slow to allow rice to take up substantial quantities 
day temperattire(Tl) 1) in C,day-night temperature dill e ren Lx: 
(DN13) in 'C. and accuniu latedradiation (RSB) in 0xx) of groundwater. 

R I
 
mWhicm2 are held constant at different levels (a.h.c.d).Il . For the month-long dry spell, variations in 
1985. average water table depth along the slope were 

associated with changes in increments of plant 
measured in 6 sections and persistence of rice-leaf height(Fig. 15). For each of the rice varieties, these 
wetness in 20 sections. increments may be presented as ratios to their 

The fine, mixed, isohyperthermic Typic Hap- corresponding varietal mean. Data for the two 

ludoll comprised silty clay loam overlying clay over varieties and for any pair of contiguous strips then 
sandy clay loam. Its topsoil had 1.4% organic C, conform to one common trend line, asdo ratios for 

pH 6.5, and 25 meq CEC/ 10 g. Soil-water increments of plant mass, although the latter have 
retention characteristics for the 20-30 cm soil layer fewer data points and lower precision. 

(Fig. 14) show changes across the field that were The effects of 'he dry spell were manifest also at 

both statistically and practially significant. final harvest, as ,epresented by the dependence of 

The 1985 WS had abnormally high total rainfall: the grain yield of both UPLRi5 and IR36 on the 

during the period of this experiment (20 ,Jun- dry-spell mean water table depth (Fig. 15). For 
31 Oct), 1616 mm of rain fell. There was none- both varieties, the effect of groundwater on grain 

theless a mpnth-long dry spell (29 Jul-31 Aug) that yield was minimal for water table depth below 120 
realized only ( mm of rain from 10 rain days. ± 20 cm, increased as depth decreased to 40-± 10 

During this spell, soil in the 0-20 cm layer dried to cm, and wasconstant for depths shallowerthan40 
-0. 10 MPa (appreciably drierthan the -0.03 MPa cm. Averaged overthe 2 varieties, the magnitude of 
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table depth. each during4 7 -61 )AS andfor Strips Aand B.d.c) 
Rice grain yield for UP.R i5and IR36 in relationto mean water 
table depth during 40-68 DAS. 

the yield response to groundwater was 1.1 ± 0.5 
t/ha, which is consistent with a prediction of 

± 0.5 t/ha made in terms of the season's 
pattern of rice transpiration and the measured 

water-holding characteristics of the 40-120 cm soil 
layer. The equivalence of the measured and pre
dicted yield responses led to the conclusion that the 
response resulted from groundwater uptake and 
not from variations either in weed competition
(weeds were random) or in uptake of major 
nutrients. Concentrations of major nutrients in 

both soil and crop wcre essentially uniform across 
the site. There was, however, some random varia
tion in the intetactions of some minor nutrients, 

in Fe:Mn in plant tissues, which is 
sensitive to submerged or reduced soil conditions. 

Analyses of plant tissues at 29 d after seeding 

(DAS) showed variations in Fe: Mn across the site,although not in systematic relation to either the 

depth or duration of submergence. The analysis 
also revealed varietal differences: the mean value 

for Fe:Mn for 1R36 (2.5 ± 0.2) was significantly 

higher than for UPLRi5 (1.9 ± 0.2). Moreover, the 
mean value for 1IR36 was equal to the upperlimit of 
2.5 at which rice growth can be affected, and for 
60% of the sections Fe:Mn was above this limit 
(range 1.8-3.7). For UPLRi5, 20% of the sections 

had Fe:Mn below the lower limit of 1.5 (range 
1.1-3.2). However. the effects on rice yield of these 
micronutrient im'.,lances were too small to be 

detected within the precision of the field experi
ment. 

Aveiage grain yields (Table 6) for the 2 varieties 
were identical. Leafareasalso were equal, but these 
dry-spell valuesat 57 DAS were low in comparison 

the corresponding measurement for IR36 in 
1984. The mature plant height showed the expected 
difference between varieties. Plant height was 

probably the factor that caused les; weed growth
(monitored only from 85 DAS to harvest) with 
UPLRi5 than with [R36. ULi hnwt R6 

The photosynthetic efficiency with which the 
yields were produced was determined from meas
urenients of tileseasonal progressions of plant 
mass increment and of total and absorbed PAR. 

The measurements allowed examination of dif
ferences in efficiency between varieties, growth 
stage, and toposequence position. IR.,6 showed 

higher efficiency than UPLRi5 (Fig. 16), which is 
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Table 6. Grain yield, leaf area index, plant height, and weed 
and 1985. 

1984 
Variable 

1R36 

Mean yield (t/ha) 	 2.4 ± 0.2 
Leaf area index at 57 DASa 6.8 1 0.5 
Plant height (cm) at 85 DAS 79 t 1 
Wced dry mass (g/ni 2 ) for 85 DAS to harvest 

a 1 9 8 5 dry period = 38-66 DAS. 

consistent with 1R36 producing an equal yield in 
fewer days. For both varieties, efficiency incrcased 
with time a manifestation of progressive in-
crease in Ieafa rea and at 51) I)AS attained values 
of 2%. When the rrnodyna mic efficiency is wll-
colated in relation to absorbed PAR (Fig. 17), the 
effect of leaf-area develo pment is effectivelv 
removed. and anv influence of w\ater table depth 
should he manifest. In fact. watcr table depth had 
no eff ct. But photosynthclic efficiency during the 
4-wk dry spell was twice as high as in the precedi :g 
measurement periods: possibly. lack of N after 
three major typhoons in the earlier periods 
depressed efficiency, which in tlie later di. period 
was Ihig he r beca ise of a a pplIca t ton of fo Ila I u rca. 

In preparation for these oposequence rice 
expenments, the ratio of PAR to total SR was 
determined from icasu rements miade without anY 

crop during igh-rad iancc conditions at Los Ba i[is 
in May 1985. The ratio of 0.55 :± 0.02 was higher 

tS,tll"oor mdt(Jq-CR 
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mass in upland rice toposequence experiments. IRRI, 1984 

1985 

IR36 	 UPLRi5 

2.9 ±0.1 	 2.9 ± 0.1 
3.3 	± 0.2 3.5 t 0.2 

66 ± 1 110 t2 
14 ± 1 8 ± 1 

than would be expected in temperate latitudes but 
was consistent with the few data that have been 
recorded in the tropics. 

The terrace boards arrested the flow of rainwater 
and retained water on the soil surfface upslope of 
tihe boards. This water infiltrated the soil; con
scquently, during the diy spell 15 ± 5 mm more 
water was stored in the 0-50 cm soil layer on 
terraced than on unte raccd stiips (Table 7). This 
additional water was associated with possible plant 

,,,1,,
 
8. 	-,--- Dep( ----- . ...
 

I wrter tabte R36 LPt-R15
65 0 

75 v , 

60 	 n 

50
 

0 -
v 

30 	

0 

20 0 0 

I* urea
Foliar 

0 -lypoon a Dry perwd
 _ Measurement prds... I .... ....r.......* 


20 40 	 O 

DCIS offorr)Ao
w ]'
 

17. 	 rherntidyiamic ellicieinc\ ot I1R3(,and t '1R15 in using 
ahot, d PAR as alltcd b\phat agc ,ntdmean depth to water 
table tuling [tie dry p,,ttod, *\ug 1985.21).tl--Y, 

0 



Table 7. Effects of terracing on soil-water content and
rice growth. IRRI, 1985. 

Algebraic d,"erenceVarible 	 (terracd - uterraced) 

Available stored soil water (rm) + 15 ± 5 
Plant height increment (cm) 

during 38-66 DASIR36 + 0.7 t- 2.7-
UPLRi5 + 4.4 ± 5.9 

Phnt mass increment (g/m2 )

(luring 33-59 DAS 


1R36 +126 ± 60UPLRi5 -	 37 ± ,0
Grin yiold (t/ha) 

1R36 - 0.08 ± 0.26 
LIPJPLA + 0.12 ± 0.18 

height and plant mass increases, although there 
was no incr~icsc In gr-ai yield, 

Soil moistLire had a direct influence on soil 

strength. as shown by colic pnetrometer meas
peneronlter19.urements at 7-cm depth at various positions along 

oiie of the topo.,CquenCC strips (Fig. I). The data . 1fr 9. 21, a79 7)JA , shn wi rregularchaagesii 
sirengl coresnd9 i hlIRAT13strcing-th Correspondting to changes in soil ilisture 

ill Ilr lt'rthatthat iny onremsultd rom n ndd LI eo,n arpetiod i 
Fr a l one mias renien to vadnitlllrns 
itrng lon su AconeindC Ic efL 3fth :lit, 

NMl1a indlicates thatPa io lic bulk soil hMS b)CCOlll toosong Pcindicat 6N'hul sofil tbecro to p
strin 
species, 

Soilshir-vae iipIp01 iIra( 1 cuts ie -c IIS M alrI 
1)y sia r-va e appa a tuLs a Id fli d to a MOIr-
( O llon b nio el to gie eSi ates ('.Isoil c )h IOII 
and Soil friction. Frotn the latter, shcarstrength (or 
soil breaking strength) fir the A\ ugust drv period 
was predicted for the 20-40 ci so bsoil layer and for 
sections at the tipper and loker elevations on the 
toposequcience. The resultstOPOSCLLlell• no differenceshowed 
between upper(38 ± 2 kPa)and lower(43 + 3 kPa) 
elevations, but soils ha ving these shear strengths 
may well be too strong for rice roois to penetrate. 
Wheiec subsoil strenCtfl is high, d isruLpting the 
strong layer by deep tillage nia y encourage deeper 
rooting and higher yields.

Rooting depths off lIZ30 and IlP. Ri were 
similar throtghout the growing season. Root 
depth of each 'anietv was maximal (57 :± 8 cii)
toward Ilie endLI of thlie Atogtst d ry pl'i d andtoward toftiylplleS 

somewhat less (50 ± 5 cm) at harvest. 

Soil-water content and potential, and seedbed 
temperature and soil structure, also affect upland 

rice through their influence on seed germination.Temperatures at 1400 hi in the toposequence 

seedbed were as high as 36 ' C at a depth of 5 cm 
and 38 'C at 2 cm. These high temperatures 
prevailed even in wet soil of high heat capacity 
during0-7 DAS; temperatures close to400 Ccan, if 
maintained, reduce rice germination.

To support the toposequence program, the 

inleracti' ef ct of ;.il -;,atcr. cmpcrar, and 
pH on germination of four rice varieties were
measured under controlled environmental condi
tions. The measurements were made in sicved 2

mi crumbs of 2 upland rice soils: one (pH 5.2) 
from i field adjacent to the toposequence site and 
one (pH 4.0) from IR RI's upland rice breeding site 
at Cavinti, laguna, Philippines. 'heir respectivewattc."-retcntioii chiaractenistics aric shown in Figure 

Temperature regimies were imposed in 5-Kincr pentsfrom 30 to 45 C for varieties iR36. 
ninr f o 0 C fo v a ), andU'R N22L I i5, (sma ll-seedeo, from India), and 

(large-secded, from Africa). IR36 and 
UPI.Ri5 each had m than70, emergence frtonIRRI soilcrtinibsat tlie high temperatureof 350C 
providcd that the water content exceeded 0.35 
kg, kg ( Fig. 20). Results for N22 and IRAT13 are 

eas vet available only lor (Cavinti soil. The larger 
seeds of IRATI3 were better able to guiminate in 
these soil cnimbs than were the smaller N22 seeds, 
and at these high temperatures (probably because 
o1fungal attacks), soil wetterthan 0.65 kg' kg may 
ha\c Prom oted less emergence than did drier soil 
(Fig. 21 ). At 40 C erci gene was negligible. 

crendex ( pa) 
,Cr .19 DJAS 

- I 

22 [ A 

'U 
, 79 [)AS. 

Y) k) 60 

18. 	 ('noc index of rsistam'c to pcI)cItItitn at 7-cm soil depthl distalnO.S alOg a tIop4uSL'LlotCOCC iilnd at various
days tler soksirig(l)AS). IRRI. 1985 WS. 
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Soil-water potential (kPa) 	 These findings are relevant to the adaptation to 
-1000 	 upland rice seeding of the prototype dryland seeder 

-300 	 described in the section on Machinery Develop
-300 lment 	 and Testing. Field trials in the Typic 

IRRI upland V Cavinh 

(pH 40) 
-oo (,H 52) 


Emergence (%)
 
Matric soil-wuter potential (kPa)
 

-30- -t00 -10 1
 

0 ioo 

30 IC-10-
0 80 -	 v v VIRATI3 

-3 	 60- o 

40 - N22 

I I _ _ _ _ 0 

020 030 040 050 20 0 
Soil-water content (kg/kg) 0 -	 _ 

19. Soil-water characteristics for 2-rm sievcd crumbs of 2 I00 35 *C
 
upland riee soils. BO V 3
 

60, 
 0N22 

Emergence (W 	 40

20 
-1000 -IOO -10 -1
 

t 0 1
 
Matrie soil -water potential (kPo) 030 040 050 060 0 70 080 

100- IR36 Fractional sol-water content (kg/kgl 

0 
0 0 21. Effect of soil letperattre, and soil-water content and 

80 * potential on ernergettee of'dtw seeded rime (N22 and IRATI13) 
0 0rom beds of 2-mm crumbs of Cavinti soil (growth chamber at 

60 - 30 and 35 °C.50% RII). 1985. 

0 

40-


Emergence (0) 

1OO
20 

. A__L 	 N22, hand-"_I 
80

10 UPLR5 
 60- N22, machine-. V 

800 

4060 

40- IRATI3, machine
 
20

20 	 RATI3,handI-


-L 1 --
-4*0 	 - 41 

0 0 040 060 0 	 4 6 8 10 12 

Fractional sod-water content (kg/kg) 	 Days after seeding 

20. EfTect of soil-water content and potential on emergence of 22. Comparison ofemergence of seeds of2 upland rices planted 

dry seeded rie (I R36 and UIlRi5) from beds of 2-rnm crumbs by hand and by a Massey University prototype seeder into soil
 
of IRRI soil (growth chamber at 35'C. 50% RH). 1985. at 0.34 volumetric soil-water content. IRRI, 1985.
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Hapludoll showed that planting by hand or by 
machine into dry silty clay loam topsoil (0.34 
volumetric moisture content) resulted in emergence 
rates of more than 40% (Fig. 22). Such rates are 
high enough for upland rice production. The data 
also show that, in contrast to the findings for the 
Cavinti soil crumbs (Fig. 21), the smaller seeds of 
N22 emerged more quickly and more numerously 
in the IRRI field soil than did IRATI3. For both 
varieties, rates of emergence were less for machine 
planting than for hand planting; nonetheless, this 
shortcoming is offset by the machine's ability to 
plant large areas quickly. 

In 1975, 1983, and 1985, rice yield showed a 
dependence on toposequence position and water 
table depth. Common features of the hydrologies 

of the wet season of those years suggest that such 
dependence may be expected when rainless periods 
cause the 0-20 cm soil layer to dry to -0.1 MPa 
soil-water potential after rains that raise the water 
table to within 0.8 m of the soil surface. Moreover, 
on two different fields with different soils and 
draining to different creeks, rates of groundwater 
recession may be slow enough to allow upland rice 
to take up groundwater and to show a grain yield 
benefit of I t/ha. This ga:i may justifiably be 
ascribed to hydrological causes. However, effects 
may in part be mediated chemically, as by N, Ca, 
Fe, Mn, or binlogically, as through weeds and rice 
blast. And insomeyears, seedbed temperature may 
approach 40 'C and hence inhibit germination of 
some upland rice varieties. 
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SOCIOECONOMIC CONSTRAINTS 

Agricultural Economics Deparnment 

Budget analysis of management experiments. The 
Agronomy Department's management experi-
ments were budget analyzed on a regional basis to 
evaluate the comparative profitability of the 
researchers' practices and those used by farmers. 

Farmer and researcher technology. Budget 
analysis of fertilizer, insect, and weed control 
experiments showed that the added cost of the 
researchers' package over thc farmcs' practices 
was SI 29-200 ha. Despite generally higher yields. 
tileresearchers' technology was not more protit-
able than tilefarmers'. We therefore examined the 
pilofitability of each component of the rescarche rs' 
technology (Table I ). 

In dry season (DS), the researchers' fertilizer 
management was more profitable than the farners' 
inCanat-ines Stir a.nd N tleva lija, but not in 

Bulacan. The profita hili t% and beichi-cost ratio 

(1:C) of changing to tileresearchers' lertili/cr 
manageniient was liost attractive in Nueva Icija. 

the "rice bowl" of the Philippines. In wet season 
(WS), the researchers' trtilizer practices were more 
profitabk: than the Farmers' on rainfed but not on 
irrigated rice in Canarines Str, and uniformly 
profitable across water regimes and establishment 
methods in Nueva Ecija. 

The researchers' insect control strategy-- other 
than in Camarines Sur in DS --was too costly to 
generate higher return than the ,armers' practices. 

In DS. the researcher's wetd co trol was profit
able in Nueva Ecija but not in Bulacan or 
Camarines Sur. In WS it was marginally nrofitable 
in rainfed but not in irrigated environments in 
CamarinCs Sur; and more profitable with wet 
seeded rice ( WSR) than with transplanted rice 
([PR) in Nueva Ecija. 

Prolita/ilitY ?fsoilnturients.It wi, ,profitable to 
apply as mich as87 kg N, ha in Camarines Sur and 
Nueva Ecija in DS but not in Buiacan(Table2). In 
WS, 60 kg N ha was margirhally profitable in 
CalmaiinCs Sti'arid qutrite profitable in Ntueva Ecija. 
The application of 30 kg ll ha was not profitableat 

;ll\ site in DS,although it was for rainfed WSR in 
(amla ri ties Sur in \VS. Therie was no response to K. 

Table I. Economic perforniance of high levels of 3 inpUts aiid farmers' current practices.' Philippii.es, 1985. 

Location, w\ater Sites Package 
regine, crop rio.) profit 

establisluient (S/hia) 

liii tacan 
Irrigated WSR 6 -194 

Caniarines Sur 
Irrigated WSR 14 -104 

Nueva lcija 
Irrigated WSR 12 24 

Cainarilles Stir 
Rainfed WSR 6 - 31 
Rainfed TPR 3 - 12 
Irrigated WSR 1 -116 
Irrigated IPR 3 -203 

Nueva Ecija 
Rainfed WSR 1 57 
Rainfed "FPR 10 -43 
Irrigated WSR 1 -41 
Irrigated rPR 4 9 

aneg = negligible, B:C = benefit-cost ratio. 

Iertilizerc 
. .. . .......
 

Profil It: C 
[,SIh) 


I)rv season 

-35 0.2 

43 1.6 

70 13.9 

Jet season 

55 2.5 
127 4.6 

-21 0.4 
-44 neg 

132 12.5 
58 4.5 
93 8.6 

112 9.6 

WS It = wet seeded rice, TPR 

Insect controle Weed control( 

'rofit' 13:C Profitd W3:C 

( S/tia) (S/ha) 

-187 neg -49 neg 

23 3.4 -132 0.1 

-70 0.5 90 1.6 

-115 -0.1 5 1.4 
-126 
-122 
-145 

-53 

-76 


-157 
-84 

transplantled 

0.1 19 1.6 
rieg -13 neg 
neg -13 0.6 

0.6 86 8.3 
0.4 9 1.4 
neg 46 4.9 
0.3 -12 0.5 

rice. cResearchers' fertilizer was 
87-30-30 kg NPlK/ha in DS and 60-30-30 kg in WS. dAt rough rice price of SI62/t. (Researchers' Insect control cost S138/ 
ha in DS aiid SI39/ha inWS. fResearchers' weed control cost SiO/ha in DS and $15/ha in WS. 
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Table 2. Profitability of N, P, and Zn application in Zn application was profitable in rainfed TPR in
farmers' fields.a philippines, 1985. - Camarines Sur and in rainfed WSR in Nueva 

Location, water regime, Benefit-cost ratio Ecija, but not at other sites. 
crop establishnmnt N Formsand applicationmethods o/urea. In DS,N P) Zn 

deep placed urea supergranules (USG) and the 
Bulacan Dr season researchers' split gave higher net benefits than the 

Irrigated WSR neg neg n.J. farners' practice at both 29 and 58 kg N/ ha across 
Camarines Sur sites in Camarines Sur and Nueva Ecija. On the

Irrigated WSR 5.6 1.0 ti. average, however, USG was not superior to the 
Nueva Ecija 

Irrigated WSR 6.4 1.1 n.i. researchers' split. 
Wet season In WS the rescarchers'split wasas good as USG 

Camarines Str deep point placed by hand ot by machine (plunger-
Rainfed WSR 1.1 3.3 neg auger or press wedge) at both 29 and 58 kg N/ha
Rainfed "PR 1.8 1.3 2.0 
lirigated WSR 2.2 0.9 neg (Table 3). In Caniaincs Str, the farmers' split and 
Irrigated TIP 1.6 1.0 neg the rcsearchers' split were eqUally profitable, whileNueva Lcija in Nue a Ecija the researchers' split was superiorto
Rainfed WSR 1.9 neg 8.0 
RainfCd IR 2.2 0.7 1.4 the farmers'. 
Irrigated WSR 3.0 0.1 neg Seeding rart'sand weeding in ivet seeded rice.
Irrigated TPR 2.2 - neg neg There were no large differences il net benefit 

neg = negligible, n.i. not included, airnong seeding rates in experinrents conducted in 

Table 3. Profitability of various N forms arid methods of application comnpartcl wit h farners' practices." Philippines, 2985\WS._ 

Net benefit (S/ba) 

urea supergranules, n.i. = not included. bFS farmers' split, RS researchers' 

Location, water regime, 
crop establishment No 

N 
PU 

FSb 
PU 
RS c 

'U 
TD" 

USG 
DPI I" 

PU 
P1A! 

USG 
PW 

87 kg 
N/ha as 
PU RS 

(amarines Str 
Rainfed WVSR 145 195 

29 kg A/ha 

181 169 157 180 161 227 
Rainfed TllR 
Irrigated WSR 
Irrigated ITR 

200 
301 
251 

238 
371 
311 

311 
298 

-

257 
290 
317 

269 
377 
336 

275 
347 
311 

257 
342 
308 

354 
413 
352 

Nueva I'ija 
Rainfed \\'SR 
Rainfcd TIR 
Irrigated WSR 
Irrigated TPR 

232 
270 
287 
242 

31)1 
316 
313 
280 

363 
365 
407 
307 

54 
348 
390 
268 

229 
365 
364 
298 

289 
355 
347 
293 

278 
331 
359 
275 

293 
389 
376 
306 

58 h, V/ha 
Catnarines Sur 

Rainfed WSR 
Rainfed TPR 
Irrigated WSR 
Irrigated rPR 

n.J. 
n.i. 
n.i. 
n.J. 

192 
275 
456 
351 

195 
337 
384 
378 

212 
313 
360 
361 

190 
297 
411 
339 

ni,. 
nt.i. 
n.i, 
n.i. 

n.i. 
n.. 
n.i. 
11.i. 

n.i. 
n.J. 
n.t. 
n.i. 

Nueva Icija 
Rainfed WSR 
Rainfed TPR 
Irrigated WSR 

n.i. 
n.i. 
ri. 

331 
339 
410 

346 
384 
453 

331 
383 
386 

231 
385 
376 

n.i. 
i.i. 
n.J. 

n.t. 
nl.i. 
n.i. 

n.i. 
n.i. 
n.i. 

Irrigated TPR n.i. 294 302 298 304 ni. n.i. n.. 
"Unless otherwise specified, N rates vere 29 and 58 kg/ha at high weed and insect control. U'll= prilled urea, USG 

= = split = 2/3 basal, broadcast and incor
porated (BBI) and 1/3 at 5-7 d before panicle initiation (DBIPI). dTD = topdressing entire amount at 5-7 DBPI. eDPH = 

=deep point placement by hand at 10-12 cm soil depth at 3 d before seeding (DIS) or 24 d after transplanting (DT).fPA
plunger-auger machine placement at 3 DBS or 2-4 DT. g1W = press wedge machine placement at 3 DBS or 2-4 DT. 
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Bulacan, Caniarines Sur, and Nueva Ecija (Table 
4). In Caimarines Sir and Nueva Ecija, the benefits 
of WSR were higher at the researchers' level of 
weed control, but in Bulaca ii the fiarnes'level gave 
higher henefits. 

Upland rice. Over 10 constraints expenments 
established by the Agronomy l)epartnient on 
upland rice in Bata nga s. the resca rche rs' varieties 
lI143 and UPLRZi5 were higher vielding and more 
profitable than the lairie rs' valie ty, although they 
had lower mairket prices. The researchers' fertilimer 
practices vere not more profitable than the 
farmers'. The chemical method of weed control 
was more profitable than the researchers' siniiula-
tion of ftatruers' (mechanical) methods of weeding. 
None of' thle resuia reis' mnragemnrt pakgsoe
packages or 

res a rcheis' sinmult tions of fa rulers' practices \s'cre 
profita ble beca use of low vie ds ca tused by ditight. 

IIR43 exhibited higher N response than UIP.Ri5 
or Kinandang Patong, mith returns higher under 
tle rescarchers' level of %ccd control ( Fable 5). It 
was profitable, given a 2:1 B:C o tiable inputs, 
to apply N to 1R43 only under high weed coMtrol. 
lhc application of P)was t profitableat this site. 

l';fficienicy inrice production in Punjab, Pakistan. 
,.scenar-io in world cereal production, including 
rice, is one of declining output prices hut inercasitig 
real input prices. Ibis places stiess on examining
the extent artild cises, of t"contirlic inefficiency in 

rice production. As part of this concern, wc 

examited the leel of prolit ineficiency in Basinlati 
rice piriductioi ill PIunjab. Pakistan. 

L/-'llnomi 'fich'tic. of profit o;'individuial[.o,,s 

firms w\ts estirmated with lespect to best-practice 

Fable -1.Net benefits of various scediitg rates and weed 
conti ot oi WSR.a Philippines, 1985 )S. 

Sect i-re Net hencilts (S) 

(kg/har jacan Nueva(amaie Sur t cija 

w c'! coltrol
Fam/'ie{rs,v 


10() 375 -1(03 587 
150 390 409 571 
200 .113 388 595 

Re'(rchrs" wced control 
100 371 429 630 
150 378 425 815 
200 391 411 628 

aAv of N applications. 
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techniques. T"o achieve this, a "composed error" 
stochastic profit function was estimated: 

s, ',/ ''' C,, , (I) 
where 
S, = normalized profit of the -i Ii fit rm defined as 

gross revenue less variable cost, divided by 
farm-specific rice price; 

t,= the price of the i-th variable input faced by 
thle i-th farm divided by rice price: 

Z/, - level of the k-th fixed factor of thej-th farm; 
[),j dummy variables for soil conditions of the 

J-tb farm: 
E, an error term; and 
/ = I.n is tile number of farms in the sample. 

The error term t, is made up of two independent 

coipoienis: 
(2) 

whcrc v - N (0. (j ) is a two-sided enor term 
iepcsenting the ustual random cflHcts found in any 
,ysttle'i.and 1t, .- 1)is a1onc-s1idcd error term 
representirng profit inefficiencyit.U/ .lSll'cs profit 
inefficiency in Itlie scnsie ltiat it rcamsnures profit 
shortfall (S) front its iiaxiriiurii possible \'alue (,) 
given by the stochastic frntier. Equation I. given 
the Ctor :,trurctrr defined b\ cquatiouM2, \aS 
Cstirriated usiriimaxiiiui likcli hood tchCniqulet.s. 

l'aiilm-spccifie csttiates of piolit incfHicienc\ \were 
deried following the pl crInrcs of .hrrdrow aind 
others. 

()nc hundred and twety faitIers in (iu.raniiala 
I)istict were interviwc\cd fo inut iration on their 

Table 5. Profitability of N application on upland rice. 
Batangas, I'tilipfincs, 1985 WS. 

40 kg N/ha 80 kv N/h 120 k!N/ha 

Variety Prfi t rut t( Prolit : 

.t ./ .. . . . . . .. , ) ( / h a ) 
..... ... -....... ...
 

Furmc:, wec'Ii ci t / 

Kinandang Iatonit 4 L.o 10 1.1 15 1.1 
1143 76 1.5 113 1.6 142 1.7 
k'LRi5 I) I.I 96 1.7 61 1.3 

R(sIc,/: 'r' 'ed coltlol 
Kinandan latorng 30 1.2 75 1.5 43 1.3 
1R43 146 2.1 221 2.5 210 2.3 
It'LRi5 80 1.6 132 I.) 123 1.8 



Tabie 6. Ordinary last squares and maximum likelihood estimates of profit function for Basmati rice production in 
Gujranwala District, Punjab, Pakistan, 1982 crop. 

Parameter 

In fertilizer price 
in wage rate 
In compost 
In irrigation 
In family labor 
D1 saline soils 
In fertilizer" In irrigation 
In fertilizer, soils 
In compost •soils 
Inirrigation • soils 
Intercept 

R2 

Log-likelihood function 
o 
x 
ou 

2 

Ordinary least squares Maximum likelihood estimates 

Coefficient SE Coefficient SE 
-0.132 0.048 -0.135 0.038 
- .071 0.021 -0.048 0.017 

0.011 0.008 0.013 0.006 
0.499 0.087 0.419 0.069 
0.047 0.021 0.053 0.021 
1.266 0.319 1.226 0.248 
0.009 0.006 0.0091 0.005 
0.071 0.028 0.066 0.024 

-0.009 0.007 0.011 0.006 
-0.214 0.070 -0.210 0.050 

4.480 0.417 5.197 0.344 

0.491 
-235.100 -172.054 

0.578 - 0.488 0.035 
3.523 0.926 

- 0.221 
-0.018 

Basmati rice production. The mean Basmati rice Farmers (%) 
yield was 1.8 t unhusked rice/ha (range of 0.6-3 30 
t/ ha). Thus, there was a gap of nore than I t/ha 
between the average and the highest yielding farms, 
indicating opportunities to increase Basmati yields 
with current technology. 

The ordinary least squa rs (OLS) and ma ximum 
likelihood estimates (MLE) of equation I are 
presented in Table 6 (the OLS estimates are used as 
stalting values for the MLE estimation). The 20 
variance ratio parameter X' ,oi,,o )is statistically 
greater than zero and comparatively large (0.9), 
given the (01) interval within which X' lies. By 
inference, variation in actual profit from maximum 
proiit between farms arose mainly from differences 
in farmer practices, as opposed to random vari
ability. 

Farm-specific economic e.ficicncy. The ican 
economic inefficiency over the sample was 28%. 1o 

The frequency distribution of farm-specific eco
nomic inefficiencies is graphed in Figure I. Farmers 
exhibited a wide range of economic inefficiency, 
the largest inefficte nc.y was86% les than maximun 
profit, while the smallest was 5% less than 
maximum profit. Nearly half (46%) the sampled 
farmers showed a loss of profit of 25% or less. I 

Farm-specific economic inefficiency was trans- 0 - - . 1 . I 
lated into loss of profit, the product of estimated 0 27 53 80 107 133 Above 
frontier profit and firm-specific economic inef- Loss of profit ($/ho) 
ficiency (Table 7). The mean loss of profit was I. Los%of profit due to irefticicncy. IRRI. 1985. 
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Table 7. Frequency distribution of 1,)ss of profit in 
Basrnati rice production in Gujranwala District, Pakistan, 
1982. 

Range of loss of profit Sample farmers 
/poft()

Sha) 

- -- -_ 
0-21 0)-12 15 


21-51 12-21 24
 
51-81 21-33 23 

81-101 33-44 19 


101-131 44-56 12 

> 131 >56 7
 

$74/ha. which retrescnts a 381,i loss of profit from 
tile mean frontier profit of S194 ha. The hirgcst 

f-ru-specific loss of' profit was 209 ha. Fificen 
percent of tihe hi'rmers tad a loss ol profit of less 
than $21 , ha, 47(!' were in the rangc of S21-80, ha. 

a rid 381' \veto losing uori tlha.n$0 ha. I'heIrefo c. 
there is clca r opport nity to Hn1po\'c the economic 

efficiency of most Basmati rice producers in 

Gtianwa It l)ist rit, 

Etontomie'c inefficiuncv is the stut of technical 

and price inefliciency. ( the:) total economic 
inefficicncy of 28(*'i pre iInel'icicnc'v acconiited 
for 5('it ot tire averagc and technical inefficiecy 

23(','. lherlorc. technical inefficiencY is the main 

soIICC of' loss of prof10lit in Basmati rice prodtction. 

/I'cw',utianrys//,s of pro/il. The 0)IS esti-
mates of the relation bet e loss of prolit and 

Table 8. Determinants of loss of profit due to economic 

Pakistan, 1982. 

t'ara.mneter I stinnated coefticient 

Socioccononli' 
I'd Icatioi 
Oft-farln enmploymcnt 
Of'fari a ricu rural labor 
Cred it nonavailtability 

Resourc hase 
Iarm size 
Tubewell ownership 
Tractor ownership 

Biological 
Water stress 
Late crop estailishment 
Late fertilizcr application 

Intercept 
R2 


F-ratio (nt = 10, : 1811 
St of profit loss 

n2 
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-37.565 
182. 194 
37.774 

217.80+3 

21.223 
-11.657 

20.311 

17.820 
5. 745 

12.618 
1,53.102 

0.469 
16.000 

525.745 

farm-household characteristics are listed in Fable 
8. Socioeconomic factors accounted for nearly 
two-thirds of the explained variability in loss of 

profit. |Fiarm household, with morc edtcalion 
(measured by proxy as the number of' years of 
schooling of household members associated with 

farming) exhibited significa ntly less loss of profit
than those with less education. E-ducation wasthe 

most important determinant of between
household levels of loss of profit due to economic 
inefficiency. " rinets who also worked as laborers 

on other farms showed higher loss of profit than 
those who hired out less or did not hire out their 
own hbor. This variable Itwas si nificantly related 

to tenutrc: tenrt nts spent more time working as 
a erictilt uratl laborers and. thereftore, as a group 

appeared to be less economicallv efficient than 

wnVel'er-Opel aols. 
Iactors associated with the it rnCrs' resource 

base hatI a small in pact On loss 0f profit (file to 

econonic inefficiency. Biological constraints Col

tribited 27'( to the explained variability inl loss of 

profit between firms. Water stre,,s (imeasur is 

the nttniher of days after l'ttlr that a field was 

withlout s'landing \\atcr) resilted in a loss of profit 
of SI.20 ha per day' for each day's water stress. 
latC rice crop establishment (after late JuIne) also 

resulted irs loss of profit. Each da\'s delay after the 

optimal date was estimated to reduce profits by 

S0.40 ha because rice yields decline when tile c-op 
alltUrCS into thl' cool, winter Season. The late 

inefficiency in Basrnati rice production. Gujranwala District, 

SIF Contribution to R2 

4.341 35 
116.197 7 
12.094 15 

101.023 8 

16.732 6 
101.479 1 
100.020 1 

6.098 12 
4.083 6 
6.340 9 

147.089 



--- _________________________ 

Table 9. Input use of sample farmers. Camarines Sur, Philippines, 1981-84. 

Average value
 
Input
 

Fertilizer user Nonuser t-value 

Users/nonusers (n = 476) (%) 18 82
 
N (kg/ha) 22 
 _
 
P (kg/ha) 5 
K (kg/ha) 5 

Animal (h/ha) 136 157 1.41ns
Machine (h/ha) 35 27 .- 1.96*
Total labor (labor days/ha) 70 69 0.12nsHired labor (labor days/ha) 42 32 -2.96**

Family labor (labor days/ha) 28 37 3.33** 
Pesticides (S/ha) 6.3 3.2
Insecticides (S/ha) 3.7 2.0 -9.23**
Ilerbicides (S/ha) 2.6 1.2 -8.19** 

application of iUrtiliz r (recommendation was for of the rainfed area is planted to MVs - yields are 
split application at 25 and 40 d after transplanting) less than 1.5 t/ha or 60% of the yield of irrigated
resulted in a loss of profit of $0.87/ ha per day for rices in the same region. One reason for these low 
each day's dolay. yields is the low level of fertilizer adoption and low 

Fertilizer use in less favorable environments. fertilizer use rates among user,.
Widespread adoption of' modern varieties (MVs) 3enefits q/fertilizeruse.The rnean N rate among
and crop intensification have occurred in shallow rice farmers who applied fertilizer in Bicol was 22 
rainfed environments in the Philippines. In many kg ha (Table 9). Prilled urea was the dominant 
regions like Bicol. for example where about 85% form. Total labor use was simila r between fertilizer 

users and nonusers. However, users hired more 
Table 10. Rice yields of fertilizer users and nonusers by labor and spent nearly twice as much on pesticides. 
tenure. Camarines Sur, Philippines, 1981-84. The mean rice yield was 2.1 t/ha. Among owner-

Rice yield (t/ha) cultiva tors and tenants, those who applied fertilizer 
lertilizer adoption reported significantly higher mean yields than 

Owner Tenant Difference those who did not (Table 10). 

User 2.6 2.4 0.2ns Fertilizer users, whether they were owners or 
Nonuser 2.1 1.9 0.2ns tenants, had higher gross incomes than nonusers

Differepce 0.5* 0.5* (Table I1). The cost of current inputs (seed, 

Table II. Yield and income gain of fertilizer users and nonusers by tenure. Camarines Sur, Philippines, 1981-84. 

Owner-cultivator Tenant-cultivatorIt em-

Fertilizer user Nonuser Fertilizer user Nonuser 

Revenue
 
;ross yield (t/hia) 2.6 
 2.1 2.4 1.9Net yield (t/ha)" 2.3 1.9 1.4 1.0

Gross value (S/ha) 144.8 118.3 87.5 62.5 
Costs (S/ha)

Current inputs 10.3 2.6 11.1 2.1
L.abor 14.1 4.8 17.1 8.9Power 12.4 12.2 10.7 11.6
Cash costs 36.8 19.6 38.9 22.6

Gross margin (S/Iia) 108.0 98.7 48.6 39.9 

aNet of harvesters' and threshers' shares, and in the case of tenants, owners' shares. 
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Table 12. Tobit regression coefficients for determinants of adoption and quantity of fertilizer use in rainfed rice.a Cama

rines Sur, Philippines, 1981-84. 

Variable and definition Coefficient SE Asymptoticb t-values 

Constant - 3.66245 17.09370 -0.z1426 
Crop establishment method 

(1 =wet seeded rice) 
Landscape position 

(1 = plateau and bottomiands) 
Variety 
(I= medium duration variety) 

Tenure status (1 = tenant) 
Farm size (ha) 
Education (yr) 
Off-farm income (S/yr) 
Distance from input source (kin) 
o 

-21.74606 

- 0.10936 

16.64636 

-11.65747 
5.28873 
1.81478 
0.00043 

- 7.08258 
49.42166 

8.13366 

7.90118 

10.14868 

7.13260 
2.36726 
1.35142 
0.00102 
1.49884 
4.66098 

-2.67359** 

-0.01384 

1.64025 + 

-1.63439 + 

2.23411* 
1.34286 
0.42492 

-4.72537** 
10.60327** 

= 
aDependent variable fertilizer use in kg/ha. n = 476. Log of likelihood ratio statistC. 24.94 at d.f. 8. Correct prediction 

of users and nonusers = 82.56%. bSignificant at the 1%("*), 5% (*), and 10% (+) levels. 

fertilizer, and pesticide) was substantially higher Southeast Asia. This practice, while best adapted 

among users than nonusers, as wasthat of hired as to ricelands with good water control, has also been 

opposed to family labor(Table 9). As a result, cash widely adopted in less favorable environments. 

costs among users were significantly higher. Weevaluated the adoption ofWSR in Bicol, one 

However, the gains from lertilizer use exceeded the of the Philippines' largest aircas of shallow rainfed 

adued costs. On the average, farmers w'.ho applied rice. Environmental conditions in Bicel aic unfavo

fertilizer had higher gross margins, irrespective of table. Rice yields are 15% below the national 

tenure, than those who did not. average and 36% below that of Central Luzon, the 

Fertilizeradoption.The signifieance of personal, highest yielding region in the Philippines. 

socioeconomic, and biophysical determinants of Productivity (?l wet seeded and transplanted 

fertilizer adoption was derived via a tobit regres- rice. Landscape position was the principal deter-

Sion analysis (Table 12). Factors positively and minant of establishment method, with WSR more 

significantly associated with fertilizcr adoption common on the plateau and TPR more prevalent 

were the planting of early to medium duration on bottomland (Table 13). WSR was also more 

MVs (such as IR36 and IR42) and farm size. common in the second season, but this difference 

Factors negatively and significantly associated was significant only co,the plain. The dominant 

with fertilizer adoption use were method of crop cropping patterns were WSR - WSR on the 

establishment, tenure status, and distance from plateau, TPR - WSR on the plain, and TPR -TPR 

farm to input supply point. Distance from the farm on flood-prone bottomland. 

to the supply point had the largest impact on 

fertilizer adoption. This instrument variable re

flected a complex of factors such as farm location, Table 13. Percentage of farmers adopting WSR by land
scape. Camarines Sur, Philippines, 1981-84.difficulty of access to fertilizer delivery, effective 


fertilizer price, and possibly ease of access to Farmersa (%)
 
x1
Season 

Plateau Plain Bottomland 
extension services. 

First crop 63 22 15 49,4*IMANAGEMENI CONSTRAINTS 
(1l) (79) (55)

Agricultural Economics, Multiple Cropping, anI 
73 60 23 31.8**Second cropAgronon Departments (100) (82) (49) 

2 n n
 
x .9 21 "7* 0. 

favorable environments (Agri-
Wet seeding in les 

cultural Economics). WSR has spread rapidly in aNumbers in parentheses = sample size. 
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Total labor input was significantly higher for 
TPR than for WSR (Table 14). The major dif-
ference in labor use was for crop establishment. 
The important reduction in labor use with WSR 
was for hired labor, which was half the level of 
labor for TPR. Most of this reduction was for 
transplanting, mainly a task for landless laborers. 
Thu.s. WSR significantly reduced per-crop demand 
for hired labor, often drawn from among the 
poorest households in a community. 

About 11)d/ha of animal power were used on the 
average for land preparation for both TPR and 
WSR (Table 14). A larger percentage of TPR 
farmers applied fertilizer, and at higher rates, than 
did WSR farmers. The trend was similar in 
herbicide and insecticide use. WSR adopters broad
cast significantly higher rates of seed than did TPR 
growers. WSR .farmers, by inference may face 

because. vhile herbicides are purchased in the 

market, seed tends to he a noncash input drawn 
from household stocks. 

TPR outyielded WSR farms by 0.3-0.6 tGha on 
the plateau and plain, but significantly so only on 
the plateau (Table 15). In bottomlands, meanWSR yields were 0.6 t/ ha higher (but not signi-

canls inethe 0.st/ sas whie but otP s ficantly so) in tile first season, while TPR yields 
were significantly higher in the second season. 

TablePhilippines,14. Input1981-84.use of sample farms. Camarines Sur, 

Average value 

Input WSR TI'R Difference 
adopter adopter 

Labor, total (d/ha)
Crop establishmnent (d/ha) 

54 
2 

84 
22 

29* 
20* 

Labor source 
Family (d/ha) 22 45 23* 
Hired (d/ha) 32 39 7* 

Animal (d/ha) 18 20 2ns  

Machine (d/ha) 3 4 ins 

Fertilizer users (%) 15 27 12 
N level (kg/ha) 17 24 7* 

Insecticide users (r)
Le~vel (S/ha)lercd us) 

Hlerbicide users (7,) 

67 
2 

66 
66 

88 
3 

7 
78 

21* 
1* 

12* 
12" 

Level (S/ha) 1 2 1* 
Seed used (kg/bia) 135 104 -3l* 

Table 15. Rice yields of WSR adopters and nonadopters. 
Camarines Sur, Philippines, 1931-84. 

Rice yield (t/ha) 
Item 

Plateau Plain BottomlanO 
Fist ciop 
WSR adopter 1.5 2.6 3.0 
TPR adopter 2.1 2.9 2.4 

Difference 0.6* U
 
Second crop

WSR adopter 1.7 1.9 1.8 
TPR adopter 2.1 2.4 2.5 

Difference 0.4* 0.5ns 0.7* 

The gross value of production for TPR was 

significantly higher than for WSR on the plateau

but not :;o on tile
plain or bottomland. Cash costs
 
were significantly higher for TPR across all land
scape positions. The savings in cash 
 costs with
WSR were due mainly to lower payments to hired

labor for crop establishment. TPR yields tended to
 

It

be higher than WSR yields on tileaverage, but sc;marginwere costs: therefore, the difference in 2~rOSS mri
 
between crop establishment methods within land
scajy. position was small ($I,'ha orless). However,
 

rate
tile of return on cash costs was consistently
higher for WSR than for [PR.


Adoption of IllS. Factors associated with
 

WSR adoption were analyzed via a multivariate
 
logit model. In addition to landscape and season.
 
varietal duration wasa determining factor. Farmersvrea uainws eemnn atr amr
 
wp 8ereless likely to establish the shortest duration 
varieties by wet seeding. Those with access to 
production credits were more likely to transplant 
their rice. However, the choice of establishment 
technique was independent of tenure or farm size.

WSR is a cost-reducing technique that has 

helped buffer Filipino farmers from declining 
economic incentives to produce rice. It seems to 
have beer. qdopted equally by Bicol rainfed rice 
farmers regardle. s of tenure or farm size. The 
technique has possibly helped sustain rainfed rice 
hectarage in Bicol -- particularly on the plain and 
higher portions of the landscape. For labor dis
placed from agriculture, off-farm employment 
opportunities are limited in Bicol. Therefore, the 
income situation of both poor rice farmers and 
landless laborers could have worsened without 
WSR technology. 
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Production constraints in upland rice (Multph' 
Croppingand Agricultural Economics). IRRI and 
Philippine scientists have identified improved 
upland rices that outyield farmers' varieties in 
research-managed trials, yet acceptance of these 
cultivars has been modest. 

In some areas, as in Mindanao, blast (13I) is a
major constraint to impr'oved v'aety (IV) ad op-

tion. Yet in Batangas, a ia tblc upland arca'ioi 

where BI is not a problem, and' where farmers use 
advanccd mnanagemlent practices (e..g.. 40-80 kg 

N ha and cffcctiv,- vwced control). IVs have not 
been widely adopted. We seek to inderstand the 
factors responsible for this nonildoption of 
improved upland vaieties iI favora b Cconditions 
before turning to ari eXaiIi Iioll of these issues in 
more difficult upland areas. 

larmers' protm tion s'tem.To quantify the 
perforrma nce of' upland IVs under farmer condi-
tions, we examined tie prodtrction practices of 60 
farmers from 3 mriicipalies in Batangas: 
Clenca. Malvar. and Santo Ioils. 

Felilizcr use and nican ield were similar in 
Cuenca and Malva r.and vie kls wCre higlher thaii in 
Santo Toma s (lablc 16): thcrelorc, the firt two 
sites were combined for tile folhowing arialIsls, 
Farmers in Cuenca aid Malar.on tile average, 
planted 1-2 ha of' upla nd rice by the end of April: 
those in Santo Iornas planted atsirili atrca liv 
mid-NIay. The dominainl second crop wis whitc 
mari/c. Gross farie rs' vield s oer tie firt 2 sites 
averaged 1.7 t ha; inSantooias. h Suferedliichlsin 
severe drought stress, tle incan ield v.as I t ha 
less. 

Input use and net returns arc listed in [able 17. 
Cuenca-Malvar fariers werc divided into two 

groups: those who usCd tractors (in combinatiom 
with bullocks) for the first plowing, and those who 

used bullocks alone. Tractor users averaged signi
ficantly higher yields than nonusers. The largest 
single prCduction cost was for land preparation 
,andmechanical weeding (>$10O/ ha), followed by 
hand evedirt (>$60/ha) and fertilizer ($35
46 hal). 

Duc to severe drought in 1985, rice yields were
low. The one group of farmiers who covered full 

costs (cash costs plus opportunity cost on thcir own 
resources) were tiletractor users in Cuenca-Malvar 
(Table 17). Ona cash cost basis (i.e., as.signing zero 

opportunity cost to owned resources), however. 
net returns Wyore positive, although small, in Santo 
Tomas. 

Through multiple regression analysis, we exa
mined factors associated with betwen-farm dif
ferences in yield. One significant factor was N rate. 
Itovever. inadequate specification of drought 
stless (the dominant determinant of yield in1985) 
prevented the estimation of satisfactory statistical 
relationships. We vill apply simtulatiol analysis to 
applrioxi rla tc Soil moisture regimes. 

I a(riea/rlw/_'lOrrnce.The performance of 6 IVs 
or NI Vs was evaluated against that of local variety 
Kinandang Patong and the farmers' own variety 
under farm conditions by superimposing the 
varietal trials in 14 farmers' fields in Cuenca (5 
trials), Malvar(4), and Santo Totaas(5). Planting 
was si murltarieous with farmers' sowing time. Each 
farmiicrapphied his urstralfarm practices, such asthe 
rate and tiiniing of fertili/er, lithao-kahnot culti
\ation and wccd control operations, hand weeding 
frequency : riNd pest conrrol. 

Analysis of variance of each experiment showed 
that data frorii sics shotild not be pooled and 
suimiari,/cd as a siigle arialysis of varianmce. 

[elierefore. the conliparativc pemlorrIrance of the IVs 
and MVs. using Kinandang Patongasthe uniform 

Table 16. Mean yields, N fertilizer use, and planting dales oftupand rice in Batangas, Philippimies, 1985. 

Sample Rice Yield N rate Weeding 
Municipality size area Planting (late labor 

(no.) (Ila (d/hia) 

Cuenca 21) 1.1 1.6 a 66 a 25 Apr 41 a 
Malvar 20 1.9 1.8 a 73 a 30 Apr 21 b 
Santo Tomas 20 1.3 0.7 b 55 a I1May 31 ab 

Mean 1.4 65 31 
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Table 17. Costs and returns of upland rice production. Batangas, Philippines, 1985 WS. 

Cuenca-Malvar Santo Tomas 
,ter 
 Tractor 
 Bullock Bullock 

(n = 23) (n = 17) (n = 20) 

Value of output
 
Yield (t/ha) 
 1946 1378 
larvester and threshers' share ,kg/ha) 

685 
487 344

Net yield (kg/ha) 
171 

1459 1032 
Net value (S/ha) 

514 
292 206 
 103
 

Input cost ($,/ha)

Labor: family 
 58 65 
 66


hued 21 6 0
exchalge 16 25 9Tractor: hired 26 0 0Bullock: owned 61 121 102
hired 2 0 1
exchange 
 2 2 24

Seed 
 is 17 19
Fertilizer 48 45

Total cash cost*(S/ha) 

35
 
97 51 36
Opportunity costa (S/ha) 4 2 2 

101 53
Total full cost (S/ha) 252 
38 

281 256
 
Gross margin (S/hal


Casi cost basis 
 191 154 
 65
Full cost basis 40 -75 -153 

a4% interest for 5 too. 

local check across sites, is given in Fable 18. The the mean yield of the local varieties (1.6 t/ ha) was 
mean yield over sites was 1.3 t/ha, with a range of significantly higher than the yield of the Vs as a
0.5-2.2 tiha. The IVs and M Vs, other than at 3 of group (1.2 1/ ha), which in turn was higher than th
14 locations, wen lower in yield or not ,ignificantly yield of the MVs as a grotp (0.9 t/ha). 
different from tile local checks. Over tile 14 sites. Although the Vs and MVs had more (204-266) 

panicles/ m2 than did the loul varieties (150-153), 
no general yield component advantage resultedTable 18. Comparative yield performance of upland rice because drought causcd very high sterility in those 

and farmers' varieties. Batangas, Pilippines, 1985 WS. 
. entries (Fig. 2). The number of fertile grains per

Sites (no.) where yield panicle was highly correlated with yield among the 
Variety compared with check0 is yieldb IVs and MVs and significantly correlated among 

Lower Same Itigher the local checks (Table 19). Grain weight was 
aie
Imroe ~----significa ntly correlaled with yield on U PLRi7 and

UIpLRi5 e.te 4 8 2 the farmers' variety. Both vareties flowered shortly
UI'LRi7 3 11 0 1.3 before a drought period but were subsequently

Modern varieties
1R74 7 affected by drought stress during the grain filling3 4 3 1.0 p ei d
 
IR12721-24-3-lc 5 5 0 
 0.9 period.
1106123-10. 1-1 7 6 1 .9 Soil laboratory tests showed a high fertility levelIR593 1-110-1 5 9 0 0.9 at all sites (Table 20). Effects of tihe individual 

local checks 
Farmers' variety 0 12 2 1.7 etical properties on yield were not significaut
Kinandang I'atong 0 14 0 1.5 ecatIUse of tile o'rriding influence of drought. 

aMeans differed significantly from farmers' variety withinl 
The trial sites were classified into three micro

trials at 14 sites, by DNIRT. h'Mean yield over 14 sites. laldfornis (Fig 3)..Most upland rice farms il1 0 of 14 sites. Batangas are plains. An infilled depression was 
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Meon panicles/m 2 

300 

250-

200 

150
 

Mean fl 
50fertile grains/pancle 

40 

30 

20 

10 
(g)
Mean 1OO-grain weight 


3 

a 

o 

Moon yield (ti) 
1.8 


6 -water 

1,4 


12 

o-

2--

IPLR,5 UPLRi? IR43 	 IR12721-1R6023-1R5931-
24-3,-1 10-1-1 I10-1 

Kino-'mors' 
dang varnely 

pwg 

2. Comparative mean yield and mean yield components of 8 
upland rice cultivars across 14 sites. Farmer-managed trials, 
Batangas. Philippines. 1985 WS. 

assumed to have a more favorable hydrological 
condition than a slope base or a plain, particularly 
during periods of limited rainfall. The yield from 
infilled depressions (2.2 t/ ha) was relatively higher 
thn-o~lp bases11A4t/ ha) and-,plains: (-.0~-
t/ ha) (Table 21). Further verification of microland
form effects under a wider range of rainfall and 
topographic conditions is needed. 

Daily data on soil moisture tension (SMT) were 
gathered from the 14 sites throughout the growing 
season using ceramic cup tensiometers placed at
10- and 20-cm depths. Prolonged drought, asso

ciated with high average SMT readings, occurred 
in late May and June (crop establishment) and late 
July through August (Fig. 4). Several SMT indices 
were calculated and regressed on the yield of the 
UPLRi5 check variety (Table 22).The SMT index T50-30 (mean SMT during the 

period from 50 to 30 d before harvest) was most 
consistently highly related to grain yield, sug
gesting that soil moisture status during flowering 
was most directly related to yield performance. 
This parameter alone explained over 95% of yield 
variation over the 14 trials (Fig. 5). 

Asoil water balance model was used to estimate 
daily crop evapotranspiration and the soil water 
status for upland rice. The model determined daily 

use for upland rice crops seeded in April and 
germinating with the first significant rainfall overa 
period of 72 yr (1913-85). The probability of 
drought stress occurrence on each day during the 
growing season was calculated from long-term
simulation data (Fig. 6). When the readily available 
(100 cb) soil water in the 30-cm root zone was less 
than50%, acondition ofsevere stress wasassumed. 

Tv 
The probability of severe or extreme stress
 

Table 19. Correlation coefficients for yield components and flowering date in relation to grain yield in 8 rice varieties. 
Batangas, Philippines, 1985. 

Variety 
Panicles/m 2 

UPLRIS 0.65* 
UPLRI7 0.11 
IR43 0.65* 
IR12721-24-3-1 0.28 
IR6023-10-1-1 0.44 
IR5931-11D.1 0.60* 
Klnandang Patong 0.34 
Farmers' variety 0.31 
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Yield component 

Fertile 
grains/panicle 

0.93** 
0.87** 
0.85** 
0.97** 
0.85** 
0.97* 
0.74* 
0.76* 

Flowering date 
100-grain 

weight 

0.09 	 0.021s 

0.66* 	 -0.91** 
0.83 	 -0.05ns 
0.15 	 0.60* 
0.11 	 -0.16 ns 
0.12 	 -0.80 1 * 
0.53 	 -0.75** 
0.72* 	 0.26ns 



Table 20. Summary of physical and chemical data on upland rice trial sites. Batangas, Philippines, 2985 WS. 

Surface soil CEC N Olsen's Exchangeable KLocation and site no. Landforma texture pH (meq/100 g) (%) available 1 (rneq/100 g) 
(0-20 cm) (ppm) 

Cuenca
 
1 V Loam 5.5 23.6 0.097 16 2.78
 
2 P Loan 5.5 22.4 0.085 8.8 1.43

3 S Clay 5.3 29.4 0.093 6.3 9.72
 
4 S Clay loam 5.1 25.9 0.105 16 1.48
5 S Loam 5.6 20.4 0.088 12 0.96 

Malvar
 
6 S Clay loam 5.7 21.6 0.092 20 0.91
 
7 P Clay loam 5.2 21.7 0.098 19 1.54
8 S Clay loam 5.1 22.0 0.104 31 0.96
 
9 S Clay loam 5.5 23.0 0.098 16 1.08
 

Santo Tomas
 
10 S Loam 5.1 21.7 0.118 25 1.25 
11 P Clay loam 5.2 23.5 0.099 29 1.32
12 S Clay loam 5.4 21.0 0.090 19 0.96.3 S Loam 5.6 18.9 0.096 23 0.79
14 S Clay loam 5.6 23.9 0.107 21 1.02 

aV = infllled depression (volley), P = plain, S = slope base. 

reaches a peak dtiring the last 15 d of August. The Drought periods as severe as those observed 
flowering period of varieties with 130-d maturity during August-September occur fairly frequently
(in,:luding most elite improved lines) tends to in Batangas, about I in 3-5 yr (Fig. 7). The superior
coincide with this maximum risk period. The performance of the local varieties compared to that 
prevalent local varicties flower before mid-August. of MVs during this season suggests that two 

Table 21. Landform type, site distribution, yield, and
landforni description. Batangas, Philippines, upland rice 

Tr.I Iocoon/ trials, 1985 WS. 

Fie 
Mean 

Landform type (no.) yield" Remarks 
(t/ha) 

Infllied depression (volley) Infilled valley 1 2.2 Remains relatively 

favorable at the on
set of drought be
cause of interflo.v 
from surroundings 

Slope base 3 1.4 Temporarily receives 
(1.0-1.9) runoff and interflow 

Concove slope base from one elevated 
side; relatively more 
favorable moisture 
condition than in 
the plain in short 
periods of drought/4 

Plain 10 1.0 Depends primarilyPlain 
, 

(0.5-1.6) on direct rainfall;favorable only under 

uniform rainfall 

distribution3. Microlandform types of upland lic trial sites. Batangas. a
Philippines. 1985 WS. Range In parentheses. 
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Mean soil moisture tension by decade (cb) 	 Yield (i/ho) 
Yield 

IR43 Flowernq Heading (t/ha) 

I--PL----4-..------	 I 5 tUPLRIS__15__2

UPLR17 - -	 i 8 

KinandongPotong 
I 23 

80 

60 	 0 
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20 I 

Daily rainfall and evapotranspiration by decade (mm) 

30 40 50 60 70 8060O 	 Ra.,tll 

Evopotronsproion Soil moisture terisqon (cb) 

50-	 5. UIPlRi5 mean yield as related to SMT at I0-cm depth 
beteen .50 and .30 (1 before harvNest at 3 sites. lkatangas.40-

Philippines. 1985. 

20

constraints on direct seeded rice 
to-

IYield 
-

Apr May Jn IjI' Aug Sep Oct-No (Agronoml). Irriated site.s in dlrY season. The 

and yield g.ip between fIatinlers'and researchers' inputs,
rainfall, potential evapotranspiration, 

Cuenca. Batangas, and the relative contributions of' Icrtili/er. weed
4.Growing season 
soil moisture tension at lO-cm depth. 
Philippines. 1985. control, and insect control to the yield gap were 

measured on 12 farms in Nueva Ecija, 6 in Bulacan, 
and 13 in Camarines Sur, Philippines. Also 

matters require more attention in varietal dave- measured were yield responsestoapplied N,P,and 

lopntent: I ) the instability of yield in drought yea rs K, including various forns of N and their appli
may be a significant constraint to the adoption of cation methods. 
currently available MVs,and 2) grain yield of most Soil analyses of test sites are summarized in 

varieties was higher when flowering occurred Table 23. Thc soil texture of the Nueva Ecija sites 
earlier (Tablc 19). MVs that mature no later than varied from loam to clay.Soil pH of the area was 

local varieties shottld be considered. Earlier flower- ideal for lowland rice, bit all sites were deficient in 

ing may be required to escape the period in late N and Zn. Ten sites were deficient in Pand seven in 

August when the probability of a dry spell is K. The sites in Bulacan were fairly light textured, 

highest. varying from sandy loam to silty clay loam. Five 

Table 22. Relation between soil moisture tension (SMT) at different growth periods and grain yield of UPLRi5. Farmers' 
fields, Batangas, Philippines, 1985 WS. 

a 

Data set a 
 b SMIT index r, 

Cuenca (5 trials) 	 3.70 -0.059* T50-30 0.998 
s


Malvar (4 trials) 3.0)2 -0.032 n T50-30 0.840 

Santo Totnas (5trials) 3.37 -0.031 * 160-40 0.940 

All (14 triads) 3.388 -0.054* 150-30 0.980 
-0.022* T60-40
-0.0551 Tl0 

=at5030 = mean SMT between So and 30 d before harvest (DB-I), T60-40 mean SMT between 60 and 40 d DBH,To 

mean SMT at t0-cna soil depth for entire growing season. 
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6. Probability of severe or extreme drought stress occurring during the reproductive period of upland rice crop, based on a water 
balance for Batangas, Philippines, 1913-85. Severe = root zone available water less than 50%. extreme = available waterlem than25%. 

Severe...ugt stress Extremedrough were strongly acidic, three N deficient, andtwo P 

deficient. P and Zn deficiencies characterized the197i1-"- ., clay-textured sites inCamarines Sur.The area was 
1972 ! generally rich in soil N, but the soil p H of nine sites 
973 1 ;i!,i :.11974 ........... was below the optimum range, with four sites exhi* biting a strongly acidic reaction. 

1975 '- ]Farmers' N rates in Nueva Ecija averaged 103/tt. .976 f ft. .f.f. rate and thef. kg/ha, higher than the researchers' 

1977 -7,%-rates applied by cooperating farers in Bulacan
1977[":ii~i :i ! iii J and Camarines Sur. Farmers used herbicides toI control weeds, and foliar inseccides to co 

1979 o srs insects. Table 24 summaries input levels used in 
1980 the three study areas e 
191Yields with farmers' inputs from the 31 experi
19721 _mental sites averaged 4.4 t/ha, lower by 1.0 t/ha1983 than the yield obtained with researheors' inputs. 

98 I=.l ii !l : ;i ;;! ] Improved fertilizer application accounted for 50%the yield gap,timu1984 sof rne witeed control and 
1985 . insect control each contributed 25%. Among the 

975 --- + - Aug ]JSep------J three factors studied poor weed control was the 
9 major yield constraint of direct seeded rice in

7. Severe and extreme drought stress estimated by soil water Nueva EcijaBIn Bulacan and Camarines Sur, low 
balance for upland riin at mid- to latv-growing season using1971-85 daily weather data from Ambulong. Batangas, PhilipY level orinefficient management of fertilizerwasthe 
pinest major constraint. 
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Table 23. Soil characteristics of experimental sites in 3 Philippine provinces, 1985 DS. 

Sites (no.)Critical 
Soil property Range Mean limit below 

critical limit 

Nueva Ecia (12 sites) 
pH 5.6 -6.8 6.3 5.5-6.5a 4b 

Organic C (%) 0.8 -1.8 1.2 2.0 12 
Total N (%) 0.07-0.14 0.10 0.20 12 
Olsen P (mg/kg) 2-6 4 5 10 
Fxchangeable K (meq/100 g) 0.08-0.2 0.14 0.2 7 
Available Zn 0.1 -0.8 0.3 1.0 12 

Bulacan (6 sites) 
pH 4.7 -5.7 5.0 5.5-6.5a 5 b 

Organic C (1) 0.8 -2.5 1.6 2.0 4 
Total N (7) 0.07-0.19 0.14 0.20 3 
Olsen P (mg/kg) 2-5 4 6 2 
Exchangeable K (meq/100 g) 0.13-0.44 0.2 0.2 1 
Available Zn 0.4 -2.0 1.1 1.0 3 

CamarinesSur (13 sites) 
b
 

p1t 4.7 -5.9 5.2 5.5-6.5a 9

Organic C (%) 1.8 -2.9 2.2 2.0 3 
Total N (%) 0.15-0.25 0.18 0.20 0 
Olsen P (mg/kg) 1-5 3 5 12 
Exchangeable K (mxl/100 g) 0.10-0.36 0.2 0.2 4 
Available Zn 0.1 -1.1 0.4 1.0 12 

aOptimum range. boutside optimum range. 

Table 24. Input levels in yield constraints experiments on direct seeded, irrigated rice farms in 3 areas in the Philippines, 
1985 DS. 

Weed control
a Insect controlb

Fertilizer (kg/ha)miut level 	 Sites 
(no.) N P K M C F G 

Nueva Ecija 

Farmers' 12 103 11 7 0.1 1.2 1.5 0 
Researchers' 12 87 13 25 0.6 1.0 3.9 2.0 

Bulacan 
Farmers' 6 65 2 3 0 1.2 1.8 0 
Researchers' 6 87 13 25 0 2.0 3.0 2.0 

CatnarinesSur 
Farmers' 13 52 9 0 0.2 1.0 1.9 0 
Researchers' 13 87 13 25 1.0 1.0 3.0 2 

aAv no. of mechanical (M) weedings by hand and chemical (C) applications, bAy no. of foliar (F) sprays (monocrotophos, 
gusathin, etc.) and granular (G) applications (carbofuran, diazinon, etc.) to floodwater. 

In Nueva Ecija, yields from 87-13-25 kg critical levels of 0.2 meq K/ 100 g for K deficiency 
NPK/ha averaged 6.2 tj ha, similar to those from and 5ng P/kgfor Pdeliciencymaybe too high for 
NK and NP (Fable 25). Yields without fertilizer irrigated rice. All tests soils were Zn deficient, but 
and with PK were comparable and significantly the crop showed no deficiency symptoms. Perhaps 
lower than that with NPK, indicating that N was the test varieties were Zn-efficient. 
limiting. Responses to 13 kg P/ha and 25 kg K/ha In Bulacan, statistical analyses of individual 
were not significant despite the low contents of farms showed no yield response to P or K. 
these nutrients in the majority of the test soils. The However, three of six sites showed a significant 
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Table 25. Yield responses to N, P, and K on direct seeded irrigated rice farms in 3 study areas in the Philippines, 1985 DS. 

Yielda (t/ha)
Province Sites (110.) 

No fertilizer I'K NK NP NPK 

Nueva Ecija 12 4.1 h 4.2 b 6.0 a 5.9 a 6.2 a 
Bulacan 
Caniarines Sur 

6 
13 

. 1 
3.3 b 

3.0 
3.5 b 

4.3 
5.0 a 

3.9 
5.0 a 

4.3 
5.2 a 

aIn a row, rneans followed by a common letter are not significantly different at the 5% level by DNMRT. I)D"RT for Bulacan
is rotshown because of farm-to-farm variability. 'ertilizer 

response to N. On the average, NPK application 
yielded 4.3 t ha, higher by 1.3 t / ha than the yield 
obtained from PK treatment. 

In Camarines Sur, yield levels were lower, but 
responses to fertilizer applications were similar to 
those in Nueva IEcija. There was no direct correla-

tion between soil test values and grain yield 
response to added nutrients. All sites responded 
significantly to N despite adequate soil N in the 
area. Response to 13 kg P) ha was not significant 
even though 12 of 13 sites were 1) deficient. 
Similarly, the crop showed no /n deficiency 
syvmptomas even w\ithout Zn appliM tin. 

)rought stress ca used lowv\cIds on lmost alllls 
in Bulacan and Camatines Stir. I)oright \%as iot 
obsrvcd in Ntieva Ecija. 

Results of trials on the effect of N source and 
method of application in the study aras ale 
stiinmari/ed in [able 26. In Nue'.a Icija, the 
researchers' split-applied prilled urea (IU) (58 k-
N ha) performed better than tCe farmers' spli at 2 
of 12 sits. thowever, the aerage yield increase of 
0.3 1 ha from rescarlicis' split vr itrmers' at all 

levels: 87 kg N/ha, 13 kg Pl/ha, and 25 kg K/ha. 

sites was not significant at both the farmers' and 
high cultural puactices. Yields from deep point 
placed USG were comparable to those from other 
application methods. 

In Bulacan, the yields of farmers' and re
searchc rs' split application of )U under famers' 

cultural practices were similar. At high cultural 
practices, howe\er, the farmers' split produced 4.5 
t ha, while the rescarchers'split produced 3.9 t/ ha. 
Deep point placed tS(1 prodticed low yields 
beca ILSCof d rotight stress. 

In Camiarines Stir, the aiarmers' split-applied PU 
yie lded lower by0.3 I ha than the resLarchers' split, 
rega rdless of cuiltural practices. At high culitural 
practices, deep point-placed U'S; produced 5.0 
I ha, coinparable to yields obained roin other 
application nethods. 

A separate expelitnent involving three seeding 
latcs, two weed control lecels, and tour N levels 
wasconducted on six farms in Nueva Ecija, four in 
Bulacan. and six in ('amatines Stir. Results froim 
the three study areas tollowed the same pattern. 
Genera ll., yieIl idiffeiences am ong seeding rates 

Table 26. Effect of Murce and imethod of N appication on grain yield of direct seedetl, irrigated rice at fari ers' (CIP) ail 
high (1101') levels of cultural practiLCs in 3 study areas in the Philippines, 1985 IDS. 

N source,' *\Ppticatir N aILrttodapplied Nueva I ciia 

PU t'arers' split" 
PU Researchers' split1 

US(; leep point rlaceiient 
SCI IBroadcast aint incorporatedt 
IT IResearchers ' split 

(kg/ha) t12 sits) 
1.(71' 11(R
1 


0 3.6 c 4.2 c 
58 5.0 ab 5.5 1 
58 5.3 a 5.8 ab 
58 4.9 ab 5.7 b 
58 .1.8 h 5.6 ) 
87 6.2 a 

;rainl yield (t/ha) 

tlracanb ('aMrarines Stir
(6 sites) t 3 sites) 

i.C1 I1(1 1.(71 IICP 

2.7 3.3 3.3 c 3.5 d 
3.. 4.5 4.2 1, 4.4 be 
3.4 3.9 4.5 ab 4.7 1 
3.1 3.) 4.7 a 5.0 at) 
3.5 4.3 4.8 a 5.0 ab 

4.3 5.2 a 

"IU prflct urea,. USG - urea supergranules, SCIU sulur-coated turea. ')NRI) l or litlacan is not sthowin because of farm.to-farir variability. Ci 5 d aifer seeding (I).\S) and past panicle initiation (Pt) in Nueva Ecija, 17 and 35 t)AS in Bulacan,
and 15 and 35 t)AS in Canuaines Str. "'lhree equal split applications; broadcast and iiicorporuted (IM) without standing
water, at 20-30 ).AS, and 5-7 d before panrice iritition (IMti'). 'nre by inserting UtSG by hand at iO-12 ct soil depth
3 t before seeding (IS). As StU I 3 DItS. 
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(100. 150, and 2() kg ha) were not significant, are:'.s, the test rices produced generally lowcryields 
regardless of weed management and N level, than the farmers' varieties. Typhoon damage, rats, 
Optimum yield was obtained at 80 kg N ha. and birds contributed to yield losses on test rices, 
Results from Nueva Ecija and Camauines Stir also which matured later than the fIarmnes' varieties. 
showed that the resea rche rs' weed control (grain- Response of direct seeded, rainfcd rice to fer
ular butachlor at 1.0 kg ai ha applied 3 d before tilizer application was dctermined frorm one farm 
seeding) was slightly better than the farnici's' in Nueva Ecija a nd cight in Cama; nes Stir. In 
method. In Bulaca n, farners' weed coltro! was as Nueva Ecija. alppliCatlion of 60-13-25 kg NPK/ha 
efficient as the rescarchers method. produced 3.7 t ha, comparable to the yields 

Rai/'ed sites in re .weaso. The yield gillp iII WS without added P. K, or PK. Yield rsplnse to NPK 
was dete riined from eight rain fed, d rought-pronc was not significa nltbca tise of se\e re lodging dile to 
fa ms two in Nucva I-cija and six in Canarincs a typhoon at ripening. Zn (4.5 kg/ha) application 
Stir. Farmcrs' lilliliicr and \wccd control lc,,cls also showed no significant response. 
\\-ere higher in Ntrca lciJa. Yields \\ere generallv In Ca matines Sur.NPK treatment produced 2.9 
low at both locations. In NLICva LCija, a strong t ha, comparablc to the yield without added K. 
typhoon hit thte trials ai the late reproductive,,tagc. Witlct added 11,grain yieW was significantly 
In Carnairines Stir w-ater shortage occurred right lower, indicating that P wa'ts liniititng. Zn applica
after seeding through 30-54 d: averace rainlall tion showed no ignifica t resp rit. (rain yields 

during that pclod \sas onl 1.6 mmln d..Across \were generally low\ beca use of drought stre.,s at all 
sites, yields \\ith fariiic,' inputs a\cragcd 2.4 ha. sites. 
lowcr by 1.3 t Ihathan \with rcscarchers' inputs. Of ()n two rainfed frims in Nuva Fcija. response 
the yield gap, the high level of trtili/r accountcd to va lots mcthods applying lIT and USG was 
for 58";. iiproeCd wccd control 2511. and significant (Table 27). At 29 kg N ha. deep-placed 
improved in,,cct control 17+7. USG, either by hand or hy machine, and PU placed 

The droght-tolcrant lincs I R 14753-49-2. hv machine \%csrC gerct-ailv interior to lescarchers' 
IR 19431-72-2. and 1R 131 40-45-2-3 \%crc tested ov split-applied fI. No further \icd inrcase was 
drought-prone aimis. ",iir s ii Nuca Fcita obscrvcd at 58 kg N ha regardtlcs of N source aid 
grew CI00 and an trnkrnom IR line. In application iicthod. IlC ICsCarchers' split out-
Caatllir,'ilcs Silr. Illost c IR5. In both yielded the saritucr' 29 kg N hatallr,gC\re split b\ 0.5 t ha at 

Table 27. Effect (ifsource and metlh i of N applicai t0 oil grain yield of direct seeded rice on rainfed ard irrigated farms 
athigh level of cult 2study areas ir ite Philippines, 1985 WS.urtl practices inr 

(;rair Yietd (t/hal 

RailredN source Applical ion urriltod N applied I Irrigated 
(kg/ha) . 

Ntc'a lcija (am'Hi,wcs Str Nueva Icija (ararires Sutr 
(2 sites) (5 sites) I site) (Isite) 

0I 3.3 d 2.6 . . ..7 c 3.8 t1 
It' tarmers' split"

' 
29 3.9 abc 3.1 Cd 4.01 bc -. 4 be 

lit' Researchers' split" 29 4.4 a 2.k d, 4.7 it! 3.8 tl 
c1)UI'opdressirg 29 4.1 ab 2.9 del 4.6 ab 3.8 d 

us(; cl)ep 29 c 2.9 dLIi 4.5 abl 4.6 bcpoint placrelent', 3.8 
PU t'thrrer JUugiL 29 3.8 he 3.1o (le .3 i 4.2 Cd 
US( I'res,,.edLu:' 3.8 1e 2.8 i 4t ;ute 4.2 cd\% 29 
IT Iarmers, 'pil" 58 .1.2at) 3.1 cd 4.8 ub 5.2 a 
I'l Researchers, S,I11 58 4.A 1 3.1 bed 5.2 ,, 4.6 be 
lit! Itopdresirrg 58 4.2 ab 3.3 hi .1.7 ah 4.4 bc 
USG Deep poil placuierrtr' 58 3.6 e,t 3.3 1c -1.7 ah 5.0 ab 
I'T Researctrhrs' splitl 87 4.0 abe 3.5 a 4.7 A-, 4.9 ab 
"Corrmmonly used irlirrg of N application by farmers ir tiresltndy arias diuring WS: 15 t)AS anidpast I1 in Nrreva Ecija, 15 
and 35 DAS in (amarires Stir. h2/.3 l&i wir trut standing water (saturated concditionr) and 1/3 ai 5-7 )1iI. Fnitire amont 
of N at 5-7 D I.'1 iO.1-2 cm Yoil depth, luard-pilaced it3 I)IS. eMcthire placement 3 D)S.1l/2 at 20 DAS arl 1/2 at5-7 
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and by0.2 t/ha at 58 kg N/ha, but these diffei-ences 
were not significant. Results may not be conclusive 
because of a typhoon. 

On 5 rainfed farms in Camarines Sur, yields 
from hand point placed USG were comparable to 
those from other methods of N application, both at 
29 and 58 kg N/ha. Yield response at 87 kg N/ha as 
researchers' split-applied PU was significant. 
Drought stress caused low yields, and yield dif-
ferences could not be attributed to treatment 
effects. 

Irrgated sites in wet sason. In irrigated areas, 
the yield gap wasdetermined from one trial each in 
Nueva Ecija and Camarines Stir. The cooperating 
farmer in Nueva Ecija applied 73 kg N/ ha. higher 
than the researchers' N rate and that of the farmer 
in Camarines Str. Both farmers controlled weeds 
primarily by herbicides, and insects by foliar 
insecticides. Combining data, farmers' yields ave-
raged 4.6 t/ha, and resatrchers' yields 5.2 t/ha. 
Improved fertilizerapplication accounted for 67% 
of the 0.6 t/ha yield gap: the rest was from 
improved weed control. 

Yield performances of IR62 and IR04 were 
compared with those of fhrmers' varieties. In 
Nueva Ecija, the farmer's variety IIR(,significantly 
ou.yieldod IR62 (4.9 vs 4.2 tiha). In Camarines 
Stir, the farmer's variety BPI Ri4 also outyielded 
the test variety IR04 (5.4 vs 4.9 t, ha), but the yield 
difference was not significant. 

On the farm in Nueva Ecija, response to N was 
not significant except when it was applied together 

with either K or PK. Zn application gave no further 
yield increase. Soil analysis of the test site showed 
deficiency in both N and K. Results from the farm 
in Camarines Sur were similarto those observed in 
Nueva Ecija. 

In Nueva Ecija, the researchers' split-applied PU 
yielded highest; however, the yield was not signifi
cantly different from that with the other applica
tion methods(Table 27). The trial wasalso hit bya 
typhoon at ripening. On the farm in Camarines 
Sur, deep point placed USG at 29 kg N/ha 
performed betterthanthe researchers'split-applied 
and topdressed PU. The farmers' split also per
formed better than the researchers' split and 
topdressed PU at both low and high N levels. 
Intermittent irrigation after topdressing the last 
dose of N at 5-7 d before panicle initiation 
considerably reduced the yields of researchers'split 
and topdressed PU. 

Yield constraints on transplanted rice 
(Agronoin.). lrrigated sites in dry season. On 8 
f"arms in Nueva Ecija, yields from researchers'split
applied PU were comparable to those from point 
placed USG and topdressed PU at both 29 and 58 
kg N/ha (Table 28). The farmers' method was 
inferior to the researchers' method only at 29 kg 
N/ha, but deep point placed USG was superior to 
the farmers' method at both N rates. Generally, 
response to N was significint. 

Results from 6 farms in Camarines Sur showed 
that deep point placed USG was as efficient as 
researchers' split-applied PU regardless of N level, 

Table 28. Effect of source and niethod of N application on grain yield of transplanted rice at high level of cultural practices
in 2 study areas in the Philippines, 1985 DS. 

N source Application methodl 

PU Farmers' split a 

PU Researchers' splitb
PU Topdressingc 
US(; )eep point placementd
PU Farmers' split" 
PU Researchers' split' 
PU Topdressinge
USG Deep point placement(/
PU Researchers' split _ 

N applied Grain yield (t/ha) 

(kg/ha) Nueva Ecija Camarines Sur 

(8 sites) (6 sites) 

0 4.4 f 3.8 e
29 4,9 e 4.3 d 
29 5.1 ed 4.7 c 
29 5.0 de 4.2 d 
29 5.3 abc 4.6 c 
58 5.2 be 4.8 c 
58 5.4 ab 5.2 b 
58 5.3 abc 4.6 c 
58 5.4 ab 5.4 b
87 5.4 ab 5.8 a 

at5 I)T and past PIin Nueva Ecija, 15 and 35 DT in Camarines Sur. b2 /3 B&I without standing water (saturated condition) 
and 1/3 at 5-7 )13I1. CFntfre amount at 5-7 DIBPI. d10 -12 cm soil depth, hand-placed at 2-4 DT.e1 / 2 at 20 DT and 1/2 at 
5-7 D11I. 
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as in Nueva Ecija. Both treatments were superior to 
farmers' split and topdressed PU. Highest yield (5.8 
t,ha) wasobtained at87 kg N/ha using researchers' 
split-applied PU. 

Rail sites in wet season. The yield gap 
between farmers' and researchcrs' inputs was deter-

mined from 10 drought-prone and 3 f]ood-protlr" 
fairms in Nueva Ecija. and from 3drought-prone 
Iarmns in Camarincs Sir. All test farms in Nucva 
'ci a -e re N deficient. while the farms ii 

Ca,1ines Sitr wcrc deficient in P aid Zn. The 

I'arniers in NUCva t-cija applied higher lcvels of 
inputs than the farmers inCamal'ines Sur. Yields 
with farmers' inputs at tiledrought-prorie sites it) 
tile2 study areas ranged from 1.3 to 5.3 t ha. 
averaging 3.9 t ha. Rescareichers \'iclds ranged 
frot 3.1 to 6.0 t ha. a\craging 5.0t ha. Fertili.1cr 
contribution to tile\'ild gap or01.1 t ha \\'ashigh. 
iiCcotntinrg Ior 47(< in each area. Improved Aced 

Cotntrol contributed 331 and insect control 20"1 
Ntuc\i lci'jlariecas'
Inthe flood-pone +iica ill 

inits p rod rced anii averac yic (if 4.0 t ha . lowr 

by 0.5 t ha than that wvith researchers' inputs. 
Improved insect control contrihted 80(1 to the 
\'iCldgap. and fe rtililcr accounted for the re-
mairder. Ixalf'Older arid \\1h1'1 1agor infested 
two of the three trials in t hi' arlea. 

In Nire\a E/cija. the doriinant lhirmers' varieties 
were 1! RilO. I11(36and I inthedr~Olght-

prone area and IR,12 ill tie fhood-pronc area. The 
lariners' \arictics signif'icanitly outvieIded tiletest 
rices in drnotught-pirl1a ilood OpL- (lic alrcas 

(-Iable 29). The I.ariters' varicties in Camarines Sir 

also outyielded the test rices, but the average yield 
difference was not significant. 

Response to fertilizer combinations was 
measured on 12 farms in Nueva Ecija and 6 in 
Camarines Silr. In Nueva Ecija, fertilizer response 
was significant on only eight farms beca use lodging 

was scvcrc on four farms. Drought stress affected 
the trial: in Camatirics Sur. 

Methods of applying PU and USG were eval
ated on II farms in Ntueva Ecija and on 6 in 

Camarines Sur. liiboth study areas, neither hand 

point placement of' tUSG (29 kg N "ha) nor deep 
placement of Ui S( and PU by machines performed 
beterthan tile resea relicis'split application of PU. 
Compared \\ith the hl'tiners' method, the research
crs'split gavean additionalyield ofat least 0.3 t'ha 
in Nueva Ecija and 0.5 t ia in Carnarines Stir. 
regardless of' N rate. 

sitesin ntet season. In Nueva Ecija, tie 
fcrtili,er ievels of tile 

'Irriat('d 
4 cooperating fartcns aver

aged 40!-10-7 kg NPK ha. The two farnieni' N rate 

ill Cainarinies Stir wasI igherthani tihe researchers'. 
Farners' yields iniNtie\, Ecija averaged 3.6 t,ha, 

lower by 1.2 t Ili than the researchers' Yield. The 
yield gap was dtie mainly to t lie effects of fe rtilizer 
(67 l7) a nd iminp ro\cd insect control (25%',)). In 

Cama rines Sir. tilefaric rs' a\crage vield of 4.6 

tha was lower by 0.4 t ha than the rcsearchers';
f'eriiifr aCcotunted Ior 57(" of the gap and weed 

control 43(''. 
lhrce of' tie Nuneva -ciJa h.rniners grew IR62. 

One Camarines Sur taiii cr' grC\ al Uknown 

variety. and tile 'IlicOther Used I,,(W1. test varietv 

Table 29. Yieltds o'farirmers' TPIR varicties and test varieties in rainfcd and irrigated farms in 2 areas in the Philippines, 1985 

P'rovince 

\'uIva tCija 
Nueva 1ija 
('aiarines Stir 

Nucv;t' I ieia 
':,natrincs Stir 

L anmdscatpe position 

t.)mrought-prone 
Flood-prone 

Drought-prone 

Sites0,o.)...
aFarmers' 

Raied 
8 

3 

3 


d
I-rrtL'utc 


4 
2 


.. ... 

varietv 


5.3 
4.5 
4.1 


4.8 
5.0 

Yield uta 
-. ... . . .7_-... 
_
,Test v riet\, 

4.3 
2.8 
3.4 

5.5 
5.4 

... . .
Difference 

- 1.0" 
- 1.7* 
-0.71ns
 

0.711s
 

6.41's
 

iONNueva Icija1, tMTittt farmers' varicties were BI1Ii ilO. W1(30, and 1158 on rainfCd drotught-prone fartos, 11i42 on rain

fc.t fhtod-prne faris,and 1.62 ontirrigated farms. in (am ines Stir, fartners' varieties were 1136, 11.56, and Inunknown 
lI variety on rainfed farits, and 11064 and it tkno nttvariet on irrigated farms. /''est varieties on raintfed farms were 
11t14753-49-2, 11 10781-75-3-2-2, and Itt13146-45-2-3 for droudt-Iproie, and IZt28905-10-1-3, IR26721-135-2-6-1-3, and 
I,21 567-9-2-2-3-1 for fhitd-protne farnis inNueva }-cija;an1d Mi 14753-49-2 and lit 19431-72-2 inCaitarines Sur. Oi irriga
ted farms, the testvriet \%as W.64 inboth areas. 
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(IR64) outyielded the farmers' variety by an 
average of 0.7 t/ha in Nueva Ecija and by 0.4 t/ha 
in Camarines Sur (Table 29), but the differences 
were not significant. However, the yields did not 
differ significantly. 

Results from three trials in Nueva Ecija showed 
that NK,NP, and NPK applications produced 
similar yields. N alone yielded 4.1 i/ha; the yield 
without fertilizer was only 3.2 t/ha. In 2 triials in 
Camarines Sur, application of N alone gave 4.9 
tIha, while NP and NPK produced similar yields 
of 5.3 tJha. Zn application did not increase yield in 
either area, even though most of the test sites were 
Zn deficient. 

In four trials in Nucva Ecija, yields from Various 
methods of applying PU and USG were low and 
comparable, regardless of N rate. Scveie lodging 
during ripening at.three sites caused substantial 
yield losses. In five trials in Camaiines Sur, yields 
from various methods of N application were 
similar to those in Nueva Ecija bca LISCof drought 
stress. 


Yield constraints on upland rice (1gronom). 
WS experiments on five Santo lonmas and five 
Cuenca farms in Batangas determined the niagni-
tude of the yield gap between fairmers' and high 
inputsand the effects ofvariety, fertilizer.and weed 
control and their interactions on grain yield in 
upland rice. Another experiment on the same 
farms evaluated five input managenent packages 
of fertiliier, weed control, and insect control on 
farmcrs' and modern varieties. A separate experi
ment evaluated the yield response of tnree varieties 
to N and P with farmers' and improved weed 
control methods. 

Santo Tomas soils had pH 4.2-5.0. and Cuenca 
soils pH 4.8-5.4 (Table 30). In most soil characters, 

Cuenca soils had higher values than Santo Tomas 
soils. 

Santo Tomas farmers' fertilizer rates averaged 
83-5-2 kg NPK/ ha. Mechanical weed control was 
done twice with the use of animal-drawn farm 
implements and twice by hand. Four of five 
farmers planted traditional upland varieties. 

In Cuenca, farmers' fertilizer rates averaged 58 
kg N/ ha; no farmer applied P or K. Mechanical 
weed control was done twice with the use of 
animal-drawn farm implements and once by hand. 
One of five farmers used herbicide. All farmers 
planted the traditional upland variety Kinandang 
Patong. 

Yields with farmers' inputs averaged 0.9 t/ha in 
Santo Tomasand 1.3 t/hain Cuenca(Fig.8). High 
inputs significantly increased yields in Santo 

Gran yeM (t/hot 
U Farmers 

- i [Riii~
variety U Farmers' voriel 

3 

- UpL5 3
L\ UrLR,7 / 

Santo Tbmas Cuenca 

(5sites) . . (5sites) 
2 -

..........
 
b 

0 Farmers' Highinputs -amers' High inputs 
nputs inputs 

8. Average yields of upland ric with farmers' and high inptis. 
Batangas. Philippines. 1985 WS. Farmers' varieties wereKinandang Patong, Kali o, and B733C-107-3-2 in Santo 
lonias and Kinandang Patong inCuenca. 

Table 30. Properties of 5 Santo Tomas and 5 Cuenca soils where yield constraints experiments in upland rice were conduct
ed. Batangas, Philippines, 1985 WS. 

Soil property 

p1 
Organic C G,) 

Total N () 

Exchangeable K (meq/100 g) 


Mg 
Ca 

CEC (nieq/100 g) 
Olsen 1P(mg/kg) 

Range Mean 

Santo Tonas Cuenca Santo Tomas Cuenca 
4.2 -5.0 4.8 -5.4 4.7 5.1 
0.8 -1.0 0.9 -1.4 0.9 1.0 
0.09-0.11 0.09-0.12 0.10 0.10 
0.58-1.50 1.14-1.47 1.00 1.30 
4.7 -5.7 5.4 -6.6 4.9 5.8 

13-16 
20-27 

18-23 
25-30 

14 
22 

20 
28 

9-25 3-11 20 8 
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-1.0 

Rainfall (mm/wk) Soil moisture tension (bars) 

500 
3- No. of rainy days 

Santo Tomas 

400 i:: Rainfall -0.8 

x.....i Harvesting of FV 
4 ::!:::::iii::(17 Ocf)
4 SMT 

300 10-cmn soil depth I 0edngo.6 
20 cm soil depth Haigo 

3 farmers'variety (FV) 6::::::::::::::::J ::::~

(17Sep) 

200 04 

Germination : :. II:::: 
for allv ne, ;es : : 
(3Jun) ::::::::::::
:
 

1 2 * 300::::::...:.: :~:: X:. 0 

5O0 I0 

500~ 1.0 

Cuenco Heading of 
FVand UPLRi7 

(20Aug) 
400 4 1 0.8 

3/ 

300 -0.6 
Harvesting of 

FV and UPLRi5 
, ( 20 Sep)Germination (0e 

200 -for all varieties 5 0,4 

(10OMay) 

It 2'75 02 
100 7 .... -0 

2 4 . .: : : : 4 'i:!:i~i~i:
" :: 4 4 , i:i~i :: i.: '.... ..42 .:2...... :.. ...... • ... ....... ........ .
 

I- May Jun -4- Aug i- - OctJI-- Jul -t; - Sep --

9. rotal weekly rainfall and daily (3-point moving) SMT at constrainls experiment sites. Batangas, Philippines, 1985 WS. 

Tomas despite 92 cb SMT at the late vegetative outyielded farmers' varieties in Santo Tomas (Fig. 
stage, but not in Cuenca, where SMT reached 89 cb 10). In Cuenca, moisture stre.,s resulted in lower 
at the reproductive stage, resulting in empty grain yields of MVs, particularly IR43. 
spikelets (Fig. 9). High fertilizer did not increase Improved weed control increased yields over 
grain yields because of high farmers' rate in Santo farmers' weed control. MVs significantly out-
Tomas and moisture stress in Cuenca. Under yielded farmers' varieties under both weed control 
farmers' and high fertilizer, MVs significantly methods in Santo Tomas (Fig. 11). With farmers' 
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Grain yield (f/ha) Grain y;eld (t/ha) 
3 -3

Farmers' varietY Santo Tomas Farmers' variety oms 
,R43
 

,'N UPLR15 JR43
2 - iii 2::iiiii
s5a 

aa 

aa 

bb 

2....:2!:.. 
 ::ai~
 

aM
i 3ideIR(Table 31). r 
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farmers' and modern (R43, UPLRiS, and UPLRi7) varieties at 5 inputTable 32. Average yields of upland rice with 

management packages in farmers' fields. Batangas, Philippines, 1985 WS. 

Grain yieldb (t/ha) 

Farmers' variety 

1.5 b 
0.2 c 
1.5 b 
0.5 c 
2.4 a 

Cuenca (5 sites) 

IR43 Ul'LRi7 Av 

0.4 b 0.8 c 0.9 
0.1 b 0.2 d 0.2 
0.2 b 1.2 b 1.0 
0.1 b 0.6 e 0.4 
1.1 a '.8 a 1.8 

Package level a Santo Tomas (5 sites) 

Farmers' variety 

0.7N 1 
0.1Nt2 
0.5M3 
0.5M4 
1.3M5 

IR43 UIPLRi5 Av 

1.3 1.0 1.0 
0.1 0.2 0.7 
1.1 1.0 0.9 
0.7 0.4 0.5 
2.5 2.0 1.9 

shown because of farm-to-farm variability. Farmers' varieties 

were Kalibo, Kinandang Patong, and 11733C-167-3-2 in Santo 'ron as and Kinandang Patong in Cuenc.. 
"See footnote to Table 31. bDM r for Santo Tonias is not 

Table 33. Grain yields of upland rice with farmers' and modern (1R43, UPLRiS, and UPLRi7) varieties with 3 N levels.a 

Batangas, Philippines, 1985 WS. 

Grain yield (t/la) 
Sites

Location (ito. 	 Variety 
40 N 80 N 120 N Av 

Santo Tomas 4 	 Farmers' b 1.1 1.5 1.5 1.4 

IR43 2.1 2.7 2.9 2.6 
2.8UPLRi5 c 2.3 2.9 3.1 

LIPI.Ri7 1 11 1.6 1.3 1.3 
Av 1.7 2.2 2.2 

Cuenca 1 	 Farmers'1' 1.9 2.4 2.0 2.1 

IR43 1.5 2.0 2.2 1.9 
UI'LRi7 1.0 1.1 1.2 1.1 

Av 1.5 1.8 1.8 

aAv of 2 weed control levels. bl'arlners' varieties were Kalibo, UPLiS, and Kinandang I'atong in Santo Tomas and Kinan

dang Patong in Cuenca. cUPILRi5 was planted at 2 sites. dUILRi7 was planted at the 2 other sites. 

average grain yield: M, and M, produced corn-
parable average yields (Table 32). M2 and M4 

produced low yields becatLsc of ineffective weed 
control. 

Resjotse to N and P. A sepatate experiment on 

4 farms in Santo Tomas and I ltrm in Cttenclt 
showed that grain yield with 40 kg Ni ha averaged 

1.7 and 1.5 t ha. respectively (Table 33). At 80 kg 

N,iha, yieldsaveragcd 2.2and 1.8tiha, respectively. 
No increase in yield was obtained with 120 kg 
N, ha. Application olf40 kg P/ha (lid not increase 
grain yield, indicitting the test sites were not P 

deficient. 
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IEClNICAL. CIHAN(iE. POLICY, AND I-Qttl'l Y IN 
'HF IN)ONSIAN RICIECONOMY. 1969-83 

Indonesia achieved self-sufficiency in rice in the 

mid-1980s as a result of remarkable production 
gains over the preious 15 yr. From 1955 to 1967, 
rice production grew by 1.8%, yr, a rate below that 

of population growth (Table I)- production 
increased by4.7,:i annually fromh 1969 to 1983, but 
imports remained high, averaging 1-2 million t 

throughout tihe 1970s. The high growth rates o0 

population (2.31. ) and gross donestic prod net per 

ca pita (5.1 ' ) and tihe relatively high income elay-

ticity of' demand for rice (0.35) increased rice 
consun ption per ta pita from 90 kg in the I 960s to 
rmore than 140 kg by' 1983. As growth of pro-
duCtion accelerated, imports declined to atn annual 
a\'erag of 3(X),.0(X) t by 1980) ;nd ceased altogether 

in 1985. 
Growth in rice productiOn sincc 1%9 has been 

primarily from intensified use of land. While the 
average yield stagnated at 2 t ha in the I950s and 
1960s, it grew at 2.9% yr from 1969 to 1977 and 
more rapidly at 5.6% in recent years. Yield 
increases accounted for na rly 80"1 of growth in 
production from 1969 to 1983 as average yields 
doubled to almost 4 tjha by 1983. Crop area 
continued to expand after 1969. initially at 
0.5%/yr. Although the rate of crop area expansion 
(1.4%) after 1977 was equal to that from 1955 to 
1%7, its cortrihiton to production growth was 
only 2(Y,i compared with 73(,'j, in the earl,' period. 

Adoption of modern varieties(MVs). incrcawsd 
use of f'etiilcr. arid improvements in irrigation 
cattsed yield growth and expansion of the crop arca 
(Fig. I). Separating the impact of' each of these 
factors is difficuilt beca use they are highly cornple-
mentary. MVs raise profitability of both irrigation 

and fertilizer, while greater availability and lower 
cost of irrigation and fertihmier induce higher rates 
of MV adoption. Progress in vield from 1969 1o 
1976 was achieved prirniily through the 131MAS 
extension credit program. which introdtuced MVs 
nationwide in 1969. Adoption of MVs reached 
33% of the planted area by 1974. but serious 
outbreaks of brown planthopper (3PII) slowed 
down adoption rates bytle mid-1970s. Ater 1977. 
dramatic increases in fe rtili/er use per hectare and 
irrigation investments accelerated the growth rate 
of yieId sand prod uction. With the release of IR36, 
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Table 1. Growth rates of production, arm, and rice yield 
in Indonesia, 1955-82.a 

Period Growth rate (%) 

Production Area Yield 

1955-67 1.84 1.34 0.50 
(73) (27)

1969-77 3.79 0.86 2.93 
(23) (77) 

1977.83 7.02 1.42 5.60
(2t))(20) (80)(80) 

apercentages of production gain attributable to area and 
yield increases are given in parentheses. 

which is early maturing and resistant to BPH 
biotype 2, MV adoption gained further mo
nentum.

This section analy/es t lie distributional implica

tions of the modern rice technology for consuimers 
and producer's. Attention is drawn to the role of 
government policies on rice and fertilizer price and 
irrigation investmients, as these have affected not 
only rice productivity but also the distributional 
implications of technical change. 

The model. The method is ised on the supply
demand fanmework closely following the Hayaani 
aild Ilerdt analysis. '[his model, which considers 
he scmicominercial orientation of ricc farming but 

assumes i closed economy, isextended to analyze 
tile case of anl open ectromy with government 
intervcntion in the product market. 

Incevases in productivity through adoption of 
MVs anrid irrigation investment (i.e., technical 
change) or through lower input prices reduce 
tle unit cost of out put and hence shift the supply 
function of' i commodity rightward (Fig. 2). 
Assuming pencect competition, the distribution of 
tl.c hene fits hom the supply sliif't betwen pro

ducers and consure rs depends on the price elas
ticities of deiiand and supply for the commodity, 
tlie degree of corumcrciali/ation of larmning, and 
gover'rirnert trade and pricing policies. 

II at closed ccomry, the producer laces the 
domestic denarid curve ()lD). which is typically 
inelastic for rice (Fig. 2). A rightward shift in the 
supply curve froi OSI, to OSt as a result of 
technical change or lower input prices will reduce 
otput price(OP, to OPI) at a more rapid rate than 
the increase ill Lltait demanded (OQO to OQI) 
unless go\ernment policy fixes the price level. 
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Consumers' welfare increases through the con-
sumption of a larger quantity (OQI) at a lower 
price (OP,). If rice producers are fully commer-
cialized (i.e., they sell all of their output), their 
income from rice decreases by (PnPICA - OBC), 
and hence consumers become the major benefi-

H D So 

F 

Ethat 

P, 

D' 


H 

0 O , 0 
2. Impact o tctnical diangt in a closed conorny. 

ciaries of technical change by a welfare gain 
of (PoPtBIA). But, in a semicommercial economy 
where a major proportion of output isconsumed 
directly by rice-producing households (as repre
sented by demand curve 11F'), the net benefit to 
rice producers may be positive, as some of the 
consumer surplus (PnPIEF) is received by pro
ducers. Net consumer surplus (henceforth referred 
to as the consumer surplus) isrepresented by
 

FEBA. 

In Indonesia, rice is internationally traded, and 
hen.e producers' price depends on the world price 
and government trade and domestic marketing 
policy. In a country that is a small trader in the 
world market, an increase indomestic production 

will either substitute for imports or increase 
exports will not change world prices. When 
domestic prices do not change with technical 
change, all benefits accrue to producers in direct 
proportion to their sales. Domestic prices may
decline with technical change if the country initially 
restricts imports or if it shifts from an importing to 
an exporting situation as domestic competition 
shifts the benefits of the trade and natural pro-
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tection from producers to consumers inl terms of 
lower prices. 

Over the period under study, rice has been an 
import competing crop and the central focus of 
government agricultural policy. The changing 
trends and sources of productivity growth reflect 
the changing structure of government policy with 
respect to the balance between the two often 
conflicting objectives of rice self-sufficiencv and 
low stable prices to consumers. 

Rice price policy essential1% insulated the 
domestic rice econoin\ from the turbulent world 
rice market, asthc real pricc of rice remained abmut 
constant between 1909 and 1983. The policyshifted 
from implicitly taxing producers 20-30% from 
1969 to 1976, when world prices were unprc-
cedentedly high, to slightly subsidiiing the farm 
price (5-10%) as world prices declined in the earIy 
1980s. 

Input subsidies were also provided, and these 
have been more substantial since 1977. Subsidies 
on fertilizer reduced the N to paddy price ratio 
fron; am average of 3.0 betwiLen 1969 and 1976 to 
1.5 in recent ycars. The domestic price of ures, was 
36% below lie world price from 1979 to 1983. 

Annual irrigation investments in 1980 prices 
have averaged S167 million (Rp 627 - U15 in 
1980) since 1977. more than double the investment 
levels in 1970-70. G overnment policy noticeably 
switched from hea\ily protecting consumers in 
1909-76 to heavily assisting rice farmers. 

to) H , 0~SI
 

L N 

D' 


0O QO1 QU Q 

Figure 3 illustrates conceptually the effect of the 
new technology and of rice pricing policy on 
producer-s' and consumers' welfare in those two 
subperiods. 

In the initial period (Fig. 3a), given the supply 
function before technical change OSO and the 
demand function M)', domestic price Pd is kept 
much lower than world price P, by the policy of 
importing a larger amount .JG than the free trade 
import level MN. Und,-r a semicommercial situa
tion, consumers gain by LKGN, of which lKJ M is 
an income transfer from producers to consumers. 
A rightward shift in the supply function to OS, 
increases produccrs' surplus by JOl. There is no 
increase in consmer surplus, as neither price to 
producers nor that to consumers changes. The 
extent to which the net gain .101 due to technical 
change will offset the producers' loss from pricing 
policy (I.K.JM) is an empirical question. By 
lowering imports, however, the new technology 
shifts at least part of the government cost of 
subsidizing consumers to producers. Although 
price per se does not change as supply shifts uinder 
this scenario, the potential producers' gain from 
technical change is lowered by MIR because of 
price policy. 

In the later period (Fig. 3b), a higher rate of 
technical change is depicted, and therefore net 
benefit to producers is greater. Furthermore, the 
domestic price is slightly above the world price as 
the government maintains the real price of rice 

P (b) H S 

S2
 

WW A 
D 

0o 020 Q 

3. Impact (ittwlical change irid piucnment policy in an opcn econoiliy. 
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constant despite a sharp decrease in the world Table 2. Average annual changes in consumers' and produ
price. Price policy therefore provides producers cers' surplus due to modern varieties, assuming a closed
 
protection equal to VWAZ, of which XYAZ is also economy.
 

due to technical change. Without the price pro-
 Changc" (million S) Ratio 
tection, technical change increases producers' Item at-io2/
surplus by YOA. Total gain to producers amounts 1969-76 177-83 (2/I) 
to VWYOAZ. Empirically, VWYX is considered -1) (2) 
producers' net benefit from price policy, XOZ is Commercial
 
prod uces'gain frotechnical change. Price policy Consumers' 384 2.6
Producers' surplussurplus 1006 2.2126 273 

reduces consumers' surplus by VWUT. Technil Semicommercial
change does not directly affect consunter surplus. Consumers' surplus 173 553 3.2aS rice Continues to be import-conPpcting, Producers' surplus 85 180 2.1 

Data and estimation procedures. To qtuantify aAt 1983 prices.
 
the changes in prod ucer and consumersurplus due
 
to the new technology and to price policy, the
 
following supply and demand functions were their output at lower prices would have lost $126
 
econometricall, estimated based on pooled time- million at 1983 pices(Rp909.30= US$1)annually
 
series, cross-section data of23 provinces from 1969 
 in 1969-76 and $273 million annually in 1977-83. In
 
to 1983. the semicommercial case, which is more relevant to
 

Indonesia, 33i of the annual total social benefit,
Q, :(1,. I'm 1. R. IR, A1 1).,) amounting to $258 million yea rly for 1969-76,Q,cc /(11, I' ,f .) accrued to producers and over 67i' to consumers. 

where Q, is rice net production, Pr the deflated After 1976, as tile average level of total benefit 
floor price of rice, P,,, the deflated rural price of almost tripled. producers' surplus inrceased, but 
maize, P, the deflated rural price offertilizer, R the consu me.r still gained relatively more than pro
annual rainfall, IR the deflated expenditure on d(ucers. 
irrigation, A/" the net proportion of area under in an open economny (Table 3). price policy in 
MVs, Ds a provincial dummy variable, Q, the 1%9-76 clearly provided substantial annual sub
production plus net entry of rice, PR the deflated sidies to consumers worth $817 million at 1983 
retail price of rice. PA! the deflated retail rice of prices, while producers suffered an annual net loss 
mai/e, I the deflated income per capita, and N the of $594 million. The producers' benefit from MVs, 
population. The equations are specified in log- irrigation investments, and fertilizer price subsidy 
linear form, and the data were obtained from the 
Central Burea uof Statistics. l)cpartiment of Public 
Works, B.UL.O(i, and Department of Connuni- Table 3. Average amual changes in consumers' and pro

ducers' surplus due to supply shift and price policy in anci ttOls. open economy and with government intervention in semi-
Dislribution between producers and consimers. commercial economy. 

Tables 2 and 3 somma rie the changes in consu mer  (million 
and prod uccrsurpluses resu lting froml supply shifts Change a 

__million_$) 
as estima ted for each yea r from 1909 to 1983. Three Item 1969-76 1977-83 
fIactors account for the supply shifts: technical (1) (2) 
clmange throtugh ad option of MVs, irrigation inv'est- Effect of price policy 
ments, and fertilizer price su bsidy. Twosubperiods Consumers' surplus 817 -214 
are distinguished to infer the differential impact of Producers' surplus -594 118 

Effect of supply shiftthe supply shifts and rice price policies over time. Producers' surplus 415 1336 
In the hypothetical ease of a closed economy, Modern varieties 143 558consumers were the main beneficiaries Of Supply Irrigation investment 19 105th anbnfcaiso upyFertilizer price subsidy 253 673 

shifts (Table 2). Considering only the effect of Fertilizerpricesubsidy_253 _ 673 
MVs, fully commercialized producers selling all at 1983 prices. 
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($415 million) was not sufficient to offset their factors affecting productivity of fertilizer such as 
implicit losses due to price policy during this MVs and irrigation. A demand model with the 
period. After 1977, producers benefited both from following specification has been estimated in log
price policy, which held the real domestic price linear form. 
constant as the world price declined, and from a F/ha =f(PJP, S, M , IRR, T) 
more rapid rate of techn al change. While the level F/P M R 
ofconsumers"surplus did not actually change from where 
the previous period, consumers' potential gain F/ia= fertiliz'er use on rice in kg NPK/ha, 

= 
from lower world prices ($118 million/yr) was P1P, ratio of price of urea N to price of paddy,
 

passed on to producers to protect their income. S = measure of land density (rice crop area in
 

The total supply shift in recent years increased ha per capita),
 

producers' surplus by $1,336 million, representing MV= percent of rice area planted to MVs,
 

a fourfold increase from the preVious period. The IRR = percent of rice area irrigated, and
 

contributions of MVs and irrigation are better T = time.
 

viewed as a combined effect beca use of theirstrong This demand model was estimated using pooled
 

complementarity. Hlowever, the flertilizer price cross-section, time-series macro data of Asian rice

subsidy accounted for about half of the shift of the growing countries for 1960-82. S is included as a
 
supply function over the whole period. proxy variable for price of land, while the time
variable is to account forthe learning time required 

in the diffusion process of any new technology. 

OFINIMINANIS OF FFRIIJZFIR USE IN ASIA Patterns across countries. Trable 4 shows the 
average levels of fertilizer use and the values of the 

Increased fertilizer use has accounted for at least a variables affecting fertilizer demand among Asian 
third of the growth in rice yields in South and countries from 1980 to 1982. The relative price of 
Southeast Asia since the mid-1960s. Asia registei.d fertilizer to rice was negatively correlated with 
tie highest regional growth rate (10.5%) of fer- fertilizer use. In Thailand, where fertilizer use was 
tilizerconsumption during the period, almost twice among the lowest, the price of fertilizer was about 
the 5.9% global rate. This section analyzes the 4(X)% of paddy price. In Japan, Taiwan, and the 
factorsaffecting fertilizerdemand in the Asian rice Republic of Korea, where fertilizer application 
sector in order to address two related questions, exceeded 200 kg/ ha, fi -tilizer price was only about 
First. why have per-hectare application levels 70% of paddy price. These countries have histo
remained low in many South and Southeast Asian rically had well developed irrigation systems and 
countries despite the speed with which fertilizer have been using fertilizer-responsive varieties since 
consumption has increased within a relativelyshort the I930s, because land is extremely scarce. 
period of time'? By the early 1980s, an average of The low application of fertilizer in Bangladesh, 
only 30-40 kg of fertilizer nutrients wasapplied per Burma, and Thailand is consistent with the rela
hectare of cultivated land in South and Southeast tively low proportion of irrigated area and adop-
Asia -- a level less than one-tenth that in East Asia. tion of MVs. The 50% MV adoption in Burna was 
The rapid diffusion of lertilizer-responsive rice achieved only in recent vemrs with the launching of 
varieties since the I%0s and the sharp increase in a strong production program. Thailand and 
fertilizer prices with the two oil price shocks in 1973 Burma continue to be competitive in the world rice 
and 1981 have had opposing impacts on firtilizer market mainly because of rclatively abundant land 
consumption. resources. Although Bangladesh has a relatively 

The second question is: How have changes in the high rice area per ca pita, it has perhaps the harshest 
price of fertilizer relative to that of rice and changes environment for agriculture. 
in production technology or fertilizer response Fertilizer use per hectare in the Philippines, 
function affected firtilizer demand in Asia? India, and Pakistan ranged from 30 to 70 kg 

The model. Demand for fertilizer in rice pro- NPK/ha and theirfertilizerto rice price ratios from 
duction is a ftictit.n of its own price relative to that 3.0 to 3.g. Pakistan and India had low rice area per 
of rice, the price of' sub.,itute inputs, and the capita, but wheat was also an important staple. 
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Table 4. Patterns of fertilizer use on rice, fertilizer to paddy price ratio, rice crop area per capita, adoption of MVs, and 
percent irrigated area across Asian rice economies, 1980-82. 

NPK Fertilizer:Country (kg/ha) paddy price 

Bangladesh 13 2.17 

Thailand 21 
 4.27 
Burma 22 1.81 

Philippines 
 32 3.81 

India 
 53 3.63a 
Pakistan 69 3.02 

Malaysia 87 
 1.31 

Sri Lanka 96 
 a
2.14
 
Indonesia 112 1.33 
Korea, Republic of 244 0.72 
Taiwan, China 276 0. 9 6 b 

Japan 356 71b
0. 


aBased on 1981. bliased on 1980. Clhased on 1978. 

Despite its highest rate of MV adoption. the 
Philippines had the lowest fertilizer application in 
this group because of the unfavorable price ratio. 
Rice areas in Pakistan were all irrigated, and with a 
fertilizer to rice price ratio of 3.0, fertilizcr use was 
nearly 70 kg, ha. India also had one of the most 
unf'avorable price ratios in Asia, but in the 
northern and southern regions, where the pro-
portion of irrigated area and adoption of MVs 
,'angcd frol 80 to l()%.fertilizer use was60-70 g 
NP Ki ha. In eastern India, however, where the 
environment is not suited to the new fe rtilier-
responsive rice varieties, fertili/r application was 
relatively low. 

Malasia. Sri lanka, and Indonesia had the 
highest rate of fertilizer applicalion per hectare 

Rice area (ha) MV Irrigationper capita (Y) (%) 

a
0.12 23 13
a
0.19 12 28
a
0.13 51 18

0.07 81 50 
0.06 47 43c 
0.02 44 100 

a
0.05 44b 76
0.05 88 62a 

0.06 71 78 
0.03 100 100 
0.04 100 100 
0.02 100 100 

among South and Southeast Asian countries and 
relatively small rice areas per capita. Substantial 
fcertilizer price subsidies resulted in low fertilizer to 
rice price ratios. The proportion of irrigated area 
and adoption of MVs were relatively high. 

Regression results. The regress;ion results of the 
fertilizer demand model are presented in Table 5. 
The R2's from eqlations 2 to 5 are remarkably 
high, even without the inclusion of the time 
variable. Except for the fertilizer price when spe
cificd sepanttely from rice price, all the ! values are 
statisticallysignificant. All the coefficients have the 
expected signs. 

The substantial increase in the R 2s from 0.161o 
0.71 as the percent of MV; and irrigated area are 
added, and their high I %alucs demonstrate the 

Table 5. Factors affecting fertilizer use (kg NPK/ha) in the rice sector of 12 Asian countries, 1960-81 .d 

Factor 1 2 3 4 S 

Price ratio -0.989 -0.284 -0.211 0.189 

Price N 
t-6. 299) (-2.826) (-2.004) (-1.804) 

-0.0274 

Price paddy -0.3377 
(-0.341) 

Percentage of MV 0.010 0.010 0.010 
(4.361)
0.0077 

l'ercentage of irrigated area 
(13.130) 

0.009 
(12.846) 

0.004 
(11.682) 

0.004 
(10.522) 

0.0066 

Rice area per capita 
(8.817) 

-
(1.729) 

-0.550 
(1.609) 
-0.606 

(7.533) 

Tim e ._ 
(-2.105) (2.333) 

0.010 

Intercept 
R3 

0.055 
0.158 

0.0)05 
0.708 

0.002 
0.712 

(2.268) 
0.027 
0.718 

0.005 
0.798 

aFlgures in parentheses are t-values. 
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relative importance of shifts in fertiizer response 
functions in explaining the differences in fertilizer 
use over time and across countries in Asia. The 
estimate of price elasticity (specified as ratio of 

price of ftrtilizer to that of paddy) remains statis-
tically significant in each equation. As expected, 
demand is more price elastic in the long rin (-1.0) 
than in the short run (40.2), when farmers operate 
on a fixed fertili/cr response curve. The separate 
specification of price (equation 5) indicates that 
fertilizer demand is more price elastic with respect 
to changes in rice price than with changes in N 

price. Indeed the t value for the price of N was not 

statistically significant. 
The negative and significant coefficient of the 

measure of' land constraint (rice area per capita) 
implies that as land becomes more scarce, fertili/er 
deiand per hectare incirUses. While time is a 

sigifica nt variable, it did not substantially raise 
the R2 nor, affect the coefficient of the other 

variables. An equation estimated with dummy 
variables for country did not add to the cx-

plartory power. lntercountry differences in omit-

ted variables either arc not so important or are 
highly correlated with tl included variables 

It t( 1 PROtl (ION S I[A IIIIIIN' 

It is unclear whether modern technology has 

increased or decreased rice production variability. 
Therefore, in collaboration with the International 
Food Policy Rescaich Institute (IFPRI), we ini-
tiatcd studies on the impact of modern rice tech-
iologyon produLIonPtybility. Here we report ounr 

initial study of rice production stability in the 

PIlhippines. The dcecomposition analysis developed 
by IF P RI was used; suta'ility in Philippine rice 

production in the period preceding the advent of 

MVs is compared with that in the period following 
their release. 

Changes in rice production. Philippine rice 
production increased by 3.2 million t/yr (93%) 
from the first to the second period (Table 6). Most 
of this increase was due to a 56% increase in mean 
yield as opposed to an area effect. The CVs of 
ave-age production, area, and yield were less in the 

second than in the first period. Variances were not 
significantly higher in the second period. Therefore, 
there is no strong evidence that modern rice 
technology has led to increased rice production 
instability in the Philippines. 

Mindanao recorded the greatest absolute in

crease in total rice production(Table7), where area 
increased by over 60% and yield by over 50%. The 
second largest increase was in Central Luzon, the 

rice bowl" of tile Philippines, where substantial 
increase in mean yield was associated with a small 

increase in incan area. The smallest absolute gain 
in total production occurred in Ilocos. 

In Central Luzon the relativc variability, as 

measured by tile coefficient of variation, increased 
in the second period. This region has the highest 
rate of' MV adoption and irrigated area (both in 

ahsolute and relative terms)in tile Philippines. It is 

,.so one of the most typhoon-prone regions of the 
country, and dry season irrigation in recent years 

(eg., 1982, 1983) was substantially reduced due to 

inadequate water supply. TiMts, while MV yields 
have increased with improved agrronuic practices 
(e.g., with irrigation and increased fcrtili/er use),
potential losses are larger if typhoons occur or 

when there is failure ii tile input deliverv system. 

Sources of production changes. The changes in 
ave rage prodtction betxwecn periods reported in 

Table 6. Changes in tie nrmn va liues a nd variahilii) in rice prodhuction, area, and yield in Itiv periods before (19484)8) and 

after (1969-83) MV adolption in ,he Philippines. 

Mean valucs iiTticint of variation 

. .. . . . .... ... .. . lratia... ........... 

r-'NIV Posi-NI' (harm ePre-NIV Post-MV Cha ngeIte 

.\vrEIc iMIdUttiollii t(tiioni/.r) 3.4 6.6 93 6.7 6.A 

veraeLC area harvesteI millii t) 2.8 3.5 23 5.4 4.0 

1.2 1.9 56 4.4 .1.0Average yield (t/haO 

wee n pCrioiiec t t r varia n L'betalculated as t he rat io of variances o f Inca n Values iii (t 

fron aniot her. 
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Table 7. Changes in the mean and variability of rice production by region in the Philippines. First period = 1948-68, second 
period = 1969-83. 

Average production Coefficient of variation (%) 
- F-ratio 

Region Pre-MV Post-MV Change Pre-MV Post MV Change 
(t) (t) 

t 1,10. 

llocos 145,501 281,165 135,664 93.2 18.7 14.7 -21.4 2.32 n s 

Cagayan 340,814 750,583 309,769 120.2 18.7 13.8 -26.2 2.63ns 
Central Luzon 941,333 1,486,168 554,835 57.9 8.9 10.3 15.7 3.34n s 

Southern Tagalog 402,270 767,347 365,077 90.7 10.1 7.5 -25.7 2.00n s 

Bicol 283,202 596,254 313,052 110.5 13.9 11.6 -16.5 3.04 n s 

Visayas 741,804 1,236,945 495,141 66.7 16.1 11.8 -26.7 1.48n s 

Mindanao 584,195 1,441,389 857,194 46.7 22.2 14.0 -36.9 2.41n s 

Philippines 3,410,260 6,566,717 3,156,457 92.5 6.7 6.4 - 4.5 3.39 n s 

T: ble 7, E(Q), may be broken down into four 	 derably betwcen regions. The increase in cropping 
sources: 	 intensity is attributed to irrigation expansion and 

shorter-duration Ms, coupled with techniques of 
th'(Q)="A1 A)'+A"lA) 1 + AAA'+ A(T',(AF) ( ) early crop establishment that allowed two rice 

where crops to be grown in rainfed areas in the wet 

A I is the mean area in the fitt period season, where previously only one was possible. 

and AA is the change in mean area Sources of changes in production variability. 

from the first to the second period. Changes in production variance may be parti-

Yj 	 is the mean yield in the first period tioned into two broad components: 1) the sum of 

and AY is the change in mean yield production variances within regions, -nd 2) the 

from the first to the second period, sum of interregional production covaiances. 
Notationally.and 

ACov (A, Y) isthe change in area-yield covarianccs = (.) (2) 
between periods. 7 ( 

These components of change in average where 
Philippine rice production are listed in Table 8. V(Q) is total production variance-
Nationally, production changes wcre dominated A1,AI denote area planted in region i and regionj, 
by changes in mean yield. The area effect was due respectively; and 
mainly to intensification as opposed to area expan- Y, YI denote yield in region i and region j, 
sion. Changes in harvested area varied consi- respectively. 

Table 8. Components of change in average Philippine rice productiu', 1948-68 to 1969-83. 

Change (7,) in 	 Contribution (%) to 
change in average 

Region Mean yield Mean area 	 Area-yield Interaction production 
AX covariance terpr c 

5Cov (A, Y) aA AY 
y 

llocos 54.4 30.6 -0.6 15.6 4.35 
Cagayan 37.0 40.2 0.9 19.2 13.14 
Central Luzon 84.6 10.8 -0.6 5.2 17.45 
Southern Tagalog 62.8 23.6 0.1 13.4 11.70 
Bicol 69.0 17.9 -0.6 13.7 10.03 
Visayas 89.1 6.6 0.3 3.9 15.87 
Mindanao 36.4 41.4 0.3 22.0 27.47 

Philippines 60.7 25.5 0.1 13.7 100.0 
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Each of the two terms in equation 2 can be ENERGY ANI) RICE PRODUCTION 

attributed to a number of sources, which air The cost of energy embodied in purchased inputs 
identified asthe columns in Table9. Nationally, the has declined steadily since 1982. To examine the 
increase in rice production variance in the Philip- quantity and composition of energy used in rice 
pines from the first to the second period was production, a seiies of energy budgets was con
equally attributed to increases in production structed for 21 systems ranging from upland slash
variances within regions and to increased pro- and-burn techniques used in Latin America to 
duction covariances between regions. Specifically, input-intensive irrigated systems in Asia (Table 10). 
within-region increases in production variances 

for 49.7% of the inciease in the total
accounted 

expressed in the following equation:
production variance between the 2 periods. Two 

= 
regions, Mindanao (20%) and Central Luzon Efficiency ratio Oi/li 

(14%), accounted for two-thirds of the within- where fi,


region increases in variance. 0.. output energy = . EJY 

About 40% of the change in variance in Philip- ii 
pine rice prod uction was attributed to changes in ,= 

put energy =E VAand 
mean yields within regions (Table 9) and much of 

this increase (ame from changes in yields in the , = unit energy of output Yi 
Visayas, Mindanao, and Central Luzon. About Ek = unit energy of input Xk. 
15% of the increase in total variance was derived Graphing efficiency against yield (Fig. 4) gives 
from changes in mean area, largely due to area an inverse relationship, illustrating the relative 
changes in Mindanao. Another2l% ofthe increase superiority of upland and rainfed systems to 
in variance in total production was due to changes irrigated systems in the use of input energy. 
in the variance and covariance of yields. Changes The energy efficiency criterion is, however, only 
in yield variance within regions accounted for most a partial measure and is misleading as an indicator 
of this, with changes in yield variance and for the allocation of investment or research re
covariance in Cenral Luzon dominating this effect. sources. The energy efficiency ratio analysis pro-
Finally, changesin area-yield covaranceaccounted vides no insights into the support capacity of 
for 24% of the increase in total production individual systems. The Latin American upland 
variance, with most of this change due to changes system supports only five individuals per year on 
in interregional covariancc. each hectare of cultivated land. A single cropped 

Table 9. Disaggregatkin of the components of change in the variance of rice production in the Philippines, 1948-68 to 
1969-83. 

Change (%) in 
Row 

Item Mean Mean Yield Area Area- Interaction Residual sums 
yield area variance and variance and yield terna 

covariance covarLince covariance 

Regional variance 
Ilocos 0.31 0.22 0.22 0.16 -0.20 0.19 -0.09 0.81 
Cagayan 3.68 0.95 -0.58 -0.83 2.10 0.68 -0.45 5.55 
Central Luzon 7.44 0.07 18.59 -3.05 -5.33 -4.63 0.59 13.68 
Southern Luzon 1.54 0.26 0.45 -0.62 0.27 -0.54 0.03 1.39 
Bicol 1.12 0.28 2.26 0.08 -0.88 0.23 -0.42 2.67 
Visayas 15.83 0.19 3.47 -7.14 2.09 -9.34 0.62 5.72 
Mindanao 10.46 12.79 -4.52 2.11 2.21 -2.30 -0.82 19.93 
Sum of regional variances 40.41 14.78 19.89 -9.30 0.25 -15.77 -0.53 49.74 

lnterregional covariance -1.43 9.30 1.41 1.39 23.99 19.47 -3.88 50.25 
Columan sum 38.98 24.08 21.30 -7.91 24.25 3.71 -4.41 100.00 

aAggregate of the 5 interaction terms identified in the text. 
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Table 10. Total energy embodied in inputs, and yields for rice production systems. 1985. 

Energy (MJ)

No. System
 

Inputs Brown rice Efficiencyoutput a 
ratio 

1. Upland Latin America 1,087 	 18,995 17.462. Rainfed unfavorable 3,640 23,748 	 6.52 
3. Rainfed favorable 4,416 	 28,497 6.454. Rainfed unfavorable 
 3,9915. Rainfed favorable 	 33,246 8.334,343 34,828 8.026. Rainfed favorable 4,899 41,1637. Irrigated, Japan 	 8.40

22,682 72,037 3.188. Irrigated, Laguna 16,179 64,912
9. Irrigated rice garden 	 4.01 

16,866 63,330W0. Irrigated organic, Chinese 	 3.75
22,405 118,560 	 5.2911. Irrigated azolla 9,933

12. 	 Deep water low input 
72,828 7.33 

4,528 33,345 7.3613. Upland broadcast 	 7,882 30,079 3.82 
14. Irrigated Philippine dry season (DS) 17,518 74,410 4.2515. Irrigated Philippine DS 17,974 88,661 4.9316. Irrigated Philippine DS 21,392 90,242 3.8917. Irrigated Philippine DS 23,592 98,158 4.1618. Irrigated Philippine DS 18,384 79,163 4.3119. Irrigated Philippine DS 18,845 93,325 4.9620. Irrigated Philippine DS 23,330 94,995 4.0721. Irrigated Philippine DS 23,707 107,661 4.54
 

aBrown rice specified as 78% by weight of the yield of paddy rice.
 

Energy output toinput ratio Output energy (thousand MJ/ha) 

15-	 120- I0eseN 
*10 

IO --


100-	 ~,Irrigaoted I, 
2 

15 19 
/ 15Jap/aese

4 6 

".o oil 	 80- Azolla I / o 4oi I,01 - 018 , -,
es5S11 

107 
% 0
 

20 3 060- --	 009 

5°'5 9 	 ' r15 *0Ramned0 0021 400 /-lnd' pln6% 

40 
alt*2t 

12 Upland0 l7 16 	 (Latin 2 l 3 (broadcaslt) 
Arnenc /

200 2 4 6 8 

Yield Wtho)
4. Energy efficiency vs yield for 21 riceproduction systems. 

0 
0 4 8 12 16 20 24 

Input energy(thousand MJ/ha) 

5. Energy efficiency of 21 rice production systems.irrigated production system in Asia is capable of 
supporting 20 persons.

Tile relationship between input energyand yield constant at between four and five output units per
is shown in Figure 5. The marginal productivity of unit of input energy.
energy remains relatively constant -- moving from A major limitation in utilizing energy budgets aslow input, low capacity systems to high input, high a guide in resource allocation is the absence ofcapacity systems. Across all systems, the incre- monetary values attached to individual energy
menli output to input energy ratio remains nearly components. Farmers' decisions to use inputs 
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depend on costs and not on the quantities of energy 
embodied in them. Components of the energy 

budgets comprising each production system are 

heterogeneous, being composed largely of human 

and animal labor in traditional systems and of 

chemical fertilizers and pesticides in modern 
systems. In addition, the energy components of 
individual systems generally have a low degree of 
substitutability. 

As illustrated by the use of azolla in system II 
and the use of organic fertilizers in system 10, there 
is considerable scope for raising the technical 
efficiency of high yielding production systems. 

Innovations to increase fertilizer and water use
and

reduce pesticide requirements,
efficiency, 
reduce grain losses would improve the energy 

efficiency ratio. The degree to which such inno-
vations are adopted would, however, be con-

ditioned by economic viability as well as technical 
efficiency. 

IRRI collaborated with the Chinese Academy for 
Agricultural Mechanization Sciences on a 1.0-n 
power tiller-moutnted reaper. In 1982, the reaper 

was introduced to Philippine farmers. Many local 
manulacturers produced prototypes, and by 1984 
over 4(X) reapers had been sold by 27 manufac-
turers, primarily in Bataan Province. Paralleling 
development of the reaper in the Philippines, a 

design embodying similar performance specifica-
tions was manufactured in .Japan and exported to 
the Philippines. Nearly 200 of these units were sold 

in 1982-84 (Fig. 6). 
Declining rural wages and lice prices combined 

with inflation and rising interest rates and a fall in 

the foreign exchange rate effectively halted sales of 

the reaper in 1984. 
In 1984-85. a survey in Bataan evaluated the 

adoption pattern of the reaper and assessed its 

impact on production and welfare. )ata were 
obtained from 4 groups comprising 18 reaper 

owners, 41 nonowner users, 37 nonusers, and 58 

landless harvest laborcrs. 
Owners and farmers contracting the services of 

the machine found that it provided timely, efficient 

service. Technical limitations included the inability 
to operate effectively in small, wet or flooded fields 

common conditions during tile wet season 

Units sold (no.) Price (thousand pesos/unit) 

400 rep Pric Sa 

o- Locala,I.r W 

300 40 

....... 

200 30

, 

00 20 

0 1982 1983 t84 1985- 1982 983 1984 1985 

6.Sales and price of imported and local reapers, Wtaan and 
* = PIampanga, Philippines. 1982-85. sales of imported reaper 

cumulative for 1982-84. ** = approximate sales of imported
and local reaperxs as of Apr 1985. 

harvest. Locally built machines experienced fre

quent breakdowns and extended downtime while 
awaiting spare parts. 

Locally made reapers operated below annual 

breakeven levels. Owners of these machines per
formed less contract work than did those with 
imported models. Imported units purchased before 
1985 operated well above the breakeven level. 
Following devaluation of the Philippine peso in 
1985, both locally made and imported units 

became unprofitable. 
The reaper displaced 13-15 labor da%/ ha and 

reduced the harvest income of laborers by up to 

47%. Harvest payments were redistributed, mainly 
to machine owners and away from the landless 

class. While other farm, off-farm, and nonfarm 
employment opportunities were awilable to 
i:arvcst workers. only one-fourth of the working 

members in respondent households reported suf

ficient new income to offset losses attributed to 

introduction of the reaper. In addition, the poorest 
households were most adversely affected, as 

harvest wage labor represented a higher propor

tion of toltl income for this group. In-migration of 

lharve!;t workers from other pro\inces also ceased 
after adoption of the reaper. 

For owners of both imported and loually btilt 

reapers, earningsgenerated byciLstom hiring of the 
machines increased total household income less 

than 10%. Hlarvesting costs were reduced only 

moderately. Farmer nonusers benefited indirectly 

as a result of the low harvest wage and increased 
competition among harvest laborers for available 

harvest contracts. 
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7. Production of IRR I-designed axial-11ou thiieshis by coopCrailng manulflactmers in ,ehxtcid countries. 1974-85. 

IMPAC'1 OF AXIAL-t-I.(W It RI-,SER 7 illustrates the rapid takeoff of the design in the 
Philippines and, with a lag of about I yr, in 

Design work on the axial-flow thresher began in Thailand. Sales rose steadily in the Philippinesand 
1970, and a finished design was released to Philip- Thailand until 1982, when world economic condi
pine manufacturers in 1974. Statistics on the tions dampened economic growth and accelerated 
production and sale of the machine are incomplete. inflation. Fewer but significant numbers of the 
IRRI industrial extension network data surnmani/e machine have been produced in Egypt, Indonesia, 
the production and sale of thrcshers bycooperating Sri Lanka, Nepal, and India. 
manufacturers in a number ol'f In both Thailand and the Philippines, ownershipCoiltries but under-
estimate the true volume sold, as the design has of a thresher is not required for using it, as contract 
been freely copied by numerous firms having no rental is a well est-iblished practice (Fig. 8). lni
formal association with the IRRI program. Figure tially, with fewx threshe rs available and no demon-

Large 061 h) Po be 2 rtable Large (258h)(183h) 


Own frm 3% 13%
 

" 

31/8Other ej / 87%io 

96% Cutom work
 

Laquru,1983 Iloio,1978 1978 
... .. . . ...... ... .... ... .
.. . .P dlp nesThailand 

8.Allocation of threshing time hor2 [Ypes ohmachine, 73 owneiN, Philippines and lhailand. 1978 and 1983. 
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Annut use (t/yr) strated performance record, annual use !zvels were 
400 - low (Fig. 9). In both countries, the increasing stock 

Large AFT -of threshers began to dampen further increases in 
300UIroleh Cos,.. use. Competition for threshing contracts also 

Thoaiand - mitigated further increases in contract rates despite 

200 "L-c. 	 the fact that the investment cost of the machine and,. 
.o,AFT fuel prices more than doubled since 1975. 

1o-. To correctly assess the overall costs and benefits 
of the axial-flow thresher, a detailed su mmation of 
all costs associatcd with development and ex

10 tension of the design and a measure of the net 
benefits from use of the machine at the farm level 

Contract costs ($/t) are required Io simplify the analysis of benefits, 

15 attention is moved back in the marketing chain to 
the manufacturer. Since the inception of the 

- . . - thresher program in 1967, statistics have been 
-- --- -'- - - '- I maintained cataloguing the manufacturers partici

0.j 	 pating in the industrial extension program and the 
1974 	 75 76 77 78 79 e0 81 82 83 number of machines sold each year. To determine 

Year the costs of thresher development and extension, 
9. A nnual1utilization and cont ict costs to[ ntchanical axial
flow threshers. Thailand and Philippines. 1974-83. AtF total expenditures for 1967-84 were obtained from 
axial-tlow thresher, accounting records (Table II). 

Table 11. Design, development and extension costs, production, and value of IRRI axial-flow thresher, 1967-84. 

Research and Funding (thousand S) Thresher project Thresher production 
Year developnnta Core Project Total1' sharec Cost Cumulative Numberi1 valuee Cumulative 

(nan-yr) (thousand $) cost (thousand $) value 

(thousand S) 	 (thousand $) 

1966 7 23 36 59 0 - 

1967 9 18 87 105 10 10.5 10.5 
1968 14 15 123 138 15 20.7 31.2 
1969 10 21 88 109 25 27.2 58.4 
1970 14 29 105 134 30 40.2 98.6 
1971 19 32 173 205 30 61.5 160.1 
1972 17 28 235 263 40 105.2 265.3 
1973 20 40 214 254 40 101.6 366.9 - - 
1974 21 49 274 323 40 129.2 496.1 120 120 120 
1975 23 273 81 354 40 141.6 637.7 347 347 467 
1976 27 340 330 670 25 167.5 805.2 798 798 1,265 
1977 33 432 450 882 20 176.4 981.6 1,875 1,875 3,140 
1978 34 486 242 728 15 109.2 1,090.8 4,228 4,228 7,368 
1979 35 545 264 809 10 80.9 1,171.7 6,533 6,533 13,901 
1980 36 643 268 911 5 45.5 1,217.3 2,952 2,952 16,853 
1981 38 675 539 1,214 5 60.7 1,278.0 12,692 12,692 29,545 
1982 41 739 543 1,282 5 64.1 1,342.1 12,221 12,221 41,766 
1983 35 684 520 1,204 5 60.2 1,402.3 6,501 6,501 48,267 
1984 35 630 736 1,366 5 68.3 1,470.6 7,251 7,251 55,518 

aTotal senior and support staff in IRRI small-scale machinery design and devclopment program. bTotal from both recur
ring budget commitments and front special projects;. cEstimates bae d on semi-annual progress reports of the Agricultural
Engineering Department. dEstimates based on statistics c.mpiled by the Agricultural Economics Department and the 
industrial extension program. eEach unit has been valued at $ 1,000. 
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The values of both expenditures and sales were 
discounted to reflect their current values. From
these figures, an aggregate benefit to cost ratio 

(B:C) was constructed. Calculations were also 
made to examine the time profile of returns to 
thresher development (Table 12). During the first 
10 yr, the 13:Cs were less than I. Only in 1975, 
following intensive extension and widespread 
fabrication by manufacturers and adoption by 
farmers, did the design demonstrate an acceptable 
B:C. 

A series of internal rate of return (IRR) calcu-
lations was carried out to compare returns to 
engineering developments with those to other 
research activitiesat IRRI. Investment of resources 
in thresher development produced an IRR of over 
50W%, which coulpares favorably with biological 
iesearch endcavors at IRRI. 

An important lesson from this analysis is the 
need for long-term commitments to effectively 
develop new engineering inputs. I-lad the IRRI 
program been terminated anytime during the first 
10 yr, it is doubtful that there would have been a 

Table 12. Estimated discounted benefit to cost ratios at 
alternative discount rates from resource investments indevelopment and extension of IRRI axial-flow thresher. 

B:C at discount rate of
 
Period
 

12% 20% 301% 40%
 
1967-75 0.6 0.5 0.4 0.3 
1976-80 24.8 22.9 20.8 18.4
1981-84 125.0 162.1 165.5 168.9Overall (1967-84) 20.4 11.9 7.6 4.4 

Overall internal rate 57.6% 
of return from 1966 to 1984 

positive return on the resources expended on 
thresher development. The analysis also reveals the 
importance of achieving a proper blend of deve
lopment and technology transfer elements to 
achieve success. While the transfer component did 
not become an important factor until 1974, with
out an intensive commitment to extension, the 
spread of the axial-flow thresher would have been 
largely limited to the Philippines. 

CONSEQUENCES OF NEW TECHNOLOGY .359 



Cropping systems program 

Analysis of the physical and biological 
environment 
Plant Pathology E-onology, and Agronony Departments 

GUIMBA 362 
Diseases 362
 
Insects 362
 
Weeds 362 

CLAVERIA 363 
Diseases 363
 
Insects 364
 
Weeds 364 



We are currently working at sites in Guimba, 
Nueva Ecija, Philippines, to establish methods to 
improve income from partially irrigated farms; and 
in Claveria, Misamis Oriental, to evaluate avail-
able technologies r iplanld rice-baised cropping 
system, on acid soils. IhviicatIcha ratctelisties ofthe 
sites have been described (Annual report for 1984). 
Here we desciibe briefly the sites' biological 
characteristics. 

GUINMIA 
Plat lfield 

Partigets 

l)isea. s(PatIt laithohogy). Although the GCiuimba 
site has broad alluvial topography, two landforms, 
locally called lIgog and turod. are distinct. 
Ltungog Comprises low-lying arcas where water 
actimulatCs in wet scason (\VS) and rena ins 
longer in (it\ season (1)). lturod is tile upper 
str'tun where w'atCr (loes not sta tr ICXentld 
periods. 

InI crop year (('Y) 198-1-85 in a researhcr-
managed field, high stem rot (SR ) incidnce (%(Y 
infected hills plot) in the first rice crop and a 
slightly lowe r (78(';) kce l iii the second rice crop
were observed in h [gog.'hirty percent SR infcc-

tion wasob sercd in otheilCtngoga rcasi 
second rice crop, which was planted I mo later than 
tile rescarchcr-nmanagcd fields. 

In turod, leaf blast (131) with an intensity of"95(i 
was observed in hirmenrs' scdbCds of IR54. I1,06. 
IR42. :;nd l1,0 had dlisease intensitics of 42('j, 
34%, and 5('('. respective'ly. In a rescarelcr-
managed field platited to IR52, the octurrcnce of 
leaf 1Il was 711 and sheath blight (SliB) 93%. 
Neithcrdiscase progrcscd asthe crop matured. In 
turod, tile second ciop (Omim'c) was healthy. 

Il CY 1985-86, SR was again prevalent in the 
first rice crop in Itngog, with an ineidence ,Otii 
at maturity in) some plots of tile resca ricer-
manage(] fiel. In turod, leaf BIland ShBII werc 
again cotniiio noi(f severc ii f. rimers' lields pla nted 
to a varietyt(ailed "IR58" by tlie rinne s (but tiot 
IRRI's IR58). At booting, the incidence of RI was 
95% and that of ShiB 80%. Neither disease 
progressed. 

The population of VCsiCtular-arbusctular mycor-
rhizal (VAM) fungi was determined iat various 
stages of the rice-based cropping sy:,tem by the 
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most probable number method, which is also 
indicative of the inoculum ptlPhtltial. The number 
of infecive mycorrhi/al fungi in the soil was low 
aftc ra 2-mo fallow, but the population increased 
(luring DS cropping The maize crop ciu.sed more 
than a 10-fold increase: from 170 to 2.800 VAM 
units g of air-dried soil. lhc inotultim potential, 
however, dipped once more in soil samples taken 
after the fallow period before the WS rice crop. The 
population also vaied with the cropping pattern: 
infective VAM units were consistently fewer in the 

with two lowland rice crops per year than in
the area with one rice crop and ai upland crop. 

l'The incidence of Sh II in rice was reduceed by 

about 30% with the addition of VAMvI fungi in soil 
containing sclerotia of Rhizocionia MoIani. 

Insects (Lutolno/ogy). Farnieris ranked stem 
borens (S1) as their most serious insect pest 
proh leml followed bytt, ngro (RTV) aipd caseworm 
(C\V). ILess important to iariners were rice bugs 
(RB), dfoliators, leaffolders (I.F). and whorl 
maggots (RWM). Pest outbreaks recalled by 
hiruitcis \were caused by hoppers and insect
\ectorcd vinises, particula 11 in the 1970s and early 
1980s. Farmers had trotihic diagnosing pest 
problems when shown actual speciniens. The most
readily recogni/ed pests \w'ere RTV and RB. Few 

' Iiirm.'aiers could identify Zn deficiency (which they 
of ten con'tise with insect infestation), def'oliating 
worms., 1I, or brown planuthopper (PHI). The 
most popular cultural eontrol practices were 
roguing (for RTV), synchroni/cd planting, weed
ing. use of plant pals to repel insects, draining the 
field (for (V), and bIturning rice stubble (for S1B). 
Few hifrnlcis could name pests controlled byinsect
resistant aineties. Most cominion natural enemies 
named were spiders, tods, and birds. Most 
[arners thought spiders v. -;c killed when the crop 
was sprayed with insecticidCs. 

()n hybrid maie planted in )ecember, few 
insect pests were recorded, and tIL .,: was no yield 
loss. 'Ilie key pest on rice appeared to be yello\, 
stem borer (YS B), catLsing o,er 3% whitcheads. An 
insignificant 0.2 t; ha yield loss was recorded from 
green semilooper and RWM in tihe vegetative 
stage. 

Weeds (Ag.-ononmi). f 60 l'armcrs interviewed 
in 1984, 931,, stated that weeds xwcrc a problm iin 
transplanted rice (lITR). The major effects were 
yield reduction, competition for nutrients, stunted 



growth of rice, and red uced tillering. Most farmers 
estimated that weeds reduced yields by 26-30%, 
vith a ringe of 6 to 55%. 

All the farmers considered tile perennial grass 
P/aspahumdisichum to be a major weed of "PR, 
and 95%/(, considered it to he the most difficult to 
control. One farmer conmented that thorough 
land prepartion controlled P. disiichum while 
hutachlor controlled the annual weeds. 

Most fa rmers plowed their fields once. They
usually plowed twice when /). dislichum was 
abundant. The nomberolhanowings ranged from 
two to seven. Reasons given for increasing the 
number of harrowiugs were to bury and deconi-
pose weeds, to eliminate I'. disichwm,aand to make 
transplanting easicr. 

For weed control in [PR, 98V of the respond-
cnts used herbicidescitheralonre or in combination 
with hand weedrUng. 3ttaichhor \wais the most 
common herbicide; it was applicd 1-4 d after 
transpla nting (I)T), usually ill rates hi., er ian 
those recommended by tlie rianu acto icr. Onlyff', 
of the falrine rs applied it at the rccomnmendcd rate 
of' 1.0 kg ai ht. 2,4-1) was applied at 15-35 DT1: 
only 3 farnicrs applied it at tile r.cornrmclidcd rate. 
Reasons lor riot using recommended rates included 
prior experience in tile use of herbicides, incon-
venicnce. toxicity caused by srigec'm.t' rates, and 
lack of cash to bitv siffciicnt herbicide. Means for 
measuring tilehcrbicide to apply included the cap 
of the herbicide bottle (48W,7 ), cover of the sprayer 
tank (25%'j,), a tablespoon (13(,'j), arnd a graduated 
plastic cup ( 4%,;). 

In 1985, data on wed control practices \,ere 
collected from six farncue' fields in tile turod and 
Ihurgog portions of the hi ndsUI pC. 

Farmers were transplanting wecd scedlings 
along with rice seedlings. The percentage of wced 
seedlings in the bundles of ricc seedlings to be 
transplanted ranged from 4.5 to 14.2%;j.The per-
centage of weed infestation was negatively cor-
related with the tite takci for prepara ion ol' the 
scedling nursery (Y = 17.828 - 0.814X. r = 
- 0.97*). Grasses comprised 63% of the w eds 
transplanted into Ilie fields, and scdges accounted 
for 35i,. 

The major weeds in the six fields were 1. 
elisti 'ham, IFimristr/is miliacea, V1 onochoria 
%ar,'inalis,Scirlms sutfinus, Icinochlha glahres-
cenfs, and :. orzoihds. 

Weed seed contamination was observed in the 
crop seed after threshing. The number of weed 
seeds ranged from 1,630 to 64,948 per kg of crop 
seed. Sedges, primarilyS. stupinus and F. miliacea, 
accounted for 96%;' of the contamination. 

(LAVERIA 
lat Pathoklgr,l'ntonuog, antlAgronomY
 
iel)artIenI
s 

Diseases (Plam Ialtohgr).The upland research 
site is composed of two strata, namely, volcanic 
plateau and alluvial plain. Although each straturn 
has slightly distinct ph,,iical features, the current 
cropping pattern including maize, upland rice, and 
sometimes cowpea is similar in each. During the 
CY 1984-85 survey, bacterial leaf streak (causcd by 
.Vallloonuas camwstris pv. orvzicola), leaf 131 
(IPrrirularia orrzae),andSb 13(Rhizoctoniasolani) 
were Ubserved. Rottboellia cochinchinensis infest
inga field pla nted toa local variety had brown spot 
(Ih'nittllo.woriutm spp.) infection. Oii maize, 

vhiclh was the dominiant crop grown after rice at 
the site, leafspot (lhriithoslorimma.vrdis),leaf 
blight (11. turci'm),and rust (PtI'ucinia olt:Ysora) 
were conmon. Of the 16 rnalic fields from tie 6 
villages, 15 had lcaf spot, 9 had blight, arid 6 had 
rust. Mosaic was observcd in one field, but the 
incidence was low. The malize plants at the site were 
stunted alrid chlro tic because of' nutritional 
deficiency. 

In CY 1985-86, cowpca, the first crop, was 
healthy. Most la rrii-cn' fields planted to maize were 
infected with leaf spot, leaf'nist, Ph,,,soderrna spot, 
and leaf blight, but the incidence was low. Downy 
mildew was observed in one field with an incidence 
of<lC. lIn Patrociio, the second crop - UPLRi5 
lice was severely infected with brown spot at 
later stages. In a rcscarcher-nanaged field, the 
incidence of Sh13 (77%,,.) and neck 131(I(X)%) were 
recorded. In Ane-i, many entries in an upland rice 
variety trial had sevcre leaf and neck 131. 

Of'60 farnmers from 6 harairgays. 28 recognized 
downy nildew of maiie by the name alcoeres. 
Fifteen of the 28 stated that he discase was 
coimnion in the first crop or during the rainy 
months, and only 5 observed that the infected 
plants either dic, fail to produce ears, or produce 
undersized ears. Twenty-two of' the farmers vho 
recognized downy mildew practiced roguing, 
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which, they said, would prevent the spread of the 
disease to healthy plants. Only six of all farmers 
interviewed observed yellowing of maize plants, 
which they called layah, and four of the six 
attributed such yellowing to nutrient deficiency in 
the soil. 

No rice diseases were known to tie farmers 
except neck BI. Only one farmerindicated thatthis 
causes darkening of tilepanicle base, toppling of 
panicles, and empty grains. 
Two farmers reported that they spray their 

tomato fields with fungicides directed against late 
blight. All respondents mentioned insect pests in 
naming the diseases that they recognized. 

Insects (Entomohogy). [armeis considered rats, 
oriental maize borer, seedling maggot, and AW the 
most important pests. When shown specimens or 
damaged plants, fewer than 50% of fariers could 
recognize maize aphids, planthoppers, silk beetles, 
or thrips, while most could at least partially name 
the maize borer, seedling mnaggot, semilooper, and 
earworm. Resistance to pests and high yield were 
qualities of Itai/c varieties Irost mentioned as 
desirable by the farmers. 

Farmers named birds, chickens, and reptiles as 
natural enemies of insects. ILess than 10% men-
tioncd wasps, spiders, crickets, and ants. The 
commonly mentioned (80(%) practice to conserve 
natural enemies was to avrd hunting birds. 

Farmers did not regularly apply insecticides to 
maize but had done so in the past becatuc of' 
abnormally high infestation. Techniques men-
tioned included walking backwards while spraying 
to avoid being contaminated, arid not spraying 
when it looks like rain. Safety practices stated were 
wearinga mask (77%), takinga bath afterspraying 
(23%), wearing long sleeves and long pants (20%), 
aind spraying downwind (17%). 

Weeds (Agronomr). A preliminary survey was 
made of the weeds growing in asociation with 
maize in thnee fields in November 1984. Two fields 

were heavily infested. In one field, the major weed 
species was 13orrerialaevis; in the other the major 
weed species were E'chinochloa colona and Digi
taria setigera. In the third field, which was 
relatively free of weeds, interrow cultivation at I 
mo after planting was used for postplant weed 
control. 

Sixty-seven percent of 60 farmers regarded 
weeds as the most important pest in their fields. 
The major effects of weeds were stunted growth f 
rice, reduced tillering, rat damage, and yield reduc
tion; in maize, weeds were known to cause yield 
reduction by stunting growth, increasing rat
damage, and causing tileproduction of small ears. 
Farmers estimated that weeds reduced yields in 
both crops by 61-65%. 

More than 5(Y',of the fa rmers reported I)itatia 
/onhgflora, Roitoeillia cochinchie'nsis, Penni
setin f)ol I'stach'ron, and B. laevis as tilemajor 
weed species in their fields. All said that R. 
cochitchjie'tsis was the most difficult to control. 

Most farrners plowed and harrowed their fields 
twice for maiie anrid four tirnes for rice. Better soil 
tilth and better weed control were obtained with 
more thorough land preparttion. 

The comnonly used method of weed control for 
both crops was interrow cultivation + hand 
weeding. This was done twice at 2 and 4 wk after 
emergence (W-) for ma ie and once, at 4 WE, for 
rIce. 

Yield increases of' 43-80i%over tlirmets' weed 
control practices (hand weeding once or interrow 
cultivation) were obtained in 3 upland ricefields by 
doing additional weed control (either hand weed
ing or applying 2,4-1)) during the critical period of 
weed competition. Two fields were still weedy at 
harvest despite additional weeding. With a higher 
level of weed control, a further increase in yield 
might have been obtained in them. Weeds need to 
be controlled for about 8 WE in upland rice in 
Claveria to prevent yield loss. 
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AGROECONOMIC PROFILE OF THE UPLAND RICE 
SITE AT CI.AVERIA 

Farm-level agroeconomic data were gathered 

through a baseline survey of 202 farm operators
living in 6 batrangay of Claveria during August to 

October 1984. 
The averageFarm-household charcbristis. 

farm operator in Claveria wits a 44-yr-old male 

with about 6 yr of formal edLucaton and 25 yr of 

farming. Spouses averaged slightly younger(39 yr) 
but had atsirila r level of formal ed ucation. The 

family included 2-3 dependent children at home, 
with an average of 4 yr of education. 

Off-farm income increased with farm size. The 

main source of agricultural income was hiring out~such 
services for land preparation, crop harvesting, and 
the procesIng of cash crops such iscoffee and 
cassava. The principal sources of nonagric ultural 
income were trading and employment ini the public 
service. 


Farm characteristics. Mean farm siue was 3.0 ha, 
with a range of'0.3 to 19.5 ha. The modal farm was 
1.5 ha. Seventy percent of farms were less than 

3 ha. 
The multiple cropping index over all farms was 

1.4; however, it decreased as farm size increased, 

and i. was significantly higher for the first than for 
the second crop. Thcrcfore, there was substantial 
opportunity to increase cropping intensity, parti-
cularly in the second season. 

The dominant forms of tenure were owner-
cultivators and tenant-cultivators. Tenant occu-

pancy was more common ol small (581%(') than on 
large (29%) farms; owner-cultivators were more 
prevalent on large (59%j) than on small (30%) 
farms. The most common sharing arrangement on 
tenanted land was three-fourths of outpit for the 
tenant and one-fourth fIor the landowner after 
harvester's and thresher's shares of oncixtli of' 
gross yield were ded ucted. 

Labor and power. Farm operators, irrespective 
of farm size, claimed they worked about 26 d/ mo 
on the farm. Spouses were available for work only 
5-6 d/ mo, and children between 10 and 20 d/mo. 

The land area per household worker declined its 
farm size increased. 
More than half ol't small farms and a third of' 


the large farms did not own draft cattle. Among 
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owners, the number of draft cattle per farm 
increased as farm size increased, and the land area 

per animal increased with increasng farm size. 
The total value of livestock per farm averaged

$278 and increased as farm size increased. The 
snl ags netetwstewr nml 
single largest investment was the work animal,
 

averaging $250-275/head. Most farm households 

kept pigs (1.3 head/household); tiw kept goats or 
chickens. 

Both farm resources of labor and power dimi
nished as farm size increased - quite sharply in the 

range of hn.p-2 
Cropping patterns. The dominant cropping 

patterns were maize - maize, rice - maize, maize -

Callow, rice - fallow, cassava, and perennial crops 
as coffeze, cacao, and coconut. 

so 

Table I. Comparison of income per hectare per year an, 
its share among earners by cropping pattern and tenure. 
Claveria, Misamis Oriental, Philippines, 1984. 

Owner- Tenant
('rppingcultivators cultivators
 

S/ha - $/ha 
... . .... . . .
 

Maize - inize 
Value added" I00 100 108 100 
t:arners 

Landlord 27 25 
Farner 78 74 57 53 

Capitalb (28) (27) (28) (26)
Labor (29) t28) (10) 37 
Operator Surplus (21) (20) (-11) (-10)hlired laborer 27 26 24 22Ha boe 2 26l4o2 

M1aize.- alowv 

Value adided 65 100 65 100 
larners
 

Landlord -* 16 25

Farner 52 80 34 52 

Capital1' (16) (25) (15) (23) 
Labor (29) (45) (26) (40)
Operator surplus (6) (10) (-7) (-11)

lired laborer 13 20 15 23 
Rice . fillow 
Value addeda 108 100 108 100 
Sa rners

Landlord 27 25 
Farmer 70 65 43 40 

Capital b (8) (7) (8) (7)
Labor (30)) (28) (30) (28)
Oaor (32) (30) (3) (5)
Olperator surplus (32) (30) (5) (5) 

Itired laborer 38 35 38 35 

MOutput value less current inpul costs. US$ = 20. bln. 
eludes return to hired capital. Numbers in parentheses are 
subtotals. 



Maize was the most prevalent crop, 5eing grown 
on 85% of upper(elevationabout 500 m) barangay 
(district)and 75% of lower(about 400 m) barangay 
farms. Rice was grown by more lower than upper 
barangay farmers, while tree crops were more 
widespread on upperbarangayfarms. More maize 
was grown in the first than tie second season; 
upland rice was usually grown as a first crop, 
particularly in the upper barangay's, with root 
crops as a second season crop, particularly in the 
lower barangays. The area under fallow was twice 
as high in the second as in the first season. 

Purchased inputs. Few fIarmers applied fe rtili/er 
or insecticides. The use of ,tuch iputS ws more 
prevalent Inthe first than in the second .eason. Tlhe 
small minority of farniers who did apply fertili/er 
and herbicides l tile \\et season reported tha tihe v 
applied them at approximately tile rec ouinn ended 
level on modern \arieties of mai/e and rice. 

labor. A rice crop required 7 dl ha a nil a mai/c 
crop404)) d ha. [he largest allocations of'labor in 
rice production k'rc for harvesting an d threshing 
(24-31 d ha)and for"\ccding (32d hal). For mai/c. 
the nlmot labor inputs, \\erc Ifr lar csting and 
shelling (16-18 d hI) and land prepariation (10-
12 d ha). 

Varieties and yields. All but 4% of the farmers 
who grew rice planted local varieties, of which 
Speaker and Kayatan were the most common. 
Local white and yellow maize were the most 
common varieties, and 30% was modern varieties 
of yellow hybrid and white (UPCA) maize. The 
high incidence of high yielding maize varieties is 
attributed to the Maisagana maize program. 

Farmers reported loal rice yields of 1.5 t/ha, 
local mai/e yields of 1.0 t, ha, and improved maize 
vields of' 1.4 t ha. 

Net benefits. The incomes per hectare generated 
from tile thiee principal cropping patterns are 
listed in Table I. Rice earned a higher profit than 
mii/c because of its higher price and yield. For 
each pattern, an owner-ciiltivator canmed it surplts 
after cash costs and an imputed cost for tile farm 
fa mi lies' labor were paid. 'lena nt-ctiltivato rs, how
ever, did not generate an operator's surplus from 
the mai/c patterns, and the return to the family's 
labor was slightly less than the current wage rate. 

Farmers generated cash income from selling 
their limited sUrtplus of food grains - rice and 
m1aile and cash crops, notably coffee, cassava, 
and vegetables. 
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DISEASES 
Plant Pathology' Department 

Microbial rice straw decomposition and surviv lof 

Rhizoctonia solani. Sheath blight (ShB)-infected 

rice stubble left in the field after rice harvest serves 

as an inoculurn reservoir for succeeding crops. 
Before it is d composed, the stubble provides a 
substrate for the pathogen. DLcomposition could 


be enhanced by cellulose decomposers such as 

Trichoderma spp. Five species of Trichodrtna 
were detected in ricefield soil. The effect of straw 

decomposition was further e.aluated inthe labora-

tory and in the greenhouse. 

Thc cellulolysis aeclquacy' index (CAI) of dif

ferent Trichoderna spp. on filter pape., aLitoclaved 

straw, and unl utocla\ved straw was determined by 

Garrett's nmeth.,. Regardless of substratc, .har-

zianum and T a,,ivoviri/ had the highest CAI 

and Rhizocionia ;o/ani the lowest (Table I). CA I 

on filter rar:'r was pnsiti\vly correlated with C/ 

on a utoclaved and uautocla\cd rice straw. In the 

soil, T.aur'o'irih'decomposed rice straw faster 

than any oth,:r Trichodh'rma species. 
TLharzianun and F aiur'niride were more 

competitive than R..volani in coloni/ation of 

autoclaved rice straw. R. soiani was more efficient 

colonizing uniautoclavcd rice straw. This informa-

tion thus confirmed that Tricho'4'rmaspp. is more 

effective in competition with R.sola,i when the 

plant tissues are dying than when they are living. 

Straw colonization was enhanced when soil 

moisture condition was high. Decomposition of 

infected straw increased as soil moisture content 

increased (Table 2). Similarly, decomposition of 

of dif-
Table 2. Weight loss of ShB-infected straw in soil 
ferent moisture content and with Trichoderniaspp.a IRRI,
1985. 

Rice straw weight loss Mcan 
at soil mnoisture level of 

Species 
20 40 60 80 

--

100 
weight 

loss 

7'attreoi,iridc-1 35 41 51 59 70 51 
. attrem iride-2 

T. narzianum 
7:glaucuon 

30 
20 
18 

48 
22 
30 

50 
30 
31 

49 
39 
35 

58 
40 
40 

47 
30 
30 

. pseudokoningii 13 30 34 31 41 30 
No Triehoderma spp. 0 21 21 18 22 16 

Mean 19 32 36 39 45 

LAv of 3 replications. 

ShB-infected straw was faster when the straw was 

incorporated in the soil than when it was surface 

applied (Fig. I). Consequently, the recovery of R. 

solani was red uced and the potentialinoculum was 

suppressed (Fig. 2). 
Diseasesof upland crops after rice. l)amping-off 

and other soilborne diseases of legumes planted 

after upland rice are common. To assess the effect 

of r'ichodran spp. on crop establishment after 

rice. inocula of 7: areoviride and 7../auciu were 

cither applied as seed treatment to cowpea, mung

bean. soybean, and maize or incorporated into the 

soil in the 1985 dry season (DS). Damping-off was 

lowest when 7: aureovirik was soil-incorporated. 
The treatment also increased grain yield (Table 3). 

7: glatcun was not as effective as 7]atreoi'iridfe. 

The increase in Trichodehrna population as a result 

of soil incorporation perhaps enhanced straw 

decomposition and provided protection for the 

crops by lowering the inoculum potential (Fig. 3). 

Table 1.Cellulolysis adequacy indices of 4 species of Trichoderma and 2Rhizoctonia solani isolates using filter paper and 
rice straw as substrates. IRRI, 1985. 

Cellulolysis adequacy indexa 

Species and isolate 
Filter paper i utoclaved 

rice straw 
Unautoclaved 

rice straw 

T.harzianum 2.19 a 1.93 a 1.98 a 
T aureovirce-I 1.40 b 1.20 ab 1.20 b 
T. glateunc 
T.aurcoviride-2 

0.96 
0.77 

c 
d 

0.78 
0.80 

b 
b 

0.93 
0.71 

c 
d 

R.solani UR-I 0.65 d 0.60 b 0.76 d 
T.pseudokoningii 
R.solani LR-1 

0.45 
0.38 

e 
e 

0.53 
0.45 

b 
b 

0.58 
0.47 

e 
f 

aMeans followed by acommon letter are not significantly different at the 1% level by DMRT. 
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Rice straw weight loss (%)
 
100 Straw incorporated into soil Straw onsoil surface
 

80-	 With Trichodermo 
Without Trichoderma 

60

40

20 

0 1 2 3 4 5 1 2 3 4 5 

Time (me) 

I. Weight loss of rice straw as affected by method of placement. IRRI, 1985. 

Recovered R.soloni (%)
 
100 Straw Incorporated into soil Straw on soil surface
 

With Trichoderma 
80 . Without Trichoderma 

60

40-


Time (ma) 

2. Effect of me thod of sIraw4placement on percn tage of recovered R,solani. IRRI1. 1985. 

Table 3. Damping-off incidence and yield of plants as affected by Tric/toderina treattmentg IRRI, 1985. 

Damping-off incidence ()Yield (g)
Crop Species 

Soil incorporation Seed treatment Soil incorporation Seed treatment 

Cowvpea T. atlrL'otiride 2.21 a 4.44 a 501.00 a 485.95 a 
T. glauicurn 7.26 a 2.90 a 413.25 b 410.30 a 
Control 23.50 b 3.64 a 381.65 b 449.63 a 

Mungbcan T~aureotjride 0.80 a 3.25 a 447.18 a 408.30 a 
T.glau corn 8.70 b 1.78 a 414.83 a 443.28 a 
Control 11.09 b 3.06 a 437.80 a 371.58 a 

Soybean T.aureot'jride 0.68 a 1.46 a 
7: glaulculn 3.25 ab 1.59 a
 
Control 6.00 b 1.90 a
 

aIn a column and withiin a crop, means followed by a common letter are not significantly different at the 5% level by 
DMRT. 

CROPPING SYSTEMS PROGRAM 371 



Trichoderma population (CFU xtO 
3 /rJ soil) 

14 

0---o Moize 

- Soybean 


CowpMungbean 

Control 
o-

8-

2 

0S 
Before After 30 60 

SI ST DAS DAS 

3. Inoculh m dynamics of IriMho(krma aiirv'oirit' in rhiio
sphere of different crops after soil incorporation (SI). CFL 
colo y-forming unit. I)AS = d after ceding. 

INSECTS 

EI-totolog' Department 

Insect control in rice. A field trial in Guimba, 
Nueva Ecija, replicated across four farnis, tested 
methods of chemical insect control on green 
leafopper- and brown planthopper (B311-)-resis-
tant 1R58. Tungro, a problem in 1983 and 1984, 
subsided because of the extended DS in 1985. 
Insect pests caused a 12('' yield loss the dif
ference between complete insect control (3.7 t' h) 

and untreated (3.2 t ha) plots. Yellow stem borer 
(YSB) cautsed over 3% whiteheads (Table 4). 

All four fields were sprayed in the low value 
threshold treatment as the action level of 15% 
damaged leaves \\is reached (Fig. 4). Spraying 

0.4 kg ai nionocrotophos ECI hi controlled green 
semilooper, but yield was not increased. The 
threshold, therefore, was too low. Whitebacked 

planthopper (WBPIA) populations increased to 

75/20 hills during the reproductive stage, still far 
below the I/tiller action threshold level. -fhe 
population soon subsided from natural causes, and 
control was not necessary. 1R58 is resistant to BPH 
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but susceptible to WBPH. WBPH frequently 
becomes abundant in wet season (WS). 

Weekly counts of stem borer (SB) egg masses 
and moths from 120 hills failed to anticipate the 
level of whiteheads; therefore, insecticide applica
tions wL:e not made in the threshold plots. Two 
sprays of chlorpyrifos as prophylactic treatment at 
45 d and 55 d after transplanting significantly 
controlled YSB. 

Yield loss in upland rice. Early planted upland 
rice grown under favorable rainfall conditions in 
Claveria, Misamis Oriental, yielded 5.1 t/ha in a 
sully protected treatment (Table 5). The untreated 
plot yielded 3.1 t/ ha - a 40% yield loss attributed 
to seedling maggot Atherigona oryzae; ants 
Sohnopsis geminata; white gnibs Ieucopholis, 
A notnala, and Ilolo trichia; root aphid Tetranetura 
nigriahIduoinalis:SB1 Chi/u sau~presalis,Sesania 
inferens, Scirpophaga in ccrtulas, and S. innotata; 

leaffolders (IF) Marasmiapainalis and Cnaphalo
crucis mnedinalis; and rice bugs (RB) Lepiocorisa
oratori and . acuta. 

Green sernilooper+ hairy caterpitlar 
(% damaged leaves) 

iiHp.e'e/f rey odtre -d leve l" [ , M~ on ; SpiIy 

I 

10 a ft 

-30L eo ! . 

F . .- .
 

.
 

14 f" 

o
6 

2 3 4 5 2 3 4 5 2 3 4 5 2 3 4 5 

Weeks after transplanting 

F - Ju I )"-Ij2 ,' 
V , I 

Dte of rnsplnting 

4. Weekly incidence of green senilhop.r Varat), a weso's 
and hairy caterpillar Rivula ainua inhigh- and lw-threshold 
plots, showintg when insecticide was applied on irrigated
transplanted IR58 rice. Guinba. NUeva Fxija. Philippines. 1985 

ws. 



Table 4. Development of a chemiral insect control recommendation based on the economic threshold level oil irrigatedtransplanted rice 1R58.a Guimba, Nueva Ecija, Philippines, 1985 wet season. 

Damaged leaves (%) Stem borere 
Whitebacked planthopperd YieldfWhorl maggotb Green semilooperc (no./20 hills) Deadhearts Whiteheads (t/ha)at 21 UT at 21 DT at 35 DT (%) (U)
 

Complete protection:vegetative stage 0.6 kg ai carbosulfanEC/ha before planting (root soak); reproductitestage 0. 75 kg ai Brodan EC/ha at 35, 45, and55 DT; ripening - 0. 75 kg ai ionocrotophosEC/ha at milking.5.1 a 8.3 a 3 a 0.7 ab 0.2 a 3.7 a 
Xo 'egetative protection

8.3 bed 14.1 be 9 ab 0.8 b 0.1 a 3.4 abc 
No reproductiveprotection5.0 a 7.9 a 75 c 0.3 ab 3.3 b 2.9 d 

No ripeningprotection
5.3 ab 8.2 a 6 ab 0.2 ab 0.4 a 3.6 ab 

Untreated8.4 cd 15.9 c 70 c 0.1 a 2.1 b 3.2 bed 

Economic thresholdg (high level)8.5 cd 16.5 c 62 c 0.6 ab 2.4 b 3.1 cd 

Economic threshold' (low level)10.2 d 15.9 c 61 c 0.1 a 3.1 b 3.3 bed 
lrophylactic:vegetative stage - 0.3 kg ai carbosulfan EC/ha (root soak) before planting;

reproductivestage - 0.4 kg ai Brodan EC/haat 45 and 55 DT6.7 abc 8.5 a 18 bc 0.6 ab 0.3 a 3.4 abc 

Farmers 'practicei6.6 abc 12.2 ab 69 c 0.2 ab 4.4 b 3.1 rdaAv of 4 replications. Carbosulfan (Marshal 15 EC) Brodan (20% chlorpyrifos + 11% BPMC), monocrotophos (Azodrin
202 R 30% EC). DT = days after transplanting. tlydrellia phllippina, 20 hills sampled. Claranga aenesce,s + Rivulaarfmitna, 20 hills sampled. dSogatellafurcifera, 20 hills sampled. esc rpoph,,a incertlas, 20 hills sampled.f20M2 yield cutsample. gAction threshold for insect pest was not reached. /'Action threslhold for Narangaaenescens+ Riulaatimeta wasreached at 35 I)T; 0.4 kg ai monocrotophos EC/ha sprayed in all fields, IFarmer I : Seedbed = 0.14 kg al monocrotophosEC/ha at 10 d after emergence (DE). Sprayed 0.17 kg ai monocrotophos at 20cypermethrin EC/ha at 

and 36 DT. Farmer 2: Sprayed 0.05 kg ai15 and 25 DT. Farmer 3: No insect control. Farmer 4: Seedbed = 0.17 kg ai monocrotophos EC/haat 10 1E. Sprayed 0.1 kg ai Azocord EC/hi at 21 DT. 

The use of y-BlC was designed to control white control ants; only the untreated plot had none of
grubs and other soil pests. Bendiocarb seed treat- these compounds. Other soil 
 pests encountered
 
ment was aimed at ant and seedling maggot were termites Macrotermesgilvusand mealybugs.

control. A 24% yield loss was recorded when -y- Termite; were common in the root systemof pulled
BHC G was not used, and without bendiocarb a plants. A nearby plot of wheat seeded at the same9% loss occurred. Unfortunately, -y-BHCgranules time was totally killed by termits. Root-feeding
controlled not only white grubs but also seedling mealybugs were rare. 
maggot, confounding the yield loss treatment Weekly sprays of monocrotophos targeted SB,
designed to isolate the impvct of soil and seedling LF, and armyworm (AW). AW, however, was notpests. The high level of seed,ing maggot control in prevalent in 1985. The 8 weekly applications fromthe complete protection treatment was a result of 21 to 60 d after emergence did not significantly
the combined activity of' y-BHC grantiles and depress SB deadhearts, whiteheads, or LF-damaged
bendiocarb. Therefore, yield loss from seedling leaves, probably because of the frequent rains. 
maggot was underestimated, while that of white However, a 3% yield loss was recorded from SBgrub was overestimated, and LF. This figure probably underestimated the

Reduced plant stand occurred only in the un- actual yield loss from these pests.
treated plot and was probablydIe to both seedling The highly mobile and long-lived RB congregate
maggot and ants. Both bendiocarb and y-BHC on the isolated upland ricefields, presenting a pest 
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problem not common in the expansive lowlands. 
Sampling by recording RB numbers per area does 
not always adequately reflect the level of control. 
Numbers were lowest in the untreated plot, 
probably because the plants had fewer panicles and 
were slower to mature because of seedling maggot 
injury. Yield loss to RB was estimated at 5% in the 
treatment without y-BHC spray. 

Benomyl was also sprayed during the ripening 
stage to prevent grain discoloration from fungi. A 
5% yield loss was registered in the treatment 
without benomyl. Benomyl also controlled BI, so 
the estimated yield loss must be due to a corn-
bination of BI and dirty panicles. 

Upland rice plant density and insect pests. 
Upland rice farmers in Claveria normally overseed, 
in part to compensate for expected insect damage. 
If the seed- were treated with insecticide, lower 
seeding r,,es might be justified. 

Plant stand increased linearly with seeding rate. 
There was no significant yield difference among 4 
seeding rates (50, 75, 100, and 125 kg/ha) with or 
without carbosulfan, except at 100 kg/ ha. implying 
that seeding rates lowerthan the recommended I(W 
kg/ha will not red uce yield, 

Table S. Yield loss of UPLRi5 upland rice from insect and 
Oriental, Philippines, May-Oct 1985 WS. 

Seedling White grubsb 
maggot deadhearts (%) (no./2-ni row) 

at 7 + 14 DE at 70 DE 

Increasing the seeding rate increased plant stand 
and density of Atherigona deadhearts, implying 
that denser stands attract proportionately more 
ovipositing seedling maggots. Lower seeding rates 
therefore should sufferless damage. Populations of 
root aphid, SB, white grub, and LF did not show 
any response to plant density. 

Insect pests of cowpea. Insect pests caused a 41% 
yield loss on early season cowpea. Insecticide 
treatments recorded almost equal losses at pre
flowering and postflowering. Prefloweuing insects 
--- beanfly Ophiomiia phaseoli and thrips Vhips 
palnil--reduced plant height by21%. Plant height 
and crop growth would have been depressed more 
if the crop had suffered drought stress. High yields 
were attained because of constant rain, adequate 
fertility, and only moderate insect pressure. Manca 
t'stulaliswas the dominant pod borer, causing a 
21% yield loss. 

The rccrmmended practice did not control these 
covpca pests. Seed treatment with carbosulfan EC 
against beaynfly and thrips and endosulfan EC 
sprays against Manca were no better than no 
treatment. Better chemical control technology will 
be needed, because cowpea insect pests are expected 

panicle fungal pests. First rice planting,a Claveria, Misamis 

Rice bugsc Grain 
(no./25 m2) yieldd 
at 63-109 DE (t/ha) 

Complete insect controle 

5.6 a 0.8 a 53 ab 5.1 a 

Omit -B-LHC G soil pest protection 
12.8 b 5.6 b 3.9 bed 

Omit be'idiocarh seedling protection 
15.8 b 0.4 a 4.6 ab 

Omit monocrotophos vegetative pest protection 
8.6 ab 0.2 a 4.7 ab 

Omit mnonocrotophos vegetative and oxamyl root aphidprotection 
12.6 b 1.2 a 56 ab 4.0 bcd 

Omit -y-BIIC IVP rice bug protection 
12.0 b 0.0a 74 b 4.5 abc 

Omit benoinyl discoloration protection 
11.2 b 0.6 a 4.3 abc 

Untreated 
33.2 c 3.0 h 39a 3.1 d 

aAv of 5 replications. -y-BliC G, bendiocarb W1', oxamyl EC, monocrotophos EC, y-BHC W1, benomyl Wp. bSpecles of 

Leucopholls, Anomala, and Ilolotrichia. cLeptocorlsa oratorius and L. acuta. Total of 10 sampling dates. d5 X 5 m2 crop 
cut. eSeed or seedling stage: 2 kg ai -y-B1HC G/ha basal application, seed treatment of 0.6 kg ai bendlocarb/ha; vegetative 
stage: 0.75 kg al oxamyl/ha + 0.75 kg al monocrotophos/ha sprayed at 21, 28, 35, 42, 49, 56, 63, 70 d after emergence; 
panicle formation stage: 1 kg al '-yBt3lC WP/ha + I g benomyl/liter solution per ha, 5 sprays tv ice weekly :itartlng at panlclb 
emergence. 
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to become progressively worse as more area is 
planted to cowpea year round. 

Insect pests of maize. A field trial compared the 
insect pests and control practices in traditional and 
hybrid maize varieties, 

The local variety Calimpos and hybrid variety 
Chrgill suffered equal yield losses (33%) from 
insects. Both varieties received 3 t lime/ha and 
28 kg NPK/ha in furrows before planting, but the 
hybrid received a sidedressing of an additional 
35 kg N/ha at hilling up. Yield loss was about 
equally divided among three growth stages. At the 
seed or seedling growth stage, nunerically higher 
yield loss occurred due to the seedling maggot 
/ftherigona or 'zae and possibly ants. The dosag': 
of bendiocarb seed treatment in the complete 
control treatment was low, and seedling malgot 
control was less than desired. Maize borer(strinia 
.furnacaliswas the prevalent pest in the pretasseling 
and posttasseling growth stages. The higher fer-
tility level in the hybrid resulted in higher maize 
borer infestation, but the yield ,vas 24% more. 

The farners' practice ofsoaking seed in kerosene 
caused phytotoxicity and did not improve plant 
stand or seedling maggot control. Spraying mono-
crotophos in response to seedling maggot daimage 
thresholds did not improve control. Seed treat-
mients appear to offer the most economical and 
effective means of control. Rain was not a factor in 
washing off insecticides during this crop. 

WEEDS 

Agronont' Department 

Partially irrigated rice. A number of experiments 
were conducted in Guinba, Nueva Ecija, to deter-
mine the effect of weed control practice, method of 
herbicide application, rate and time of herbicide 
application, ana tillage level on weed growth and 
on yield of transplanted rice (TPIR). In all trials 
except one, no response to weeding was obtained. 
Weed growth was light in most fields because of 
good land preparation and good water control. 
Adjacent farmers' fields that were poorly prepared 
and in some instances had poor water control were 
heavily infested with weeds. 

In the trial where a response to weeding was 
obtained, the average weed weight in the untreated 
check was 103 g/m 2 . The major weeds in this 

experiment were Echinoch/oa glabrescens and 
Monochoria vaginalis. Herbicide application 
(butachlor at 0.6 kg ai/ha at 3 DT) and 2 hand 
weedings at 22 and 35 DT resulted in a significant 
decrease in weed weight and a significant increase 
in yi-Id in all treatments except one. A significant 
yield increase was not obtained when butachlor 
wasappliedinplotsthathad been plowed once and 
harrowed three times with a carabao. With better 
.:nd preparation (the same amount of land prepa
ration with a hand tractor or increased land 
preparation with a carabao), significant yield in
creases were obtained when butachlor was applied. 

land preparation techniques were tested in an 
aitcmpt to control Pas;)ahtnt distichum, the most 
problematic weed in TPR. One plowing using an 
animal-drawn plow plus 3 hanrowings with a hand 
tractor reduced the weight of fP.dlistichwn com
pared with other land preparation methods used 

2(7.8 gi m vs 47.0 g! m2 ). Control of P. distichum 
resulted in a significant increase in the weight of E. 

2gkazresc'ns (4 18.3 g/i 's 129.8 g.i 2 ). As a result, 
this treatment significantly red uced yield compared 
with the other treatments (0.9 t/ha vs 2.1 t/ ha). 
Thus, the tall annual grass E.glabresce'nswas more 
competitive than the short perennial grass P. 
clistichna. 

Upland rice. The major weed species in a maize 
trial conducted in Claveria in 1985 were Digifaria 
setigera and Borrerialaevis. Except for interrow 
cultivation at 15 d after emergence (DE) and 
interrow cultivation at 15 and 30 DE, all weed 
control practices significantly red uced weed weight 
at 45 DE (Table 6). Grain yields from all weeding 
treatments were significantly higher than those 
from the unweeded check. The highest yields were 
obtained with interrowcultivation+ hand weeding. 
Use of a double moldboard plow for interrow 
cultivation is likely to gain acceptance among 
fairmers because of high yields, relatively low cost, 
and the rtc.ultant high marginal benefit-cost ratio 
(:C). The herbicide pendimethalin is unlikely to 
be used at present because o!its cost, even though it 
saves labor -- 46 h ha compared with an average 
of 130 h/ha for interrow cultivation -+ hand 
weeding. 

Weeds, ponmarily 13. laevis and Roithoellia 
cochinchinensis, caused significant yield reduc
tions in rice (Table 7). All weed control treatments 
caused a significant reduction in weed weight 
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Table 6. Weed weight, grain yield, cost of weed coitrol, and marginal benefit-cost ratio as affected by weed control prac
tice in DMR-2 maize.a Claveria, Misamis Oriental, Philippines, 1985 WS. 

Treatmentb 

Modified IRC + IIV 
Conventional 1,( + IIW 
Pendimettlalin (1.32 kg ai/ha) tb IIV 
IRC + IINV 
1IW 
IRC + hoe weeding 
IRC 

IRC 
IRC + hoe weeding 
No weeding 

aDE = d after emergence. 

Time of Dry weed weight Grain 
application 

(DI) 

15 & 30 
15 & 30 
PC lb 30 
15 
15 & 30 
15 & 30 
15 & 30 
15 
15 

-

1lIC = interrow cultivation using 

(g/li 2 ) yield 
at 45 DY (t/ha) 

7.3 a 3.4 a 
5.5 a 3.3 at 
1.4 a 3.2 ab 

22.1 ab 3.0 ab 
6.1 a 2.9 ab 
7.3 a 2.5 ab 

36.4 bc 2.3 at) 
45.6 he 2.3 ab 
26.1 ab 2.1 b 
58.4 c 1.1 c 

a single moldboard plow, II\V = 

Cost of Marginal 
weed control benefit:cost 

(S/ha) 

13.53 26 
19.80 18 
37.42 9 
12.71 23 
22.75 12 
13.64 16 
5.13 37 
2.56 72 
8.73 19 

han.1 wvee'Jing, fl) followed 
by, modified IRC = interrow cultivation using a double moldboard plow. Clreenergence. 

Table 7. Weed weight, grain yield, cost of weed control, and marginal benefit-cost ratio as affected by weed control prac
tice in UPLRi5 rice. Claveria, Misamis Oriental, Philippincs, 1985 WS. 

Treatment 

IIW 

Iloe weeding 

Peodimethalin (1.5 kg ai/ha) 


lb IRC + ItW 
Hoe weeding 
Pendimethalin (1.5 kg ai/ha) lb 11\V 
IRC + IIW 
IW 
R' + MV 

IW 
Iloe weeding 
IRC + 11W 
No weeding 

Tiliv of 
al,piiction 

(1 I 

15. 30, & 45 
15, 30. & 45 
PE fb 30 

15 & 30 
I'1. lb 30 

.1530,& 45 
15 & 30 
15 & 30 
30 
30 
30 

except for interrow cultivation + hand \wceding at 
30 DE,resulting in a significant increase in yield 
compared with the untreated check. Hand weeding 
or hoe weeding three times resulted in the highest 
yields and among the highcst marginal :Cs. The 
highest B:C was froma two hoe wccdings. l-'c' 
though the herbicide treatmentls gave high yie t ,s. 
the n,'srginal B:Cs. although still very attractive, 
were lover bcca usc of the high cost of herbicide 
t$37.21, a). 

Upland crops after rice. The effect of time of' 

planting on weed growth and yield of upland crops 
planted after TPR was studied at IR RI. Eh,t'hie 

Dry weed weight Grain Cost of' Marginal 
(g/m 2 ) yield weed control benefit: 
at60 DlI (t/hal) (S/ha) cost 

8.9 a 3.7 a 42.99 11 
6.7 a 3.5 a 36.01 13 
q11 a 3.1 a 48.82 8 

30.6 abc 3.0 ab 25.42 16 
19.2 ab 3.0 ab 44.30 9 
9.8 a 3.0 ab 47.41 8 

21.0 ab 2.8 ab 39.38 9 
41.0 bc 2.1 bc 35.35 7 
32.5 abc 1.7 cd 21.11 10 
54.7 c 1.4 cd 20.02 8 
50.9 c 0.9 do 20.95 4 

203.3 d 0.3 c -

iulica, C'ome rtaidho.werina, and CvTeis ro
itndlus were the dominant weed species regardless 
of the crop growni and the date of planting. E. 
indica was l'avo:,d by the high soil moisture 
content in the 30 Oci planting, while C rotmuttv 
preferred the lower soil moisture when planting 
was 30 Nov or 15 Dcc. Weed weight at 45 I)E 
decreased Frogrcssively from airaverage of 
213.1 g,/inr2 inthc30 Oct plantingto9.1 g/nm2 inthe 
15 Dec planting, and the number of weed species in 
Ilie unweeded plots also dccrca.i:ed from 30 to 8. No 
crop planted on 30 Oct gave any yield because 
flooding soon after planting killed the germinating 
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Table 8. Crop yield as affected by time of planting and 
weed control method.a IRRI, 1984-85. 

Crop yield (t/ha) 
Time of 
planting No Weeded once Weeded twice

weeding at 15 DE at 15 & 35 DE 

Mungbean 
30 Oci" 
15 Nov 

0 c 
1.0 ab 

0 
1.4 a 

c 0 
1.5 

b 
a 

30 Nov 1.5 a 1.3 a 1.25 

Sorghum 
30 Oct 0 c 0 d 015 Nov 1.2 at) 2.0 a 1.9 a 
30 Nov 1.3 it 1.6 1.7b a 
15 Dec 0.9 1.0) c 1.1 b 

aWithin each crop, means in a column followed by the 
same letter are not significantly different at the 5% levelby l)MfRT. LSI) (0.05) to compare yields among weed
control methods within planting date = 0.3 for rnungbean,0.4 for orgbum , 

crop seeds. The 30 Nov and 15 Dec plantings gave 
no rnai/e yield beca use of water shortage. Un-
controlled weed grovth did iot significantly redtce 
yield in the 15 Nov planting. 

For both muIgbean and sorghturn, uncontrolled 
weed growth significantly reduced yield in the 
15 Nov planting but not in the later plantings 
(Table 8). The significant decrease in yield in both 

Table 9. Effect of weeding method and cropping pattern on 

Cropping pattern
and weeding treatmenta 

(ontoous 77'? 
Rotary weeding 
Bentazon (2.0 kg ai/ta) 
No weeding 

Uplanlcrops. TI'R 
Iland weeding 
Itutachlor (1.5 kg ai/hia) 
No wecdint, 

Maize - rainjfed luned DSR b 

Iland weeding 
Butachlor (1.5 kg ai/ia) 
No weeding 

aAv of 2 replications. bDry seeded rice. 

Yietd/ h aa Broadleaf Grasses Sedges Scirpus Cyperus
weeds maririmus 

Rice (t)
3.0 a 
1.7 ab 
0 b 

Maize (ears) + soYhean (kg)
30,500 a + 716 a 
15,500 b + 654 a 
11,500 b+496a 

Maize (ears)
12,000 a 
14,000 a 
3.r,00 b 

crops in the 15 Dec planting was due to water 
shortage. 

Control of Scirpav maritimus. In DS cropping 
pattern trials, the yield of rotary weeded plots in acontinuous-TPR pattern was significantly higherthan that of the untreated check (Table 9). Many 

S. marilinitsesca ped the bentazon treatment. The 
untreated check gave no yield because of high
S. nariinis and annual sedges. 

When maiie was intercropped with soybean, the 
highest yields were obtained with hand weeding.
Without weeding, the low yield wasdue toa mixed 

population of hroadltf arid gnl~ay weeds. Where 
maize was planted alone, hand weeded and 
herbicide-treated plots gavesimilaryields. Because 
of the buildup of broadleaf weeds, the untreated
check gave a low yield. 

In continuous TIR during WS, the yield ofrotary weeded plots was higher than thatoay w ee.l t a i h r t a h t ofoherbicide-treated and unweeded checks(Table 10). 
In the upland crop - TPIR pattern, yield dif

fcrences were similar to those in continuous TIR. 
Yields of the untreated plot were low because of the 
annual sedge Fibhrist'li.%iniliacea. 

In dry seeded, rainfed, bunded rice following 
mnaize, yields were higher with hand weeding only. 
The butachlorand untreated plots gave low yields 
because of Afacronilitn lathtroidesand lpomoea 
trihba. Cl'pens spp. was present in the plots. 

crop yield and population density of weeds. IRRi, 1985 DS. 

weeds (o/i
Wed ( o/ma 

rotundus 

4 0 21 66 0 
1 2 0 151 

4 

6 
8 

13 

52 
76 

116 

0 
0 131 436 0 

44 0 0 2 
9 0 2 0 

63 15 12 0 

17 0 0 4 
6 0 0 0
 
0 0 
 7 0 
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Table 10. Effect of weeding method and cropping pattern on rice yield and population density of weeds. IRRI, 1985 WS. 

Rice 
Cropping pattern and yielda 

weeding treatment (t/ha) Broadleaf 
weeds 

Continuous TPR 
Rotary weeding 	 3.0 a 4 
Bentazon (2.0 kg ai/ha) 2.2 b 0 
No weeding 	 0.03 c 7 

Uplandcrop - TPR 
Rotary weeding 3.3 a 2 
Bentazon (2.0 kg ai/ha) 3.2 a 1 
No weeding 0.8 b 17 

Upland crop - rainfed bunded DSR 
land weeding 	 1.6 a 228 
Butachlor (1.5 kg ai/ha) 0.4 b 180 
No weeding 	 0.6 b 129 

aAv of 2 replications. 

Echinochloa species. Morphologicalcharacter-
istics. Seeds of different plants of Echinochloa 
coloa, E glabrescens, and E cnis-galli ssp. 
hispidulawere collected from upland and lowland 
fields at IRRI, and seeds of L or*vzoideswere 
collected from lowland fields in Guimba. The seeds 
collected from each plant were regarded as a 
separate strain. There were 37 strains of E.colona, 
37 of E glabrescens, 21 of E cnis-galli ssp. 
hispidida,and 9 of E oryzoides. 

After germination in petri dishes, I-day-old 
seedlings of each strain were pla, ,Iin soil in 

plast; trays 	 in the grcenhousL .,',d watered 

regularly. Tren 	 days later, five seedlings of each 
strain at the three-leaf stage were transplanted into 

the field. 
The range of the days to heading of the different 

strains was 16-33 DT for E.glabrescens,24-42 DT 
for E ers-galli ssp. hispidula, 23-45 DT for 

E orvzoi(es, 	and 20-30 DT for :. cohona 

(Fig. 5 , 6). 
The strains of E glabrescens and E oryzoides 

could be grouped into early- and late-heading 
types. Between 	,he early- and late-heading groups 
of E'glabrescens, there was a 10-d difference in 

mean heading 	time. Three strains with interme-
diate time to 	heading would not fit into these 

groups. For E ory'zoides, there was a 13-d dif-

ference in mean heading time between the 2 groups. 
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Weeds (no./m 2 ) 

Grasses Sedges S. inaritimus C. rotundus 

5 143 21 0 
12 0 330 0 
5 16 453 0 

1 166 17 0 
3 104 7 5 
0 597 107 9 

6 60 0 0 
1 4 1 1 

12 0 0 8 

Although the strains of E.cnis-gallissp. hispidula 
had awidevariationinheadingtimeand there were 
early- and late-heading strains, the variation in 
heading time was continuous from one strain to the 
next, and it was not possible to separate them into 
early and late groups. 

There were also differences in some other 
morphologiral characters among the Echinochloa 
species and between the early- and late-heading 

Plnt height (cm)
100 r F--colona 

[ "g/ObreSceflJ 

75
00o o 

r 00 
5o QAg• b 0 

-i % •0 q 0 
o , 

25 -

o 	 5 20 25 30 
Days after transplanting 

5. I)ays to heading and plant height of l'/:inmhlo vohna and 
L glahresans strains. IRRI, 1985. 

35 



Plant hight (,7m) these characters between the early-heading E 
125 . ;- glabrescens strains and the E colona strains and 

0 P CP between the late-heading E glabrescens strains and 
100 03 oOc*k," the E. cns-galli ssp. hispidula strains. 

0 0 Based on the colors of the basal stem, leaf 
00" -margin,stigma, and anther, two types ofE colona 

amb 
 could bedistinguished: the common(red) typeand0 

the green type (Table 12). The other -1-hinochloa 
50 " species showed nio variation within a species. 

o --,, ' , , , Differences in color of the chanictes can be used to 
25 '---d- - separate IL colon andIE. orvzoi:hes from E. 

gla/rescens and 1E.cs-allissp. hispidda, but the 
25 . 30 - L 	 colors are common for the latter two species even 
2z5 	 30 35 40 ,45 50 though there are differences in some of the other 

Days after transplanting morphological cha rmetrs. 

6. Days to heading and plant height of Echinodiloa crum-galli Response to herbicides. Variation among l-xii
ssp. hispihda and E ortzoih's strains. IRRI, 1985. nochlva species and among strains in their sus

ceptibility to hurbicidcs was observed in a pot (9
cm diameter) trial (Fig. 7). E. crus-galli ssp. 

groups (Table I I). Culm diameter, the number of hi.spida was more susceptible to a low concen
elongated internodes. panicle length, leaf length, tration of butachlor (2 ml of 2.4 ppm vol/vol ai) 
and leaf width were consistently smaller for the than E.glabrescens and E. coona. The herbicide 
early-heading groups. There were similarities in reduced shoot length by more than 50% in 10of 12 

Table 1I.Morphological characteristics of Echinochloa species. IRRI, 1985. 

Cul1 Elongated Panicle Flag leaf 
Species and group diameter internodes length Lenth Width 

( 1r) (no.) (mn) (ngh) (it ) 

E. colona 3-5 4-7 80-150 85-160 7-16 
P.glahrcscens

Early 	 3-5 3-5 80-130 100-150 8-12 
Late 6-8 5-7 140-200 150-220 12-17 

tLcrus.gallissp. hispidulda 5-9 4-8 120-180 150-200 10-16 
l or'zoides 

E-arly 	 4-6 4-6 100-200 150-190 <10
Late 7-10 6-8 >200 250-290 13-17 

Table 12. Color of some morphological characters of Echinochloa species. IRRI, 1985. 

Species and type Basal stern Leaf margin Stigma Anther 

I colona 
Connon (red) Brown or red Red Rted Purple
Green Green White Whitish pink Whitish yellow

E.glabrescens 	 Green or brown Mostly white Red Brown 
E. crus-galli ssp. hispidula Green or brown White or red Ied Brown 
E oryzoides Green White Pink Whitish yellow 
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Percent ofcontrol 
100 

soi "toch/ concen/ntc,
7 1 

80 
60 

. I ! ' ii I 

- 0 ' - - T" I0 

Strain 

7. Variation insiLcpthibilit.(i l/ Iilochloa ccics ((i ' n.s, - 11=:. luarcAi C /E. 'ohm, E trw;-galli ssp. hispiduh, Ory-
E or'zohkes) to but~lchhor. I R RI1,19X5. 

tested strains of E cmty-galli ssp. hislpida, 4 of 20 Reduction in shoot length was less when thio
in E.glabrescens, and 2 of 16 in E coona. There bencarb was applied. E colmoa tended to be more 
was a positive correlation (r = 0.824**) between susceptible to this herbicide than did the other 
susceptibilities of the strains to low and high L:-hinochloa species. 
concentrations of butachlor. 
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PARTIALLY IRRIGATED ENVIRONMENI 

Multiple Cropping, Water Management, and 

AgriculturalEconomics Departments 

In the Guimba project, 24 farner,:ooperators 
tested cropping patterns in about 1,00(,-n- fields in 
the irrigation service area. Originally 96 ha, the 
service area had decreased to about 60 ha. The 
research objectives were to develop cropping 
patterns that farmers could managc with their 
resources on lungog (low-lying, wate,' accumulat
ing) and turod (upper stratum) land; to produce 

higher returns to land, to cash inputs, and to labor 
than in current patterns; and to determine what 
irrigation management strategies could be used to 

efficiently distribute limited and costly water in 
most of the service area. 

Agronomic performance. The crop year at the 
research site is conveniently divided into three 
seasons: wet season (WS,June to October), transi
tion season (November to January), and latey drni 
season (DS, February to May). The divisions are 
arbitrary, but tihe seasons a.r Sufficiently different 

to affect crop perfornancc. A major differxrce 

with respect to field operation and crop adaptation 
occurs during the transition season. Turod fields 
drain more quickly than lungog fields, enabling 
upland crops to be established sooner after rice 
harvest. During the transition season, the water 
table is near the surface in lungog. .s the water 
table recedes, thes fields also drain, but not as 
quickly as turod. BLcause drainage of lungog is 
slow, a second rice crop following the WS crop 
would ,be best for lungog during the transition 
period. Maize or other upland crops were tested in 
turod during the transition season. Monthly rain-
fall during 1984 WS and transition season and all 
of 1985 is shown in Figure 1. 

1984 wet season rice. Grain yields in 24 fields 
averaged 4.0 t/ha, with no difference between 
lungog and turod. Rcseareh-managed experiments 
showed no response to Por Kin lungogorturod;a 
1.4 t/ha response to 30-60 kg N/ ha in a turod field, 
but no detectable response to N in a lungog field; 
and a 1.1 t/ha response to 10 kg ZnSO4/ha in a 
lungogfieldanda0.3t/ha responseinaturodfield. 
Grain yields were slightly lower (by 0.5 t/ ha) than 
expected because 2 varieties, IR.30 and IR42, were 
affected by tungro (RTV). 
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"ran,'iffon seaS-on --.maize in turod. The mean 
yield of maize in 10 cropping pattern test fields in 
turod was only 2.6 t,, well below the 8 t/haha 
possible from the maize hybrids used. Crop 
establishment was a major obstacle. On many 
fields, large clods that formed during primary 
tillage were not sufficiently reduced in size by 
secondary tillage with local implements. Conse
quently, soil-sced contact was poorand emergence 
was low. Other obstacles were drought, especially 
in fields far from the pump, and waterlogging in 
fields close to ditches or adjacent to flooded 
ricefields. In two of the cropping pattern test fields, 
farmers reversed earlier decisions to plant maize 
and kept the fields idle for 3 mo, intending to plant 
rice in .January. Rice yieid from one field was 2.9 
t/ ha, but the other did not vet sufficient water for 
land preparation and transplanting because it was 
too far from the pur-p. 

Fertilizer trials showed that, although maize 
responded to N fertilizer, responses were not 
consistent across fields. The highest mean yield 
from 6 superimposed trials and I researcher
managed trial was 3.5 t/ ha. N fertilizer efficiency 



averaged 28 kg grain/kg N, which was satisfactory, 
but mean yield at 50 kg N/ha, the lowest N rate in 
the trial, was only 2.3 t/ha. Tillage and seed 
placement studies were implemented in November 
and Decermber 1985. 

Transitionseason - ricein lunrgog.Only 4of the 
12 cropping pattern test fields in lungog were 
transplanted before 30 Nov. The men yield of the 
3 fields where transplanting was between 15 Nov 
and 15 Doc was only 1.4 t/ha. Three early planted 
fields were so heavily damaged by insects and rati 
that they were plowed under.iThe meanyield of the 
6fields planted between 5and II Jan was 3.7 t/ha. 
Early planted transition season rice crops were
fraught with con;raints, but late planted crops 

used irrigation water inefficiently and left no time 
for a third crop before WS. Farmer cooperators 
were aware that vieIds "rom early transplanted rice 
wou d be low, and they delayed planting until 

many neighbors were proceeding with field prepa-
rations. Those who d da ed obtained higheryields, 
but these yields were below DS potential because 
water was not sufficient for all fields in the 
command ancm during a season when percolation 
losses and evaporative demand were high. Mean 
class A pan ekporation for January, February, 
and March was 5.9 rm/d, compa red with 3.5 
um/d from June to Scptcmber. 

The few ricclrelds that wrc planted early "ere 
isolated and attracted insects and rats; standard 
control measures were inadequate Although per-
colation rates were probably not high, seepage 
losses were. Notwithstanding relatively frequent 
irrnigation, fields occasionally dried to the point of 
cracking. Even if insects and rats were controlled 
and fields werc maintained fullyfloodcd, I or more 
of 3 weather factors may have limited yicids to less 
than 4.0 t/ha: during the transition seiason, solar 
radiation isrelatively low, minimum temperatures 
are below 18 0 ( some nights, and winds from the 
northeast are strong an dry midday. Low solar:it 

radiatio from booting to maturity constrains 
yields; low temperatures hamper parick L.,sertion 
and promote sterility; and strong, dry winds place 
crops under high transpiradon demands. In the 
1985 transition season, research was implemented 
to determine the yield limitation imposed bysolar 
radiation, temperature, strong winds, insects, Zn 
deficiency, and insect pests. 

Late dry seasoncrops. Delayed rice transplant
ing in lungog left insufficient time for mungbean 
befre WS rains were expected. Therefore, no late 
DS crops were planted in lungog Furthermore, 
even when ricefields were transplanted early and 
harvested by 28 Feb, they were surrounded by 
flooded fields until Mayand were therefore too wet 
for mungbean. 

In turod, mungbean was well adapted to the 
postrnaize period, but peanu, was not. Moreover, 
farmers were reluctant to plant peanut because its 
labor requirement is high. Of the 12 turod fields, 
peanut wassown in or.y 3and mungbeanin 8.The 
12th field remained fallow. The mean peanut yield
was only 3.74 t/ha, and seed quality was low. 

Because peanut requires 110-120 d to mature, 
crops planted in early March after maize harvest 
were not ready for harvest until. ine.

Mungbean yields averaged 0.92 t/ha. M'ior 

t ultural pru.blems were not encountered except 
that mean plantingdate was29 Mar. which is risky 
if WS rains start early. Some late planted mung
bean was exposed to early WS rainfall, which 
adversely affected grain quality. Mungbean is of 
interest to farmers in the project area as a late DS 
crop because it yields well, is relatively easy to 
establish, does not require fertilizer, competes well 
with weeds, requires only 70 d, has a good price in 
the local market, and isnot excessivelyder ianding 
on labor. 

Researcher-naruged peanut experiments indi
catcd that close hill spacings (20 or 25 cm) with 2 
plants/hill was supeior to wider spacings and to I 
plant/hill. Mean yield was 1.09 t/ ha from 20- and 
25-cm spacings with 2 plants/hill and 0.8i t/ha 
from the 30-cm spacing with 2 plants/hill. Mean 
yield from all treatments with I plant/ hill was0.84 
t/ha. Peanut yields were also higher (rr an 1.24 
t/ha) when seeds were planted by the load method 
(seed furrow opened with . native plow, seeds 
dropped by hand,and covered and pressed by bare 
foot) compared with 0.89 t./ha when planted with 
an animal-draw,', seed fertilii.er applicator at 0.30 
t/ha with a rolling injection planter. 

A researcher-managed experiment on mung
bean establishment indicated that satisfactory 
stand and yield could be obtained from seed 
broadcast or placed with a seed and fertilizer 
applicator on fields plowed twice and harrowed 
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twice, or from seed planted by the local method 
(field plowed once and harrowed once, seed 
dropped by hand and covered and pressed by bare 
foot). Mean mungbean yield from the 3treatments 
was 1.0 t/ha. Mean yield from seed placed by a 
rolling injection planter was 0.29 t/ha. Tillage 
treatments had no effect on rolling injection 
planter performance. 

1985 wtseasonrice.The 1984WSand 1985WS 
differed in several ways. Grain yields in 1985 
averaged 4.5 /ha -- 0.5 t/ha more thanin 1984. In 
1985, only lRJ6 and 11R58 were grown, and 
therefore RV was not the problem it was in 1984. 
FPopulations of stem borer and other insect pests 
were lower in 1985 than in 1984. 

Once 1984 rains started in ea y April, the weekly 
rate was nearly uniform over the next 18 wk, 
awragingapproximately79 mm. In 1985, however, 
rainfail during the first 9 wk averaged only 42
mm/wk, even though rains started at the same 

time. Soils presumably remained aerobic longer in 

1985 than in 1984. Relatively lowearly rainfall also 

contributed to slight but manageable delays in 
seedbed sowing. Consequ,ently, fields were trans-
planted later in 1985 than in 1984 In 1985, 
competition for transplanters delayed tirlsplant-
ing so that seedlings in some fields were beyond 
optimum age. Nevertheless, yields were relatively 
high in all cases. Mean yields fron 1R56 and 1R58 
differed by less than 0.1 t/ha, but mean yields from 
turod fields wL re 0.4 t/ ha higher than those from 
lungog. 

Rcsarcher-managed and superimrposed exper-
iments in both turod and htingog showed rio 
response to Zn: 20 or ,'dkg ZnSO 4 /ha applied to 
the seedbed, incorpora ed before transplanting, or 
broadcast and incorporated I wk after transplant-
ing. Nordid fieldsexhibit Zn Jlcficiencysymptoms 
in 1985. Mean yield from researcher-managed 
experiments was 5.0 t/ha in turod and 4.8 t/ha in 
lungog. The difference in WS onset may explain 
some of the difference observed in insect pressures 
and Zn deficiencies between the two years. 
Researcher-managed and superimposed trials on 
both terrains showed no evidence of P or K 
deficiency. Response to N, howemr, wassignificant 
in both terrain positions. 

Partial budgeting was used to determine the 
most profitable level of fertilizer application in a 
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researcher-managed 1985 WS rice experiment in 
lungog. Yield was maximum at 60-13-24 kg 
NPK/ha, but net benefit per ha was highest with a 
rate of 60-0-0. 

A comparison of (NH 4 )bSO4 and urea N in 
lungog showed that efficiencies were not signif-
icantly different. 

Assessing economic viability of tested cropping 
patterns. Enterprise budgeting was used to corn-
pare the results of' the experimental and farmers' 
cropping patterns (Table I). The experimental 
cropping pattern rice - rice (R - R) in lungog 
generated lower return above variable costs 
(RAVC) than the farmers' R - R pattern because of 
the low yield of the second rice crop in the 
experimental pattern. 

In turod, both experimental cropping patterns 
- rice - maize - mungbean (R - M - MG) and rice 
maize - peanut (R - M - P) --geerated higher 
RAVC than the two most common patterns 
followed by farmers - rice - fallow (R - F) and 
R - R. R - M - MG also generated higher rates of 

return to labor and power, materfl inputs, irriga
tion costs, and totalvafiable costs thaneitherof ihe 
farmers' cropping patterns. The marginal benefit
cost ratio of 1.9 for R - M - MG indicates that, for 
each $1.00 increase in variable costs al ove the cost 
of the farmers' R - F pattern, an increase of $1.90 
was returned. 

Sensitivit'I analysis. The variable cost of the 
most profitable experimental pattern(R -M -MG, 
$953/ha) was much higherthanthat of the farmers' 
natterns of R-R ($623/ha) and R - F ($265). 
Parametric budgeting was used to assess the degree 
to which these higher costs might expose the 
farmer to economic losses resulting from cost 
increases or from price and yield decreases. Figure 
2 compares the most common farmers' cropping 
pattern in turod (R - F) with the experimental R -
M - MG. The experimental pattern require'd larger 
percentage of changes in costs, yields, or prices 
thanthefarmers'patterntoreduce RAVCtozero. 
R - F required an increase in variable costs of 75% 
or a decrease in yield or price of 20% to reduce 

Return above variable costs 

(thousand $/ho) 

12 / 
. Output price yeld 

Material cost, .o

quantity used " N" 
- 08 -/ 

, R-M-MG (E) 

0 Output price yield 

/"04- " 

Material cost,
quantity used / i O N 

...... / 02

-- 75 50 5 25 50 75 106 -

Percent change
-0.2 

/ 

-04 

2. Sensitivity analysis of an experimental and the most contnon [arrniem. cropping pattern. "urod land type. Gujjjba,
Nueva Ecija, Philippines. 1984-85. 
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Table 2. Effect of changes (%)of input prices or quantities and output prices cr yields on return above variable costs. 

Turod land type, Guimba, Nueva Ecija, Fhilippines, 1984-85. 

Change (%) 

$100 increase $200 increase 
Cropping pattern 

Input price Output price Input price Output price 
or quantity 

Farmer's (R-F) -105 
Experimental (R-M-MG) -24 

RAVC to zero. In contrast, R - M - MG required a 
150% increase in costs or a 50% decrease in yield or 
prices to do so. 

A lower percentage of change in costs, Nields, or 
prices was required for R - M - MG than for R - F 
to raise RAVC an absolute amount (Table 2). 
RAVC was more sensitive to changes in yields or 
prices than to changes in costs. 

Technical fasibilit.'r. Labor, power, credit, 
marketing, and irrigation were seen as potential 
co:itraints to thu adoption of R - M - MG on a 
substantial pait of the P-27 tubewell service area, 
although neither DS upland crop in threc-crop 
sequences required more than 30 labor-d,,ha 
during the 180-d season (Fig. 3). Household labor 
general ly was not sufficient to mcet labor require-
ments during peak periods of land preparation, 
seeding or transplanting, and harvesting if the 
whole turod was planted to R - M - MG. 

Credit from instittitional sources, was not avail-

able to farmers, but tiw-y made use of informal 
credit sources, paving an annual interest of about-


120%i. Marketing of mungbean or maize was not a 

constraint. 

The major technical constraint limiting the 
cultivation of experimental cropping patterns 
centered on irrigation and field operations during 
the transition season. 

of water in the service area. TheManagement 
continuing increase in electrical power costs has 
severelyjeopardized the economic viability of deep 
tubewell irrigation systems. The cost of energy is 
primarily responsible for the current irrigation 
service fees of 450 kg of rice,/ha for WS and 800 
kg;ha for DS. With these fees, many farmers 

within the P-27 service area have chosen not to use 

waterfrom the deep tubewell, increasing the cost of 

pumping for the remaining farmers. 
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or yield or quantity or yield 

+30 -210 +60 
+6 -48 +12 

1984 wet season water nianagement. During 
1984 WS, all farmers in the P-27 service area grew 
rice. Rainfall provided most crop water require
ments, and it was necessary to pump only a few 
times to provide water when rainfall was in
adequate (Fig. 4). l)ata from 24 sample farms, 12 in 
lungog and 12 in turod, indicated high variability in 
water requirement. The average water require
ments for WS were 518 mm for land preparation 
and 694 mm for crop growth. Farmers' actual 
avcrage water tisc was 446 nm for land prepara
tion, of which 344 mm was rainfall. [he remaining 
102 mm was supplied from the pump for 3 wk in 
July when weekly rainfall averaged less than 60 
mm insufficient to meet all water requirements. 
The deficit of 72 mm during WS land preparation 
can be at-ributed to farner reluctance to use the 
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pump, thereby reducing the energy bill. Many growth to supplement rainfall: one in early August, 
farmers opted to wait for further rainfall so that another in late September. In both, however, the 
they could avoid using pumped water, as was the amount of water applied exceeded the rainfall 
case in many lungog fields(Fig. 4). The reluctance deficit, leading to lower-han-desirel water use 
to use pumped water, together with othertechnicat efficiency (W[E). For WS as a whole, WUE with 
problems such as unavailability of labor, power, the pump in operation was low. Because each 
and credit, resulted in 110(d betwLen initial plowing farmer could request water on an individual basis, 
and final traisplanting about twice that of and the canals had to be filled before water could 
comparable systems in Tarlac and Bulacan. flow into a given field, conveyance loss in the main 

Water use for WS crop growth averaged canal was high; an average of 28%C, loss was 
896 mm (Table 3), most of which was rainfall, measured over a 325-ni section during the season. 
Only two irrigations were required during crop Farmers who were able to use pumped water on 
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Table 3. Water requirements of rice and water supplied to farmers' fields for land preparation and crop growth. Guimba, 

Nueva Ecija, Philippines, 1984 WS and 1985 DS. 

1984 wct season 1985 dry season 

Area Water Water Water Water 
requiremnent supplied requircment supplied 

(nam) (nm) (ram) (mm) 

Land preparation 
Lungog 492 331 408 320 
Turod 557 561 368 402 
P-27 service area 518 446 397 353 

Crop growth 
Lungog 628 853 761 1041 
Turod 759 939 1036 583 
P-27 service area 694 896 871 694 

Table 4. Mean crop-cut yields and water productivity in farmers' fields. Guimba, Nueva Ecija, Philippines, 1984 WS and 
1985 DS. 

1984 wet season 1985 dry season 
Area 

Yield 
(kg/ha) 

Productivity 
(kg rice/rn 3 water) 

Yield 
(kg/ha) 

Productivity 
(kg rice/n water) 

Lungog 3488 0.25 4150 0.40 
Turod 2713 0.17 3809 0.39 
P-27 service area 3100 0.22 4014 0.42 

demand achieved an average 41"i Wt'E in the Pump discharge remained static at 112 liters/s
season. h average water productivity. 0.22 kg throughout WS,but from mid-December onwards 

rice/ m3 of water lor WS (Table4), wascomparable itsteadily declined to 56 liters s inmid-March. It 
to that in gravity systems where the irrigation fec is remained at this lcvcl until the end of DS.WIlE 
only 100 kg rice/ha, thus had to be high to irrigate sufficient land to 

1985 clrv season water matiageni'nt. Water make energy costs reasonable, pa rtic Lila rly as water 
management activities in 1985 DS were closely requirements are consideably higher in DS. 
monitored because theywer, most citica!in terms Average water requirements were 397 mm for 
of cost saving. Pump discharge during DS showed land preparation and 871 mm for crop growth 
a much greater decline than expected (Fig. 5). (Table 3). The low value for land prparation can 
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be attributed to the effects of residual moisture 
from the WS crop, while the increased value for 
crop growth reflects higher evapotranspiration 
during the latterpart of DSand higherseepage and 
percolation due to soil cracking. 

In DS, virtually all crop water needs must be met 
by pumping. During land preparation, average 
water deliveries were almost adequate to meet 
requirements. However, lungog areas received 
only 78% of the requirement, while turod areas 
received 109% (Table 3). 

During crop growth, the water supply became 
increasingly constrained. In the initial stages, the 
reltive water supply (RWS) was almost always 
greater than 1.0, indicating that supply exceeded 
demand. The lungog was better off than the turod 
(Table 5). However, as DS progressed, evapo-
transpiration increased and pump discharge 
declined, causing RWS to fall in all areas. For tile 
entire cropped area, water supply was less than 
required by about 2('i. The failure of the pump in 
April intensified the stress that had already 
dewxloped. Yields were higher for DS than WS, 
presumably becatusc of higher solar radiation and 
less disase, 

Because rainfall was negligible, productive value 
of water was higher in I)S. For both lungog and 
turod, about 0.42 kg of rice m3 of water was 
obtained, making the system more efficient than 
gravity irrigation systems but still well below 
potential. In experiments conducted (in a turod 
farm growing maize, the productive value of water 
was 1.18 kg of maize, m' of water. However, the 
price of rice exceeded that of maizeabout 2.5 times; 
in monetary terms the productive value of water 
was almost the same for the 2 crops. 

Despite the obvious scarcity of watv r, it was not 
used much more efficiently during DS. WUE for 
farmers with access to water on demand averaged 
48%, indicating that farmers applied twice as much 
as required. Following repairs to the main canal, 
conveyance losses fell from 28% to 26% over the 
325-m section in which measurements were made. 
WUE in the experimental area and on farms that 
were supplied with water on demand was less than 
35%, well below the acceptable level. 

niproving wafer use. If pumping costs of P-27 
are to be reduced, field operations must be 
coordinated, on-farm WUE raised, and water 
deliveries coordinated. 

0 l'mig ul"opwrations. The current cropping 
calendar catses undue pressure on water 
resources in DS. Because discharge from the 
pump is lowest in March, a late start for DS 
land preparation rncans that the period of 
highest crop water requirement coincideswith 
the lowest level of wateravailability, effectively 
limiting the area that can be served. The 
irrigators' association currently aims to irri
gate 35 ha in DS. Using measured values of 
field level water requirements and pump dis
charge, and assuming no rainfall, it is possible 
to determine what area can be irrigated at 
different levels of WUE if no stress is to occur 
ontcrops. If the pump is operated for 12 h/d 
(actual use in 1985 DS was 12.8 h/d), and if 
WUE is 100%, then the latest plantingdate for 
a 35-ha DS area is week 45 (Fig. 6). If an 80% 
WUE isassumed, then the latest plantingdate 
is week 41 (early October). If WUE is lower 
than 65Ci, it is not possible to irrigate 35 ha for 
rice in DS.To plant the DS crop earlier, the 

Table 5.Mean weekly relative water supply (RWS). P-27, Guimba, Nueva Ecija, Philippines, 1984 WS and 1985 DS. 

Mean RWS a 

Area 

Lungog 

Turod 
P-27 service area 

a WS = irription + rainfall 
water requirements 

Vegetative 
period 

1.61 
1.46 
1.53 

1984 wet season 

Reproductive 
period 

1.44 
1.12 
1.28 

Vegetative 
period 

1.48 
1.15 
1.35 

1985 dry season 

Reproductive 
period 

0.91 
0.73 
0.84 
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Irrigable area (ha) 
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6. IfrIi ,a le alreas lot c {1 Cu'thdliqtnil t LItM'S M5 atl[l usc clficienc.%levels (35-10 ioii ,u nmg that IP-27 ope'ralc%, 12 
Ih if. (itmbah~. Ntlu\a I'cilit. Philippline-s, ;')S5. 

WS crop must have bee n previously harvested, hia of'rice, given the declining pumip discharge 

which in turn presumes that the WS crop is (Table 6). Current WUF of 35% in well 
transplanted earlier than currently. watered areas cain guanintce only 8 ha of rice, 

The modal date of planting by faruIers In indicating that crop stress is inevitable with 
1985 I)S was %eek 7(mid-February). If WMJE larger areas cultivatCd. Operating the puMp 
is 801, then it is possible to guiu.tee only 16 for periods longer than 12 If d would allow 

Table 6. DS are-as irrigale under 4 waler use efficiencies (WUE) for 3 cropping patterns established at different periods, 
assuming that 1-27 operates 12 h/d. Guimta, Nueva Fci jda,Philippines, 1985. 

Is tablish e t Dry season iirigatle area (Ita) 
Cropp~ng pattern period 

P'att ern I: rice - rice 
Rice (lutngog and turod) 1-15 Oct 37.1 30.2 23.2 16.2 

12-25 Feb 15.6 12.8 10.0 6.9 
Rice (lungog only) 1-15 Oct 40.2 32.6 25.1 17.6 

12-25 Feb 16.7 13.6 10.4 7.3 
Rice (turod only) 1-15 Oct 34.5 28.0 21.6 15.1 

12-25 Feb 14.7 12.0 9.2 6.4 
Pattern 2: rice - rice (lungog) atnd 1-15 Oct' (41.3) (33.6) (25.9) (18.2) 
rice - uplaid crop (tu rod) a 

Rice (lungog) 30.0 24.4 18.8 13.2
 
Maize (turod) 30.0 24.4 18.8 13.2
 

Pattern 3: rice - upland crop 1-15 Nov
 
Maize 89.4 67.4 51.8 39.1
 
Mungbealn 100.4 81.6 62.7 43.4
 

aData in parentheses sho\v effective rice area weighted by farngate price of $0.06/kg maize and $0.17/kg rice. 'Establish
ment period for rice only; uplhtud crops planted on 1-20 Nov. 
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cultivation of larger areas but would not 
reduce per hectare pumping costs. There is 
also a risk that longer pumping hours would 
make crops more susceptible to drought stress 
if the pump fIailed and could not he repaired 
quickly. 

An analysis of the cost of' pu mping shows 
the same basic trend (lablc 7). If rice is 
transplanted by the first half of October, then 
with 12 Ih d of plriping and a \VI E oF10t'; 
the cost to fa riirs would be S84 ha. I)claying 
planting to Febrtiai. but keeping other 
factors const aIit. \'Nonld increase he cost to 
2X) ha. If' ilanting %\cicin Febmaiy. then 

costs w\oujld rise to $312 ha at 50('I FWilland 
S453 ha at 3511 \VIT. Ihe currenlt )S irriga-
tioni fee iS CLuisalent to S138 ha, which 
rcquiies that pla tling be done il Octoberand 
that the systeri be opetImted a t ,limore than 50('i 
W I F. 

Iftrarers switched to crops otherthan rice. 
then there winld he potential Cot- a large 
increase in the set\ ice arca a,d I red uction ill 
per hectare lpelating costs. If all fariliel-S were 
to plant either tIiaic or ,niing eai in )N, then 
it would be possible to cultivate the entire 
service area if'planting were early and WV !E 
801; (I able (1). Plimping costs woluld be SIX-
S23 hi. \Vith 5011 W 'F, it should be possible 
to grow about 52 hi of maie or 63 ha of 

mungbean, with pumping costs of only $39 ha 
for maize and $30./ha for mungbean. But 
becausc of waterlogging problems in lungog, it 
is likely that rice will remain the preflerred 
crop, at least in the transition scason and early 
DS. Thus, a more realistic scenario is to grow 
upland crops on tile lighterturod soilsand rice 
on lungog soils. I-Is would permit 30 ha of 
each crop area to be cultivated if WtUE were 
80"1, decreasing to 19 ha each if WUE were 
50 . The pumping costs would be reduced to 
$76 ha if WillE. were 80(';, and $121 ha if 
WIE were 50['i. Ilowever, it is essential to 
maintain an early start in DS each day of 
delay in pla nting after mid-Octobe r requires a 
WIlE increase of abo:it 1('7 or a reduction in 
area of 0.25 ha if'stress on crops is to he 
avoided. 
(),ir , n'!atrt+sccfiilm'it;'l'.!nbothi W5 and 
)S, W Fon farns whe re v'watcr requi rerents 

were frllv riet averaged 45-50"i. Farmers 
appear t) hae used irrigation wvater extra
vagantly, pailly because during periods of' 
wat,:r scarcity the\, may not l'eel certain that 
they call get another irrigation belore their 
fields dry out, but tnore likely becatuse there is 
no financial incentive to use water efficiently 

the irrigation fee is lixed regardless of the 
actual volumie of water used. B3eca use volutme 
isdirectlv related to pumping hours, a variable 

Table 7. Energy costs for 3 cropping patterns established at different periods and WUF, assuming that P-27 operates 12 h/d.
Guimba, Nueva Ecija, Philippines, 1985. 

Cropping pt ern 

Pattern t: rice - rice 
Rice nlgog and turod) 

Rice (hitngog only) 

Rice ttirrod only) 

Pat tern 2: rice- rice iluigog) and 
rice - upland crop (turod) 

P'attern 3: rice - upland crop 
Maize 
Mungbean 

I nirgye costiI (S/ha) 

period \'t'[ 807; \lt'F 65'7 \kt't: 50V WUI 35% 
Stablisliment 

1-15 (t 84 103 135 193 
12-25 Feh 200 244 312 453 

1-15 Oct 78 96 124 178 
12-25 leO 187 230 300 428 

1-15 Oct 91 112 145 207 
12-25 Ietb 212 260 340 488 

1-15 Oct" 76 93 121 172 

1-20 Nov 
23 30 39 52 
19 23 30 44 

aknergy cost/tia computed based on electricity cost of SO.09/kWh. bEstablishment period for rice only; upland crops 
planted on 1-20 Nov. 
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irrigation fee based on time of irrigation is 
feasible if acceptable to farmers. 

a 	Main system 0[ficiency. The low WUE at the 
farmer level is due largely to high operational 
losses. The main channel takes a long time to 
fill before water flows into the fields. llurs, it is 
inefficient to serve isolated farmers more or 
less at random. In addition, niany farmers 
deliberately leave turnouts open each fIarit 
having independent access to the main chanel 
--so that they will beriefit whenever a farni' 
further down the channel receives water At 
present, the farner requesting water ust 
close upstreal turnouts, ilost of which no 
longer have gates. 

The irrigators' association. Although ma ny 
1
technical matters influence W( +.agronomic, 

economic, and irrigation via nagemit research 
suggests the potential to increase )S crop prod tic-
tionin the P-27 seiricearea. Ioinproveefficiency, 
the manage irent of the P-27 system must iriprove. 
P-27 is managed bv i irrigators' association. 
Examination of tie organi/ation, p11 ur structures, 
and functions of' the 1)27 irrigatois< a,,sociatiOn 
showed that collection of tile seasonalitrrigation fc 
isan important function. Ihis fee and far rs' 
perceptions of the hetiefits they receive in returnfor 
paying it are important elcimets in their decision to 
pay the f.e or [rot. 

Production potentials inthe service area. Ability 
to pav\ tilecost of' pumnrping iniplies that a flarllcr 
has used water to generate an ccionolic return, 

Using the estirtates in lahIcs 6 and 7, and 
agronomic aitd economic data front farrn record 
keeping and cropping pattern tiillitoritig, RAVCs 
from growing alternative combiatuions of )S 
crops were determined for the entire conmmand 
area. It was assumed that no privatel,' owned 
shallow tubewells were used ard that all irriation 
was provided by the P-27 system. 

Total RAV( in tile corunland arca was higher 
when upland crops werc grown instead of rice. 
AssIini rue fa ricrs' rice cultivation prarctices and a 
50% WiITE. a total of 10.4 ha could he irrigated, 
resultirig ina S2.50 RAVC (Table 8). [)cvoting 
half of the area to rice arnd half to rnaie allowed 
18.8 ha to be irrigated and increcased total RAVC to 
$4,330. Growing riurigtean on tle whole arca 
allowed 62.7 ha to be irrigat.cd and resuted in a 
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total RAVCof$19,100. Growing2uplandcropsin 
sequence increased the irrigated area further to 
114.6 ha and total RAVC forthe command area to 
$24,340. 

Replacing )S rice with upland crops would 
allow a much larger part of the command area to 
be irrigated and would benci most farmers. Those 
who would receive the greatest incr-ase in RAVC, 
up to S1,308,ha, are those presently lea ving land 
fLallow. taruirs who planted R - R would increase 
RAVC by S713 ha by'growing R - M -MG. 
Farilerspreviously growing unlv a WS rice crop 
would also increase their income front household 
labor working on their own land. 

System adjustment to move toward production 
potential. 1) crop produnction could be increased 
significantly in the service area and ample income 
generated to pI .' t:nipinrg fees. lc lhnically, the 
adjustments necessary to improve water distribu
tion are straightforward: coordination of field 
opention+ to achieve greater cropping synchrony, 
itIprovclltits in on-farn WI T, anid rinain s'yster 
Cficiency. Ihowever, examination of, the irrigators' 
asscitiort suggests that nuaagtnunt adjustmnts 
necessary to iniprovc watcr distrihbttion are not so 
straightforward. 

Recogni/ing that water is distributed across 
fields arnd th:ttrice arnd upland crop requirements 
are different, tile ohiccti \'should be a continuous 
scrvice area where virtially all farmers are 
niemuhers ind one that is organized for a ccunion 
goal. In it contilLuous service area, water distribu
tion could he organicd more efficiently by 
hlockwise irrigation; canals could be used optim
ally because water would not pass nonmembers' 
fields; more faruers would be interested in keeping 
the canals and ditches clean to improye WUE; and 
coordinated tining of field operations would be 
easier. 

Itowever, a continuotus service area could riot be 
maintained. Private shallow pumps were installed 
because farniers could not rely on water delivery 
from tie (eep well. Even if water distribution from 
P-27 were govcncd by strict rules, water delivery 
would still be ucertain because of brownouts and 
technical defcts. 

lie private putrujs should riot, however, en
courage tileowner or user to leave the association. 
The pumps car be integrated into the deep well 
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Table 8. Potential dry season RAVC from alternative cropping systems, P-27 command area, Guimba, Nueva Ecija, Philip. 
pines. 

RAVC ($)at WUE ofa
 

Cropping system 

80v 65% 50%o 357 

Systems 1: rice - rice (lungog) 
Rice (F) 4,020 3,270 2,500 1,760
Rice (E) 560 450 350 250 

System 2: rice - rice (lungog) and rice- maize (turod)
 
Rice (E) 420 340 260 
 130 
Maize (E) 6,490 5,280 4,070 2,850 

System 3: rice - upland crop
Maize (F) 19,340 14,580 11,210 8,460
Mungbuan (E) 30,590 24,860 19,100 13,320 

System 4: rice - upland crop - upland crop
Maize (F) 19,340 14,580 11,210 8,460
Mungbean (F)b 15,290 12,430 9,550 6,610
Peanut (I)b 5,980 4,660 3,580 2,480
Total maizc - mungbean and peanut 40,610 31,670 24,340 17,550 

aiF= farmers' practice, E = based on data from the experimental patterns tested in cropping pattern trials. bAssuming that 
the total area will be allocated equally to mungbean and peanut in the 3d season. 

system to suppIlement irrigation if P-27 fails. U'LAND RICE ENVIRONMENT WITH ACID SOILS
 
Perhaps private pump owners may be allowed to Agricultural Economics and Multiple Cropping
 
deduct fuel and other costs incurred in running Departments
 
pumps from their fees (as one of them actually 
does) in return for an obligation to operate their Cropping pattern testing on acid upland soils in 
pumps in times of vater scarcity for other Claveria (Agricultural Economics and Multiple
members. All the implications must be scnrtinized, Cropping). Upland rice, maize, cowpea, and an 
but the objective should be more contractual upland rice + cowpea intercrop were planted by
relationships that bypass the existing social farmers in early WS as first crops in three-crop 
structure. sequences. Costs and returns are shown in Table 9. 

Table 9. Costs and returns of first crops (early WS plantings) in cropping patterns tested in farmers' fields in Misamis 
Oriental, Philippines, 1985-86.1 

Costs (S/ha) Rates of return 
Cropping pattern b Fields Yield Gross Net Reort MBCR to 

(no.) Labor Material Total (t/ha) rettrn returnC Labor Materiale replace 
and power variable (S/ha) (S/ha) and power (/5) M (F)Wf 

(S/S) 

CI, (-: 14 64 116 
 180 1.00 382 202 4.15 2.73 1.93
UR (I:I)h 11 88 124 212 3.95 450 238 3.70 2.92 1.98 
mI(F)1 8 52 127 179 3.23 360 181 4.48 2.43 1.73
t CP F) 5 42 107 149 3.10+ 526 377 9.98 4.52 4.84
 

0.46 
NI(F) 15 76 3 79 !.69 187 108 2.42 37.00 
aUS$ I"= P20. h1- = experimental crop, F farmers' crop, CP = cowpea, UR upland rice, M= = maize. CGross return - total 
variable cost. 4tGross return - material cost/labor and power cost. eGross return - labor and power cost/material cost. 

gross return of potential pattern - bioss return of prevalent patternf'Marginal benefit cost ratio (MIBC1)
gllased -- total variable cost of potential pattern - total variable cost of potential patternon Ir821).889. hLned o 1I'LITi5. ilased on IPB Var I or DNIR2./Based on farmers' variety. 
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Tabel 10. Costs of materials used on experimental (E) and farmers' (F) cropi. Cropping pattern trials, first crop, Claveria, 
Misamis Oriental, Philippines, 1986-86. 

Materials 
Cowpea ( ) Upland rice (E) 

Seed 14 14 
Fertilizer 

N 4 23 
P 30 18 
Compound 0 8 

Lime 37 38 
Insecticide 31 24 

Total 116 124 

Material costs exceeded S1(X) for all crops, con- 
siderably higher than the $3 Valuc of seed farmer-s 
used for a traditional aie crop grown during the 
same season. lablc 10 shows that the major 

contributions to these high material costs were 
for li ai and insecticides. C'oncurrent rcscarcher-
managed exper':.,,tIs suggested that Il nrilicrcosts 
for upland rice can he reduced by about 40(*i 
without reducin6 net returns. 

Net returns from he experimental crops were 
above net returns from the traditional nai ie crop. 
Marginal benefit-cost ratios (MBCR) to replace 
farriers' niai/c su bsta ntrally exceeded unity for all 
experimental crops (Table 9). The highest MBCR 
was for the upland rice - cowpea intccrop, in 
which fertiliier costs 'vcr low bccaunse N fertilizer 
was not applied. 

Fertilizers for upland rice (Ah t/nr)h, ('rol ing). 
Net benefits fron frtili,cr were higiiest with N at 
25 kg ha and with 1) at 9 kg, ha. Uplarnd rice 
responded to lime, but the cost of 3 lime ha was 
not offset by the 0.6 t ha gr-ain vield increase. 

Two experiments were initiated on sequences 
sta rtinrg with uplanrd rice il 1iI985 WVS. UJplanrd ice 
grain yields weme exceptionally high even without 1P 
Cr liie (Fig. 7). Response to lire was riot signif-
icant at 0.1 t ha. Respomse to 13 kg [) ha was 

highly significant at 0.9 t hit. [he crop iII this 
experirert receivced uniform applications of 50 kg 
N hat arid 17 kg K hat. 

Inthe second experiment, lime rate and metlod 
of incorporation v ere the only variahles. 1into wis 

broadcast aind incorporated (1&I) to 15 in by an 

anirnal-drawrn plow", B&i to 30 cii by I tractor-
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Costs (US$) 

Maize (E) Upland rice Maize (F) 
+ cowpea (F) 

4 15 3 

10 0 0 
4 29 0 

49 0 0 
36 37 0 
24 26 0 

127 107 3 

drawn plow; and B&I to 15 cm by an animal
drawn plow, after which the field was replowed to 
30 cm by a tractor-drawn plow. lime rates were 3 
and 6 t ha. Yields from these incorporation 
methods arc shown iF)Figure 8. Rice bencfited 
from deceper incorporation and ti h Iigher limiue 
rate. The elfcct of litme on soil pH1 was reflected in a 
pH1 increase (Fig. 9). Soil samples for pll deter
aiinations were taken from the surface 15 cm, 
whichInmayexplairi why pll afterapplication of6t 
lime ha incorporated by an aninal-drawn plow 
was inuch highe r than with (6 Llime, ha incor
pointed by a tractor-drawn plow. 

Mungbeni in an acid upland environment (Mtd
lip/c ( Trppiing,). NIlungbcan has thire possible roles 

Gram pe , 
a . .... - ...... . .. .. . 

o me 
t .e/ha 

, 

G E 
+ -E JK
 
S 

[ . 
P<q/hn) 

7. (hni .icl ultuland I c t h l inc aind 1'applicatims. 

(ta\ ia..MIMmi,, ()mctlm 11111ippic,. ILS5 WS.I'llh 



Groin yield (f/ho) PH (1 water) 

0 Animol-ploed (AP) N Animol-plowed (AP) 
TraP±oTp Tractor-plowed (TP) 

O AP+TP
APtTP
I 


SEI ::::::::]:::::SE II " 

4 -

3 - 0\\1 I 


INE3- 10 


N 

Coiticol i hControld a 
t, ,Me(I/ ho) 

.( ,m Nieldoa ill 1hi5 ilcand methlod of limeasal Ictcd h\ 

incotpratilon. (lawcrra. MiNa:mnui I'idippliis. 1985
()iicnial. 

WVS. 


in upland rict-based systcrms: I) it can be planted 
earv in WS before rice in areas where WS is long


ad
rMisamisand rains build Lip gradually; 2) it tan he Intel,

cropped witi ricea i can gro wn onad 3) it be 
rsid ul soil m oistutre and late tins fter ri-e 

lhesc three rolcs Were to be tested ait Cla\eria.
 
IIo\wc\cr. res Crheri-nlilnaigcd expe rime nts 

,,bowed lowv murghean plant growth. nodulatiotn 


and grain yiels ill cxpcicnts plhruCd at live 
locations in carly l)S. Grain yields from e.pcr-
irnents designed to test rcsponsc to inoculation 
with Rlti:o/itir, little,itnd Pa rcgiscn in lahic II. 
Analsis of' variarnce slro\.d that inoculatiorn 

response \\a.s sigrili artt a I'riot ivlocation. 
response was significant at sornic locations, and 
lime response was significant itall loca tions., [\Cn 
thoutgh lime itlid P)responses \ere signific illt. the, 
were not large. 

Because mungbealn could be aillirmportant crop 

on these acid soils. research continued during DS. 

A pot experuienit using soil from location I in 

Table I I showed that respnrsto clhicken n uanure 

were pronounced. Yield was 0 g pot froni the 

control, I. I g/pot from 20-17-32 kg NPK,' ha + 3 t 
lime /ha, 1.3 g/pot from 86 kg P,ha, and 5.7 g/pot 

4 

2N3 -

IN 

3 6
 
t_,me (t/rio)
 

9. pillchangeN inthe oil astltcctcd h\ rat, aitd method ofliic
 
incoiiorration(h laiia. Misaui )riental. I'lrilippicn . 1985
 
W S.
 

Table 1I. Yield of nmungbean CES ID-21 across 5 loca
tions as affected by 11and lime application. Claveria, 

Oriental, Philippines, 1984 DS. 

Yielda (kg/ha) at each location 

Treat e t 1. . . . . . 
1 2 3 4 5
 

Uinfertilized 45 231 91 104 300
 
13 kg P/ha 57 336 174 216 266
26 kg P/ha 62 357 184 178 313

3 t lime/Ia 119 311) 240 I11 295
 
13 kg P/ha + lime 203 447 277 185 459
 
26 kg P/la + ine 213 524 329 196 467
 

(V'-) 19 11 20 28 13
 

Nans over 2 inoculation rates and 4 replications. 

from 3 tchicken manure ha. Moreover, mean pH 
from control pots aid chicken manure pots was 
identical at 4.35 after the experiment. Another pot 
studyshowed d ramatic response of grain yield and 
lodtilation to chicken manure (Table 12). These 
treatments, including line rates, wore repeated in a 
f'arrnler's ield with similar resulIts (Fig. 10). Expcr
imenritS were also conidtided ittwo locations to 
test response to N,P,K, and lime. Response to P 
was most pronouie(l. Mean yield from treat
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Table 12. Grain yield and nodule counta of mungbean as Grain yield (kg/ho) 

affected by inorganic fertilizer and chicken manure in pot 800 
exp~iiment. Claveria, Misamis Oriental, Philippines, 1985 INo meWS. iiiii31 ilh e/ha 

Grain yield Nodules 600 
Treatment (g/pot) (no./plant) ..........
 

C o n t r 2, 4 !:ii::ii~i::ii:..........
I7 ........
Control 2.7 14I : ::;::;:.. .............. 


20-17-32 kg NlIK/ha 3.4 14 400...... . 
2 t chicken manure/ha 7.4 33 .......... 
4 t chicken manure/ha 10.6 48 ...... ::.. 
6 t chicken manu re/ha 13.0 52 

Cv (%) 20 30 
_ __ __ _ _ _ __ _ _ _ _ _ _ _200 -..... 

aMeans over 2 lime rates and 4 replications. .I.SJ.:..: 
...... .....
,...
 

ments without P was 66 kg grain/ha; from treat- 0 2 4 6 Inorgani 
Chicken manure NPK 

ments with 17 kg P/ha, 168 kg/ha; from treatments t/ho) (20-17-32) 

with 17 kg P/ha and 3 t lime/ ha, 256 kg/ ha, and 10. Response of munghan to chicken manure. lime, and 

from treatments with 85 kg P/ha and 3 t lime/ ha, inorganic fertili/ers in a larmcr's field. Clacria. Misamis 

Oriental. Philippines. 1985 WS.
458 kg/ha. 

In another pot experiment on mungbean, two 
levels of three factors (with and without Rhizohiun rhizae increased root colonization. Dry matter 
inoculation, with and without mycorrhizae yields were determined on 28-day-old plants. The 
[Glomunfasciculatus], and with and without P) main effects of mycorrhime and P, but not 
were arranged in all factorial combinations. This Rhizohium, were significant. l)ry matter yield was 
experiment was conducted in Los Bahos, but with increased 17% by mycorrhizae and 21% by P. 
acid soil from Claveria. Inoculation with mycor- Interactions were not significant. 
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The most important upland crops grown before 
and after rice are maize,sorghum, soybean, pea-
nut, mungbean, and cowpea. The Institute of Plant 
Breeding (I P1B) at thel University of the Philippines 
at Los Bahos (UPI1.3) received a grant from the 
International De\clopment Resevirch Centre to 
develop varieties of upland crops for rice farming 
systems. The project involves screening of lines and 
varieties from the international centers (Interna-
tional Crops Rescaich Institute for the Semi-Arid 
Tropics [ICRISA'I], Internimtional Institute of' 
Tropical Agriculture [I[IA], and Asian Vegetable 
Research and I)evelopment (cter [AVRDI)C]) 
and national breeding progranis, h'biidiiatiOu of 
selected promising varneties. and selecti(o. The 
brcding prograiii concentrates oii soybean. pea-
nut, and mungbea n.Ilybidi/ation, selection, and 
screening are done at IP13; prcliiniii vieldy trials 
at IP13 or Pangasinan State University (PSIJ): and 
general vield trials at IP1l and PS U and in Iloilo. 
IITA assigned a senior scientist to IRRI under the 
IRRI-IITA Graili I.cgtiie Project to identil'y 
varicties ()'l co\wpea and soybean that fit the rice 
la rrmIing systeis. For iiia./e and sorghum. we arc 
collaboratirifwith IPB, the Centio Interniacional 
de Miejoraniento de Mai/y Irgo.,and ICRISAT. 
The Thailand Ii-ld Crops Research Institite 

(F.VR I) and Indonesian Central Rescarch Institute 
for F:ood Crops (CR IF() iiiieisified tlie irwork oi 
breeding for rice filmiing systems and contributed 
elite llatcrials to the \ametal testing in the Asian 
Rice [arming ,SystemsNetwork (ARFSN). 

VARIIA: At [St ING 

The most promising entries from IPB. FCRI. 
CRI-"C, and national progralis are sUbniitted 
to IRRI for seed increase and distribution to 
countries involved in the ARtISNcollaborationoi 
varietal testing of ulpland crops before and after 
rice. 

Cowpea. Fen early maturing cowlicillnes were 
evaluated before rice. 1T82D-89 I,CES414, and 
1T82D-889 peirormied well and produced a seed 
yield of 0.9-1.0 1 ha ill()d,plus a green fodder 
yield of 14-16 t ha. 

A sizible area of tropical Asia has acid soil, 
where com,,pea performs miiuch better than tlung 
bean or soybean. The seed yield of cowpea lines in 
acid upland ranges from 0.9 to 1.5 tu ha,compared 
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with 0.2-0.4 t/ha for mungbean or soybean. Ore 
hundred fifty lines of early and medium maturing 
cowpca \\ere screened, and 20 lines better than the 
check IT821)-889 selected yield per\\'ere for 
fthrmancc. 

Seven hundred fortv-nilie accessions of cowpea 
were screened fOr beanflv at IRRI and AVRDC; 
five lines consistently showed resistance: [Vu 2181, 
T.V'u 3073, TVtu 3296, TVu 652. and F-I. 

Mungbeau. Ini the observation nursery 255 
mungbcan ciltrieswercevadluatCd after ice. Twenty 
lines better than the check were selected for the 
eniru VieId trial after rice. From the combined 

results of the UITI.B and PSUI experiments, five 
ines \wer :\centtually selected for seed increase and 

inclusion inARFSN varietal testing: IPB M79-12
168. 11P H M79-20-113, IPIB M79-17-91, IPB M79
25-106, and IPB M79-25-115. 

Soybean. Soybean varietal improvement for 
rice-based tirmling systems is done by lie IRRI-
IITA Grain legume PioJect and IPB.At IR RI we 
screened 1.4(X) sovbean lines for their adaptation 
after rice: 350 Were selected, the most promisiing of' 
which wer Ace. 94, Ace. 2120, l(ix 5304)21), 
S.1-5, and TGx 442-21). Medium maturing eul
tivats periorimed betterthlanca rlv and late maturing
types ii; rainfed lowlad ctnditils. 

Inanother study, 16 iiiipro\cd so'bea i lines 
were evaluated dtiring wet seaso in I )avio under 
upland conditions. Seed vield raunged from 1.41 to 
2.42 t ia. The tori yielding cultivar, were S.1-5 
(2.4 t ha). [x 5364-21) (2.3 t ha). and TGx 442

021) (2.3 t ha). 
Inlthc prcliniina ry vichl trial. 49 entries involving 

materials froin Asian countries and the Itera
tional Soybean Prograinl \scrc planted at UPLB 
aiid PS U; 20 lines \\ere selected for inclusion in the 
general yield trial. 

Five :ines were selected for inclusion in 
the ARFSN varietal testing: IP13 SY 138-28, 
GC 60068-9. GC 50193-7-6, Ace. 770. and 
GC 50123-8-0. 

Peanut. A tatal of 609 peanut lines were planted 
at PSU. Fif'ten were selected for further evalua
tion in the general yield trial after rice. 

We evaluated I I lines from Tainan, China. Bean 
yield ranged from 0.8 to 2.12 t/ha. UPIB PN4. 
one of the check varieties, gave the highest bean 
(2.12 t hal) and fodder (1 7.9 t ha) yield. However, 
all entries except NS 8328 outyielded UPI, PN-2, 



another check variety. The promising varieties 
were NS 8344 (1.73 t shelled bean/ha), NS 82105 
(1.57 t/ha), and NS 8304 (1.54 t/ha). Maturity of 
these varieties was 100 d, and fodder yield 11-12 
t/ha. 

Pigeonpea. Fifty-four pigeonpea varieties 
from ICRISATand Queensland, Australia, were 
screened after rice. Grain yield of ICRISAT 
materials ranged from 0.78 to 3.25 t/ ha and fodder 
yield from 6.50 to 23.8 tiha. The most promising 
varieties in terms of grain and fodder production 
were ICPL 84060, ICP909-E3-5EB, ICP3009-E3-
4EB, and ICPL 265. These varieties mature in 
120 d. Yield levels of varieties from Australia were 
low: fromO.8 to 1.56 t/ha forgrainand 1.25 to6.83 
'ha for fodder: QPL 72 and Hunt were the most 

promising. 
Chickpea. We evaluated chickpea Under upland 

conditions in 1984 and 1985: IC78002 wasthe most 
promising. 

In 1984, we obtained 16 entries from ICRISAT 
forevaluation. Yield ranged from0.49 to 1.38 t! ha. 
All entries were better than IC78002. The most 
promising were BND-9 and 81220. 

Sorghum. Thirty-six early (95-100 d) and 
medium (110-115 d) ma tring sorgh uln varieties 
from ICRISAT were screened after rice. Grain 
vield of early materials ranged from 0.22 to 
I.01 t ha: that of nediun maturing varieties 
ranged from 0.75 to 1.73 t ha. Goldfingcr and 
Tropic were the outstanding entries in the early 
group, and M-80200 and SIN 475 topped the 
medium maturing group. 

Sweet potato. We evaluated 11 sweet potato 
varieties from IPBand the Visayas State College uf 
Agriculture (VISCA) under lowland and upland 
conditions.The lowland trial wasunderzero tillage 
and the upland with tillage. In tme lowland trial, the 
outstanding varieties were Cl 093-9 (10.1 t market
able tuber yield/ha), Tinipay (9.4 t/ha), and 
G145r-4(8.1 t/ha). Fodderyicld rangedfrom2.3to 
7.0 t/ ha. The highest yielders were G53r-I 7b (7.0 
t/la), G I 13-2b (6.1 t/ ha), and Tinipay (6.0 t/ha). 
All varieties were harvested in 110 d. 

In the upland, tuber yield ranged from 6 to 14 
t/ha. V2-1 from VISCA gave the highest market
able tuber yield (14.1 tiha), followed by G145r-4 
(13.0 t/ha) and G53r-17b (10.2 t/ha). All varieties 
were harvested in 110 d. 

CtHEMICALANALYSIS O: PROMISING UPLAND 
CROP VARIETIES 

Mungbean Pag-asa 2 had the highest protein 
content in grain (26.0%) and fodder (16.0%) and 
the lowest crude fiber content (24.i%), indicating 
that this variety will be preferred by animals. The 
other promising dual-purpose varieties were cow
pea TVx 3671- 014C)1ID(23.1% protein in grain 
and 13.2% in fodder) and bush sitao BS(, (3.1% 
protcinin fresh podsand 19.2% in fodder). Highest 
protein content in grain was obtained in soybean 
7521-26-2 (46.7%z,), peanut CES 2-25 (31.7%), 
sorghum CS 116(9.0%), pigeonpea ICPL-6(23. 1%). 
and maize variety Early DMR Composite I 
(11 .4%). 
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Our studies on the agronomic management of rice-
based cropping systems concentrated on the role of 
legumes in providing N to other crops in the 
system. We also continued studies of wheat and 
sorghum management after rice. 

GREIEN MANUIRIN(i 

Auluiph' Cropping~ Departmewn 

Long-term green manure experiment. In 1984 dry 
season (DS), the residual response from green 
manure incorporated for wet season (WS) rice was 
determined afterthe fourth WS crop. The 1984 DS 
crop (IR.5) received no flierili/er except a uniform 
application of 40 kg N ha before the last har-
rowing. As in previous I)S plantings of this 
experincnt, resid tal effects were not dcteetcd. The 
mean yield was 3.35 t ha (S, -- 0.07). 

In 1985 WS, green manure and organic N 
treatment were applied as in the previous 4 yr. but 
with minor changes. Ses/ymnia rostrata replace.d 

Table 1. Total dry matter yield (TDMY) and N accumula-
tion by Scsbania rostrataat 3 growth stages. IRRI, 1985 
ws. 
Green mnanuire ag- T..i)Y N acumulatiotn 

(I)L) (t/ha) kg/ha) 

25 0.7 27 
35 3.2 91 

50with 

Si:. 0.17 6.4 

aDE.= d after emergence. 

Yield (/ho) Yield (Who) 

cowpea and mungbea n, and a 30 kg N/ha applica
tion at panicle initiation (Pi) replaced the split 
application of 80 kg N 'ha (I 3 before last har
rowing and 2 3 at 1I1). 

Total dry matter yield (TI)MY) and N ac
cumulation in the three green manure growth 

durations are shown in Table I. N accumulation 

was most rapid between 25 and 35 d after 
emergence(DE). TI)MY and N yield of IR54 were 
significantly influenced by green manure age. but 
the gren manure-inorganic N intcraction was not 
significant. N efficiency, utili/ation, and retovery 
were examined by regression analysis (Fig. I). 
Apparent N recovery and N utili/ation were 
similar, regardless of source. The efficiency of 
inorganic N topdressed at 30 kg, ha was not 
significantly different from that of' an equivalent 
quantity of green manure, although numerically 
higher. 

The crop (IR54) to test residual N afterthe WS 
crop was transplanted eairlier than in previous 

yearis. bUt othe rwise tile saiC procedtres were 

followed. As in pre\iotis ym I-. no resid nal response 
\as dctcccd. The inca n vield was 2.68 t ha 

(Sl! = 0.05). 
Evaluation of green manure species. The 1984 

experiment c\altiating eight green manitlrC crops 

for biomass production. N accunimlatin, and 
efect on 1984 \VS rice yields was continucd in 1985 

some modifliations. The soil of tile expeii
menital field \,as Nlaahas sily clay, Andtluptic 

Haplaquoll. fine mixed. isohvpeiihe rhnic. Initial 

N uptake (kg/ha) 

* ,d eftcency uz07.o¢1 . P900,t'eV 

35f 41(10s t()012 (00043) (04?Gl (00119) 0 0839)
 

. -84 O000)729)J :0 85
 
(00C00729)

50 i R '* 

9 0 - o'0ow4 5-11045040-
1451I 

3 * --, ,- u o, qac 40 -0. 

. qI., 3 1 /dh1(0 

0 20 40 60 80 100 120 0 30 40 50 60 70 80 90 100 110 0 20 40 60 80 100120 140160 

N applied (green manure only)(kg/ha) N uptake (krj/ha) N appled (kg/tha) 

1. Hli.icnc, . util tiion. and rcvo. erf ol N I m re inoi plirated at 3 gim th ,iagcs. %%ith it tii30 kg N ha.ol,'e.sIaa green mal t %% 

IRRI. 1985 WS. 
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soilpHwas6.3:organicC, 1.02%;total N,0.1235; (IR54) was transplanted on 2 Jul 1985. Rice
and available P (Olsen), 15 ppm. responded significantly to inorganic N up to 105

To determine residual effects from the green kg; ha (Fig. 2). Rice yield increased signilicantly 
manures incorporated before the 1984 WS crop, irrespective of green mLanure application, with no
IR54 rice was direct seeded on 15 Dee 1984. significant difference among treatments. Applica-
Inorganic Nat 60kg; ha (1 2at sowing+ Ij2 38 d tion of35 kg N ha on green manure depressed rice
after sowing [DAS]) was applied to all ti catments. yield where S'cxsania or-C'rota/aniawvole incorpora-
Rice was harvested on 3 Apr 1985 and grain and ted but increased yield slightly in other green
straw yields were recorded. Differences among manure treatments. The most notable response to 
treatments were not significant. Grain yield and N 35 kg N ha was in application as a supplement to
uptake were slightly higher after green manure indigo, which accumulated the least N (58 kg
than after inorganic N, regardless of grecn manure N, ha).
species and inorganic N level. Comparing green manures and inorganic N

In 1985 WS, the experiment was repeated on the levels showed that rice yields obtained with green
sarne field with the following modifications: manures alone and those with 105 kg N ha were
pigeonpea, unpromising in 1984 WS, was replaced comparable. Furthermore, weed-free fallow that
by weed-free fallow; and inorganic N levels on received 35kg N ha prod uced as much i-ice yield as
fallowed plots were reduced from 0, 50. 100, and weedy fallow, where weeds accumulated about 25 
150 kg N! ha in 1984 to 0, 35, 70, and 105 kg, ha in kg N ha. 
1985: on plots in which green manure was incor- Green manures varied considerably in biomass
porated, i:,organic N was redt ced froin 50 kg ha production and N accumulation, biut rice yield did 
to 35 kg ha. not arv significantly. Ss/sturia and ('rota aria

The green manures werc so\n on 23 Apr 1985 acculuilated more N in (0 d thanIrequired by tihe
with no fcrtili/er application. HiomnasS productionl crop, indicating a reed to determine optimum
and NacCumulaltion at 30. 45. and 00 I): and from greeniallinlc growtth duration for the most pro
weedv fallow after () d of growth ale repol ted in ducti\c species, binmass for ither green nmantres,

Taible 2. I)iff.Ircncs among spcies werc similarto and inorganic N combinations.
 
those ,hscrcdin 1984. .Se.baiini and (Crtlaria Performance of three Sesbaia species. The

cexhibitcd 
 rlapid carlv groxk th. hich comtinucd grcen manure potentials of thrLe Sesia species
until ileorp ,patioatl 0 E).()thI ereen iranurcs \wer comlparcd UnldCr unflooded and partially
startcd slokl., but grothIrtcats increased \with loo0dCd conlditions.Treatments werteapplied to the 
time..Se/b.,,LI had Maxilnlni and indtig riinirninH sane plots as for the 1984 crop. In 1985, however,
biorirass rid N a.curnulatiorr at the thrcc Crop .1.'.,ANI/ Ieplaccd S. "chtiat.Vlq." Growth dtraages. tioras wret 62 and 49 [).AS. Water management

Ihe green manlures \ere incorpo atcd into the trCIItucnts eree applied on 25 Jur to main plots
soil and inorganic Ntrcatrients applied before i-ice containing eight srtbp.t'. lhe green manures wcre 

Table 2. Weight of gr, en manures and N aCcunrulation at 3 stages. IRRI, 1985. 

I-resh xeighrt it/hra) )ry N\ehI (It/ha) N accumlah tion (k/ha)
(r en rrr rrI i ' . .. . . .. 

30 t 45d (1 60( 30 ( 45 L 6(0d 30 d 45 d 60 d 
Sesbanja act-u/at,, 27.!0 33. 1 31.3 3.9 6.7 8.0 81 143 173Crutalariaiit1lCa 22.1 27.8 31.0 3.1 6. 0 7.6 85 121) 144Sov bear 7.9 15.3 21.8 0.7 2.6 4.8 19 67 134M-. l.t 2.3 20) 2.3 4.5 4.7 54 11 5 136Lalah lrp recus 8.6 12.7 16.3 1.1 1.9 3.0 35 62 76(o\%pea 9.3 18.1 21.7 0.70 2.4 3.6 21 63 80Indigo 1.2 5.0 9.8 0.03 0.5 1.7 1 19 58Weeds 10.5 1.5 21 
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6 
Grain yield (t/ho) 

5

4

3

2

0 35 0 35 0 35 0 35 0 35 0 35 0 35 0 35 70105 0 35 

Inorganic N level (kg/ha) 
S. oculeato Crotolona Soybean Lablab Mungbean Cowpea Indigo Weedy fallow Weed-free follow 

2. Rice%: om green manure' anl inorganic N fIrliliicr. IR RI. IX5 \VS.ydId 


Trable 3. TDM Y and N accumulation in 3 Sesbania species planted on 2 dates, grown under 2 water regimes, and incorpora

ted on 18 Jul.a IRRI, 1985 WS. 

TDMY (t/ha) N accumulation (kg/ha)Treatment 

Green manure Planting date Unflooded Flooded Unflooded Flooded 

5.5 171 151S aculeata 18 May 6.7 

S. aculeata 1 Jun 4.1 3.6 132 128 

&.rostrata 18 May 7.2 6.8 219 179 
167 111S rostrata lun 5.3 3.7 

. sesban 18 May 4.9 4.7 156 130 

2.9 112 91S. sesban 1 Jun 3.4 

0.3 20
SE 

Anal),sis of varian ce MIean square 

Source of variation df 
NTDMY 

accumulation 
23276**Growth duration (D) 1 55.1" 

2 12.8* 8813**Species (S) 
DX S 2 0.78* 886 

1 0.124 469Flooding (F) X D 
2 0.378 1340FX S 

Fx D x S 2 0.960* 260 

CV (a) (VC) 12 20 

CV (b)(%) "" 9 19 

aMeans of 4 replications. 
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planted (50 kg seed/ ha) on 40-cm row centers on 
18 May and I Jun 1985. They were incorporated 
on 18 Jul, and on 24.Iul 22-day-old IR54 seedlings 
were transplanted in 20-X 20-cm hills. Inorganic N 
was split-applied (20 kg N ha at plantingand 40kg 
N/ha at PI) to one control, another control was 
unfertilized, 

Growth duration and species affected T)MY 
and N accumulation (fable 3). Minor interactions 
were observed in green manure TI)MY but not in 
N acecumulation. Mcan N accumulation was 169 
kg: ha by S. rostraa, 146 kg ha by S. aciueata, and 
122 kg ha by S. se.shan. Mean acctuntlation was 
168 kg ha in the 62-d crop and 124 kg ha in the 
49-d crop. 

Grain yield, II)MY,and N uptake responded to 
inorganic N,green manure growtii dnration. and 
green ma nure species (1 able 4). The highest gnin 
vield and N uptake cmure from incorporation of 
62-day-old S. ntrata grown wit hout flooding, 
which accumulated 219 kg N ha. 

TaIle 4. (;rain yield, N uptake, and TIDM' 

Treat nlot 

N and green manre (Greenmanure 


plant ing date
 

Fall no,NnoF-allow. 60 ke N/ha 

S. acuileata 18 May 

S aculeata I in 

S. rostrata 18 May 
S. rostrara I Jun 
S seshan 18 May 
S seshan I Jun 

SI. 

Source of variation df 

NO vs NI 1 
Growth duration ()) 1 
Species (S) 2 
I) x S 2 
Flooding (F) X 1) 1 
F X S 2 
F X 1) X S 2 
:X (NO vs GM) 1 

Rennainder 1 

CV (a) (27) 
CV (b) (0/) 

aMeans of 4 replications. 

(irain vield 

increase was 2.7 t/ ha and N uptake increase, 68 kg 
N/ha. The experiment confirmed 1984 WS results. 

Seshania rostra/a seed rates. Five seed rates (20, 
30,40, 50, and 60 kg/ha) were sown by 2 methods 
(broadcast and row-seeded) on 19 May 1985 on a 
plowed and rototilled field. Broadcast treatments 
were seeded before the final rototilling. Row-sown 
seed was dropped in shallow furrows opened on 
25-cm centers. Except for one 20-mm sprinkler 
irrigation applied immediately after planting, the 
crop was unirrigated. Early growth and nodulation 
were inhibited because rainfall was light during the 
next 2wk. TDMY wasdetermined at 35,45, and 55 
I)E. Herbage was subsanmpled and analyzed for 
percentage N. N yield was computed front TDMY 
and percentage N. 

Plants in this experiment did no: exhibit typical 
nodulation (stem or root) for 14-21 I)E, and early 
growti was slow. Seed rate affected N yield of 
samples taken at 35 and 45 I)E but! not of those 55 
I)1E. Sceding method affected N vield on all dates 

after green mannire incorporation a IRRI, 1985 WS. 

G;rain yeld It/ha) N uptake (k(ha) TIM ' (t/ha) 

nlooded IHlooded tLnioo ded Fboded tinflooded Flooded 

1.8 2.3 70 54 4.4 5.13.5 3.7 72 9() 6.6 8.2 

4.2 3.8 101 86 9.3 8.8 
3.8 3.6 93 85 8.5 7.7 
4.5 4.0 108 101 9.4 9.3 
3.9 3.6 82 81 7.9 8.4
 
3.8 3.8 87 99 8.7 8.7 
3.5 3.4 83 79 8.3 8.0 

0.14 


A,iab'sis of variance 

Grain yiel 
9.98* 
1.83 * 
0.500** 
0.062 ns 
0.0276 ns 
0.108 nis 
0.0293 ns 
0.802** 
0.117 nts 

4 
6 

6 20 

Mean st.'iuare 

N uptake 
,1415** 
1584** 

301 * 

161 ns 

23 ns 


291* 

264* 

476* 

56 1* 

16 

10 


0.42 

TDM Y 
27.5** 
9.35** 
0.483* 
0.448 ns 
0.000469 ns 
0.820 is 
0.231 is 
1.42 mis
 
4.73**
 

13 
8 
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Table 5. N vield of S. rostrata at different seeding rates (SR) and 2 seeding methods (SM) determined at 35, 45, and 55 

DE. IRRI, 1985 WS. 

Nitrogen yield (kg/ha) 

Seeding rate 35 I)1- 45 DI 55 DI: 
(kg/ha) . . .. .. . . . . .. 

Broadcast Row-seeded Broadcast Row-sceded Broadcast Row-seeded 

20 17 31 
30 26 32 
40 28 38 
50 45 53 
60 46 47 

SI 	 3.9 
SR 	 ** 
SM 	 ** 
SR x SM 	 ns 

(Table 5), but between 45 and 55 DE.broadcast 

plants accumulated N at a mtuch faster rate than 

row-seeded plant.;. It 55 d are avatlable for green 

manure growth, broadcasting at 20-30 kg ha is 
ad equate to accnt ilatc niaxi mu in N, i145 (1 are 

availablc, broadcastingat 50--0 kg ha is adequate: 

and if only 35 d are ;,vailable. row seedling at 504,0 

kg ha is adequate. These sugCstions tiaV apply to 
fields in which e:trly plant devcloptcnt ;t1nd 

nod ilalion are delayed. 

lncorpuration vs surface applicalion of green 
leaf Inaninres. (tcen leaf nlalil' S. ,' .(vly/O11 at 

t krehigt ha \kas surfacerates of 7, 14, and 21 

applied itl I set of lrcaltilitsllS ntd intcorpor;itetd in 

another bcfhrct tratlsplanting WS rice. S. ro aw 

for this expetiltietnt %sasgroWi for 43 d it t field 

abotll, 0 illI roll the cxpelnrnlcrltll field. 

Itl aldditionl t( tile LgtwtCil leafIl' n e trltttnetIttS. 

n ott tS. rO.wrta v.'is so'.\diireetly itots it cach 

replication of tihe test field. (rowlI illonte plot was 
ico rpoira ted oil thle sal he t lfitatret dtvret 

Ireatnlents were apiniied. A conitrol plot (\ith tnt 

greetn m lantre or grcet ef ltatte) vas included 

Ineach replicatiotn. Quattntities of N itI the gretI) lca 

ma111tltr1C and gen lertllltre ale sltown itl [ablc (I. 

(Ircen leaf tnia1rc intcorporatistt ittcreased 

gr~iiti. I'I)M . andt N yield I[able 7). Rice re-
tS10 ttded 10 iltclrcasing grtLeIt leaf t tIllllrates. 

(ain yield frot incorporating 21 t hlawits equtal 

to that front in sitlt treattitctit. Ilo\cver, H)MY 
and N yield fron tile it situ rcatnent were 

substantially higher. Rcgrc,,ion anal'sis showed 

that apparent recovers' of strface-applicd green 
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21 41 60 58 
30 47 61 52 
41 45 60 53 
48 50 62 48 
50 46 65 55 

4.3 	 4.8 
* 

** ns 
ns Is 

Table 6. Green manure dry matter and N yields from 43
d-ld . rostraa. IRRI, 1985 WS. 

Dry matter N 

Treat ment yield yield 

(t/ha) (kgha) 
In situ 	 4.7 117 

Green leaf ianure 1.0 32
 
Green leaf manure 1.9 63
 
Green leaf uanure 2.9 95 

.
 

Table 7. Grain yield, TDMY, and N yield of transplanted 
a 


rice with various rates and methods of GLM application.
IRRI, 1985 'S. 

. .
 

Iflt ithlie 

Iallow. o grcen manure 
;rown and incorporated. 50 1). 

and removed, 50 l)l(;ro\\i

7 t (;LM/ia 

On surface 
111.tc.rporated 

14 	 i GLM/ha
Oin surface 

Incorporated 
21 t GL;1/tta 

Onl surface 
Incorporated 

SI 

Grain T)MY N vield 

yield (t/tha) (kg/ia) 

2.7 7.0 48 
4.2 15.3 159 
3.1 6.4 62 

2.7 5.8 48 
3.5 9.5 69 

3.0 8.3 66 

4.2 11.9 84 

3.3 8.6 61 
4.2 12.6 86 

0.2 0.8 7 

"[;reen lealmanure. I'ti. = days after Sesh;ania emergence. 

leafnitanttre N wasonly I ,but N itiliiation was 
thesane regardless of applicationimethod (Fig. 3). 

The lower appatrent recovery of N itl surface 

application was reflected in lower N efficiency. 



Yield (f/ho) N uptake it rice (kg/ho) 
1 _ ______F_ 

AN e/hc~ency 4' uthb.otto AI recoe,,
 

S':2611 A+thA - Y;10826 - 3')6NA, + 347 N, A'V/:4?i - 0 177,14'4 0 R56AA1 2 
(20l (255) (832) (312) (399) (63) (00771) (0252 
0 194v R2:0 77 0 00464 V4 
(00868) (000262) 
2: -' 1 - 'o68 

t• applied GI M ,rfoce 
ticorparatCd GLM 

43 Iqo 

3 
 80o
 

0 
35 - 60 0 

0 0
 

27r_20 

_I0K  - i . I 00 L h L 120 20 40 60 80 0, t 00 20 40 60 80 100 120 0 20 40 60 80 100 120 
N rIpplied (kq/hO) N uptake (kg/ha) N appied (kg/hn) 

3. Fnllicicnc) t /till . trt I '*c\t.'tlN lItn illCorpolltied' tl hi latc.-atrl Iic. .'r" CICrTIttth lr a titlc 
(f;1 M). IRRI. 1)5 

IntersowingS. ro'srata with rice. S. rostt( Was Table 8. Green mantre, TI)MY and N accumulation with 
sown 40 (1 hel'orIC ric was tra lspla lted, Sown varitous S. rostrata crop estalblishment and N application 

mecthotds.'' IRRI , t1985 WS.between rice rows at the time nce wastransplanted. __ __ _ ,. 
and sown bet een rice rows at 20 d after tra ns- Treatet 

h TI)MY N accumulation 
planting (I)I). Rice that rcciv'ed green manuire t/Ira) .kg/h) 
(grwwn cither before or intercropped with rice) also Sn.wt hefore rice 3.8 115 

I intclrporatctd it 40(DIrecci'cd 50 kg N hatas a banal dirv>sing or as a itl-orP1.[orconrol~Rl1elI~.I llcr,+o\xt lat 11It wit I1riceattli 
toiltrcssing iltIT r.t r It tnCllls. rice was incitlmrtttd at 40 1)1Kgrown without green inamrc and N fcrtili/er. andi With hatl N 3.2 I2 
withot green manturc ani with 30 kg N ha (split W\i t iopdressed N 1.9 59 
applied. 501" belorc transplanting and 50; at PI ). SIK, 0.3 19 

The green ln~tlll Stown \when riotc\it, tra lns- 50 ande kg N/ha, basal topdressed, was applied to lice. 
plantted wiich therefore shared at basal N j days after Sesbattia emergence.1blE' 


application with rice ob\iotsl': responded to it 
(lable 8). The green malitutre son\n at 20 DI was increase, however, was 0.7 t ha more than the 
affected by flooding during periods of hcav rais response to split-applied 50 kg N ha withont green
aftcr plantingand hy conmpetition I'roni rice. Only4 malInrc. (Grain vield iesponse to topdressed N 
kg N ha accunttlh ted inthe green ma tn' ill t lese cjointly with the greenapplied iiantire sown 20 DT 
trcatments. was also 1.3 t ia. I Io\ccr.N yield increase(] only 

Grain an( N Yields of rice are shown inTablc 9. 29 kg ha. suggesting that N in tihis treatment was 
The prenicc greel matntlre pilus 50 kg N ha in- tlse(t more eficientl to produce grain. 
creased grain yield by 2.5 t ha and N yield by 92 S. rostrata cal1 be intercropped with rice tt 
kg ha r-gardless of the time inorganic N was accuntilatc N,which in turn willincrease lice grainapplied. [he 40-d inte rsown green manure plis 50 yield. It will compete with lice lor basally applied N 

kg Iha (mel3a or basal and topd rcssed N treat- fertili er, btt tile Ilet rcstIlt may not be completely 
ment )jointly increased grain yield and N yield, but negative becattse the N is reincorporated at a later 
by only 1.3 t. ha and (0 kg: ha. The grain yield date. 
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Table 9. Rice grain and N yields with various green 
manure crop establishment and N application methodsa 
IRRI, 1985 WS. 

Grain N 
Trcatmentl yicIL yicld 

(t/ha) (kg/ha) 

Fallow, no N 2.3 38 
Fallow. 50 kg N/ha split applied 2.9 45 
(rce'i itantre sown before rice 
and incorporated at 40 )I1l 

With bas:d N 4.8 128 

With topdressed N 4.Q 131 


ilreen manlrc intersown \with
 
rice anmdincorporated at 40 1' 

With basal N 3.5 07 
With topdre scd N 3.7 99 

...... 0.3 13 

50 kg N/a, hasal :rd t,,pdressed, was applied to rice. 
b m = days alter Ses emergence.itmia 

Experiments in farmer' fields. In I985 WS. 
rosiraha was tested In (jitilta in f riierY fields to 

determine response ftorrn rice. Incttorporation o f 

green maturc by pmcr tiller and tttabao l<ll\ 

were also coumpared. Fortv-fivc-da,\-old .S.s/bia 

accunmlated 75 kg N ha. Rice gia in yield froi 
green tnantring ahot t3. 9 t hia regard1,,, of 

ncthod of, incorporation) \%as sigmitftCiantly rnote 

than that from 60 kg fertili/cr N ha (3.2 t ha) and 

fromt the cottrol (2.6 t la). 

In a small-plot rcplicated Cld e.xperi icrit. 
Se.sh/waia acctteltcd 58 ke N ha by 45 )I and 
192kg N ha b%60 1)F. (irai viicl (2.81 hat f;1 l i 
green itnrittrt trcatilctlts. ie alle.es o atge. was 

coriparable to yield (2.7 1 ha) from 105 kg ill

organic N ha (Fig. 4). Grain \ild \\ith green 
m a nur111ing Y'sh/m ilitat 0 I : waSs igniltic a tly 

rorc than that at 45 I)l. N ld response lollowed'ie 


a similar patteirn. 

ERROPITIi WIINIT RIG A 1) (,RZtN I Ht(\FtS 
AMulilde, Crop/lqji /)e~wrtmtell 

Rice and cowpea in replacement series. Upland rice 
Ortza satita, often intercropped by subsistence 
farmers in the tropics, is commonly grown without 

cowpea ['&aN fcrtilicr. A recently developed 
t.qtdculaua (I..) WVall] line (f182I)-889) is C0o1n-I 

patible with upla itd rice (i\nnuttal report for 1984). 
Four experienrts wect condttctcdl to detelmine 
grain and N yield scnsitivity of intercropped rice 
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(UPLRi5) and cowpea (IT82D-889) to crop pro
portion (rice and cowpea in a series of replacement 
trcatments), organic a mendment (containing 75 kg 

N;2 ha), and irrigation (42, 150, and 239 mm 20-65 d 
after planting, fkll irrigation bixhfore and after this 
interval). Table I0 summareics the soil chemical 

cha raclkn :tics of the experimental ficds. Soils in 
los Baios arc moderatelv productive Typic 

Tropttdalfs.' soiin Claveia isa Fhwcntic Oxic 

l)ystropept. 
In e xpericm-t I I the 9-ltow a rrangemnienits of' a 

rcplacetnmcrt serines with rice and coxvpea were 
planted in a farmer's lield in Clavetia in September 
1984. I iexperiient 2. the crops of the replacement 
series were plarted in sibplots at IRRI in l)eccni

ber 1984. lo create soils with contrasting fcrtilitv. 
ried IctIucen I[ itae w a h'tI1(()ciha/a (Larilni '.et ) de 

Wit] lea v_'s and chicken Iarure (equivalent to 37.5 

kg N hl from each soirce) k\!c incorporated into 

riain plots I wk before planting. In experiment 3, 

iv nlc tocowpe POPt tiotis\\ere gtowiitthre
 

IC~els of irrigation. Irrigatiori Ireatrnents imposed 

between 20 amnd (5 Liafter planting (I)AI) were 

applied by a lt sotree spriklersystrn. Before 20 
and 6l )AIP. all plots were irrigated uni05 

fortnly. I[c cxferilmnt was phlnted .at IRRI in 

)cccmber 1984. Expterimett 4 was identical to 

cxpCtiitlt I. hit plantcd at IRRI in May 1985. 

;Cr, i,,,,ea t/ha Nuptuke(kg/ho) 

1 

0so 

3 

2I 

c ... --
3' 70105 45CO3 

(kg/ha) N A eo (,1 ( q/ha) Age of GMFerltszer 0 1) 1 rf ,izerN MO 

1,,,,, 

4. ttctt ot natiore ( \i'hi and N uptake of rice.grc,._ l 

IRRI, t9S5 WS 



Table 10. Chemical properties of soils infields before experiments. IRRI and Claveria, Misaris Oriental, Philippines, 
1984-85. 

xp rime ntno. Organic C Total N Available 1' lx changc able K CECpit (g/kg) 

1 4.3 0.221 0.021 
2 5.3 0.095 0.013 
3 5.2 0.137 0.015 
4 5.3 0.015 0.013 

1)uring ileseason immediately belore the cxpei-
nent. however, an irriCaLed sorghul crop was 
grown to retowr much of tile labile N r'lollltile 

soils. 

Insect and \eitcloratc pests oil b oth crops inl all 
cxperincrnts wcrc adequately controlled. A pro-
energence herbicide (butachlor, 1.2 kg ai ha) was 
applied toexpeilments at IR RI. Experimnients were 
hand weeded as needed. IExcCpt in the twO experi-
mcnts in which N was an experimental hitctor, N 
fcr-ili/cr was not applied. ()n all plots, 13 kg 1) ha 
wa, broadcast and incorporated before planting, 
Rice was seeded tt fIX) kg ht Iadj tisted for area 

proportion). C'os\ pt'a aLsoers--dd at1d thilnned 
to obtain 1(0-15 plants row m. tLxpcrinlcnts at 
IRRI were sprinkler irriga ted, 

Experirents I and 4 were airriged in ra n-
domi/cd cotnpletc blocks. Fxperiment 2 was 
arranged iii conmplete blocks of split plots \with N 
fertility illniti plots and crop proporlion ill 
sab plots. Lxpcnrient 3 was arraniged iii strip-strip 
plots \with rloIsturC gradilits i "strIps parallel to 

6rin ye!d 't/ho) 

Fpp tnerr II ver, rf 2 

Rairfedocd .iploPtvol Muins over 2 N levev , 

(ng kr') (n iol/kg) (nminol/kg) 

5 5.9 124 
18 11.2 283 
34 13.9 268 
18 11.2 283 

the irrigation line and crop proportions in strips 
perpendicular to tie line. In all experiments. 
treatments were replicatcd four times, except in 
experiment I,where treatments \werc replicated 
thre times. 

G'ain t ied. Inite of crop proportionrac tions 
with N in experiment 2 and with irrigation inl 
expenitnt, 3 were not significalnt. 

In all Cxpei men ts,as cowpea proportion in
creased to 50(';. cowpca yield increased more than 
proportionally (Fig. 5). Rice yield responses to 
increasing rice proportion were not consistent. In 
experiments I and 2, rice viel decreased in an 
approximate lineartrend iscowpca replaced rice. 
In experiment 3. rice \'icld increae.:d in response to 
a 25( 7 replacemrent by cowpea. In experimen[t 4, 
rice vied i-emained rclali eh stable as cowpea 
replaced rice ip to 501. abhove which yield de
crcased sharply. 

Grain viCld rCsponses Of both species to organic 
amtlridinertts in exper ment 2 were significant 
(Fig. 6). Hlowe\cr. the response of niorl(icropped 

Exr,.,ment 3 Evrerrrnenr 41 

Meonsover 3 nostosm ",els 

L ofC.e I SE f rLe 'f- SE of, -ceof . . . 

T Rice 

0 Cowpeo 

PCr( IOr /5 )0 ;5 .1 '00 ,) ')0 1) /5 50 5 0 CC /5 5 . 25 0 
Cowpea 0 5 5:1 5 ;90 0 2 1 '5 00 0 ,"5 50 75 100, 25 50 15 100 

Cro) )ropoIton 
5. Rice and cmopea graina 
sptucle . 

it-ldsII Icpecclicnit , l, ci imcntr. IR RI. 1985 Valuers arc In ihwcomlhoot area ,tin both crop 
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Grain yield (I/ha) testing responses to water application are not 
No,5 N/,ho correct. However, it is reasonable to conclude that 

3-,... .[-c.-- crop proportion and irrigatiod treatment affected 
SE... 	 the yield of both croriceo 

.o..
SF or eo 	 Nitrogen yield. Crop proportion significantly 
2 affected N yields of both species (Fig. 8). Inter

action between crop proportion and organic 
I-. amendment in expeiment 2signifiar ntly influenced 

rice N vield. but the interaction between crop 
proportion and irrigation was not significa nt in 

o~c experinient 3. 
, , ,0..,.. o Organic amendment increased total N vield. and 

Crop proportion N vield in rice and cowpea individually in experi
was also significantly 

NIeels in e\perinent 2. 1RR I.198. combined 
6. RIC rid co%%pea grain reId espon scto crop proportionat 2 ment 2(Fig. 9). Rice N y ield 

N soufees %ecre affected byan interactioi between crop proportion 
chicken and grito mannr". a for tire conmbined area organic rate N\'luciL 	 anrd amendment. The of cowpea 
t to hothIi topspecret.' yield increase as cowpea proportion increased was 

signit'ica itly greater on aminc n(le( than on tltreated 
plots. 

rice to 75 kg N ha in the organic amendment was Although organic aicridnent significantly in
only 0.4 t hai,suggesting that a flactor other than LCnccd N yIld inI experimerit 2,both di'rectly or 
N probably limitcd yields. through an interaction with crop proportion,it did 

Ilie interatction between crop prioportion and riot strongly influcnce rice N \ield and only 
water application in espcncnt 3 w, not signi- Moderately inflhenced cowpa yield. Apparent 
ficant( Fitg. 7). Mca it grain yield tcpnimcs t1C11f11ro ecovery of the 75 kg N ha iii the organic ilriend
highest wateri application duin the period 204,5 merit was low. Apparent recovery was 10"i for the 
)AIP were 0.5 1 ha lot rice and 0.3 t ha It rice riorioetop and 22"7 forthe cowpea moiocrop. 

cowpea. Iecause iririotio trc;tttncnts cotld not be For the 50:50 interc:rop, apparent recover ,\ was 
ralndrilm l. tabular p rhabilities lhithe F-ratios 28t(. 

Gran yield 	 i/ho) 

R3 -42mm,r29,R	 2 150ram, 

3 	 I E of 'e 1 ic
 

i SE of cowpeoj SCe
 

2-

Rice 100 75 50 25 3 00 75 50 25. 0 C) 5 50 25 0 
Cowpeao 0 25 50 75 100 0 25 50 75 100 0 25 50 75 I00 

Crop proportion 

7. Rice and cowpea gran yichrreipirscs iii 'rop prirp itn at 3irrigation ltcvel I Ri -R1 . I R R I ar it combirltcd area19K5. VIILhrCtrtIr 
Nown iobith fop speci". 
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N yield (kg/ha) 

150 

Experiment 

, 1*Total Nyield 
Y Rice N yield 

, Cowpea N yield 

7 

Experiment 2 Experiment 3 Experiment 4 

R I 

SEi Rice 

100 7SE025
 

CowoeoO0 25 50 75 100 0 25 50 75 100 01 25 50 75 100 0 25 50 75 100~IicI~ y W~ceh Crop proportion 
cp 0Sie-both
species.
8. N yilsoitrrpped rice and cowpea in 4 replacement series experiments. IRRl, 1985, Values arcfor the combined area sown to ' 

I0
-NL yield (kg/'no) II 

i'Oi,150 No amendment hkgme'KdeftNhoWill 

(7 g /a 

,Tolol
Nyield 
-t: oo - 0 Cowpa N ,od] 


' 
 CCropr--
i (:: .,.P'" ... 

50 j .,3g= ' 

~applied 
~dry

Rice 55025 0100 75 50 25 0 
Copeo0 25 50 75 1000 2 50 75 10 

Cropproprhonpoorly
9. N yields of intercropped rice and cowpea with and wi thout 

",:,. RR, 1985, Data pointsorganic amendment inexperiment 2. 
i(means of 4 replications) are for the combined area sown to 

both crop species. 

d a_N Sbetween _fbetween 

Although the benefit from intercropping was 


large, interaction between water application and 
crop proportion was not signifiat for N in 
individual crops, but was significant for total N. 

0Mean
N yield response to the additional 197 mm
waeroapplied tolevel Iwas8 kg N/ha for rice and 


27
kgNI/ha for cowpea 
Rice+ eowpen vs rie + mungbean.An exper-

9. Nyidmentcompared six mungbeanand six cowpea lines 

for intercropping with upland rice. Two rice rows, .: 
20 cm apart, were alternated with a legume row 
(centered 30 cm from adjacent rice rows) in a well 
prepared field on 10 Jun 1985. Crops were ade
quately protie,.ed from insects and diseases. They : 

proportion
were planted without N fertilizer, but 13 kg P/ha 

:was broadcast and incorporated, The field had 
received animal and green manures during the ' 

previous year to build up soil 'fertility. Water was
 
with a sprinkler irrigation system during
 

periods. Therefore, neither fertility nor water
 
was a major constraint
 
Cowpea linesIT82E-16 and IT82E-18 grew
 

and were excluded from the analysis. Data 
from the remaining 10 entries were examined in a
 
bivariate analysis of variance. Yield pairs art
 
shown ina bivariate diagram inwhich the angle
 

residual errors from upland rice and the'the axes is a function of the, correlation 
legumesl(Fig. 10)
 

Mungbean entries Pagasa 3, rPB-M-79-1348,
 
IPB-M-79-13-60, IPB-M-79-22-11, and MG50

oA(G)
clustered inthe upper right of the diagram; 
their mean yield was 1.2 t/ha The four cowpealines were at the lower eft. The corresponding 

mean upland rice yield was 1.0 t/ha. As mono
cropped equivalents, these yields would bedoubled 
because each crop occupied 50% of the interdrop. 
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Rice groin yield (t/ho) 

Malngbecn 
1IPB-M-79-13-48 

2 IPB-M-7'9-13-60 
3 Pogoso 3 
4 MG9-Oi(e) 
5 Pocso 1 
6 IPB-M-79-22-11 

116
 

9097 

078 

Cowpeo0 
7 CES41-. 
8 IT82l-889 
9 IT2E-9 3 
10 EG#3 

--j- 0LS 

Legume groin yield (f/no) 

10. G rain yields from intercropped rice and mu ngbcan or cowpea. D)iameters ol circles aroundimeans 
are equal to 2 SE . IRRI, 1985 \VS. 

The five mungbean lines not only outyielded the 
four cowpea lines, but grain yield from rice grown 
with them was slightly higher. The cowpea lines 
were aggressive and grew over the rice. Growth 
duration of these grain leguies appeared to have 
little influence on rice yield or rice maturity. Rice 
matured in 128-129 d irrespective of grain legume. 
No association was detected between grain legume 
maturity and rice yield. 

Jntercropping and relaycroppingin upland rice. 
To determine if intcrcropped rice and cowpea 
could be followed by maize and a drought-tolerant 
dual-purpose legume (Lahlah purputrelu), in crop 
year 1984-85 crops were grown without N fertilizer 
and irrigation in the sequence in Figure 1I.Weekly 
rainfall is shown below the sequences. To start the 
experimen. the soil was plowed and harrowed. 
and rice was planted onl 20-cm row cnters with 2 
rows skipped for intercropped cowpea. One co,.-
pea row replaced two rice rows. When expressed as 
monocrapped equivalents, rice was seeded at fiX) 
kg/ha and cowpca was seeded to obtain 300,000 
plants/fha. P at 26 kg/ ha was uniformly applied, 
Weeds were controlled by butachlorand insects by 
carbofuran and monocrotophos. Maize was 
planted into rows vacated by cowpea, and lablab 
was planted into rows vacated by rice (Fig. II). 
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As expected, yields of both rices were low 
without N fertilizer (Table I1). Cowpea expcri
mental line TVx 289-4G was aggressive and grew 
over both rices, depressing yield, especially that of 
the early maturing IR9782-111-2-1-2. Cowpea 
yields averaged 0.5 t/ ha or 1.0 t/ha when expressed 
as equivalent monocropped area. Maize yields 
were low. but the higher yields following TVx 289
4G suggest that residual N from this cowpea \%as 
greater than froma EG#3. 

When grown in the sequences tested here, lablab 
was relatively easy to establish, grew slowly through 
DS,and was ready for rapid growth once rains 
started early in the following WS. When planted in 
December(short days), it flowered in January, and 
a small amount of seed was harvested on 19 Feb 
1985. As the days became longer, flowering ceased 
and vegetative development became rapid. A spurt 
of growth occurred after a few light rains in late 
April and early May. At harvest, the crop had 
grown overthe maize stalks(which were purposely 
left in the field to support lablab growth) and 
completely covered the plots. Mean herbage yield 
(dry) was 4.9 t/ha. All lablab herbage and maize 
residue ere removed on 17 Jun, and the soil was 
prepared for rice and cowpea. 

The treatments were modified and the second 



Croppingpottrn 

Rice (IR43) I Labicb (Highworth) 
I Cowpeo (TV289-4G) Maize (Tuxpeno) I 

I Rice II43) I I Lablab IHighworth)
2 Cowpe EG3) 
 Maize Tuxpeno) 
3 
 Rice (R9782-111-2-l-2 Lablob Hihworth 

I Cowpea(TVX289-4G) ,,'ze I ,x,eno) I 

- Rice (!R9782-Il-2-1-2 I -j7]*'] Lafab (Hicihworth)
Iowpea EG3) Mo,1 T.xTeno
 

5 l Rice (OR43) Clean fallow 

6 
 I Rce(IR9782-111-2) 1 C:yurfollow //7 -
L I I £i __ I iI I I I I 

Weekly av rainfa (mm) 
50 

40

30

20

0 llsepll - - -o-s-----
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr 

II. (r pping patlern and rainfall during the gros,,ing 19,4-8'5..cai,at IRl,1 

Table 11. Gain yields of upland rice, cowpea, maize, and year was started with the sequences shown in 
lablab. IRRI, 1984 WS to 1985 DS. Fi':gtre 12. Soil fertility was low, as was evident 

Gri yield_- from the low monocroppcd rice yields (Table 12). 
Cropping pattern Where rice was intercropped with cowpea, rice 

Rice yields were higher than yields from monocropped 

IR9782-111-2-1-2 (tnonoculture) 1.5 ricct. Expressed on a per hectare basis, the yield was 
IR43 (mnonoculture) 1.3 1.2 t/ ha. In the previous year, crop residues(except
IR9782 + EG#3 0.5 for roots and 10-20 cm of stubble) were not
IR9782 + TVx 289-4G1R43 + EG#3 0.20.8 returned to the soil. Although a legume, lablab wast 

IR43 + TVx 289-4G 0.4 not well nodulated and apparently left little avail-
SE 0.1 able N in the soil for the following rice crop. 

Co wpea
EG3 + IR9782 0.5 Cowpea line T82D-889 used in 1985 WS is a
EG#3 + IR43 0.4 comparatively poor N accumulator (Annual report
TVx 289 + IR9782 0.6 for 1934); itis also not aggressive and did not grow
TVx 289 + IR43 0.4
 

SE 0.1
 
Maize 

EG#3 + IR9782 0.9 Table 12. Grain yield and TDMY of ,ipland rice and cow
EG#3 + IR32 0.8 pea in a rice + cowpea intercrop. IRRI, 1985 WS.
 
TVx 289 + IR9782 
 1.6 
TVx 289 + IR43 1.1 Grain yield TDMY 

LablabSE 0.2 Cropping patterna (t/ha) (t/ha) 

EG#3 + IR9782 0.13a Rice 
EG#3 + IR43 0.14 Rice + cowpea 0.6 1.8 
TVx 289 + IR9782 0.16 Rice (nionocrop) 0.6 1.1 
TVx 289 +1143 0.17 Cowpca

SE 0.02 Rice + cowpea 0.5 0.9 
aTotal dry iautter yield of lablab was 4.9 t/ha. Differences a 
attributable to preceding crops were not observed. Upland rice UP'LRi5, cowpea IT82D-889. 
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Croppng pal/erm 

I Rice (UPLR15) 
CP(IT82D-889) T7' Forage le me (slratro)I 

CC 1 Rice (UPLRi5) _2 CP(ITB2D-889) ,,/] Maize(I -1I
 

L Rice (UPLRi5) __
 

I CP(IT2D-889) Fo,age legume (loblb)

4 Rice (UPLRi5) T I Forae legume (loblob
 
CP(IT82D-B89) Z __ Maize (IPB-1) 1
 

Rice (LiPLRt5) Clean follow5 

6 Rice (UPLRi5) I Foroge legume laolob) * 

_ _ - I I I IlI. 

Weekly av rainfall (mm)
 
70
 

60 

40 

_ .,l.II: 
Jun Jul Aug Sep ov Dec Jon Feb- M - Apr 

12. Sequence,,titoiops ',attmg",ih upland Ii,.ce inlanexpcnm,.lt ;ithout N ltrlili/cror i iwatmo . I R RI. crop i-cl'r 19,8,5-86,. 
(P -co pca. 

over rice as (lid TVx 289-4G. It exhibited N NIROtilFN MAN,\t(FN:NI INRIC'-BAS EI) 
deficiency symptons and poor early growti (RII'IN(G SEt)t I NCI:S 
although it did nodulate. The relatively higher lhtiph' ('rolfitg and.Soil ('mivtrr/ Phv.ic's 
intercropped rice yields were apparently dtiLC to )c'partm'nt. 
extraction of soil N from a larger soil volume per 
plant and perhaps some residual N from cowpea. A 1984 experiment studied the responses of WS 

Available water to IX) cm in the soil on which irrigated rice to Icrtilizer N application following 
the sequences were planted was approximately 175 maize foddor (hybrid SMC-305), mungbean 
am. On 18 Apr, the depletion by maizeand lablab (CFS1D-21 ). unweeded Iallow, unweeded fallow 
of stored soil moisture was apparent (Fig. 13). Bv 3 + Iarmyard manure (FYM), and Seshania 
Jun, water hd infiltrated to 40 cm but not much acul'atagreen manure. I)S maize was planted fter 
deeper. By 2 Jul, however, soils under all treat- rice to determine residual efTcts. The experiment 
nients were fully recharged (except for extraction was continued in 1985 with some modifications. 
and evaporution from near the surface), and the The soil was Niaahas silty clay, Andaqueptic 
lower parts of the profiles were at or near satura- Haplaquoll. fine mixed isohypenihermic. The soil 
tion. During the lac WS (2Oct-30 Dec) differences had an initial p1-I of 6.2. 1.11% organic C, 0.121% 
between moi:turc profiles were small. If rainfall is total N,and 23 ppm available P (Olsen). 
greatly in c'.,ess of evapotranspiration require- The effects of preceding crops and treatments on 
ments of rice -- cowpea early in WS. soil profiles N reponses in 1984 WS rice have been reported 
recharge and WS crops will not suffer beca use (Annual report fo, 1984). To study the residtl 
forage extracts 75-10() mm more from the profile efTects, I)S maize SMC-305 was sown on 12 Dec 
than i; lost from a field fallowed during DS. 1984 at 50- X 25-cm spacing. Inorganic N at 60 
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__ _ __ __ _ __ 

Depth (cm) 

0 

20 Rice-follow /8 a eg95(382 

40-
Loblob was vegetative,
growth responded rapidly 
to showers 

Rice4 CP/maize/~l0 Iabloh 

100 1-41---l 

ground level on 17 Jun and40
40 land was prepared for 

1 \ WS crops Rice and cowpea 
60 -R,ce+CP-
were planted 20 Jun 

Rice-follow80 -

100 --it-_ 

O0 ___ _
20 

I ,..,16,19,arde-follow 2Ju11985(704220 26 Aug 
CP was harvested or,

40 Rice+ CP-

60 

80O
 

0 0 -- J - -t I 
0 25 45 65 

2 Oct 1985 (649J 
Lablob, siratro,and maize 
were relayed in rice on 
21 Oct 

Rice +CP/ 
forage -Pice-tallow 

8-N 

L wa atRre was harvested 8 Nov 
L alob was planted after 

ce on 19Nov and relayed
][ n maize on 24 Dec 

fo
'rageRieflo
 
_ Rce +CP/

_ _ _ _ _ 

l;j 3 Oec 95(.152) 

/ 

ice-folkw 

L 
025 45 65 

Soil moisture (% volume) 

13. 	 Soil moisture profiles, and mintia and field operations btmetn determinations. IRR I. 1985. C11 = copea, intercropping, 
= relay cropping. I)ate ot determination is tolh1, ed by rainhll Ietween determinations in millinieters, in parentheses. 

kg:ha was applied hall at sowing and half at 40 
DAS. Harvest was on IApr 1985, and grain stover 
yields were recorded. Maize yields in different 
cropping sequences did not significantly differ 
regardless of N rate. However, the cropping 
sequence that included Sesbaniagreen manure had more maize yield and N uptake than the other 

sequences (Fig. 14). 
The same five sequences were repeated in 1985. 

Experimental units were again arranged in strip 
plots with cropping sequences in main plots and N 
levels in subplots. However. N rates were reduced 
from 0.50, 1X), and 150 kg, ha toO. 35, 70, and 105 
kg'ha because in 1984 WS rice did not respond 
beyond 50 kg NI ha. Maize fodder(SMC-305) and 
S. actata were sown on 23 Apr 1985 and 
mungbean (CESI D-21 ) on 24 Apr. Maize fodder 
receive(l 50 kg N' ha; rmungbean and Sesbania 
rccer.ed no fertilizer. Maize fodder was harvested 

on I I Jun and mungbean on 24 Jun. Sesbania 
biomass was recorded on 25 Jun. NPK accuniula
tions in maize fodder, mungbean, and Sesbania 
yields are given in Table 13. 

Sesbania green manure, weeds, 15 t FYM/ha, 
and 1/2 N as urea were incorporated between 25Jun and 4 Jul. Rice (IR54) was transplanted on 8 

Jul. Half the N was incorporated at planting; the 
remaining half was applied on 2 Sep. Rice was 
harvested on 16Oct. More ricegrain was obtained 
when rice followed green manure than when it 
followed maize fodder, mungbean, weedy fallow, 
and weedy fallow + FYM (Fig. 15). Without in
organic N, rice grain yield after the green manure 
was 4.6 ti ha. Lodging incresed and yieldsdeclined 
as inorganic N rate increased. But in other 2rop
ping sequences, the yield increased significantly 
with successive increments of N up to 105 kg/ ha. 
Rice yield with green manuring alone was com-
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Yield (t/ho) N uptake (kg/ho) 
I M 80 

14 - Straw 

i
2 ............ 

0 r : 

40 

.
 

-

_____..... 

> >": 
a Z: :r Cr C 

14. Residual effect of preceding crop in dilteient cropping 
sequences on maie grain ,icid. stri, yield, and N Uptake. 
IRRI, 1984 D)S. I = maic Mif n !'dcr. Mg =maitC 
iningbcan. F = fallao%, S -- Sesliunia a(chata. R, = ric 
iI FYNI)= Iarniald niano re applied I0 iCC 

parable to yields obtained fron 105 kg N ha in thercmaining4cropping scquenccs. indicating a sa\'ing
of 105 kg inorganic N 

Sesoania accumulted about I (X kg N. ha and 
gave as much rice yield as 105 kg N: ha as urea and 

comparable N efficiency (Table 13). suigcsting the 
need to monitor NHT4-N releases from Seshania 
green manure. The following 3cropping sequences 

Table 13. NPK accumulation from Sesbania aculeata, 
farmyard manure, weeds, maize fodder, and mungbean. 
IRRI, 1985 WS. 

Quantity Accumulation 

Source (t/ha) (kg/ha) Rcmarksa 

Dry Fresh N P K 

Sesban ia aculata 
Shoot 6.1 31.6 99 15 156 Input 
Root 0.8 1.7 7 1 10 

Farmyard manure 6.8 15.0 68 24 58 Input 
Weeds 2.1 9.8 18 7 57 Input 
Maize fodder 7.4 36.7 52 17 202 Removal 
Mungbean 

(.rain 0.6 .. ... Removal 
Straw 2.6 -* 57 8 88 

a1ln ut = incorporated into sofl, Removal = removed 
during harvest. 
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with 0 and 105 kg N/ha levels in the third 
replication of the experiment were monitored: 

Seshania (green manurc) - rice - maize 
Maize (fodder) - rice - mai'e
Fa llo w (wee d y) - ric e - m aize 

After incorporation of Seshania green manure, 
NFf-N in soil stead ily increased to a peak in about 
3-4 wk after transplanting and gradually declined 
to minimum about 3 wk later (Fig. 16). Much 
lower NK[-N concentrations we're obseved in tie 
othertwo crop sequences. Soil N [r4-N content was 
higher when inorganic N fl rtilizer was applied than 
when it was not. A sharp Nt-f4-N increase was 

reflected after the second N application was top
dressed at 55 DT, 

Green manure slowly but continuously main
tained N supplyduring most of theice season. The 

decline in Nifl-Nconcentration about6-7 wk after 
transplanting suggests that N topdressing at 40-50 
DT may be more efficient. 

NI! RO(iIN I FOAN,\(;I[NF(R SOR(NIl M 

Multiph' (rl)ping lDeparintu 

A 1984 sorghrurn experiment showed that maxi
nnum response to N (ctilizer by the main crop was 
only I t/ ha above a control yield of 4 t, ha. The 
ratoon crop responded to N applied to the main 

Grain yield (t/hu) 

b 

4 
. 0o 

r, 

3 " 

Follow (weedy)-rice-,rnze 
------ Sostboni- rice - maize 

-- Mungbeon-rice-moize 
Maize (fodder)-rice-maize 

2 - L Follow (farmyard monure)-rice-maize 

O_ I I- 1 
0 35 70 105 

N level (4g/ho) 

15. Rice grain .icld alter a lalo% . grcninanure (S. acideata). 
til ngbean. nili/c h dder, and larimaid niantire. IRRI, 1985 
WS. 



Exchangeable NH4*-N (ppm N, dry soil) 

Sesbni green manure No N 

(0 -- Weeay follow 

40

20-

0 6 32 '18 64 80 

Days after 

16. Ftk1ect ot prlccding crops 1;kt/wa grtnvn Intnur. 
stiill dilitent grom h stages at tivceeding i I R RI 

crop, but onlya t levels exceeding 75 kg N ha. The 
experiment was repeated in 1985, but the experi-
mental field was flooded for 2 d after primary 
tillage to eliminate accunulated NO,. The field 
was drained, rototilled, and planted on 4 Feb. 

Sorgh urn (Cosor 3) was overstcded ill6-cli 
rows and irrigated irn rnetliatelh after sLeding to 
ensure good ernergence arid thereafter to prevent 
drought stress. The crop was thinned to 200,000 
plants ha after eriiergence (8 Feb 1985). Weeds 
birds,and insects weic adequately controlled. Ihe 
main crop was ha rvested betwcern 6 arid 10 May, 
and the ratoon crop betwceri 10 and 20 Sep. 
The experiment included a zero N control and 

all factorial treatment comibinations of 7 N rates 
(25-175 kg N ha) illincrements of"25 kg N! ha and 
2 application timings (I 3 applied at planting 
followed by 2,3 sidedressed at 25 DE, and all 
applied at 25 DE). Treatments were arranged ill 
three replications of a randomized comrlplete block 
design (RCBI)). 
TK time o f fe rtilizN a p plica tio n dider n ot 

influence the grain or N yields of the main ofr 
ratooi crop, either directly or througl an inter-
action with rate. Therefore, only yield means an: 
shown in Table 14. Main crop grain yield was 
regressed on N rate to obtain the equation 

2 R2
Y-- 3.23 +0.040 N 01)08112 V 816 

(0.23) RO)) (i1.0)(X12) 

The estimated ilaxirntlrn main crop yield was 6.6 
t/ha at 167 kg N ha. 

Apparent N recovery bythe main crop was high 
and linear (0.82r,:')to I(X) kg N; ha. Estimated soil 

105 kg Nho 

-,. 

1 32 48 64 80 96 

transplanting 

inalatladder. anvd%%cdy falhos otnN 114'-N retease in 
I985 WS. 

N in the control treatment was 53 kg/ ha. Above 
I(X) kg applied N/ha,apparent N recovery dimin
ished. A positive trend in ratoon grain yield 
response to N applied to the main crop was 
observed. but tile response was not significant. In 
the ratoon N yield, evidence of additional recovery 
1rorn N Iates excetding I() kg ha applied to the 
main crop was iot detected. Cornpared with 1984, 
Napplied in 1985 was recov'trec alnost excltsively 
by the main crop. lea ing little fortile ratoon crop. 
lhe contrasting resuts in these 2 yr suggest that if 
N rccovery by the main crop islow becaLse N is in 
excess of crop requirements, some N will be 
recovered by the ratoon crop. 

Table 14. Sorghumn main and ratoon crop grain and N 
yields." IRRI, 1985. 

Grain yield (tl/ha) N yield (kg/ia)
N (kg/ha) 

Main Ratoon Main Ratoon 
........... 

()(control) 3.0 1.5 47 33
25 4.4 1.3 75 33
50 4.9 1.4 99 29 
75 5.4 1.5 112 31 

100 6.1 1.5 138 30 
125 6.1 1.7 145 34150 6.6 1.6 141 32 

175 6.4 1.6 159 33 

N rate ** ns * s 
Method ns ns 1s ns 

M x N ns ns ns ris 

CV (V) 8 8 15 11 

aCntrol isinean of"3 replications, othiers are means of 3 

replications and 2application tines. 

t'R() i''I N(i SYS I IMS IIR0(iRAM 417 



- -

TILLAGE FOR LOWLANI) RICE - LEGUME through tile season. The modulus of rupture of 
SEQUENCE dried puddled soils was determined on 4 samples 

Multiple Cropping Delaritent from each main plot to a depth of 5 cm once a 

month. 
A 5-yr experiment established in 1985 is examining Rice grain was ha ested from a 6-i 2 arca al tile 
the effects of tillage intensity on soil properties, middle of each subplot. Preparations were made 
vields, and growth of rice and legumes planted in1 for legume cultivation inlJan 1986. Plots were kept 
sequence. Four factors are included in the cx- flooded or saturated fron about I wk after rice 
periment: 1) tillage for rice tile standard pud- harvest to about 4 d before tillage started for 

dling practice at IRRI requ lring many passes to legume cultivation. 
thoroughly disperse soil particles, and a less intense l)aily seepage and percolation losses were esti
and shallower sequence of practices (one plowing mated for tair penods when rainfall was iro 

to 8-10 cm followed by I rototilling immediately (Table 15). I)uring those periods. all plot,, had 

after flooding) resulting ill less soil dis.ersion, standing water. Evapotranspiration was estimated 

2) two rice vaneties(I1,R,0 with riodefrate susccptr- frort potential evapotranspiration and a crop 

bilitv to drought stress. aMRdIlR65 with lodc rate coefficient for stage of rice growth. Percolation 
toleranice for drought stless): 3) tillage for tile losses were higher by 3.o ra i1i d when soils were 

legumes (the standard plowing practice at IIRRI tilled at lower inteusity. 
followed by repeated rototrllings to achieve itrda On hoth I Aug 6 Sep. ieai soil moisture 

desired level of tilth, ard I rototilling to 5 cii potentialsat 10 and 20 cm were lower where tillage 

followed by rototilling in strips 10 cl wide and 10 was less intense, but diffCrenccs were not significant 

cm deep before seed placement): and 4) 2 legurie (Table 16). 

species(nilngbean. which matuies ini 75 d and has Soil strength to 10 ci. ts reflected in penetro

a coripaatlivelv shallow, fibrous root svstn; and ieterdeteriiations, wa sconsistcntly lower ill the 

pigeonpea, which matures in 120 d and has t 

comipa ram vel 'ce p, ta proot systeni ). 

The expcrinentall design an-anged split plots Table IS. Effect of tillage treatnient on estimated seepage 

witi pa rtiallv corlfou rided tillage treatments as and pLrcolation. IRRI, 1985 WS. 
main plots, and all faictorial combinations of 2 ri'e 
varieties arid 2 legiriics as 4- X 5-1 subplots. All riodepge and percohltion n /d) 

treatments were replicated eight tines. Main plots tonventional Modified 

were bounded by bu ds and separated by 1.5-rn- . ... ...... . . 
26-29 Jul 57 1.2 5.8

wide buffer ditches. 115(0 and 1R65 were tranis- 47 A 66 3.6 8.3 

planted to tile plots ill 20-cii rows at 23 )AS and 23-28 Aug 87 5.7 8.9 

received a basal application of 30-134) kg N PK ha, 4-6 Sep 96 5.5 7.6 

and 30 kg N applied at Pl. The experiment was Mean 4.2 7.8 

irrigated periodically to a !cpthI of 10 cm. The 63.6 

buffer ditches were filled with water to the same 
depthi as tile water level in tie main plots thirough
out the growing sea son. Wter depth was acci- Table 16. Effect of tillage treatment or soil moisture 
rately corntrolled by a wooden spillway imbedded potential. IRRI, 1985 WS. 

in tile btin, at one Crid of each iain plot. Plots 
Soil moisture po entia (itkPa) 

were irrigated w hen ttrc standing watcrlewel of half )epth .... . ..... . ....... .. .... ..

tile main plots was /cro. The expcrrilent was (C11) I Aug 6 Sep 
Conventio o lt.--dilieto ruvetijonat Modified

irrigated ':ight tinies throughout tile season. 
____oetn M d i 

Soil %katcrpotential was mcasured periodically Covntoa 

;n each main plot by tensiorlnels. Each set of 1 0.89 0.07 -0.13 -0.02 
20 0.38 -1.28 -0.08 -).87tensioniietes \,,is insta llcd at 10, 20.30, and 40 era. 
30 -3.52 -3.00 -1.98 -1.92 

Soil penetrometer resistane to 60 cm was deter- 40 -6.29 -5.98 -5.57 -5.71 

m ined by t cone pcnietronlcter evecy othcr week ................ ........
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conventionally tilled plots. Below 10 cm, differ-
enccs were not great. Representative soil penetra-
tion resistance profiles for two diates are shown in 
Figure 17. The differences in the tilled layer 
persisted for the duration of the rice crop. )ry soil 
strength, as reflected by modulus of rupturc, was 
higher in the conventionally tilled plots ([lable 17). 

Neithertillage nor rice variety tested in1984 WS 
affected rice grain yield significantly'(mean yield 

extra4.6 t' ha), suggesting that tile percolation of 
3.6 rm d was ueither detrimental nor h,-n'eticial 

I[RF()R.\AN('T ()1S()lRGIlI I \ Ni MA\I/[ 

VAR 1141N( IN I.\I.\1 IIN IS
PtIS I R W 

,-lhutilh, ('ruppi,.g l)h'WpiIrtm 

In rice-hased cropping seqlnClCeS, upland crops 
such as mai/eanId sorgh t1111ibecrown aftcr rice.lCa 
To assess their rclatixc suitabilitv for cultivation n 
1)S, two sorghtlriarlh incai/cultiars \Wrc 
studicd in cnvironnients arving in irrigation 
(app'ied by line sourt sprinkle ir',svtern) and soil 
tihth1 (upland vs fortimlv puddlLd lolartd. The 
lowland field was prepared lv strip-rototilling 
(10 111 cili deep)r0\s O c( intt%%idC. 6 , rilla a 

Soil depth (cm) 
-0 

A-
Sa 

-

ed MoM 
10 \\%% 

%%mliatimr 

. \ 


20---Conv, ionl 


6 Jl /98 -/ Oct (985 

3o .. .... 0.... 40 k .... .. 2 
0 1 8 120 4 8 

5oil resistonce (kg/cfr 2 ) 

slil in \kS on 

puddled b\ I R R I pra'mcet ild moditied 

17. IknctrmcICI I,, cat and late soil 

\nLrii nd h\ 

piiiccN. IRRI. 1985. 


Table 17. Effect of tillage on modulus of rupture. IRRI, 
1985 WS. 

Modulus of rupture (MPa) 

(onventional Modified 
19 Jul 1.67 1.35** 
16 Aug 1.55 1.27** 
17 Scj 1.90 1.54* 

Mean 1.71 1.39 

former ricefield. The upland field was plowed and 
ha rrowed. 

Cosor 3 and UP1, S(G5 (open-pollinated sor
ghums), IP -I and 'arly I)MR Composite I 
(open-pollinated maies). and Pioneer 6181 and 
S MC 305 (hybrid maizes) \crc sown in lowland 

field on 29 Dec 1984 antud in upland fields on 5Jan 
1985. Secd rates \were adjusted to obtain 1500)0 
plants ha for srghum and 00,X)() for mai/e. For 
both crops, 67 kg N ha hasNxsally incorpotatcd. 
An additional 33 kg N ha was sidedressed at 
hilling up (25 )FE).Fields wcre maintained free of' 
weeds and diseases. 

Cut, la tiVC water applied by usinig a line source 
sprinkler system over the season was 324 mm in 
regime 1,288 in regime 11,and 137 rnni in regime 
IIl in file lowland expeiiment. Corresponding 
quantities in the upland experiment were 303, 254, 
and 104 nm. Rainfall during the crop season was 
139 min. The water talc ii tileupland field was 

ays deeper haitn 140 cm. whe rca s in t lie lowla rtd 
field it rceded from 20 to below 140 cm as tie 
seasort progresed.

(Iraii yield ind IFDMY wcre determined at 

VId fromi 
did not diff'cr htwecrn the upland and lowland 
experiments hurt was reduced in regime III(Table 

it V. Cii lt i regime Iarid regimec 11 

18, 1Q). A similar resl,, :,cpattern was observed 
for TI)MY. Both sorghum vaneties produced less 
TI)MY and grain yield than any ita ic vanety. 
U IT SG5 produced norel'T)MY aid grain yield 
than Cosor 3,regardless of regime. Mai/e hybrids 
had tile maxi uiinmIDM Y and grain yield in alli T I 
regimes in the upland and lowland experiments. 
There \wIs no difference between the two open

pollinated rnai/c varieties illtihe lowland cxperi
ment. Inrtie upland experimen t,howe, 1113-I 
yielded more than Early i)MR Composite I in 

(CROPI'N( SYSI FMSI R)(RAM 419 



Table 18. Grain yield of 2 sorghum and 4 maize cultivars under 3 moisture regimes at 2 locations. IRRI, 1985 DS. 

Cultivar 

Sorghum 
Cosor 3 

UPL SG5 


Maize 
IP1B-1 
Early DMR Composite 1 
Pioneer 6181 
SMC 305 

Mean 

Crop (C) 

Moisture regime (.MR) 

MRxC 


Error (a) 
Error (b) 

Grain yield (t/ha) 

After lowland rice moisture reginics After upland rice moisture regimes 

1II 111 Mean I I1 I11 Mean 

3.89 
4.83 

3.66 
4.85 

2.45 
2.93 

6.46 
5.98 
7.24 
7.00 

6.73 
5.56 
8.45 
6.94 

3.52 
3.30 
4.40 
4.32 

5.90 6.03 3.49 

** 
** 
** 

0.674 
0.189 

regime I and rcgime I1.In regime Ill, yields were 
not diflferent, 

Shortage of watr had comparatively littlein-
fluence on the ma turity oloCosor 3. U111. SG5,or 
Early I)MR C'omposite I (Table 19). IIvbrid mai/e 
maturitv was shortened by 10 d where \wtier was 
deficient. Regardless of ,oil condition or water 
availability. mai/c hybrids, \were supcrior to the 
open-pollirated mai/es and sorghun. 

ITPARY IWAN 

Multiph, (ropping I)eparient 

Three tepary bean lines were planted at 2 plant 
densities(nominally 2(X),(XX) and 4(X),(XX) plants, ha) 
in 4 replications of a RCBID on 2 dates (17 Dec 
1984 and 17 Jan 1985). The experiment \\as 
irrigated oin 23 Dec, 28 )ec. and 23 Jan, receiving 
about 20 rnmiapplication. Grain yield, TDMY, 
mean pla nt density at maturity, and percentage 
rmortalitv are shown in Table 20. Except for seed 
color, differences a mong lincs were either not 
signi fica litor ftfnlyInor ag ronoimi cinipoIarice,\'ii 

Yields were highe r in the 17 .Jan planting, which 
can be explained in part by lower plant mortality. 
All varieties were affected by an unidentified 

disease that catsed rapid wiltingand death. L)iscase 

3.33 4.54 4.78 2.98 4.10 
4.21 5.51 5.39 4.21 5.04 

5.57 8.23 7.89 1.02 6.72 
4.94 6.10 5.81 4.06 5.32 
6.69 7.69 8.07 4.26 6.68 
6.09 8.28 8.18 4.47 6.97 
4.87 6.73 6.69 4.00 5.81 

** 
** 
** 

0.229 
0.308 

damage was more severe in the earlier planted 
treatments. Seeds were slow to emerge. taking II d 
to achieve 75% emergence, but 75% flovering was 
achieved by 24 I)F when planted IP Dec and by 23 
DE-whel planted I 7 .an. Nodileslid not develop 
even though inoculant was applied. Pods were 
mature (75(' d r brown pods) at 52 l)E when 
planted on 17 Dec and at 47 DE when plained on 
17 Ian. Tcpary bean may be su itable as a siort
duration grain legume if (lsca, can be controlled. 
and if inoculation wxillpromote nodulation. 

iIF-(l ON SOYIFAN Of SAIDI)ING SIQIUINC'S 

SIMNIAI ING RFLAY (ROIPPING ANI)
IN I FRCROI'I'IN(i 
:uhh ('ropping h'parmient 

An experiment from February to May 1985 at 
IRRI studied the influence of ti neand duration of 
shading on soybean. Shading treatments were 
compared in a R('1) with four replications. 
Shading was imposed in one treatment set to 
simulate .anopy development by a dominating 
intercrop (I). A second treatment set simulated 
grad tia liy dccrcasing shad irig by a dominating but 
seriescing first crop on relayed (R) soybean. An 
unshaded control was replicated twice within each 

block (Fig. 18). 
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Table 19. Maturity (DAS) of 2 sorghum and 4 maize cultivars under 3 moisture regimes at 2 locations. IRRI, 1985 DS. 

Cultivar 

Sorghum
Cosor 3 
UPL SG5 


Maize 
I'lB-
1 

Early )MR Comp 1 
Pioncer 6181 
SMC 305 

Crop (C) 

Moisture regime (MR) 

MR XC 


Error (a) 

Error (b) 


Source of ariation 

Replication 
Varieties (V) 

Sorglum vs maize 
Among sorghum 
Maize, 3,4 vs 5,6 
Maize 3 vs4 
Nlaize 5 vs 6 

Error (A) 

Moisture regime (MR) 

V x MR 


(Sorghum vs maize) X MR 
(Among sorghum) x MR 
(M,"ize 3,4 vs 5,6) x MR 
(Maize 3 vs 4) x MR 
,Maize 5 vs 6) X MR 

Error (1) 
Total 

CV (a) 
CV (b) 

Maturity (DAS) 

After lowland rice After upland rice 

II1 II1 I 1I I11 

98 98 97 97 97 95 
114 114 110 109 109 104 

114 
100 
121 

114 
100 
121 

107 
98 

109 

110 
97 

119 

110 
97 

118 

104 
95 

108 
124 124 113 119 119 113 

** 

** 
** 

1.10 
1.03 

Analysis of variance 
df 

After lowland rice 
3 0.634 
5 	 1046.4 14** 

1 779.340** 

1 1350.000* * 

1 2120.020** 

1 912.670** 

1 70.040** 


15 	 1.110 
2 292.015** 

10 	 26.481** 
2 50.175** 
2 6.000** 
2 58.520** 
2 16.665** 
2 1.040ns 


36 1.032 
71 

1 

1 

** 

** 
** 

7.5 
5.7 

MLean square 

After upland rice 
19.383 

948.058** 
855.560* * 
726.000* * 

2310.190** 
828.380** 
20.170ns 

7.451 
210.290* 

12.025* 
10.645ns 
6.000ns
 

22.040* 
9.375ns 
I1.165ns
 

5.662 

3
 
2 

Table 20. Mean seed yield of tepary beans planted at 2 population densities on 2 sowing dates. IRRI, 1984-85. 

Plant density 
Grain yield (t/ha) TDMY (t/ha) Plants (thousand/ha) Mortality (%) 

(plants/ha) 17 Dec 1984 17 Jan 1985 17 Dec 17 Jan 17 13cc 17 Jan 17 Dec 17 Jan 

200,000 
400,000 

0.47 
0.58 

0.61 
0.73 

1.15 
1.62 

1.10 
1.76 

155 
304 

175 
330 

22 
24 

13 
17 

SI; 0.033 0.11 

CROPPING SYSTEMS PIROGRAM 421
 



Emergence Maturity 

Simulted intercropping Days after emergence (DE) 

1O 20 30 10 50 60 70 80 

110 z shade at 10 DE to maturity IL I 

IIL 2L I3L I4L I12= shade of20 DE to maturity 

130:shade at 30 DE to maturity .--------- I I 2L I3L 4L 

Simulated relay cropping 

3L 
R10 =shode from emergence (E)to 1ODE I ..... 

Rzo=shade fromE 'o20 DE 1 ..--------------------

R3 0 :shade from E to 30 DE 4L 3L I ---------

4L 3L 

R4 0 =shade from E to 40 DE 4 I I ......... 

C=control (no shade) -,-. 

18, hiercrippig I)and relay coppin g (R) %ere siuo laitcd hy es cring ,svlixan\s ih1-4 layers (1.1 of 

net as. sho, n lit these 8 ltea trnclt,.IRRI. 1985 I0S. 

(t/ho)
Shading was impose(] by stretching 1-4 layers of Grain yield 

gray-green 4-mesh nylon fishnet on frames I m 3 

above a plel. Light transmission was 74%.} through RIO 

I net layer, 54%,/ through 2 layers, 34%,through 3, 
and 28%!through 4. Transmission was determined 
between 1300 and 1400 h.The 2-. 3-. and 4-layer 

were to those 2transmission reductions similar 

determined at gro, nd level in a maize population SER30 

of 40,M) plants; ha at 30, 44, and 6 DAS. SRT 
respectively. 120 T3o 

Inoculated seeds of U PI.SY-2, a locally ada pted Ito 
variety, were oveiseeded in 40-cm rows ;fter

incorporating 10-5-9 kg NP K, ha on well prepa red 0 Control 

soil. At 4 DE,the crop was thinned to 10 plants/m v Sirulaled rekiy 

Weeds were controlled with a precinergence ap- 0 Simulated inlercroppifg 

plication of butachlor (1.2 kg ai ha) followed by _ _ . _ I 

0 10 20 30 40hand weeding. Between the beginningseed and full 

seed stages of the crop. lonionuco/ciaria Nietmer Days ofter emergence 

damaged many leaves in all treatments before 19. tlllecl ol length ol simlated claycroppingand of si mula

being brotlight Under control. Other insects were ted intercrtiping on ,o\Ixan grain yield. IRRI. 1985 )S. 
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controlled. The experiment was irrigated weekly 
with an overhead rotary sprinkler system, 

Mean maximum and minimum ticmperatures 
were 33 °C'and 24 ° C, respectivcly. Total rainfall 
and irrigation \water applied were 314 finm, and 
mean (laitly solar radiation \,a, 51i m\h cn per 
da v. 

StartingatIl(0 )1 random samples of 40 plants 
(2 in in 2 ro\s) per plot were taken every I d from 
selected treatments for determination of' plant dry 
weight, leaf area, nuin ber of nodules, flowen, per 
plant, and pods per plant. At mlaturity, grain yield 

Table 21. Leaf area indlex atid specific leat' at 4(0weight 
DE as affected by simulated iltercropping and relay 
cropping.i IRRi, 1985 DS. 

Leaf 
Treatment area 

index 

Sinmlated intercroppinL starting at 
10 t)t. 2.3 
20 tiE 2.9 
30 1)F. 2.9 

Simulated relay cropping Stopping at 

10 1)1. 3.0 
20 DE 2.5 
30 DI 2.7
40 DL 2.6 

3.1
Unshaded control 
SE 0.2 

"Means of 4 replications. 

TDMY (t/ha)
 

Infercrop 

'1 

Specific 
leaf 


weigt 

2.7 

2.6 
2.9 

3.4 

3.4 
2.9 
2.1
 

3.2 
0.3 

C 

41 * 1;30 
2 -- * f~~ . 12",,-Io 

SE .
 

0 20 '10 60 80 


samples were taken fron a 6-m 2 area at the center 
of each plot. 

Grain yield t'roi unshaded control plants was 
2.5 t ha (Fig. 19). Yields decreased as duration of 
shading increased. Simulatcd intercropping reduced 
grain yield more than simulated relaycroppingdid. 

Shading had littleeThc t on soylbcaln pheonology 
tip to R6 ('ull seed), which occurred at 50 )E. 
From this tage onlard. :ltiated intercropping 
delayed m.turity by an as\c.. !c of 3 d. 

Regaidless of'shading treatment, leaf arca index 
(l.AI) increased rapidlx and wast n,:,\imal at 40 DE 
(beginning sced). ()nly the inter'crop treatment 
starting at 10 1)1 deprcs ed I.AI by more than 20'%: 
(Table 21). Significant reductions of specil'ic leaf 
\weight \\ec observed it40 I)F, especially from 
treatments simulating rela' ci,,piug for 30 and 

40 d ([able 21). 
T[ )M Y was simnila r in the Ce stages oflallearl-

treatments, but after 30 DE control plants pro

duced Inlored rv matter at isgr ifica ntl faster rate 
(Fig. 20). Shad ing e\ ctitta 11Yde pressed growl h, the 

effect being uto re sevcec as shading duration 
ncreatsed. 

Simulatcd rclav cropping for 10 or 20(1had little 
effect on the numinkcr of flo\\cr, 1- pods observed at 
40 DE (Fig. 21 ).Other treaitmncnts ct tscd moderate 
to severe d,3prcs~sion in numbers,. 

Simulated relaycropping reduced the number of 
nodules per plant at 30 DE. with reduction in
creasing as shading duration increased (Fig. 22). 

Relay crap
 

Ir', ...
 

/i....R 20 

7R/0 
* R40 

-

20 '10 60 80 

Days after emergence 

10. TI)MY of Notwan tiibtcd to simulated intci'ropping and telaNcropping. IRRI. 1985 )S. 
C = control. 
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Flowers + pods (no /plant) 

oInlercrop 

R60 

R0C 

1SE 


T200 

a1Control 
Simulated relay

o Simulated inteicropping 

Beginning bloom 
0 I0 20 30 40 

Days alte, emergence 

21. N utnb rot p sul,i tl hs ci al-4 ) o ean utbicvtcd 
to SiMua itcdI CrCtoji 1W;uurdILL r , I R R I, 19X5 )S. 

Nodules (no/plant) 

30 

Rio1 0 T30 

20-


10To 


SE 
o 
* Control 
V Simulated relay
o3Simulated ,tercroppng 

Of _vegetative 
0 to 20 30 40 

Days after emergence 
22. Nodule lln e[ n bean su jhjcctc.at34) 1)1E ot to 
simul td inteicropping and rc-la )S.cropping. IRRI, 1985 


Simulated intercropping imposed at 10 DE de-
pressed nodulation by one-third. Simulated inter-
cropping depressed N acc urM L tiun run orestrongly 
than simuilated relay cropping (Fig. 23). N ac-
cunutlation was depressed to about the sanre level 
regardless of the time intercrop shading was ir-
posed. Naccunulation decreased as tlesinitilated 
relay cropping duration increased, 
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N uptake (kg/ha) 

Relay Crop RO 

C 
130 120- R2 0 

I.
 

Lo 
R 4 

80- 130 

/]~ 
Ic2 

O 

lI 

.. . . ..
0 20 40 60 80 0 20 40 60 80 

Days after 
Days emergence

2B . N ipt b u u latedi tcrcropping 

0 .. _____ 

ke hN movhc\ ,luhitcd Io inm 

and rela cropping. IIRRI, 1)X5 )S.
 

[IRi111.11Y NIANAGiE\FNt IFOR tUPLAND) RICE ON 
ACID)SOIlS 

l ipl('rolp in g I) eAlri it'l 
Fertility management is one of the major challenges 
in improving and sustaining upland rice produc
tivity in acid iriertile upland soils in the tropics.This study determined the response of upland 
rice to various macronut rients, lime, and manure 
on three acid, P-deficient sites in the Philippines. 
The soil anrd climate characteristics of the experi
mental sites arc, given in [able 22. 

Cavinti. The trial at Cavinti, laguna, was 
characteicd by ailong drought period at the 

stage and severe neck.blast (131)incidence 
during early grain filling. N application alone 
significa ntly reduced dry matter and grain yield 
co m p a red w ithI no tilizplica tioni (F ig. 24 ). prii
er a 
resporise to acid soil was de nn nstraled: treitmient 
4 (70 N + 20 P)gave higher dry matier and grain 
yield than the control treatment (I+I) and N alone 
at both 35 N (l2)and 70 N (13). NIt K+ lite in '8 
produced the highest grain i (2.0 tha), signi
fica ntly tihigher tha hyield (I .5 t ha) of' NPK -
lime -+ No significant dif'fkrenceslanllre (19). 
occturred in grain yield fron "4 through F8 and 
between T9 and TI. 

TDMY was highest inT9, significantly higher 
than in all other treatments. Moreover, panicle 



6 

Table 22. Comparative site characteristics of 2 acid uplanl riceflelds inthe Philippines. 1985. 

Parameter 

Topography 

Climate 


.' 

SRainfal (mm/yr) 
Dominant land use 
soil
 

pH (1: 1120) 

CEC (meq/100 g) 

Available P (Bray 2) (ppm) 

Exchangeable Al (meq/100 g) 

Texture 

Taxonomic classification 


DMY /o) 

sand eaovei 


4-

Mahipon, Cavinti, Laguna 

Rolling 
Type 11-1;maximum rains 

from July to December or 
.. .January .
 

3,300 
Coconut, tomato 

4.0 
19-24 

1.6-5.6 
6.8-10.7 

Clay 
Palehumult 

i :! ! !!i l~iii:liii 

Sin 


2 -
* *apparently 


0 

Undamoged panicles(%) 

60 

40 

20 

o , I I 
T T2 T3 

Fertilizer added (kg/ha) 

P - - 
- 5 70 

ime. . . 

.*..*.*.i 

I I I_ I 
T4 r5 T6 T7 T8 T9 

20 0 200 200 7200 20O - 0 
. 500 2000 2oo 

, . . . 30 
24. TDMY,grain yield, and panicles undamaged by IIIas 
affected by various fertiliers added to upland rice (UPI.Ri5) 
grown in an acid infertile soil. Cavinti. Laguna, Philippines, 
1985, 

Patrocilio and Anil,
Claveria, Misamis Oriental 

Undulating -

Type I1-1; rainsmaximum 

from July to December
 

2,200 
Upland rice, maize, tomato 

4.5-5.8 
6-12 

4.1-4.7 
0.5-3.0 

Clay 
Dystropept 

number, plant height, and LAI (at 70 DAS) were 
significantly higher inT9. Napplication alone had 
lower values than no fertilizerapplication for thesecharacters.
 

At the earlier growth stages, the rice plants in T9 
were most vigorous (at both 25 and 70 DAS) and 
were the tallest. At harvest, however, neck BI and 
leaf scald (LSc) damage were significantly higher in 
T9 than in all other treatments (Fig. 24). Similarly,drought scores at60 DAS were significantly higher 

T9 than in all other treatments. The greater 

disease and drought susceptibility of rice in T9 
explains whyT9 had the highest TDMY 

but lower grain yield than T8. Neck BI was most 
severe in T9, with 100% damaged panicles at 
harvest (Fig. 24). Neck BI was highly correlated 

(r = 0.964**) with TDMY. Conversely, the per
centage of panicles undamaged by BI was nega
tively correlated with TDMY (r = -0.962**) 
(Fig. 25). 

Leaf area was highly correlated with LSc inci
dence (r=0.949**) and with drought susceptibility 
(r = 0.968**). Drought scores were highly cor
related with TDMY (r = 0.964**). T9 had the 
highest LSc damage and drought susceptibility. 
T9 had the highest total uptake of macro

nutrients and micronutrients.N and P uptake were 

Analysis of nutrient percentage inrice tissue
 

further revealed the relation of nutrients absorbed
 
to disease susceptibility. Among the 
macronu
trients, there were nosignificantdifferencesamong 

treatments in percentage nutrient content in the 
tissue. Among the micronutrients, however, there 
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Partially and completely Blast score 
Undamaged panicles (/) damaged panicles 1%) I0 r
 
70
 ZY20646 +22902X 

TT2 

-2T8- r = 0978*
 

T t 8 8
 
60 


T6 

50- T7 T 
2TT'4O 1 


T4T8T. 

T6 Ti65 
30 


/ T, 

20- T7 qed, 
10 Co mp lele lvdomo 

* N 


'r- 2 
 \k9 


10o- Y Porf~ialydoM09ed,0 LL JJ._ L ,=952 

02 3 4 5 6 7 8 9 0 2 3 4 5 6 7 8 9 10 


TDMY (thousand kg) 

25. Relation of I) MY and particle condition is atffcted b 
fertilijers applietd to UPI.Ri5 grown in acid upland soils. 
Cavinti. Ligurna. Philippines. 1985. 1I -l1 arc explained in 
Figure 24. 

Blast score 

Y =14764 + 01029X 


r =0.986"*
 
8
 

_ 

4-0
 

0l 
0 20 40 60 80 


N uptake (kg/ho) 

26. Correlation between blast damage and N uptake in t JPI.1Ri 

were significant differences. Percentage Si in the 
tissue was significantly affected by the various 
fertilizer treatments. 

The relation of Si percentage in the tissue and 
percentage panicles undamaged by BI was signi-
ficant (Fig. 28), suggesting that higher Si concen-
tration in the tissue resulted in less neck I3damage. 

6-

0 I 2 3 4
 

P uptake (kg/ho) 

27. (orrelation hetssn blast damage and Puptake in UPI.l15 
at 70 DAS in acid upland soils. IRRI. 1985. 

Undamaged panicles Mo/0) 
80
 

•$Y=-951612 +23 7805X 

60 - =0 551' 0 

40 -0 

20
 

040 4 5 50 5.5 6.0 65
 

Si lM in tissue) 

28. Panicles undamaged by blast as infllnced by Si t in tissue 
of rice grown in infertile. acid upland soils. Caviti. Iitguna, 
Philippines, 1985. 

damage increased substantially. The critical deft
ciency level of Si percertage in the tissue was 
reported to be 5%. 

The Mn percentage in the tissue was inversely 
correlated with Si percentage (r = -0.441**), 
suggesting a competitive relationship. 

Claveria. For comparative purposes, two trials 
were conducted in Claveria, Misamis Oriental. 
Growing conditions were favorable for the trials in 
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Grain yield (I/ha) 

Covinti,Laguna 
[ Potrocinio, Claveria Misamis Oriental 

4 0 _ T 

Treatlment 

Ferti lifer added 1kg/hal 

N - 35 70 70 35 70 70 70 70 
P 
K -

.... 
-

- 20 10 
10 

20 
20 

20 
20 

20 
20 

20 
20 

Lime .... 500 2000 2000 

Chicken manuvie ......--- 3000 

29. Compa rati~ eyield of U.JPI.*Ri5 fromn the kirlily nianagement study at 3 sites. 1985 WS. 

Anii and Patrocinio. Exeep! for treatment 4, thc lowest with 1I3. No significant yield differences 
yield response of UPLRi5 to the treatment+ was occurred among treatments with 20 kg P/ha. But 
similar in both trials(Fig. 29). Yield differencesat when P was reduced to 10 kg/ha (T5), yield 
Anii varied from 2.1 t/ha to 4.5 t/ha, with 19 reduction was significant. 

(having the highest fertilier inputs) obtaining the Compared with Claveria, the Cavinti site re
highest values fo~r grain yield, TDMY at 90 DAS, presented a substantially advene rice environment 
and plant height, in 1985, necessitating further studies if grain yield

At Patrocinio. grain yield ranged from 2.8 t/ ha of rice is to be improved. 
to 4.5 t/ha. Grain yield was highest with T9 and 
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applied by the plunger/auger, and hand-placed 
MULTILOCATION TRIAIS ON NROGEN USG. Farmers' practices vaied from location to 
FERTIIIZIR USE EFFICIEFNCY 

location but in most eases involved a split applica-

Dry season. During 1985 dry season (DS), 26 on- tion, the first of which was applied at 2-3 wk after 

farm N use efficiency trials were conducted in 7 transplanting and the second at I % k after panicle 

provinces of the Philippines (Table I). The only initiation (P1). The exception was South Cotabato, 
machine applicator tested was the pLnger/ auger. where all N was applied at 35-40 d after trans-

At 29 kg N/ha, hand-p!aced urea supcrgranules planting (lT). The researcher's split gave signill

(USG) gave a significantly higher yield than the icantly higher yields than farmers' practicesat only 

researcher's split (2/3 basaland 1/3 applied at5-7d 2 of 26 locations, suggesting little advantage of 

before panicle initiation [I)BPI]) at 8 of 26 loca- basal incorporation. 
tions. In most other locations, hand-placed USG Application of ItU by plunger/augergaveincon
was numencally superor though not significantly sistent results. At three locations, yields were 

better. Split application at relatively low N levels significantly less than that obtained with the 
appears inefficient compared with USG. rcsarmher'. .plit. At three other locations, signifi-

At 58 kg N/ha, the researcher's split was corn- cantly higher yields were obtained with phlnger/ 

paird with farmers' practice, prillcd turea (PU) auger application. At ,he remaining 20 locations, 

Table 1. Effect of N application method and rate on rice grain yield in 26 on-farm locations, Philippines, 1985 DS. 

Yield" (t/ha) 

Location 29 kg N/ha 58 kg N/ha 
No N 80 kg N/ha 

RS Iland-pl.ecd I'l RS Plunger! IIkd-placed RS 
I.SG auger PIU USG 

Nueva Viscaya 1 3.8 d 4.2 cd 4.9 abc 4.7 bc 5.3 ab 4.5 cd 5.4 ab 5.7 a 
2 4.3 d 4.7 cd ,1.7 cd 5.2 be 5.7 ab 5.2 be 5.8 ab 6.0 a 
3 4.8 c 5.7 1 5.7 1 6.0 b 5.9 b 6.0 b 6.3a 6.6a 
4 4.0 d 4.6 c 4.6 c 5.3 b 5.5 b 5.5 b 5.6 1) 6.0a 
5 3.8 f 5.2 c 5.3 de 5.6 cde 6.2 ab 5.7 cd 5.9 be 6.5 a 

Nueva Ecija 1 4.2 d 5.0 c 5.7 1 5.9 ab 6.0 ab 5.6 b 6.3 a 6.3 a 
2 3.5 d 4.6 c 4.7 c 4.8 c 5.0 bc 4.7 c 5.4 ab 5.6 a 
3 3.1 d 4.1 c 4.3 be 4.2 be 4.7ab 4.1 c 5.1a 5.2a 
4 3.7 c 4.3 b 4.6 ab 4.6 ab 4.8 ab 4.9 a 5.0 a 4.6 ab 

Pangasinan 1 1.8 d 2.6 c 3.0 be 3. 1 bc 3.6 ab .1 a 3.9 a 4.3 a 

2 3.5 d 4.0 c 4.1 c 4.4 1 4.6 b 4.7 ab 4.7 ab 4.9 a 
3 2.3 g 3.1 f 3.5 e 3.7 (Ie 4.0 cd 4.4 b 4.1 be 4.9a 

Tarlac 1 2.1 f 2.6 e 2.9 (Ic 3.2 cd 3.5 c 4.0 b 3.9 b 4.4 a 
2 3.5 f 3.9 c 4.1 d 4.3 cd 4.4 bc 4.6 ab 4.5 bc 4.7 a 

lloio 1 2.8 c 3.5 d 3.7 cd 4.0 bc 3.9 be 4.1 abc 4.2 ab 4.5 a 
2 2.4 d 2.8 c 3.4 b 3.8 a 4.0 a 3.8 a 3.9 a 4.1 a 
3 2.4 d 3.3 c 3.7 b 3.7 b 3.7 b 3.8 1) 3.8 b 4.2a 
4 2.2 C 2.9 d 3.5 c 3.7 bc 3.6 c 3.6 c 4.0 b 4.7 a 
5 1.8 d 2.2 d 2.9 bc 3.1 bc 2.7 c 3.8 a 3.5 ab 3.0 be 
6 2.3 d 3.0 c 3.5 ab 3.1 be 3.6 a 3.8 a 3.9 a 3.9 a
 

Leyte 1 4.6 c 5.6 b 5.7 b 5.7 b 5.7 ) 6.0 at) 6.4 a 6.4 a
 
2 4.8 b 5.4ab 5.8a 5.6a 5.6a 6.1a 5.8a 5.7a 
3 3.7 c 4.5 a 4.2 abc 3.9 bc 4.4 ab 4.3 abc 3.9 bc 4.6 a 

South Cotabato 1 2.5 c 3.4 b 3.5 b 4.2 a 4.3 a 4.2 a 4.5 a 4.7 a 
2 3.5 b 4.2a 4.3a 4.2a 4.3a 4.2a 4.6a 4.7a 
3 4.1 b 4.6 ab 4.7 ab 4.8 ab 5.1 a 5.1 a 5.2 a 5.1 a 

aAv of 4 replications. Separation of means in a row by Duncan's multiple range test at the 5% level. Researcher's split (RS) 

= 2/3 basal incorporated and 1/3 topdressed 5-7 d before panicle initiation. Farmer's practice (1P) = 1/2 applied 2-3 wk 
after transplanting and 1/2 at or after panicle initiation, except for South Cotabato, where all N was applied at 35-40 d 
after transplanting (DI). Hand-placed urea supergranules (USG) and plunger/auger applied prilled urea (PU) at 7 DT. 
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there was no significant difference between the 2 
treatments. The variation in response was assu red 
to be related to metering differences. 

Based on earlier research, hand-placed LJSG is 
likely to be most efficient in terms of N use. ,\t 5 of 
26 locations, hand-placed IJSG gavea significantly 
higher yield than the researcher's split, with an 
avetrage yield advantage of 1.5 t ha. At the 21 other 
sites, yields did not significantly diffe r. "lhcrefore, 
at most locations and at 58 kg N ha, the research-
Cr's split and fIa.rll e practices appear reClativeyh 

efficient. 
Final,, at 15 of 26 sites there was no significant 

ircreast: in yield when the N level \wa.,, increased 
fron 5t, to 80 kg N ha using the researcher's split 
technique. [hat su.ggests that N recommendations 
for DS irrigated ric" illa v be th,o high in soei 
places. 

Wet season. l)uing 1985 wet st.1sol (WS), 19 
on-farm trials in 4 pro\inces further evaluated 

techniques for improving N fertilizer use efficiency 
(Table 2). Treatments were applied mostly at 29 kg 
Ni ha beca use of Philippine emphasis on reducing 
input costs. The plunger/ auger was evaluated for 
application of PU, while the press wedge was i.ied 
for tJSG application. The plunger/auger was an 
improved ve rsion of the one used in 1985 DS trials. 

At 29 kg N, hit, the researcher's split yielded 
significantly better than the i,rners' praetices at 
only I of 19 locations; at 2 locations it yielded 
significantly less. It e fit ile ' practices varied 
flrom location to locationl but in all u;ases involved a 
split application, the first of which was applied 2-3 
wk after ira.nsti aid the second about I wk 
after I. 

A recent rcconlllcrildaion of the Agronomy 
)eDtpartlment said that at low rates, all N shoulId be 

applied at 5-7 I)BPI. At 2 of 19 locations this 
technique yielded significantly higher at 29 kg 
N ha than the researcher's split. At the reniaining 

Table 2. l-ffecl of N application method and rate on rice grain yield from 19 on-fari locations, Philippines, 1985 WS. 

Yielda ( t/tia) 

29 k.! N/ba 

Location No N rilled urea 
. .. . . .... .. .. .. .
 
I":1 RS 5-7 

l)lt t 

Caniarines Stir I 3.5 b 3.7 ab 3.8 ab 4.0 a) 
2 2.6 c 3.3 .ib 3.1 bc 3.4 at 
3 3.0 d 3.6 bc 3.7 hc 3.4 cd 
4 3.9 d 4.6 11 4.0 cd 4.A tc 
5 3.5 c 3.7 c 3.8 c 4.1 ) 
6 2.9 c 3.7 c 3.6 3.7 c 

lulacan 1 4.4 (1 4.9 c 5.4 ) 5.4 1 
2 4.3 c 5.0 b 5.4 ab 5.3 ab 
3 3.9 d 4.6 c 5.1 1c 5.1 bc 
4 4.5 e 5.1 d 5.2 d 5.4 cd 

Nueva I'cija 1 4.6 d 5.1 c 5.1 c 5.4 bc 
2 3.5 d 4.0 c 4.3 tc 4.5 abc 
3 3.3 c 3.4 c 3,8 ate 3.9 ab 

Iloilo 1 2.6 ) 3.6 a 3.4 a 3.4 a 
2 3.0 c 3.2 de 3.3 cd 3.4 cd 
3 3.2 c 4.2 a 3.6 bc 3.8 ab 
4 1.9 d 2.4 ab 2.5 ab 2.3 abc 
5 2.3 d 2.8 bc 2.6 cd 3.0 b 
6 2.8 d 3.3 c 3.2 c 3.3 c 

tISt 
58 kg N/ha 

....... . .. .Prilled urea U SG 
Plunger/ I lalid- Press RS I land-placed 

algtcr placed wedge 

4.01 at' 3.6 h 
3.1 hc 3.2 ab 
3.3 cd 4.0 ab 
4.A c ,1.7 b 
3.8 c 4.2 1 
3.3 d 3.9 bc 

5.7 h 5.6 b 
5.1 : 5.1 ab 
5.5 ab 5.1 bc 
5.6 c 5.6 c 

5.3 c 5.5 bc 
4.4 Lc 4.6 ab 
3.8 abc 3.4 bc 

3.2 a 3.2 ,a 
3.4 cd 3.6 bc 
3.5 bc 4.0 ab 
2.0 c-d 2.2 bcd 
2.4 cd 3.4 ab 
3.2 c 3.7 b 

4.0 ab 4.2 a 4.2 a 
3.2 ab 3.5 ab 3.6 a 
3.5 c 4.3 a 4.4 a 
4.5 b 4.5 1) 5.2 a 
4.2 ) 4.2 b 4.7a 
3.7 c 4.0 b 4.5a 

5.5 0 6.6 a 6.8 a 
5.1 ab 5.5 ab 5.7 a 
5.3 b 5.4 b 6.0 a 
5.5 cd 6.0 b 6.5a 

5.4 bc 5.8 ab 6.0 a 
4.3 bc 4.6 ab 4.9 a 
3.7 abc 3.7 abc 4.2 a 

2.6 b 3.6 a 3.5 a 
3.3 d 3.8 ab 4.0 a 
3.6 bc 4.2 a 4.3 a 
2.3 bc 2.7 a 2.7 a 
3.1 b 3.7 ab 3.7 a 
3.4 bc 4.4 a 4.3 a 

aAv of 4 replications. Separation of meians in a row by Duncan's multiple rar:ge test at the 5% level. Researcher's split (RS) 
= 2/3 basal incorporated and 1/3 topdressed at 5.7 d before panicle initiation (1)[I1). Farmser's practice (11') = 1/2 applied
2-3 wvk after transplanting and 1/2 at panicle initiation. tland.placed USG, press wedge USG, and plunger/auger appli
cation of I'U at 7 DT. 
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17 locations there was no significant difference. 
Similarly, at no location did the famiers' practices 
significantly outyicld the single applicra;irt al 5-7 
DBPI. In fact, the latter resulted in significantl, 
higher yields at 3 of 19 location.,. 

A single topdressing at 5-7 I)BP! yielded signifi
cantly highe rthan pluner auge r placcment at 3of 

no19 locations. At the remainder there was 
ha in WS,significant difference. Thr .. at 29 kg N 

the plungcr augcrappci.,to bc of little advantage. 
At 29 kg N ha. JSG hatnIL plClcement yielded 

significantly higher than the single topdessing at 
5-7 )1BI at oril\v 2 of 19 locations. There was no 

relative advantage of' USG hand placement at the 
other 17 locations comparcd witil a single applica-
tion at 5-7 l)lBI. 

The US(i press wcdgc \was compa rable to ISG 
hand placenent at all but 3 locations. \\,here the 
latter ga c a significaitly higlier \liel(] 

At 58 kg N ia. IJS(; ha nd placement .vicded 
significaintly higher liar the researcher's split a t 5 
of 19 locatiors hctr to sigfificantt diffecrencew++a:, 

at tle other 14 locantioris. 
With lo\ N ates such as 29 kg N ha. the miost 

efficient teehtlriiquc for applying trrca isto broadcast 
the full aniount at 5-7 IBI. Ncithier split applica-
tion nor UJSG had anv clear advantage o\ icthis 
method. At 58 kg N ha. IJS(I hand placement had 

an advantage overthe researcher's splitat the same 
locations, as in 1985 DS. However, based on DS 
and WS results, the researcher's split is as efficient 
as USG hand application at most lotations. 

A( PI[ON O- DRYSFTI) RICF I INOtOGY 
IN I li RAINFIH) I.OWI .ANI)S OF tI1() AN I 

OIABA I'LWL'I'1N0SsN I IO. . 

l)ry sceding was introducned to rainfed lowland 
farumers in two Philippine pro'inces, Iloilo and 

South Cotabato.duringthe 1970s. l)ry secded rice 
(l).R) enabled earlier first crop establishment than 
\as possible \ith transplanted or wet sccded rice. 
l)cspite vigorous extension cfforts, adoption of the 

I)SR technology package by flurlilers was neither 
uniform nor complete. 

logit and tobit iodelIs \w'cec niploycd toanalle 
quM rtitativClv thle factors irfhuicing l)SR adop
tion. In bothIpro vincsc,. area of ra irled lo wland. 
household labor av+ailalbility, arid Ia rmer<+technical 

kIno\lcdgc iappcarcd to ha\C a posilive effect on 
I)SR adoption probability. lExtension contact, 
falrteC,.' education lIl. aid draft animal owner
ship w'erc also influential in some circumstances. 

A more detailed report of this study may be 
found in the section on Cooperativxc Programs. 
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TILING 

AgriculturalEngineering and Multiple Cropping 
Departments 

Minimum tillage puddler (Agricultural lngineer-
ing). Currently available lowland tillage imple-

merits sometimes work the soil to a greater depth 
than necessary, wasting fuel and power. 

An animal-drawn rotary land preparation 
machine was de\ eloped to red rice power inputs In 
soft rice fields. When its cone-shaped rotor is rolled 
along a straight path, soil is displaced bv blades 

located at different points on the cone. The 
machine tills the soil by displacing it with a 
horizontal back-and-foith action that limits the 

depth of tillage to the 10-12 cm topsoil layer. 
The horizontal displacement of soil by a single 

conical rotor rolling on soft soil is illustrated in 
Figure 1.As the rotor moves over the soil, blades 
on the laige end of the cone mos e the soil in a 
slightly backward direction while blades on the 
smallerend move the soil forward. Whena puddler 
with two conical rotors, mioltnted in tanden with 
opposite orientation (Fig. 2,. is pulled across the 
ricefie l,a rapid iack-and-forthi soil movement 
occ urs. The rotors aIremoounted oil opposi tely 
inclined axles such that the bottom sourfaces if the 
two rotors are parallel to tlie ground. Each rotor 
balances tile soil action of tile other,thus creating 
anieven soil disturbance across tlie full width of the 
machine, 

Tests with the prototype machine indicated 
more than two times the art covered compared 

I. Tracks of a ,ingle conical rotor (telt) and eoniventional 
, (light) on irhld%cdei rotoi soin showing soil displacement. 

IRRI. 1985. 

-

-

.
 

- , 

2 troi minn iRtag i9dr, 

with a conventional comb harrow without any 
increase in power requirement. Further tests are 
being condticted to assesswhere the machines may 
be advantageously used. 

(reen manure incorporating knives (A4gricul
rural l'ngimeing and Mdtilde Cropling). Incor
porationoftallgreen ma nure crops is difficult with 
a power tiller plow, astall pla nts tend to accumulate 
on it.We developed a knife assembly fort he power 
tiller cage wheel(Fig. 3) that utili/es vheel slippage 
far slicing the crop into small pieces as the cage 
wheel tramples it. facilitating incorporation with 
the plow. In flooded, soft fields, both cage wheels 
can be equipped with knife assemblies, and a comb 
harrow can be used for green manure incorpora
tion. 

t . -

3. Green nuntic into; poraiig knis iu tiled on power tiller 
cage whrls. IRRI. 1985. 
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SEEI)ING AND TRANSPLANTING 
..~ .	 Agricdtural Engineering, Multiple Cropping, 

Olt, 	 Soil Chemistry/ Phi.vics, and Agronomy 
Departnentsand Rice Farming Systems 
Proram 

Upland seeder (AIgrictutral tEngineering, Au/tip/, 

('rolpping. Soil ('emistr IPhysics, ,Agronom, 
antd Rice I'arming,Sixcens).A seeder was designed 
for upland crops planted after rice (Fig. 5). It 
utiliies ain inlVerted-T opener, initiallydeveloped at 
Massey UlniveitN (Fig. 6). lhc opener createsseed 
grooves t ole rant of a wide range of lield conditions 

4. Grten manure and straw incorporating knives heing used illpreviously tilled or untilled soils.

with po%%er itter for incorporatingtalt .Sehwno cro. IRRi. Emergence of various species, particularly those
 

with small seeds, is sensitive to sowing depth and 
field moisture at seeding. A depth wheel ensures 

The knives were tested for incorporating six proper seed depth, serves as a press wheel to 
green manure crops Sest/ania, ('rota/aria, provide required sced-soil contact, and drives the 
m iugbean, cowpea, soybea n, and indigo at seed metering mechanism. A simple assembly
IRRI and in farmer<' fields (Fig. 4). Further tests meters seeds with a high degree of accuracy and 
were conducted in fari,,' fields on three types of with minimim periodicity. A range of seed species 
sols: clay, clay loam, and sandy clav loal. The can thout damage. [he seedbe metered \wi rate can 
*nivescan beelectively used for irtcorporating45- he varied by changing the sprocket., and the drive 
to 60-day-old green ma nure crops with a power wheel. 
tiller equipped vith moldboard plow or comb In field trials at I R RI, groove formation, seed 
harrow, lip to 30 t green manure,' ha were incor- placement, depth control, and seed metering were 
porated in the soil. generally satisfactory. In untilled soil, the disk 

),, - " >'-Ii 2'i. 

" I.\"'

~ c 
-./7 :./~~ 

- ,."! 

Depth wheel for coruboo 
operation 

5. Schematic ol the inveilcd- I muIt irop seeder. IRRI, 1985. 
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coulter, runningahead of the opener, handled crop 
residues satisfactorily. In tilled soil (for carabao 
seeder), a small wheel replaced the disk coulter to 
maintain Uniform depth. 

Field trials with maize, soybean, and mtingbean 
(lablc I) showed significant ad vantages in plant 
establishment and seed input saving in an upland 
field previously tinder sorghLi i. Three methods of 
land preparation and seeding were compared:
I) conventional tillage (one plowing followed by 

two harrowings), furrowing with fithao, and hand 
planting; 2) conventional tillage and sowing with 
the seeder; and 3) sowing by secder in untilled soil. 

Emergence of seeder sown plants was signi
ficantly higher than that of hand planted ones. 
Tillage had no significant effect on establishment. 
Maize establishment was 65% superior and mung

over 300% better with seeder sowing than 
with hand sowing. Soybean results, although 

favoring the seeder slightly, were not clear. 
Further seed fate analysis suggested that lower 

plant emergence with the traditional hand sowing 
method was due to uneven seed depth and seed 
cover, and that a large proportion of unemerged 

actually remained unge rminated. Conversely,seede s°v ]t 'ee tlsrige atd tin 

significant proportion of' unemerged seds in 
seeder sown plots were still surviving at thle 
subsurface soil level. Sowing moisture was low, 

no irrigation wasapplied; with more moisture, 

more plants are expected to be established. 
A number of seeder units adaptable for power

tiller and carabao operation are being 1lhbricated 

for wider testing on different soils. Future research 
and development includes 

I addition of fertilizer application unit, 
* 	fabrication of multirow Units (with adjustable 

row spacing) for carabao and power tiller 
operation, 

* development of sced-cum-fcrtiliier drill 
planter, 

* evaluation 	of sceders for various upland seed 
species in rice-growing ecoclimatic zones, and 

* adoption of the seeder metering units for 
lowland direct seeding of rice. 

Drum seeder for pregerminated rice (Agricd
ruralEngineering and Agronom.l'). Beca use of the 
increasing cost of transplanting, direct seeding is 
gaining popularity in the Philippines and other 

Asian countries. We continued" our efforts to 
develop lowland seeders for pregerminated rice. A 
simple 8-row seeder (Fig. 7) was developed that is 

Table 1. Effect of tillage and sowing met*.,ods on upland crop establishment. IRRI, 1985. 

So~l status 

Tilledb 
Tilledb 
Untilled 

aLaboratory 

Sowing method 
Maize 

cIland sown 41 b (49) 
Seeder sownd 67 a (77) 
Seeder sown1 69 a (73) 

seed germination of maize = 97%, soybean = 47%, niungbean 

Plant emergence (')1 

Soybean Mungbean 

29 b (39) 15 b (15) 
24 b (46) 49 a (65) 
45 a (58) 46 a (56) 

75%. Numbers in parentheses give subsurface 
surviving seedlings at 12 diater sowing. bField UM2, Itt1, plowed once using a carabao, followed by 2 harrowings. CSeed 
furrows (grooves) made with lithao and baind sown. dtnverted.T seeder, power tiller and carabao operated. 
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7. Io%.-cost 8-io% pull-typc ri.v s,.dcr. IRRI, 19h5. 

easy to fabricate by small metahwoking shops, Ihas tfaberiate y sml e mionalworkig xItcentially mouinted xhas .if single drive wheel withI 

lout cylindrical hoppers, two on each side of the 

wheel. The hoppers have two rows of holes each, 
spaced at the desired row spacing, through which 
seeds drop onto tlie soil surface in eight even rows. 
The cylindiical hoppers aic mounted directly on 
the wheel axle a rid rotate along Itheir axis whenever 

heniachine i,,pulled,
fle 
The nachilc hastwoskidsattached to the fralme. 

to distribule its
weight arnd to help Innaiitainlinta 

t it 

uniformn distance bcnxeen the soil and the hoplers. 
[Ihas onlva ew\ pails and isexpected tsell for less 
than IJS50.00. ests it caii sed 50-75i(licaie tlhai 
kg seed ha with 41,'7rete irilg accuracy. The 
prototype weighs onl' 10 kg and ain he ca sill 
tra uspo it d to anrd Iro iiiile liel by1h [helirolling. 
single. ceii tra 1l heel MILs eoine iii' lity io ftled "x rlll 
tranrsport along x,-eevs. The seeder is being tested in 
farmers' fields in diffc rcni pails of ihlhildi'.,' in'l.l 

Root-washed seedling transphlnter (I t rural 
lni,,incerinig). In I080, IRR I introd trced a success
ful traisplaiter for lit-tVpe sCeelings: howe\ er. 
many farmei- or ili/C mt -washed seedlings when 
transplanting by hand and find it difficult to 
prepare seedlings \xith a soil mat. 
1In
coope nation with the scientists of the Chinese 

Acadcny of Agriculiral Mechani/ation Sciences. 
we develped a lanuallu powered transplanter 
that utilizes root-washed seedlings. Seedlings are 
care fully pulled out ol ilit rselry soil aid washed 
to reulove all soil. 1lIhe are stacked oila tray with 
the roots against tile Picker finger'smetal bottolrm. 

are forced through a metal comb against which the 
seedlings lie (Fig. 8). The picker fingers grasp two 
to four seedlings and insert them into the mud. As 
the picker fin-ers are withdawn, tie seedlings are 
released. The machineis then moved anappropriate 
distance and the opciation repeated. 

trn splanter will he tested in 1986 to 
0C .opare the transplanter using mat-typeit with 

seedlings and to redesign it to facilitate fabrication 
by small ma nuiactures. 

I FR III.IZI:R IIAC NI N I 

Agricultural l:)iinecring,,4fgrotivom, an(I 
Trainint, and 7ic/nilog'y Transfi'r I)epartnenus 

PlIunger-atuger injector. The plunger-auger injector 
forcommier-cia kll'yaxailble fertililers such as priiled 
and granulated urea (IFig. 9) has reached a fairly'li-copnead va rnced stage of de xclop rnent. Thrrcopanies 

have ma nu factured 80 machines, which werereleased to cooperating Institutions for tests at 
difli rtt leatios in the Philippines. Twenty 

were old to m ho haxc agreed to 
ijectors 

provide feedback on its peil'ornance. 
)esign modifications wereincorporated during

thechllx'e r oovrom[rolm eioi it edwt 
year to overcome problems encountered with 

the machine. The icvised nachine has perforned 
tile 


well in field trials conducted hy different IRRI 
departents and bx four eoperating agencies of 
d
 

,
 

.
 

.
 

8. Cutou iew of ri i-wa lid swdling iiaispti rrayard 

wire conib airangeieii. IRRI. 195. 
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results in demonstration plots before making a 
decision to purchase the machine. For this reason, 
close cooperation of the agricultural extension 
services will be critical. 
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AgriculturalEngineering Department 

,' ,q Conical weeder. A weeder with conical rotors was 

developed (Fig. 10) that requires less than one-half 
as much power to operate as conventional weeders. 
This weeder is based on the same principle used in 

the m ini mum tillage puddler. Variations in soft soil 
9. IRR I piunger-augeigc It rji/er injal or opeldlng in~ia arrnct\s 

displacement due to the conical rotors are utilized 
field. 1985. 

to uproot and bury weeds within the 2-cr-deep 
weed root zone. 

the Phiip-pine Government. Farmer demonstra- A 450 cone angle gave optimal performance on 

cond ucted in both soft and medium hard soils. having sufficientlytions and training programs were 
Laguna. Bicol, and Iloilo. aggressive single-pass weeding action to eliminate 

Most farmers prefer to apply fclilizcr after the need for xack-and-forth movement. 

weeding. We are now exploring the possibility of A single ro,,wcono-weeder requires4.4 kg pushing 

simultaneous weeding and fertilier injection by force compared with II kg required by conven

mounting a set of weeding rotors on the injector tional rotary w\'eeders (Table 2). Becattse of their 

skids. low power requirement, two-, ithire-, and fotur-row 

Introduction of this mach inc will rCqu irecxterI- cono-weede rs can be operated by one person.The 

sive demonstration and training. Since benefits of thrcC-row vcrSion rcquiies a pushing force of 8 kg. 

fertilizer injection a re not visible at the time of The lotir-row version is not difficult to operate by 

application, most fariners prefer to observe the pulling. 

10. Single-row and dotible-row cono-\%L.drcf,. IRIRI, 1985. 
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Table 2. Pushing force of conventional arid cono-weeders 
with 20* to 60' cone angles. IRRI, 1985. 

Av pushing Weight of
 
Description force machine 


(kg)a (kg) 


Conventional weeder with 2 11.0 5.5 
spiked wheels and 1 fluted 
roller, single row 130 min 

\'eeder with 61)0clo',cdrotor, 6.9 4.5 
20-t1111 nowserrated lugs > 

145 rnm, single row 

Weeder with 450 closed rotors, 4.4 3.7
 
20-rum serrated lugs x 140 nmn,
 
single row 

\Vceder with 400 closed rotors, 5.2 3.9 
20-111111nruserrated lugs 
X 14) in, single roM 

Weeder with 2)0' closed rotors, 5.1 4.3 
20-111111 nonserrated lugs x 
140 mn, single ro\ 

Av of 12 trials coiducted at 3 sites in Laguna. Site I: 

Wawa, Laguna: hard soil, newly irrigated, clay loam, 

to- 12 cmt htardpanu, 1-2 
 cnm water depthI. Site 2: li-%wa,,Calauaiir, I-agina: very soft soil, A ttillolo clay loam, 8-10 
cm hardpan, 1-2 cur water depth. Site 3: Lahuin, Santa,, 
Cruz, Lagmitau: niiedi~uim soft soil, sands' loatt' topsoil, 8-1t) 
Ctt t:irdlan, 1-2.5 em water depth. 

gricultural llgine'lring, 0,q)parmitllIn 

Maize thresher. [hc Ti 1-X rice threshe rpctorld 
satisfactorily hor shelling l lei/e d tring the \tl 

season hartest of 1985. It is Cotnetiblc for mai/c 

uste ilatitattel 5011tf, 1111111 thott special toolIs (r 
additional parts. Only the s\itchintg of the return 
chttie C Ir ( Ig.I) iitlnd closing of the thrower 
otutlet (Fig. 12) atie nccessalv I,() convcrsior.tilte 
l)run speed nittst he redtrced to 545 1riniotr 
1mat/c. 

During tnai/c shelling, the tthr\%Cr Otletl is 
closed (opel for rice) atd tfle icltuin chute is 
directed to the srtcen tray (diiectced out of the 
machine for rice) 1o e(\co l ose grans oil Ile 
cleaing tray. [he closed outlet pieCilts grain 
fromn being ejected firol tte machine. 
The capacity is over 2.5 t It. IUisltellcd ltsses 

aveagc 1.6('1. Brei kage ave rages 3.4('. 
The machine will le mo dilied to solve problens 

cotmmon to nice and maiie threshing, including tile 
installation of atcross-flow fainto provide itore 

even air velocity along the wintowing hitai1., 

Rice
 
. 

II. RIetun chtlc Ic%cr. IRRI mai/e thrchcr. 1985. 

j\ 
. 

- .
 

-V'.""
 
-"
 

4 , 

12. Itio%%ci ouitltr RRI 'aiic thiche. 11),85.cci I 


Ftturv tests will invoke the shelling of' maize 
with husks in the fitrmeir, fields, a proccdttrc 
expected to Iarntespenditure in deledcti r 
htlsking and Iralosport. 

(R\\N IN( 

.l&/iC'idtt-u'Il Ft1g)iwrrinig lI)eartment 

Rotary drum (Iryers. Two types of portable rotary 
drum dryerm(Fig. 13) wreic designed and dic\loped 
at IRRI for partial d rying of grain immediately 
after ltir,'Cst. 

The d irect-fi red rota rv ditnm d rver was lib rica ted 
frorimpertorated black iron sheet so that the 
produ cts of tlcotlu.stiol fro butling charcoal 
Comie into coutact witi tite graitt thrtugh tle 
perforations. The druni isCeuipped With ballies for 
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A 
13.ROIit.\ dIut tIII c ,:.\)u1t-ilI:d.,dtI t '(11 11)id i.-1t1r(11d. IR R I 
NSS. 

mixing the grain to avoid hocali/cd heating and to 

hasten tihe dry'ir Iate. 
The indircct-lired totapiV dl'tll dr',er \.+asILridc 

of a petrol drum and is sirihlr in Cotltrurction to 
the dilrecl-fi red di"ver. fleii t Caln be supp ied h\ 
direct burning of rice 1uIlls cCOtnUt husks. or oilier 
agrictullll wtast' atthe p oducts of comlbstion 
do not connie irnto contact with the grain. )rirhg 
capacities are shw,,n in lable 3. 

Warehouse dryer. I)reirs cornstirCed ill in-t 
danrao. Philippie, \li ..colrtilitousl \ inuitored 
for on-liarin dryinug pciormaicc. Scs'cral t\pes of 
small- to frnedilii saIc 11-4 ) rntilticorrirodit,, 
drying and storage facilities wcrc designed.. d .ci 
for the individual farmer (Fig. 14). a greenhi u 
and "winged" dryers lIorediuini-sca lcof-ratior 
\,ere made available. 

Simple construction teelirlillui'e, xc'lt ilso (fesel-
oped using locally available materials to redice 

Table 3. Average dryer calpacitis of roiary dru11m dryers.,' 
IRRI, 1985. 

'omIIIlllity tt11tor ),;il~tur D [ 

dried clite 

(25 kg/barl .11) 

Rice 2 )8-2 1.0 

Mare 30-35 18 t.
 
t'eallur ill pods 01-65 .10 2. 
(freshly harvc ,ed-.
 
.lld %,ash..d) 

Slirum or cylilider surface heated Ito90 O .wit wet basis. 
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.srlilr alrm e 

IRRI. 195.
 
14.W\ meleil uc d ili, I lt,,(I-I capacily). 

costs arid to imrake the technriology available to 
farnirs.
 

Rice hull carlonizer and charcoal briqueting. 
Rice hull chlrarcOal briILuets ire potential fuel for 
direct-fired diveris (A iial report lor 1984). Rice 

hull charcoal urllis ind I)rltlcesx%,ithotit sPrItke 
Iess %olatifes. .lch oillerise contaminate the 
di.viog miaterial. ll~ilucrihlg increases its bulk 
lersitv. 

A rice huiillrhorlier( Fig. 15)\,was designed to 
li irtegrated ii1ia ricc rillI foti t podutiori of 
char issolid fuel aud lirtf1Ce gas fot dirying. Ihe 
ca rhoi/r. colstriced 'rui soil bricks, consists 
of t'.o reactors, Ire reactor conicris riceIc prrmiir 
1se, hnt. iihi r.. ricc huff .pleader suspendedhulls 
[fori tIre teeId hoppI rltilids f1 fling hulls. allowing 
thei to butil initiall\ during their downward 
nioerIilt. Rice hull chars a re collected itthe 
bottOll aliid inaplaced dirctlly water hath Ito 

...
 

,
 

I
 

, -1& 

15. Rice ull cioboml/ IRRI, 198S. 



prevent further combustion. The by-products of determine the biogas generation characteristics of 
initial combstion in the form of volatile gasis and agricultural wastes and rcsidues (rice straw, rice 
particulates are ducted into the second reactor, a hulls, maize stalks, and coconut husks) commonly 
center tube furnace. The volatile gases and par- available on small farls. Biogas production as 
ticulates are burned in this reaclor, producing flue affected by the inherent phy.ico-chcmical proper
gases, which are then sucked by a centrifugal tics of substrate materials was rnea;sured, and the 
blower to batch dryers that can utilize the heat of eftccts of material treatments to make conditions 
combustion from the reactors. Air temperature favorable for methane-producing bacterial growth 
available for d rying is tup to 70 "C. were detcrmincd. 

To improve handling and increase the bulk In general, crop rcsidtics have fair to poor gas 
density and calorific value of rice hull char, a production rates compared with animal manures 
simple briqueting technique (Fig. 16) uses ricefield beca use of their low biodegradability and high C-N 
soil with at least 5(0%;i clay conteni as binder. The ratio. However, production ai n be improved by 
mixture can be mioldcd into desired shapes and combining the crop residues with animal manure 
sizes using simple, manually opcrated compacting (Fig. 17) at 1:1 dry matter ratio. The combination 
devices. r'egulated the C-N ratio of the su l-strate materials, 

The briquets ,liC sun-dried 4-5 d or dried in a thereby increasing gas yield. 
dryer. The charcoal briquets are used for drying Pretreating crop residues by aerobic fermenta
systems, cooking, and otiher domestic uses. They tion prior to loading in the digester increases the 
produce a pale orange flame with a temperature gas yield of coconut husks but is no' favorable for 
reaching 9(X) ° C. 	 rice straw(Table 4). Apparently, hL high C-N ratio 

of coconut husk (107) is considerably reduced, 
favoring the growth of methane-producing bac

[I IER I)EV't.1 )t1 NNIS 	 tcria. On the other hand, rice straw may lose 
griculturJal tli'it('(,fitt anI Plaii Bl'ree(ig ignifica nt amounts of volatile elements dutring 

l)martnU'fis pretreatment, resulting in reduced gas yield. 

Available nitrogenous plants were substitutedBiogas gener tion from rice re.,rdues (Agricldtural 	 for manure. Water hyacinth and azolla were found 
I:'nginttrin'). Ex peri merits we re conducreted to 

to be potential sources for biogas production; 
combined with rice straw, they gave higher biogas 
productiori per unit of volatilized solids than did 

RAW MAI ERIAL PREPARATION manure-rice straw combinations (Fig. 18). 

Rice hull R,cefeld sol 

] Go.ais ru'4,oI.-e 011 sorls) 

[-.:,T. ... --![),-,,7,,, --,7,; I illiiiCotte ,,,onufe ond
'0 or residue 

Lo.sus... 28 72 

M _l __ -	 124 

°o 	 #: 2 17]o 	 200....- 10 iiiiii!~ ..................
 
3 66 

C t~ l', (t1, 11]10 1000!iii~iii{i i!:i~:::::::{i ... ...........
iii::i10il 


A p p li ,at i ..n s 0 - . 

- * I Rice traw Rce huilI M/olz, stalks Coconut husks 

17. Effect of the addition of cattle manri e on biogas yield of 

crop icsidue. IRRI, 1985. Figure, ovc, the bat, represent 
16. Flowchart fot rice huf charcoal briqueting. IRRI, 1985. production index based on pure crop residue. 
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Table 4. Effect of pretreatment on gas yield of coconut husk and rice straw. IRRI, 1985. 

Total biogas Total solids (g) Production (liters) 

Feed material production 
(liters) Loaded Volatilized Per kg total Per kg volatilized 

solids solids 

Rice straw 146.6 750.0 603.0 195.5 243.1 

Pretreated rice straw 60.8 750.0 525.8 81.1 115.6 
Manure and rice straw 215.2 890.1 734.1 241.8 293.1 
Manure and pretreated rice straw 187.3 890.1 728.3 210.4 257.2 
Coconut husk 13.9 747.6 719.9 18.6 19.3 
'retreated coconut husk 29.9 312.9 258.5 95.6 115.7 

Manure and cocronut husk 56.5 913.6 738.7 61.8 76.5 
Manure and pretreated coconut husk 131.3 633.8 532.3 207.2 246.7 

GcIs produr-Ors (ht(er;/kg volatilized ,olids) 

700 20 

33 
C200

200 19 Th eK orean hiogas generation system (foregrou d) and i tte 
IRRI r dlified systemr (hack rounrd). IRRI 1985. 

Moiee Mariri Azolla Azolin 'Anter Water 

18. liogas vicli t rvorg a/olla anrd seati liracinil as N somcic. 
IRIt t 1995. tFiglifris aboC Irals ;Ire p1teltioinrradexes relative rq 

to nianurre fl.i. '* 

Batch lype biogas gener~ation (Agricultural 

Lng"'ring). TheKo Korean biogas generation syst

te- was modified to suit local conditions and to d 

provide improved gas production and recovery 
perl'ormanice, simpler construction, and] redutced Wall edge ediended 

to hold cover 
investment cost. 

- ol pirpetlyThe JRRI-modific d system (Fig. 19. 20) has a 

digester tank constructed with the top edge (30-36 

tlide to form lid where thleNiccm) extended is a h ih four sheet 

sides tof the elxible cover are a nchored bv 1VC Irig 

pipes. A thin vinyl plastic slieet lining placed] before 
loading the suibstrate is effective in mninimiz.ing gas 

lea kage. It wraps up the sthstrate material, leaving 

an open area at the lop where gas accumulates. 
20. (ross-sciori ot the III-odiied hitgas generation

The ilrheried covera d gas storage bags wcere ,Vsertt I rig hair r irlcitital tiodificatiots ard kitrate 

replaced wit I a cipvas tarpautlin designed as cer loadigtedtqis. IItRI. 1985. 
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and gas storage dispenser. A metal pipe and valve 
extends through one wall to serve as a gas outlet. 
Biogas is tapped by applying pressure to the cover,-
which has straps attached to concrete blocks. 

The substrate materials (crop residues and d 

animal manure) are piled in alternate layers inside
the tank and secured by tying I nylon rope acrossroe crs 

the top. PVC pipes are inserted in the hem of the-
tarpaulin for anchoring. Water isused to seal tile 


top edges of the tank from gas loss. Effective gas 
prod uction extends from 50 to 70 d,depending on 
tile
substrate material used and the ambient condi-
tions. The biogas can be used for cooking, lighting, 
or pumping water. 

Under tropical conditions the biogas digester 
should be underground or provided with a roof 
and insulated walls to stabilize substrate tenpera-
tures for more constant gas prodtuction over a 
longer period, 

Laboratory test tube mill (A..richultral L'Ini-
nvvrin andI Plant Breeding). Plant breedcrs mill a 
large number of snall rice samples for assessing 
grain quality (during breding of" new varieties. 
Some years ago, we developed a laboratory test 
tube mill forsmall samples. In it. 48 test tibes, each 
with 3-g hulled rice mixed with anri abrasive 
material, arc shaken vigorously fOr 40 rin at 860 

ntll
21.Ne% test rull' lotplant breeding lahoratories. 

Milling degree 

Milling degree 
- -.... (dye method) 

I . .. . 
" 

-

.. 

/f 

.. 

M-M fullymilled 
P'partial milledB =not milled 

6' m.l.e 
length cStroe6m - 1750 cycles/min 

. ... I .....-"-.. ---..........-1500cycles/min
B	 i? 50 cyeles/min' 

o 	 5 0) 25 

Millng ime rin) 
22. Pelruliman.' of lhoialozl tes tue mill a. alleced by 
mcilItting htqucnc. and titilling time. 

cycles min.This machine has been used for many 
years at IRRI and other .ice research institutions. 

An improved test tube mill was developed with 
six times greater milling capacity than the earlier 
machine (Fig. 21). It has two boxes, each with a 
capacity for 35 test tubes. The boxes are mounted 
or. two pivoted links and are oscillated through 
connecting rods from a ca mshaft at 1,5(X) cycles/ 
mirl with a 16-mm stroke. The pair of test tube 
boxes, connecting rods, and mounting links are 
precisely balanced against each other to minimize 
vibration. Sealed hall bearings are used for longer 
life and to eliminate periodic lubrication. 

The compact machine is powered by a 3/4 hp 
electric motor. The milling performance at three 
different operating speeds is given in Figure 22. The 
machine has been rated for operation at 1,500 
cycles; mill and can mill 70 hulled samples of 3 g 

INt)USlRIAI [X I FNSION 
Aifrictulntral I)n.iineering lDepariment 

Projects in the Philippines concentrated on training 
ofenginecrs and manthctttrcrs and on the develop
ment and promotion of low-cost equipment suit
able for small firme rs. Va riors items of equipment 
were fabricated in Indonesia, Burma, India, and 
Thailand. Sec the section on Cooperative Programs 
for more information. 
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IRRI offers three types of training: 1) research-
oriented programs, 2) regular courses, and 
3) special courses. In 1985 a total of 585 persons 
from 41 countries participated in these activities. 

RI-S-ARCI I-) RIIENI I1) PROiRAMS 

Research-oriented training includes the visiting 
scientist and postdoctoral lllowship programs, 
degree programs, and special nondegree research 
programs. 

" 	Visiting scientist and postdoctoral scientist 
fellowships are designed to enable senior 
researchers of national programs to learn new 
methodologies and pursue in-depth research 
using IRRI's modern facilities on problems 
relevant to their home countries. Candidates 
who come to IRRI to pursue a research 
project as part of a collaborative research 
program with it sponsoring agency are desig-
nated collaborative research scientists. Most 
of them come from developed countries wiitl 
which IRRI has collaborative research and 
training programs. 

" The degree programs include MS and Ph 1) 
studies. The scholars complete their course 
requirements at selected univelrsities and come 
to IRRI to conduct thesis or dissertation 
research, supcnxised byan IRRI scientist who 
generally serves on the student's advisorv 
committee. 

• 	 Participants in special nond,!grec rescarch 
programs generally come to IRIRI to work on 
special problems for 3-12 moo. 

In 1985 there were 253 participants in research-
oriented programs. Their distribution by coulntry 
and department of spcciali/ation is given in Tables 
Iard 2. Of the 253, 101 completed theirtrainingin 
i985:4 visiting scientists, 13 postdoctoralscientists, 
8 collaborative research scientists, 18 Ph)likllows, 
32 MS scholars, and 26 nondegrec scholars. 

During the year, I R RI entered into collaborative 
graduate programs with four monre universities: 
Chonnarn National Univesity, Korca: Universitv 
of Calabar, Nigeria; Andh ra Pradesh Agricul tun Al 
University, India; and Universiti Kebangsaan 
Malaysia. As of 1985, IRRI had collaborative 
graduate prograins with 24 universities. Under 
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these agreements the scholars complete theircourse 
work at the univensity and conduct their thesis or 
dissertation research at IRRI. The universities are 
Cairo University, Egypt 
University of Calabar, Nigeria 
Universi tv of,)a r es Sa laa inla nta nia 
Bangladesh Agricultural University 

Univelsity of the Philippines at Los Banos 
Central l.uzon State IUJniversity, Philippines 
Vii yas State College of Agriculture, Philippines 
University of Cantho, Vietnam 
Andh ra Pradesh Agricultural University, India 
Indian Agricultural Resca rch Institute 
Universiti Kebangsaar Malaysia 
Univcrsiti Pertanian Malaxsia 
Universiti Pcrtariman Bogor, Indonesia 
(honnarn National University, Kor a 
Post-GradUate Institute of Agriculture, 

University of Sri Lanka 
Ka sctsart University. Thailand 
Asian Institute of Technology, Thailand 
.Juistus Liebig University Giessen, Federal 

Reptiblic of Germany 
AgricUtoral University of' Wageningen, 

The Netherlands 
UniversitV of' Gent, Belgium 
Catholic Unive,,itv of Leuv'en, Belgium 
Cornell University. USA 
University of Florida, USA 
Utah State University, USA 

RGUI.AR COURSES 

Regular courses are offered every year. In 1985, 
IRII offered 10 regular courses (see following 
descriptions). 2of which were new..The coursesare 
highly oriented to research methodology and pro
d uctionll Half of tlie time is spent in lectures on 
basic aspects and half in the field and laboratories 
working on practical problemlis. 

9 (en'k' l-'Vahtafiwi a 11tilization (GEL'). 
The most efficient method to obtain econonic 
ad vantages for t lie fariier is t lie screening and 
manipulation of genetic material for response 
or resistance to the environment. To this end, 
the C;FU course covers the various types of 
rice culture. tCchniqles of screening for vaie
tal resistance or tolerance, hybridiiation 
methods, and evaluation of progenies. 



Table 1. Research-oriented scholars ane fellows by country. IRRI, 1985. 

Visiting Postdoctoral Collaborativc Ph D MSCountry scientists scientists research scientists fellows scholars Nondegree Total 

India 	 Asia9 15 0 8China 0 0 
1 2 35 

Bangladesh 0 1 	
5 5 20 2 32 

17 0Philippines 4 4 	
0 
0 

8 26 
3 9 2Thailand I 1 0 	

22 
5 10 2Vietnam 	 190 0 4 l 3 10 18Blurma 0 1 	 0 0 12Korea, Republic of 0 	 1 7 0 

1 140 
Pakistan 1 0 0 4 3 

2 10
 
Japan 2 10
0 3 1 2 1Indonesia 	 0 70 1 0 2 0 1 4Malaysia 0 0 0 1 0 3Nepal 	 40 0 0 4 0 0 4Sri Lanka 1 0 0 2 0 1Ilong Kong 	 40 0 0 1 0 0 1

Subtotal 16 26 11 53 76 28 210Africa 

Tanzania 0 0 	 0 0 3Ghana 	 0 30 1 0 0 1 0Kenya 0 0 0 0 1 
2 

Sierra Leone 0 0 
0 1 0 0Zaire 0 1 0 0 0 

1 
0 1 

Subtotal 0 2 0 1 5 0 8 

Brazil 	 Latin America0 0 0 0 3 0Mexico 	 30 0 0 0 2 0Cuba 	 20 0 1 0 0 0Colombia 	 1 
0 0 1 0 

0 
Chile 

0 
0 

0 
0 	 0 0 1 

1 
Ecuador 	 1 

0 0 1Guyana 
0 
0 

0 
0 0 0 1 

0 
0 1 

Subtotal 0 0 1 0 9 0 10 

North America and EuropeFederal Republic of 0 0 4 3 0 0 7
Germany

Netherlands 0 0 
United States 	

1 1 4 0 6 
1

United Kingdom 
0 
0 

0 
1 	

5 0 0 6
2 0 0 1Belgium 0 0 	 0 

4 
1 0 0 1

Subtotal 0 1 8 10 4 1 24 

Middle EastIran 0 0 	 0 0 1 0 
Total 16 29 20 64 95 29 253 

I tc'rnationalNeiwork on Soil l-ertilit*'1,a1(l fcrtilizetr. A major part of the course dealsFertilizerlvahationfior Iice (INSFIR.*t). In with N fixation through the utilizationrelation to aglflomic management, inorganic biological organisms such as azolla and 
of 

emlfrtilizers constitutea major input expenditure. phasizes the application of organic fertilizers.Therefore, the INS FFER course treats the * (roppisng)'niscn.v Trainiing Program(CSTP).concepts in related sciences that focus on the In addition to increasing yields, increasingdifferences in crop response tosoil fertilityand cropping intensity is another method to pro-
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Table 2. Research-oriented scholars and fellows by department. IRP1, 1985.
 

Department Visiting Postdoctoral Collaborative Ph D MS Nondegree Total
 
scientists scientists research scientists fellows scholars 

Plant Breeding 2 3 
Plant Pathology 3 2 
Agronomy 
Agricultural Ec!noinics 
Entomology 
Plant Physiology 
Multiple Cropping 

1 
0 
0 
3 
2 

4 
3 
3 
2 
2 

Soil Microbiology 0 4 
Soil Chemistry/Physics 2 2 
Agricultural Engineering 
Rice Farming Systems 
International Rice 

C 
1 
1 

0 
1 
1 

Germplasm Center 
Training and Technology 1 0 

Transfer 
Water Management 0 1 
Director General's Office 0 0 
International Rice Testing 0 1 

Program 
Communication and 0 0 

Ptublications 
Chemistry 
Statistics 

0 
0 

0 
0 

Others 0 0 

Total 16 29 

duce additional economic benefits. An inten-

sive, diversified multiple cropping program is 

also ad vantageous in circumventing the single 

crop risk flactor and generating additional 

commodity markets. ['or over 10 yr. the 

CSTP has developed Iiunia rcsourccs profi-

cient in developing new rice-hascd cropping 

natterns and component technologies, 
" Siatistica/ Procedto'es and (omltuhtr,1p /ia-

tions in .i.ricultudral eltca'.ach (S R.('A.IR, 

twi'). This 2-mio course familian/es partici-

pants with the use of the microcomputer and 

appropriate software for cond ucting statistical 

analyses and managing agricultural research 

data. In addition, it updates the trainees on 

new statistical proced ures and techniques with 

application to agiic ultu ral research. 

S/lgricultural I ne'ngrtering. This 3-wk course 
was initiated in 1975 to complement IRRI's 

on-farm machinery development program. It 

is offered to cooperators of IRRI's rmlI, 


machinery program and includes all aspects of 

design, mant facture, and field testing of iR RI-

designed machines. Participants attend lec-

tures and do field and practical work on the 
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18 
8 
9 
7 
9 
7 
7 
4 
1 
6 
3 
5 

2 
8 
2 
2 
3 
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1 
0 
0 
1 
0 
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35 
35 
26 
21 
21 
20 
16 
12 
11 
10 
10 
9 
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1 
0 
0 

1 
1 
2 

1 
0 
0 

0 
2 
0 

4 
3 
3 

0 0 0 2 2 

0 
0 
0 

0 
1 
1 

1 
0 
6 

0 
0 
0 

1 
1 
7 

20 64 95 29 253 

assembly of IR RI farm machines to develop 

competence in their operation and mainte

nance. There were two sessions in 1985. 

* 	htetraed Pest Mawniqqewnt (111M). Another 

major economic input in rice production is 
that incurred with the reliance on chemical 

tactics for pest protection. The IPM course 

promulgates the integration of pest control 
strategies that consider the interaction of crop 

ma nagement, ecological factors, and the envi
ronment to effect crop protection. The course 

ctnphasi/es cost-efficient management strate

gies that rely on natural biological and environ

mental occurrences. 
* 	ULtpand Rice lraitin Course (UT'I)('). This 

course was established to discover, iml)!ment, 

and ad vance prod uction nethodologies and 

practices that lead to yield increases in upland 
environments. It deals with the crop ecology 

and physiology of upland lice, watcrconserva

tion, blast resistance, and drought and problem 

soils inherent in upland agroecosystems. 
Managenwnt0 Irrigation lt'ate'r (IJ'A). Water 

in the right amount and at the right time is an 

important requirement in producing high 

http:R.('A.IR


yields and subsetluent economic gains. This )evelopment Research Centre of Canada and 
course enhances the engineering, agronomic, the University of Toronto Press, sponsored a 
economic, socio-institutional, and communi- 4-mo course addressing the practical aspects 
cation knowledge and skills associated with of editing. r::vising, illustrating, designing, and 
sound itTigation practices. supervising publica ions. -1lie primanty objective

" Farming Svtns Socioeconomh Research of the course isto popula i/c research findings. 
(ISSR). On-lfarm research with a farming The numbers of participants in these programs 
systems perspective is an efficient tool for by country are given in TAble 3.
 
designing and adapting agricultural technol
ogy to small f'a rmers' conditions. This course
 
also integrates humanistic or social sw'icnc SPII l((
 
aspects of the small I'a rulers' ci ic usla'ces InI
 
evaluating the suitability of new aglcultural Special courses are offered on an ad hoc basis.
 
technology. It focouses on on-farn research, 
 There were 10 given in 1)85. ILike the regular
but methodologies for ecolonoiic evalhation of courses, special courses are half lcture and half 
resarch station expeninents and a.scsssing the practical. 
broader impact of increased agricultural pro- ('owlwa-So ilbean Prodution (Co/ivSo.r). 
dtoctivity are also studied. Cowpea and soybean components of cropping

• 	 Editiing and 'ublicaions (l/Ptubl. ncw). The systems were treated in a special course imple-
Communication and Putblications e)part- merited by IR RI, the International Institute of 
meit, in collaboration with the International Tropical Agriculturc. the Philippine Council 

Table 3. Participants in regular nondegree tilaining programsa by country. IRRI, 1985. 

Participants (no.)
Country 

GEU INSIFIR CSTP SICAAR 	 Agricultural HPM URTC IWNI FSSR EdPub Total 
l-ngineering 

I II 

Bangladesh 
Bhutan 
Burmia 
China 
Ethiopia 
India 
Indonesia 
Iran 
Kore,, Republic of 
Malagasy 
Malaysia 
Mexico 
Nepal 
Pakistan 
Philippines 
Sierra Leone 
Solomon Islands 
Sri Lanka 
Tanzania 
Thailand 
Vietnam 

1 
1 
3 
I 
4 
4 
1 
2 
2 
1 
1 

1 

1 

1 
2 

2 
4 

4 
2 
1 

1 
1 

2 

2 

2 
2 

1 
1 
2 
2 

2 

1 
1 
1 

2 

7 
1 

2 

2 
1 

1 
1 

1 
2 

1 

1 

1 

1 

1 

1 

2 

1 
2 
1 

5 

3 

1 

1 

1 

2 

6 

1 
3 

1 

4 

2 
2 

1 
1 

2 

I 
1 
1 
1 
4 

2 

3 
1 

1 
1 

1 

1 

4 
1 

3 

2 

4 
3 
1 

1 

4 

2 

2 

2 

1 
2 

1 

1 

2 
3 

2 

2 
1 

1 

2 

1 

1 

2 

8 
3 

11 
20 

1 
20 
21 
4 
5 
5 
8 
2 
4 
2 

27 
1 
1 

21 
1 

18 
14 

Total 26 23 26 10 15 15 21 15 22 17 7 197 
aGEU = Genetic Evaluation and Utilization, INSFIER = International Network on Soil Fertility and Fertilizer E.valuation 
for Rice, CSTP = Cropping Systems Training Program, SPCAAR Statistical Procedures and Computer Applications in
Agricultural Research, IPM = Integrated Pest Management, URTC Upland Rice Training Course, IWNI = Irrigation Water
Management, FSSR = Farmirg Systems Socioeconomic Research, Edi'uh = Editing and I'ublication. 

IRAINING I'R()(iRANIS 449 



for Agriculture and Resources Research and 
Development, and the University of the Philip-
pines at Los Bahos (UPLB). The 6-wk course 
was designed for resea rch workers assigned to 
improvement programs in these commodities 
and for extension supervisors responsible for 
field testing of improved lines of these crops in 
Asian countries, 

" Vari,,tal Testing antd hImprovement of Upland 
Crops andIPrelroltc'to.' Training in Crop-
ping S rstenis. Three courses associated with 
cropping systems were offered. One candidate 
from Thailand and another from the Philip-
pines were exposed to on-t he-job training for a 
2-mo period in preproduction techniques. 
Four candidates- one each from Burma, 
Indonesia, Nepal, and Thailand --were 
instructed in techniques involved with the 
varietal improvement of upland crops. Six-
teen people from various national systems 
were exposed to skills in varietal testing of 
upland crops through Ilectures and a practical 
monitoring tour. 

• MonitoringSumcelptihilit'r Levels of['Ri'e Insect 
Pests to hIsecticidles (11onS;0v Two sessions 
examined toxicology techniques associated 
with establishing benchmark levels of insect 
susceptibility to pesticides. The course, con-
ducted in conjunction with the Food and 
Agriculture Organiation, was designed to 
assist national systems in monitoring insect 
resistance to pesticides. 

* 	Basic Rice Pro(hction Course (BRPQ. A 
special 3-mo rice production course was 
designed and implemented to meet the research 
and extension needs for technology transfer to 
subsistence farmers in 13hutan, Burma, Ghana, 
Malagasy, Papua New Guinea, Surinam, 
Tanzania, and Zambia. The course focused on 
the fundamentals of rice production technol-
ogy. 

" Special Rice Production Course(SR PC). At 
the request of the Indian Government, a 
special rice production course was designed 
and implemented to meet the needs of senior 
state extension personnel in rice production 
technology, and in communicationandexten-
sion. The 15-wk course was attended by 19 
officials of the states of Assam, Kerala, 
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Madhya Pradesh, Madras, Orissa, Punjab, 
Tamil Nadu, and West Bengal. 
Weed Science. Because of the increasing reli
ance on herbicides to control weeds, a special 
course in weed science was instituted in 1985. 
The course taught the principles of weed 
management as well as the judicious use of 
herbicides to effect economic savings and 
environmental protection. 
Genetic Resources antl Conservation Man
agement (GRCNI).To keep up with recent 
advances in seed science, a course - spon
sored by the Dipartimento CoopcrazJone e 
Sviluppo, M inistero Affa riEsteri, Rome; the 
Universita degli Studi della Tuscia, Viterbo, 
Italy; and the International Board for Plant 
Genetic Resources was established to 
provide firsthand experience in field collec
tion, gene bank management, and documenta
tion along with the characterizittion, evalua
tion, and utiliation of crop germplasm. The 
course also addresses basic knowledge and 
skills in rejuvenation, preservation, and moni
toring of seed viability during storage. It was 
designed to develop competent managers for 
germplasm centers, and it extended into 1986. 
hnImprovitig hitome and lI'mp).v vnment in Rice 
harming ,rSstemns (Prosperit'). The IRRI
UPLB-Asian Development Bank Prosperity 
Through Rice project empha,;izes improve
ment of rice yields at lower cost using multiple 
and mixed cropping to maximize resources 
and returns and using the whole rice plant to 
augment farm income. A 2-ha farm demon
strates opportunities for maximizing income 
and employment forsmall rice fatrme; through 
an integrated farming system involving crops, 
livestock, fish, and rice by-products. An I I-d 
orientation-training program for senior plan
ning officers of ministries of agriculture ena
bled them to replicate in their own countries 
demonstration farms along the concept of 
Prosperity Through Rice. The course, offered 
twice, was composed of lectures, field demon
strations, and field trips on I ) basic plant, soil, 
water, air, and sunlight resources and their 
relation to production; 2) management of 
factors of production; 3)design of rice farming 
systems based on considerations of ecology, 



economics, and employment generation; Netherlands, 2 Feb-28 Mar 1986; IRRI, 

4) harvesting and postharvest processing; January 1987
 

5) biomass utilization; and 6) project manage- Number of participants: 32
 

ment and implementation. * Trainingand Technok)gy Tratfer
 

The number of participants in these programs by Objective: To develop a cadre of human 

country is given in Table 4. resource specialists to perform the various 

The IRIRI Acaden.ic Council reviewed and aspects of planning, execution, and evaluation 

approved two new special courses for 1986: of training programs. 

9 Ipk'ne'nttation (?/" Sivstems Analysis and Venue: IRRI, 6 Oct-12 Dec 1986 

Simulationfor Rice Production Number of participants: 10
 
Objectives: To, provide knowledge and prac
tical expcrivnce in applying and adapting
 
simulation models for research and extension; COURS TRANSFERTO NATIONAL PROGRAMS 
and to develop and implement modules of rice 
growth and pest and disease action as aids in A program of in-country training and course 

evaluating production potentials and devel- transfer was instituted for both regular and special 

oping supervised control systems. courses. Both the rice production and farming 

Venues: Center for Agrobiological Research, systems courses were conducted in Bhutan and 

Agricultural University of Wageningen, Pakistan, as well as at IRRI. 

T;tble 4. Participants in special nondegree training programsa by country. IRRI, 1985. 

Participants (no.) 

Country Cow/Soy Varietal Pre Mon Sus BRPC SRPC Weed GRCM Prosperity Total 

Test Imp prod I 11 science 1 11 

Bangladesh 1 1 1 3 

Bhutan 2 2 

Burma I 1 1 1 1 5 

China 2 1 1 2 1 1 8 
Cuba 1 1 
Ethiopia 1 1 

Ghana 1 1 2 

India 2 1 19 2 2 1 27 

Indonesia 2 2 1 1 1 1 1 9 

Japan 1 1 
2Korea, Republic of 1 1 

Malagasy 2 2 

Malayla 1 1 2 1 5 

Nepal 2 1 1 4 
1 1 2Pakistan 

Papua New Guinea 2 2 
1 6 4 29Philippines 	 9 7 1 1 

1 2 1 1 1 1 1 8SriLanka 

1 	 1Surinam 

1Taiwan, China 1 
Tanzania 3 3 

3 2 1 1 1 	 1 1 10Thailand 
1 2 1 6 

Zambia 1 I 

6 5 13 19 7 12 16 12 135 

Vietnam 	 2 

Total 23 16 4 2 

aco.¢/Soy = Cowpea-Soybean production, Mon Sus Monitoring Susceptibility Levels of Rice Insect Pests to Insecticides, 

BI .'C = Basic Rice Production Course, SRtPC = Special Rice Production Course, GRCM = Genetic Resources and Conserva
tin Management, Prosperity = Improving Income and Employment in Rice Farming Systems. 
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A model of course adaptation and transfer was 
developed and is being pilot-tested in transferring 
rice production practices to Bhutan. Courses were 
offered in-country in the elevated region at Wang-
diphodrang and in the lowland district at Gay
le ph ug. 

INSTRt(II It)NAI. RIESOtIRCTES 

The new training and technologytransferecomfl)le, 
provides resources to document and produce 
course materials for nondegre courses. 

Materials are gene rated in an adaptable, 
modular, programmed, copublication format to 
proide a mechanism for ad option and ada ptatioI 
by national systems. IPrint. slide-tape, and corn-
puter media are available to meet various demands 
and training methodologies, 

REVILW OF IARC IRAININ(G PR()RAMS 

A review of the training programs of the 13 
international agificuiltural resea rch ccntcvs (IARCs) 
was undertaken by the Technical Advisory Con 
mittee i* 184. Dr. A. il.Bunting, professor 
emeritus of the Jnivevsity of Reading, U.K., 
headed the threc-pev.son review team. [heir report 
comncinded IRRI's pionecring work in training 
and agricultural education and the creation of 
IR Rl's Academic Council and aluni associations. 
It also stated that training at IARCs has had a 
profound effect on the participants and on their 
superiors. 

The revieV team Made 1lie Iolh0\inrig nilaj 
recomnmendations: 

* The centers offeiing training programs in a 
particular country should work together aild 
develop a coordinated training program for 
that country. While this ruight be difficult to 
implement, it would help national programs 
review their requirements in relation to each 
center's training programs. 

* The centers should assess country needs before 
they formulate training prograns, and they 
should work nore closely with the universi ties 
to help them strengthen their training pro
grams.
The donors that normally operate in iany 

courtries could make a more valuable con-
tribution if they would act inconcert within 
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mach country and in close association with the 
IARCs and universities offering training pro
grams. Within each center, training should be 
funded separately from research. 

rpW'ENTY-FItt .NN IVERSAR Y A('i xrI IFS 

In commemoration of IRRI's 25th Anniversary, 
the second edition of the IRRI Alumni Book was 
published. Alumni associations were organi/ed in 
the Philippines, Pakistan, Thailandand Indonesia. 

On 16 Oct 1985, the Training and Technology 
Transfer Center (ITlC was inaugurated by His 
Excellency Kiyoshi Sunlya, Ambalsador Extra
ordinary and Plenipotentiarv of the Embassy of 
Japan in the Philippines. The center is a dual
purpose, thre.-storey building: the ground floor is 
a training oiplex, aid the second and third floors 

are dormitories with 5() roonis for scholav.', visiting 
scientists, and lecturens. 

S('lOtARS AN) II 	 .I-:)HtOWS W1tt) ('(OM It. 

IRAtNIN( IN 1t90
 

An asterisk (*) indicates conpletion of the MS 
degreeand two asterisks(**) denotecompletion ot 
the Ph 1) degree dtring the year. 

Visiting scientists, postdoctoral scientists, collabo
rative research scientists 

,fgricutral oInlmiics." 
l.cslie l.auler. USA. Effect of development on 

women. 
Tirso Paris. Philippines. Cropping systems econ

onmics. 
Zenaida F. -oquero. 1hilipp ines.Rice postproduc

tion technologies in the Philippines: a review 
of empirical evidence. 

Kvi Win. Burma. Impact of tle \Vhole Township 
Rice P rog ra ni in Burrna. 

,,rictultural I:)licering 
Y. 	 1. .1oo.Korea. Biogas production utili/ation 

and bcncfits. 

/Agronoif.v
P.C. Gupta. Irdia. I) Organi/ation and imple

ientation of upland rice training course, 
preparation of training manual and resource 



book; 2) Influence of crop establishment on 
growth and yield of five upland genotypes. 

P. 	 K. Sharma. India. Soil physical edaphology 
studies in lowland rice-based cropping sys-
tems. 

Cleinistri' 
l.ou Yukun. China. Quality assessment of Chinese 

llotiologt' 
Im l)ae Jcon. Korea. Use of insect pathogens l'or 

the control of rice insect pests. 
Z. 	 R. Khan. India. Host-plant resistance speci-

ficallv to study the biochemical interactions 
betveen rice and green lealhoppcr and white-
backed planthopper. 

Y. Yoshiyasu. .lapan. Azolla insect pests (taxon-
onv and life cycle), 

R. Velusamy. India. Developnent of rice varieties 
ha ving stable resistance to the brown plant-
hop per. 

IMai/ Ih'ueliltg 
F. S. Ye. Chi a. Inheritancc of resistance to green 

lea liopper. 
Rain Nath Kay,'. India. Breeding for cold tolerance. 
C. 	I. Zhao. China. Breeding methods and opera

lions. 

PIlant 'athology 
Narceo Ilajet. Philippines. Interaction and local-

i/ation ol the tU rigro viruses in host and vector. 
P. Vidhyasekaran. India. I) Useoftoxin produc(ed 

by fhlnhint ho.%oorionr or-rzav in evolving dis-
ease resistant rice gcrnplasi employing tisue 
cultur, 2)Toxin production by .V\auio1mmans 
callpestri.S pv. olt-Ya. 

Plait Phltiologv 
I). S. Brar. India. Iiprvem iiof salttolcranec of 

rice by tissue culture. 
M. Tsuchiiya. Japan. (irowth response of diffe rent 

rice ariieties to low iitroge;i, 

Soll (h emistrr 
l)anaso Toro Castillo. Cuba. Characterization of 

pr.;blern soils and amcliorations. 
Eckehard Eiz'hwafd. Germany. Setting up soil 

physics laborarory. 

H. 	 Y :mauchi. Japan. Effects of excess silica on 
clay minerals. 

Soil Microbiology 
Do Van Cat. Vietnam. Cross of azolla species. 
D. 	 N. Nayak. India. Ecology of associative 

nitrogen-fixing bacteria associated with rice. 
l Iat('n enl 

Nenita Tapay. Philippines. Evaluation of levels of 
participatory approach to improve operations 
and management in national and communal 
irrigation systems. 

Research felovs 

Agrictdtural l:.cononrhs 
Patricia Boyland**. USA. Measuring effects of 

mechanical tillage in Indonesia, the Philip
pines, and Thailand. 

Charles Crissman**. USA. Production of rice and 
IRRI rice technology: an out put distribution 
a pp ro ach. 

L.inda Crissman**. USA. RNraI migration as a 
response to techriolfog'y-indticed Structural 
change. 

S. Mathcma**. Nepal. Evaluation of the impact of 
cropping systems resea rch in Nepal. 

.igronomyi 
Sada fumi Koda **..lapai. Soil phsical edaphol

ogy studies in lowland rice-Ksed cropping 
systems. 

Cotnlbicaliol awd l',/iuathuns 
Mahfuztl liiaquC**. Ba ngladesh. The relati;'e 

effectiveness of two extension publications in 
English and Cebuano in the transfer of in
formation oil rice tech nology aniong Philip
pine rice technicians. 

In 	mtuilloh gt 
Bu Keun Chung**. Korea. Comparison of serisi

tivity to insecticides in the brown planthopper 
populations screened by combinations of dif
ferent insecticides and methods. 

Aluhip' Croplinlg 
.Jae Ho Kim **. Korea. -ffects of pli.sical environ

ment on initial adoption of rainfed rice tech
riqtrC in CagaVan I'rovince. Philippines. 
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Charoen Siri-Udompas**. Thailand. Effects of Julius Kigalu*. Tanzania. Assessing the effects of 
crop proportion, nitrogen, plant density, cow- selected le,.%,,lsof mechanization technologies 
pea cultivars, and water on intercropped rice on small-scale rice production systems, Central 
and cowpea. Luzon, Philippines: a case study. 

David Woo**. Hong Kong. An evaluation of Celso Tautho*. Philippines. Adoption and pro
tropical ricefield mappinf, and monitoring ductivity of modern rice varieties in dryland 
capability of L,\NDSA1 data in lfugao areas of Zamboanga del Sur, Philippines. 
Province, Philippines. 

Plant Breeling 	 Agricuttural l'ngineering 
Snh. Mls.G. 	 W. Kilasam*. Tanzania. Construction and 

Surjit Singh**. Malaysia. Effects of lime and evaluation of modified multicrop thresher 
el o did-PAK. 

phosphate on growth and nutrient uptake of 


lowland rice (Oryza sativa L.) varieties on an momek aiAn.
 

Mwombeki*.Tan/ia.Auger metering studies
 
acidF. for 	fine prilled urea. 

Plant Pathology 
Hen Je Cho**. Korea. Rice nematodes. 	 Agrononij 

Manuel Donoso*. Ecuador. Cultural managementM. 	A. Hossain*. Bangladesh. Etiologyand ecology 
of Erwinia chry'santhemi Burkholder, for irrigated and rainfed lowland rce. 

McFadden& Dimock 1953,aacausalorganism M. Yodkeaw*. Thailand. Influence of organic 
matter addition and flooding on uptake.of foot rot disease of rice. 

Wan Hae Ye**. Korea. Partial resistance to blast. Ferdous Ara-Zapata*. Bangladesh. Effect of root 
xylem vessel diameter on leaf water potential 

Plant Ph.iologj' and root. 
Abdur Rashid Gomosta**. Bangladesh. Factors 

affecting elongation of deep water rice under Entonlogj' 
submergence. Narong Chanta ra pra p ha*. Thaila nd. Food prefer-

Taha Abou Zeid**. Egypt. Physiologicalstudiesof ence and aquatic predators of the rice case
salt tolerance. worms, Nynijphula d'punctalis (Zeller) and 

Parapontyx (: Nvmphula )hw1tu osa/is(Zeller) 
Soil 1'Iirohiology' and Parapon.vx (= Nymlhula) diminutalis 
K. 	 Adachi**. Japan. Cellulose-decomposing (Snellen). 

nitrogen-fixing bacteria. Marcos Gerding*. Chile. Oviposition and devclop-
P. 	K. Chand**. India. Somatic culture and proto- ment of the Angoumois grain moth Sitotroga 

plast from symbiont-fre sporophytes/spores cerealella (Olivier) (Lepidoptera: Gelechidii
azolla. dae) on rice genotype. 

Thomas Kroeck**. Germany. Effect of rice plant Maung Myint*. Burma. Impact of levels of varietal 
on azolla growtl. resistance on populations of the green leaf

hopper Nephot etix virescens()istant) and itsTraining and Tictiwogy'Trans/er natural enemies. 

Md. Abdul Rashid*. Bangladesh. Influence of 

seedling age and nitrogen level on the growth IhtejiafionialRice Germplasmn Center 
and yield of three rice varieties grown on a Md. A. K. G. Haque*. Bangladesh. Cooperative 
saline soil, study of root characteristics of arts and hill 

rices in Bangladesh.Research scholars 

Agricultural Econoniics 	 Multiple Cropping 
Shamsul Alam*. Bangladesh. Factors affecting Dario Alfonso Morel*. Brazil. Moisture content of 

production and marketable systems of rice in the soil and tillage area for upland crops after 
Barisal District, Bangladesh. lowland rice. 
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Glen 0. Fernandez*. Philippines. Stochastic 
modeling of daily weather variables. 

Plant Breeding 
Alberto Davalos*. Colombia. Selection for effi

ciency in phosphorus utilization in rice (Ory-a 
.ativa [.). 

1). R. Khaln*. Pakistan. Inheritance of cold toler-
ance at anthesis in rice (Orrzasativa L.) and its 
relationship with sonic agronomic traits, 

Rob NIMtilder*. The Netherlands. Incomplete resis-
tance in rice to bacteial blight, 

.Jiang Ying Peng*. China. lsoiv mie vanability in 
relation to he terosis in rice. 

Yu Zhi Ilong*. China. Inhenitance of resistine to 
blast (PIrricdaria orrzae Cavara) in some rice 
vare ties. 

Mait tPal/olog l 


W\V D)eXi*. China. PeIformnance of rice ctiltivarIp 
ha\ing ,Va-4a a;id .V-41 genes for bacterial 
blight resistance. 

Z . S. Y in*. China. Itiocu li poteritial of sheath 
blight ca tLed by I 

M e (i nanl 110 ('hiria . Va ija ii of, cob nv mlo r-
phh)ogy and itsrelation to virulence of \'ar-

thomollirs)/ SIP\p. o . 

/l/ant
Physilot,r 


Ramoi Cinco Castro*. Mxc.lico. manage-
rn i t iX al rlnaturinricl eCtL tivai . 

l)ai Qtni l)a i*.C.hina. Ctil tnra I ma naget tOf 

vyerv ca lv Inaturirig rice cuiltivars. 
Ryoji Ohkamara*. .Japan. In viitro selection of 

altrniitnii Cel tolerarit liles, 
Ilabib Abnl Qtna.v,,ini * . Bangladesh. Varietal d if-

Icrences in rice ill ,",ponse to different light 
intensities. 

Rice larnlin, . r:st'e.s 
Carlos Aboi*. Phiilippincs. Studies on the cularral 

iianragerient of soylealr after lowland rice. 
Mano Agustiri*. Philippines. ElIfect of inoculation 

and fertili/cr application on sed yield of 
soybean afrer rice. 

Soil Alicro/,iol,. 
Anon Sooksakvut*. Iha iland. Phosphorus applica-

tior in acid sllifate soils and effcct on microbial 
activities inthe soil. 

Maria Lourdes de Liva*. Brazil. Use of 15N in 
associative nitrogen fixation. 

Nondegree scholars and fellows
 

Agricultural Ecoonics 
Markanday Ajay. United Kingdom. Aralysis of 

data from conseqluence,; of small farm. 
1). Panichagon. Thailand. Profiles of resource use 

patterns in northeast Thailand. 
V. Ramachandran. India. Companmtiveanalysis of 

resource use in rice production systems of 
Thailand, Indonesia, and the Philippines. 

,,Igricitdiu'al 1,*cI"lnc'vring 
A. M. EI-Sirafy. Egypt. Farm niachinery. 

AIgronom.l. 
Pham Sy Ian. Vietnam. Fertility management 

i 1)/luldS . Ah med .kaitan h a tilns 
S. Ahiid. Pakistan. On-i he-job training in audio

vistral and photography technique. 
S. A. Karunaratnc. Sri l.anka. On-the-job training 

in graphies and audiovisual production. 
ao Cht11I.i. China. [on r-riionith orientation: study 

period with Commutnication and Publications 
Dulturall)epartment. 

I cdorico Clemente.Philippines. On-the-job train
ing in audiovisual iaidphotograpi tech
niiqties. 

S. NI. Sinhia. India. On-t he-job training in graphics 
and audiovistial techniques. 

I)ftomologri
 
A. 	I. Bahiagiawati. Indonesia. Varietal screenrig 

of insect pests. 
Hartini Rahtilan. Indonesia.Bacterial blight of rice. 

hrn'rnaional Rice (ernrpl'smnr Center 
Noor I). Hidayat. Seed technology and manage

lenilt. 

Platit Brecdinrg 
Biri Chi BuIL Vietnam. )eep water rice in the Cuu 

Long Delta. 
F. 	M. Fai/i Pakistan. Screening lor insect resis

ta nce. 
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Plant Pathologj, 
L. Y. Chuan. Malaysia. Tungro serology. 
N. Ibrahim. Malaysia. Tungro serology. 
H. K. Khan. Vietnam. Sheath blight screening. 
A. A. Mohammed. Somalia. Virs, bacterial and 

fun'gal rice diseases. 
C. Y. Moi. Malaysia. Tungro serology. 
Wei 	 Da Wei. China. I) Rice sheath blight and 

similar disease caused by Rhizoctonia spp. 2) 
The pathogens from two types of lesion of rice 
sheath blight and their distribution. 

Plant Physiology 
Yvonne Pinto. India. Studies on somatic cell 

culture. 
W. C. Y. Ryu. Korea. Cold tolerance. 

Soil Chemtstrr/Ph'vics 
M. 	 B. Baber. Pakistan. Problem soils. 

Director Generals Office 
Virginia Mabesa. Philippines. Preparation of 

IRRI's Alumni Book. 
Willielmina Tanyag. Philippines. Evaluation of 

IRRI's staff development program. 

PARTICI PANIS IN REGULIAR COU RS ES 

Genetic Evaluadon and Utilization 
(4 Feb-24 May 1985) 

Bhutan 
Ganesh Bahadur Chettri 

Burina 
U Kan Myint 

China 
Qing-sheng Jin 
Bolin Liu 
Pei 	Fang Zhang 

Ethiopia 
Worku A. Kassa 

hIdia 
Kanailal Pande 
Sudarsan Sasmal 
Mitha L. Tawar 
Suppiah Vairavan 
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Indonesia 
Satoto 
Oman Suherman 
R. Widarto Yitnoprastowo
 
Syahrul Zen
 

Iratn 
Ahmad Eshmgi 

Korea 
Jae-Chul Koh 

Young Seop Shin 

Malaga.sE 
Eugene Rabary 
Roland Rakotonirainy 

Aalaysia 

Ismail B. Muhammod Nor 

Mexico 
Salvador Medina Chavez 

Philip,,,ines 

Imelda C. Atabay 

Sri Lanka
 
Mohammed Fahim 

Thailanl 
Orapin Watanesk 

Vienain 
Do Dinh Due 
Nguyen Thi Se 

international Network on Soil Fertility and 
Fertilizer Evaluation for Rice 

(4 Feb-24 May 1985) 

Burma 
U Kyi 
U Tun Kunt 

China
 
Guo Wang-mo 
Liu Qing-ping 
Luo Xiao-chuan 
Xie Liang-shang 

http:Malaga.sE


India 
Rati Ranjan Das 
S. Ekambaram 
A. K. Misra 
B. V. Nisal 

Inlonesia 
Asyia rdi 
Lanlhi Hutauruk 

Iran 
Seyed Yaghob Nirsoleimani 

Mfalagasy' 
Raymond Rabeson 

Malaysia
aasiaBinaMahesh 


Hasim Bin Harnn
 

Philippines 

Mauricia Bunoan 
Wilfredo B. Sanidad 

,Vri Lanka 
Vinitha Abcvkoon 
Willoru M. P. T. Bandara 

Thailand 
Kunnika Naklang 
Jarunee Nugranad 

Vietnam 
Tran Dinh Ninh 
Pham Ti Kim Mon 

Cropping Systems Training Program 
(4 Feb-28 Jun 1985) 

Bangladesh 
Abul Bashar Mohammad Shahjahan 

Bhutan 
Tek Bahadur Ghaley 

Burma 
U Hla Kyaing 
U Wan Maung 

China 
Chen Jiansheng 
Zheng Xiao Wu 

hionesia 
Budiarto
 
Rizaldi Boer
 

Korea 

Kyeong Beom Min 

Malagasy
Jacqueline Rakotoarisoa Rebelolala 

Malaysia 
Mohammad Zancy B. Rashid 

Nepal 

Surya Prasad Shrestha 
Lal Vaidya 

Philippines 

Jose N. Abot, Jr.
 
Danilo C. Cabardo
 
Bonaparte P. Gaid
 
Crisologo 1. Japos
 
Wilson A. Micua
 
Juan Lcopardas Miranda
 
Reynaldo Ruiz Versula
 

Sierra Leone 
Abu Bakarr Yarmah 

Sri Lanka 
K. M. Seneviratna Banda
 
Kumbukege Kularatna Peremr
 

Thailand 
Mantana Suravech 

Songsak Tepsam 

Vie nam 

Bach Trung Hung 

Statistical Procedures and Computer Applications 
in Agricultural Research 

(4 Feb-5 Apr 1985) 

Burma 
U Soe Myint 

China 
Lin Erda 
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India 
Mahesh Kumar 

Indonesia 
Evy Juliantini 
Dailami Jamin 

Korea 
Oh Dae Geun 

Malaysia 
Che Jaffar Sulong 

Philippines 
Aida M. Tusara 

Sri Lanka 
Anthony M. Tirimanne 

Thailand 
Saowanee Pisithpun 

Agricultural Engineering I 
(27 May-14 Jun 1985) 

Bangladesh 
Md. Helal Uddin Sarkar 

China 
Xue Qinglin 
Quan Zhongyu 

India 
Mangal Singh 

Indonesia 
Syamsir Salim 
Syamsuri 

Iran 


Salmasi Emani 

Philippines 
Miguelito M. Abalos 
Clemente G. Abrina 
Vicente F. Banoga 
Leonardo A. Gappi 
Victor N. Pianonte 
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Sri Lanka 
G. K. Ariyaratna 
Karunatilake Banda Ekanayake 
B. H. Suraweera 

Agricultural Engineering H
 
(18 Nov-6 Dec 1985)
 
Bangladesh 
Md. Amir Hossain 

China 
Sun Hao Xun 

Indonesia 
Imam Uddin Firmansyah 

Philippines 
Virgilio P. Anaud 
Reynaldo A. Rivera 

SriLanka 

Upendra Ariyaratne 
M. M. R. F. FernandoL. M. C. Gooneratne 

Ranjith S. Hikkaduwe 
M. S. Kumarasinghe
 
Ariyamtne W. Managae
 

Thailand 
Paitoon Salee 

Vie tnam 
Nguyen Bong 
Nguyen Nguyet Chieu 
Nguyen Van Nhuong 

Integrated Pest Management 

(22 Jul-19 Nov 1985) 

Bhutan 
Dalbahadur Chettri 

China 
Wen Liping 
Chen Yue-tian 
Shi Nii 
Cheng Xiao Wen 



hidia 
Pravati Samal 
Dinesh Kumar Garg 

Indonesia 
Ashol Hasyim 
Supniyatin 

Malagasv 
Jean Joseph Randiamananoro 

Malasia 
Mohiddin Bin Buang 

Nepal 
Bir Chandra Mandal 
Singh Raj Kumar 

Solomon Islands 
Andrew Pulomana 

Sri Lanka 
Sithy Faheemah Mohamed Sulaiman 

Tanzania 
Jacob Cuthbert Mbapila 

Thailand 
Parkpian Arunyanart 

Vietnam 
Tran Thai Hoa 
Vu Bich Trang 
Gnhiem Le Dung 
Ha Quang Hung 

Upland Rice Training Course 
(22 Jul-8 Nov 1985) 

Burma 
Daw Mya MyaMiss) 
Daw Mya Mya (Mrs.) 

Inlia 
Jagdish Chandra Bhatt 
Majumder Nanda Dulal 
Sinha Pramod Kumar 

Inonesia 
Damar Alamsyah 

Malaysia 
Muda Mohd. Hassan 

Mexico 
Jesus Humberto Rodriguez Avila 

Philippines 

Demetria S. Cornelio 

Sri Lanka 

Edmund Rajapaksa Pathirage 

77ailand 

Winai Sooksamran 
Ratanaporn Sookthep 
Songpon Tuamjaroen 
Manoth Wongserce 

Vietnamn 
Tran Nhii Nguyen 

Irrigation Water Management 
(26 Aug-4 Oct 1985) 
Bangladesh 
Md. Ruhul Amin 

K. M. Anwar Hossain
 
oaMwl
 

Golam Mowla 

Burmna
Daw Khin [Ila Way 
Daw Khin Hla Lay 

Inlia 
Chitta Ranjan Biswas 

Gorachand Biswas
K. V. Selvaraj 
Subedar Singh 

Indonesia 
Phtdiken Bangun 
Marjuhar Manalu 
Sadjiyo Soemartono 

Iran 
Abolghasern Hassani 

Malaysia 
Mohd. Kasim Mahmod 
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Philippines 
Honorio M. Encarmacion, Jr. 
Nelson F. Espaldon 
Orlando C. Hondrade 
Prudencio B. Santos 

Sri Lanka 
Wijemtne B. M. Arachchige 
Landage Ananda Wickraniasinghe 

Thailand 
Sathorn Ruengjiraurai 
Seni Wichitsiri 

Farming Systems Sro"ioeconomic Research 
(14 Oct-13 Dec 1985) 

Ikmgladc'sh 
A. S. M. Nazirul Islam 
Manjur Ahmed 

Burma 
U Myint l'hein 

China 
Huang Ji-kunShi ZhaolinCopaSytnPduin 

India 
M. L. Chakraborty 

Malaysia 
Mohd. Yusoff bin Ayob 

Pakistan 
Munir Ahmad 
Ali Mohd Khushk 

Philippines 
Virginia Aboyo 
Eddie E. Delavin 
Digna P. Narvacan 

Sri Lanka 
YC Piyaseeli 
Ariyawathi Gunatilake 

Thailand 
Chailit Setabutara 
Danai Taipanich 
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Vie tnam 
Nguyen Manh Cuong 

Editing and Publiations 
(12 Aug-29 Nov 1985) 

China 
Shen Hong 

Indonesa 

Sahibul Munir 
Teresita Suselo 

Republic of Korea 
Kyung Han Ryu 

Philippines 

Ma. Alexandrina Dormitorio 

71ailand
 

Tasanec Pattarnatate 
Tuenchai Usuk 

PARTrICIPANTS IN SPECIAL COURSES 

Cowpea-Soybean Production 
(21 Oct-29 Nov 1985) 

China 
Ding Guoching 
Wang Yantong 

India 
M. G. Rajappa 
Suresh Chandra 

hidonesia
 
Djoeber Pasaribu 
Husin Toha 

Republic of Korea 
Yun Ho Moon 

Mala rsia 
Zalilah Bt Modh Ali 

Philippines 
Cristobal Antolin 
Alfonso Deocadez 
Cecilia Reyes 



Rustica Gaid 
Nilda Juguan 
Fernando Palsario 
Basilio Austria 
Francisco Java 
Marcela Necesito 

Sri Lanka 
K. M. C. Bandara 

Thailand 
Suvit Pinthongkom 
Suwat Terapontanakorn 
Kanyardt Muenvanitchakul 

Vietnam 
Nguyen Tan Hinh 
Hoang Ngoc Binh 

Varietal Testing of Upland Crops 
(7Jan-2 Feb 1985) 

Bangladesli 
Muhammed Murshedul Alam 

hidonesia 
Deddy Priatna Salch 
Reino Ambar Arurni 

Nepal 
Ramji Khadka 
Naryan Bahadur Thapa 

Philippwies 
Gilbert Blaqucra Barbero 
Carolina R. Cardines 
Edgardo Blasco de la Torre 
Robert B. Olinares 
Fernando Palsario 
Reynato N. Rozul 
Jose P. Vioya 

Sri Lanka 
Wasantha Chitral 
Rukunayaka S. Wijesekara 

Thailand 
Penkae Nattribhop 
Preecha Prammanee 

Varietal Improvement of Uplanp Crops
 
(14 Oct 1985-15 Feb 1986)
 
Burma 
U Mvint Soc 

Inonesia 

Nurnayetti 

Nepal 
Ananda Ratna Sthapit 

Thailand 
Dhiti Sindhunakorn 

Preproduction Training Course
 
(14 Oct-15 Dcc 1985)
 
Philippines 
Robert B. Olinares 

Thailand 
Praves Saengpetch 

Monitoring Susceptibility Levels of Rice Insect 
Pests to Insecticides I 

(4-14 Sep 1985) 

Jalmn 
Shozo Endo 

Republic o 'Korea 
Si Woo Lee 
Malaysia 

Asma Ahmad 

Philippines 
Cecilio Diloy 

Taiwan, Chbia 
Lie Shiow Lai 

Thailand 

Wantana Telvapuchom 

Monitoring Susceptibility Levels of Rice Insect 
Pests to Insecticides II 

(18-28 Sep 1985) 

Bangladesh 
A. T. Nvi. Shamsuddin 
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China 
Wei Cen 

India 
Dinesh Kumar Nagia 

Inlonesia 
Hamoto 

Sri Lanka 
Sakuntala Sivasupramaniam 

Basic Rice Production Course 
(26 Aug-29 Nov 1985) 

Bhutan 
Ran Bahadur Rai 
Sangye Thinley 

Burma 
U Pe Than 

Ghana 
John Kwadwo Osei 

Malagasy 
Jean Baptiste Rajaonarison 
Rakotoson Razafintsalana 

Papua New Guinea 
Oswald Latain 
Otto Conrad Liran 

Surinam 
Roy Kalloe 

Tanzania 
Elizabeth Johnson Maeda 
Raymond Mgaza Mghoghc 
Bernard Marcus Milanz 

Zambia 
Albert Richard Kasongo 

Special Rice Production Course 
(22 Jul-31 Oct 1985) 

Ihulia 
A. Arthanari 
Cola Rajagopal Balagopr2 
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Neelakanda N. Balakrishnan 
Avtar Singh Bhaur 
R. Dhakshinamoorthy 
T. N. Gnanasekaran 
R. Jayadevan 
Sarat Chandra Mahapatra 
T. P. Rama Chandran Nair 
Prabhat Ranjan Nath 
Vadivelan Palaniappan 
Jamna Prasad Patel 
P. K. Ravindran Pillai 
Lakshman Chandra Porel 
Suruliraj Ratnam 
Subramaniam Ganapathi Sankaran 
Balkarn Singh 
Kuttiappagounder Srirangan 
C.P. Sumathikuttyamma 

Weed Science 
(22 Jul-27 Sep 1985) 

Burma 
U Khin Maung Myint 

China
Ni Hanwen 

Cub, 

Alvaro Niceto Garcia Rubial 

MalaysiaHo Nai Kin 
Norlia Bt Razali 

Nepal 

Jagat Devi Ranjit 

Sri Laka 
Laka 

Lakshman Amarasinghe 

Improving Farm Income and Employment inRice 
Farming Systems I 

(21-30 Jan 1985) 
Burma 
U Kyaw Tin 

China 
Wu Xeen 



India 
Bhaskar Barua 
B. Mandal 

Indonesia 

Haeruddin Taslim 

Pakistan 
Mian M. Aslam 

Philippines 
lay H. Chung 
Benjamin Donor 

enjamin B. Gonzales 
Jan J. M. Maas 
Harpal Singh 
Conrado R. Nora 

Sri Lanka 
S. L. Amarasiri 

ThailandThilandSSri 
Vichien Sasiprapa 

Vietnam 
Traa Xuan Luu 
Ta Minh Son 

Improving Income and Employment in Rice 
Farming Systems 

(1-II Oct 1985) 

Bangladesh 
Ziauddin Ahmed Khan 

China 
Gan Xiasong 

India 
P. N. Mathur 

Indonesia 
Sridodo 
Pakistan 
Pakisa 

Philipphes 

Danilo Isada 
Ricardo Ona 
Tow Shibuichi 
Souphanh Savady 

Lanka
M. P. Dhanapala 

77Tailand 
Niran Tongpan 

Vietnam 
Mai Van Thiet 
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Cooperative programs 

International Rice Testing Program 
hnternationalRice Tesing Progqramn 

1984 NURSI:RZ'R RIi-;IIs 466 
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IVIAP IN AFRICA 478 



1984 NURSERY RESULTS performed well in several regions. The nursery 
reports show yield and yield components by site 

IRTP composed 1,301 sets of 23 types of nurseries and region. Table 4 shows yields of best performing 
in 1984 and sent them to 53 countries cooperating entries in the rainfed shallow water yield nursery 

in the network. Of 2,747 entries, 1,350 came from (IRRSWYN). The top-ranking entries for the two 

national programs and 1,397 from IRRI. maturity groups of upland rices-- early (IURYN-

Yield nurseries. Top ranking entries for the E) and medium (IURYN-M) are shown in 

maturity groups of irrigated rices - very early Tables 5 and 6. 
(IRYN-VE), early (IRYN-E), and medium (IRYN- Observational nurseries. The outstanding entries 

M) --- are shown in Tables 1,2, and 3. Some rices in the observational nurseries (IRON, IURON, 

Table 1. Best performing entries in the fifth International Rice Yield Nursery - Very Early (IRYN-VE) based on overall 

and regional mean yield, 1984. 

Days to Yield 
Region Designation Origin flowering (t/ha) 

Overall C1 158-7 Philippines 95 4.6 

(45 trials) IR50 IRRI 86 4.6 
IR13539-100-2-2-2-3 IRRI 94 4.5 
BG367-4 Sri Lanka 90 4.4 
IR25588-7-3-1 IRRI 85 4.4 
IR29692-65-2-3 	 IRRI 87 4.4 
UPR103-80-1-2 India 83 4.4 

East Asia 	 C1158-7 Philippines 100 5.9 
(8 trials) 	 IR50 IRRI 89 5.8 

IR13539-100-2-2-2-3 IRRI 99 5.8 
UPRI03-80-1-2 India 87 5.5 
IR25924-5 1-2-3 IRRI 90 5.4 

Southeast Asia 	 UPR231-28-1-2 India 78 3.7 
(12 trials) 	 UPR231-28-1-2-TCA2 India 79 3.6 

C1158-7 Philippines 83 3.6 
IR25588-7-3-1 IRRI 77 3.4 
BG367-4 Sri Lanka 79 3.3 
IR29692-65-2-3 IRRI 91 3.3 

4.4 
(20 trials) BG367-4 Sri Lanka 95 4.3 

C1 158-7 Philippines 98 4.3 
IR13539-100-2-2-2-3 IRRI 98 4.3 
IR29692-65-2-3 IRRI 89 4.2 
UPRI03-80-1-2 India 86 4.2 

West Asia and North Africa 	 UPR103-80-1-2 India 102 9.8 
(2 trials) IR28128-45-2 IRRI 105 9.7 

Palghar 31-1-3 India 106 9.0 
IR25588-7-3-1 IRRI 103 8.9 
Mallika Sel. Nepal 108 8.8 

South Asia 	 IR50 IRRI 88 

Sub-Saharan Africa 	 UPR254-35-3-2 India 87 5.4 
(2 trials) 	 UPRI03-80-1-2 India 81 5.4 

C1158-7 Philippines 92 5.3 
IR13539-100-2-2-2-3 IRRI 89 5.3 
AS19789 India 88 5.2 

Latin America 	 Palghar 31-1-3 India 93 6.9 
(1 trial) 	 Malltka Sel. Nepal 9P 6.7 

TKM9 India 90 6.5 
IR25588-7-3-1 IRRI 91 6.4 
RNR 1446 	 India 93 6.4 
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Table 2. Best performing entries in the 12th International Rice Yield Nursery - Early (IRYN-E) based on overall and 
regional mean yield, 1984. 

Region 	 Designation 

Overall BG380-2 

(41 trials) KAU1727 


C1321-9 

IR13240-108-2-2-3 
UPL Ri-4 

East Asia 	 IR25840-64-1-3 
(3 trials) 	 IR13240-108-2-2-3 


AD9246 

Milyang 49 

Taichung sen 16 

UPL Ri-4 


Southeast Asia KAU1727 

(13 trials) UPLRi4 


B3981c-Pn- 165-2-1 

1R36 

South Asia C1321-9 

(17 trials) IR18348-36-3-3 


UPLRi4 

BG380-2 
KAU1727 


West Asia and North Africa KAU1727 

(1 trial) Si-pi 692033 


IR29725-109-1-2-1 
II31802-48-2-2-2 
IR13429-299-2-1-3 

Sub-Saharan Africa BG380-2 

(4 trials) IR21015-72-3-3-3-1 


B\W295-5 
C1321-9 
Si-pi 692033 

Latin America BG380-2 
(3 trials) IZ13240-108-2-2-3 

Taichung sen 16 
KAU1727 
IR25840-64-1-3 

IRRSWON, IRDWON, IFRON, and IPRON) 
as determined by their overall phenotypic accepta-
bility ratings are shown in Table 7. Several entries 
were resistant to or tolerant of one or more 
important stresses at trial locations. 

Nurseries forspecific streses. Tables8 and 9 list 
the best pcrforming entries in nurseries established 
for specific trvs:;es. Insect nurseries include those 
for brown planthopper (IRBPIHN), whitebacked 
planthopper (IRWBIPHN), and stem borer 
(IRSBN). Diseasenurseriesincludethoseforbacte-
rial blight (IRIBN), rice blast (IRBN), and rice 

Origin Days to Yieldflowering (t/ha) 

Sri Lanka 100 5.1 
India 94 5.1 
Philippines 94 5.0 
IRRI 91 5.0 
Philippines 92 5.0 
IRRI 102 7.3 
IRRI 109 7.1 
India 98 7.0 
Korea 109 6.8 
Taiwan, China 112 6.8 
Philippines 109 6.8 

India 87 4.1 
Philippines 84 4.1 
Indonesia 88 4.0 
IRRI 99 4.0 
Philippines 101 5.3 
IRRI 99 5.3 
Philippines 99 5.3 
Sri Lanka 106 5.2 
India 101 5.2 
India 112 10.3 
Taiwan, China 113 10.2 
IRRI 105 9.7 
IRRI 103 9.4 
IRRI 112 9.3 

Sri Lanka 89 6.4 
IRRI 84 6.3 
Sri Lanka 94 5.8 
Philippines 84 5.8 
Taiwan, China 85 5.7 
Sri Lanka 93 5.8 
IRRI 81 5.4 
Taiwan, China 84 5.2 
India 86 4.9 
IRRI 81 4.8 

tungro(IRTN). Nurseries for otherstresses include 
those for alkalinity and salinity (IRSATON), acid 
upland and lowland soils, and cold tolerance 
(IRCTN). 

1 NIJSIERY ISRIBUTION 

A total of 1,707 sets of 28 types of IRTP nurseries 
were composed and distributed to 49 countries in 
the IRTP network (Table 10). Test entry sources 
appcar in Tvble II. The nurseries include 17 for 
different cultural types and II for stress tolerance. 
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Table 3. Best performing entries in the 12th International Rice Yield Nursery - Medium (IRYN-M) based on overall and 

regional mean yield, 1984. 

Days to Yield 
Region Designation Origin flowering (t/ha) 

Overall 	 IR21820-154-3-2-2-3 IRRI 100 4.7 

(25 trials) 	 1R25587-133-3-2-2-2 IRRI 107 4.6 

11,4744-295-2-3 IRRI 99 4.6 

BG379-2 Sri Lanka 103 4.5 
lR28118-138-2-3 IRRI 111 4.5 

Southeast Asia 	 IR25587-133-3-2-2-2 IRRI 101 5.5 

(8 trials) 	 !R21820-154-3-2-2-3 IRRI 95 5.4 
1R27316-96-3-2-2 IRRI 93 5.4 
X.3-D. T. Vietnam 93 5.4 
IR 19672-140-2-3-2-2 IRRI 99 5.2 
IR28118-138-2-3 IRRI 104 5.2 

South Asia 	 IR21820-154-3-2-2-3 IRRI 102 4.3 

(12 trials) 	 1R4744-295-2-3 IRRI 104 4.3 
BG379-2 Sri Lanka 108 4.2 
Ht 24637-38-2-2-1 IRRI 109 4.2 
IR28118-138-2-3 IRRI 117 4.2 
tUPR254-85-I-TCA8 India 104 4.2 

4.9Sub-Saharan Africa 	 IR22082-4 1-2 IRRI 98 

(3 trials) 	 BW295-4 Sri Lanka 109 4.6 
1R19672-140-2-3-2-2 IRRI 105 4.6 
IR21820-154-3-2-2-3 IRRI 101 4.6 

Latin America 	 X.3-D. T. Vietnani 105 5.7 

(2 trials) 	 UPR254-85-1-TCA3 India 106 5.4 
RNR74229 India 107 5.3 

RN,74802 India 105 4.9 
1R4744-295-2-3 IRRI 105 4.8 

Table 4. Best performing entries in the fourth International Rainfed Rice Shallow Water Yield Nursery (IRRSWYN) based 

on overall and regional mean yield, 1984. 

Days to Yield 
Region Designation Origin flowering (t/ha) 

Overall 	 BR II Bangladesh 113 4.0 

(13 trials) 	 11R51-74-6/J1 Bangladesh 118 4.0 
BR4 Bangladesh 114 3.7 
IR19083-22-2-2 IRRI 108 3.7 
IR13146-45-2-3 IRRI 112 3.6 

Southeast Asia 	 BRI 1 Bangladesh 106 3.9 

(9 trials) 	 BR51-74-6/ 1 Bangladesh 113 3.8 
BR4 Bangladesh 109 3.7 
IR14136-45-2-3 IRRI 107 3.7 
IR 19083-22-2-2 IRRI 105 3.7 

Sclth Asia 	 BR51-74-6/J I Bangladesh 129 4.4 

(4 trials) 	 BRI I Bangladesh 128 4.2 
11,13564-95-1 IRRI 124 3.9 
Ci3adane Indonesia 128 3.8 
IR10781-143-2-3 IRRI 111 3.8 
IR19256-88-1 IRRI 114 3.8 
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Table 5. Best performing entries in the 10th International Upland Rice Yield Nursery - Early (IURYN-E) based on overall 
and regional mean yield, 1984. 

Region 	 Designation 

Overall IR9761-19-1 
(13 trials) NDR84 

tlPU741 
NDRI02 
OR164-5 
RAU4004-127 

Southeast Asia IR9761-19-1 
(6 trials) OR164-5 

RP1 158-90-1 
IRATI04 
NDR84 
NDRI119 
RI'1 158-85-1 

South Asia RAtJ4004-127 
(6 trials) NDR84 

R9761-19-1 
NDR102 
RAU4004-105 

Latin Amcrica I1111J741 
(I trial) NDR80 

IRATI 10 
lR9729-67-3 
NDR 119 

Table 6. Best performing entries in the 10th International 
overall an( regional mear' yield, 1984. 

Region 	 Designation 

Overall 	 13R319-1 
(9 trials) 	 UPLRi7 

IR12979-24-1 (Brown) 
IR6023-10-1-1 
IR43 

Southeast Asia BIR319-1 
(7 trials) UI'LRi5 

C894-21 
IR12979-24-1 (Brown) 
UI'LRi7 

Latin America 	 IR6023-10- 1-1 
(2 trials) 	 IR12979-24-1 (Brown) 

IR43 
UPLRi7 
BR319-1 

Origin 

IRRI 
India 
India 
India 
India 
India 

IRRI 
India 
India 
Ivory Coast 
India 
India 
India 

India 
IndiL 
IRRI 
India 
India 

India 
India 
Ivory Coast 
IRRI 
India 

Upland Rice Yield Nursery -

Origin 

Bangladesh 
Philippines 
IRRI 
IRRI 
IRRI 

Bangladesh 
Philippines 
Philippines 
IRRI 
Philippines 

IRRI 
IRRI 
IRRI 
Philippines 
Bangladesh 

Days toflowering 

78 
79 
70 
76 
76 
70 

82 
80 
82 
71 
83 
76 
81 

68 
75 
74 
73 
68 

Medium (IURYN-M) 

Days toflowering 

89 

85 

86 

97 


101 

89 

99 

99 

87 

86 


94 

83 

94 

83 
87 

Yield(t/ha) 

2.9 
2.7 
2.6 
2.6 
2.6 
2.6 

2.7 
2.5 
2.4 
2.3 
2.3 
2.3 
2.3 

3.3 
3.2 
3.0 
3.0 
2.9 

3.6 
3.4 
3.2 
3.2 
3.1 

based on 

Yield(t/ha) 

3.3 
3.2 
3.1 
3.0 
3.0 

3.1 
3.1 
3.0 
3.0 
3.0 

3.9 
3.8 
3.8 
3.7 
3.6 
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Table 7. Entries that received best phenotypic acceptability ratings in the 1984 observational nurseries. 

Nursery 

International Rice Observational 
Nursery (IRON) 

International Upland Rice Observational 
Nursery (IURON) 
1. iedium duration, intermediate or tall stature 

2. Medium duration, short stature 

3. Short duration, intermediate or tall stature 

4. Short duration, short stature 

International Rainfed Rice Shallow Water 
Observational Nursery (IRRSWON) 

International Rice Deep Water Observational 
Nursery (IRDWON) 

Designation 

IR29725-117-2-3-3 
IR25898-57-2-3 
IR29725-45-1-1-3 
IR31847-22-2-3-3 
IR31847-67-2-1-1-2 
IR29708-113-3-2-3 
IR31787-85-3-3-3-2 
IR32358-122-2-1-2 
IR29692-117-1-2-2 
IR29692-34-1-3-2-2 
IR29725-40-3-2-3 
IR32296-72-3-3-2 
IR32307-107-3-2-2 
IR24632-60-3-3-2 
IR25840-81-3-2 
IR25840-83-3-2 
IR64 

UPLRi7 
UPLRi3 
UPLRi5 
ITA162 
ITA212 
IR43 
B3619c-TB-8-1-4 
IRAT 144 

Mallika SeL 

No entry with score > 5.5 

IR21836-90-3 
1113146-45-2-3 
IR5853-198-1-2 
IR10781-143-2-3 
IR19083-22-2-2 
IR21141-24-2 
IR31429-14-2-3 
li 18272-27-3-1-2-2 
BRB 11-448-14 
IR21567-16-3 
IR46 
IR4819-77-3-2 

BKNFR76035-108-1 
IR31338-30-2-1 
NC493 
IIKNFR76t)35-112-1 
IllIA7403-110-1-5 
lR 13259-185-21.-1'4-3 
IJKNFR76035-108-2 
IIKN6988-52-1-3-0 
DWCT156-1-2-0 
IR29159-16-2-1-3 
RD19 

Mean phenotypic Mean days 
acceptability score to flowering 

4.5 87
 
4.6 83
 
4.6 85
 
4.6 84
 
4.6 83
 
4.7 84
 
4.7 87
 
4.7 96
 
4.8 86
 
4.8 84
 
4.S 86
 
4.8 90
 
4.8 93
 
4.8 91
 
4.8 95
 
4.8 94
 
4.8 95
 

4.6 89
 
4.8 100
 
4.8 101
 
5.1 96
 
5.1 106
 
5.3 103
 
5.4 86
 
5.4 88
 
5.4 86
 

3.3 114
 
3.9 111
 
3.9 103
 
3.9 111
 
4.0 108
 
4.0 108
 
4.0 104
 
4.1 99
 
4.1 106
 
4.1 106
 
4.1 106
 
4.1 10/ 

4.6 141
 
4.6 128
 
4.6 123
 
4 7 143
 
4.7 125
 
4.7 127
 
4.8 143
 
4.8 124
 
4.8 124
 
4.8 115
 
4.8 152
 

continued on opposite page 
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Table 7 continued. 

Nursery Designation Mean phenotypic Mean days 
acceptability score to flowering 

International Floating Rice Observational 
Nursery (IFRON) 

International Tide-Prone Rice Observational 
Nursery (ITPRON) 

RD19 
BR4 
Leb Mue Nahng 111 
IR11288-B-B-118-1 
SPR7232-2-3-1-0 

LA29'72NFU-14-3-1-1 
CR149-3244-198 
BR11 1-140-1-1 
B2433B-KN-2-3-3-2-1 
B2791B-MR-196-2-3-1-12 
RP975-109-2 
B3063C-PN-151-2 
B3752G-KP-108-3 
B1043D-SM-29-6-1-1 
Chato 
CR1002 
GEU76043-0-2K.17-2 

4.0 163 
5.0 136 
5.0 166 
5.3 136 
5.3 145 

2,7 135 
2.8 125 
3.0 129 
3.0 110 
3.2 113 
3.3 126 
3.6 113 
3.6 117 
3.8 117 
3.8 105 
3.8 112 
3.8 118 

Table 8. Best performing entries in the 1984 insect and disease nurseries. 

InsectsIRBPHN (International Rice Brown Planthopper Nursery). Entries rated resistant in the greenhouse test at most locations:PTB33 1R17494-32-1-1-3-2 
Rathu Heenati (Acel 1730) IR56 

IR19660-46-1-3-2-2 IR9846-23-2
Balamawee (Acc8919) IR19661-23-3-2-2 IR9852-22-3BG367-2 IR21912-131-3-3 Mawee (Acc31482)londarawala (Accl5634) IR25603-20-2-1-3-2 RP1756-121 
1R13540-56-3-2-1 C711130 

IRWBPHN (International Rice Whitebacked Planthopper Nursery). Entries rated resistant in the 
greenhouse test at all 13 locations:IR13475-7-3-2 IR15527-21-2-3 I1R7307-11-2-3-2IR2035-117-3 IR15529-253-3-2-2-2 IR17492-18-6-1-1-3-31R13458-117-2-3-2-3 1R15797-74-1-3-2 WC1240 (Acc13742)

IRSBN (international Rice Stem Borer Nursery). Entries rated resistant at both vegetative 
and flowering stages across locations:IR15723-45-3-2-2-2 IR19735-5-2-3-2-1 IR58IR15795-151-2-3-2-2 IR43 IR9828-23-1 

DiseasesIRBBN (International Rice Bacterial Blight Nursery). Entries rated resistant across locations at 2 dates of scoring 
(14 and 21 d after inoculation):BR16I-2B-53 B4143D-PN-51-4 IR54

BR171-2B-8 IR2798-88-3-2 RP633-76-1 
IRBN (International Rice Blast Nursery). Entries rated resistant in almost all of 21 locations 

with high degree of blast incidence:BG379-2 IRAT146 TOX475-NIB1-NKI-LS3-B1
ITA133 Carreon Fukunishiki
Ta-poo-cho-z IR 17525-7-19-1-3-3-2 IRATI44 

IRTN (International Rice Tungro Nursery). Entries rated resistant in the greenhouse test at all 4 locations:
ARC1 1554 Pankhari 203
Naria Bachi Utri Merah 
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Table 9. Entries with best phenotypic or tolerance ratings in the 1984 IRTP stress screening nurseries. 

IRSATON (International Rice Sali iityand Alkalinity Tolerance Observational Nursery). Entries with highest tolerance 
ratings at both vegetative and maturity stages: 

Salinity Alkalinit, 
ROK5 IR8 
IR4563-52-1-3-6 Pokkali 
PNL5-1-1-1 1R9764-45-2-2 
Pokkali IR52 
IR30173-3-3-3 IR50 
IR2153-26-3-5-? ROK5 
IR43 MI-48 

Acid Upland Soils. Entries with good phenotypic acceptability ratings in certain locations: 
IR10206-29-2 Azucena IR10198-66-2 
IR6023-10-1-1 Salumipikit BG35-2 
P1274-6-8M-1-3NM- 1 

Acid Lowland Soils. Entries with average phenotypic acceptability ratings better than 4.0 at 60 kg P treatment: 
BW267-3 IR9764-45-2-2 P1369-4-16M-1-2M-4 
132149b-Pn-26-1-1 MRC172-9 P1391-6-1 IM-1-IB 
IR46 PI2 7 4-6-8M- 1-3M-I Suakoko 8 (2526) 
IR9217 58-2-2 

I'ItC7 (International Rice Cold Tolerance Nursery). Entries with average phenotypic acceptability ratings better than 
5.4 in 23 trials: 

K39-96-1-1-1-2 C15309 (Ace. 00955) Chechon-chun-shun 1 (Ace. 04532) 
Ching-shi 15 (,cc. 36852) Chinm 1039 
Te',su'1 iochi 

A total of 2,736 entries were distributed around the 
world. 

A new nursery, the International Rice Ufra 
Screening Set (1RUSS), was initiated in response 
to the need for identifying varieties and breeding 
lines resistant to this important nematode problem 
in deep water rice. Another nu-scr,,designated as 
the International Rice Salinity Tolerance Yield 
Nursery (IRSTYN), was begun to assess the yield 
performance of brecding lines or varicties found 
tolerant ,)!,:!linity stress in the earlier observa
tional ii -c:is relating to that problem. The yield 
nurseir for raiynfed shallow water lowland condi
tions (IRRSWYN) ,,''odivided into two maturity 
groups -- early and medium, 

In Asia, 11208 sets went to national programs. 
Sub-Saharan Africa receivd 335 sets, of which 63 
went to WARDA for distribution to member 
countries. Fifty-nine nursery sets went to the 
national programs in West Asia and North Africa, 
93 to 12 countries in Latin America, 3 to 2 
countries in Elurope, and 9 to 2 countries in 
Occa nia. 

Use of IRTP nursery entries. Nationa! rice 
improvement programs continue to use IRIP 
materials. Often, outstanding entries in stress-
screening nur:.'.ries are used asdonois in hybridiza-

IR24312-R-R-19-3-B 

lion programs (Table 12). Twenty-eight entries 
were most frequently utilized for further yield 
tcsting in various countries (Table 13). 

Three IRTI entries were named as varicties and 
released to farmers in 1985: Gama 318 from 
Indonesia, named Avinash in Kamataka State 
of India; IR841-67-1-2 from IRRI, named 
EMPASC104 in Brazil; and P881-19-22-4-1-1 B-
CRI from CIAT,named CR1821 in Costa Rica. 

MONITORING VISITS AND WORKSHOPS 

The IRTP monitoring program continued to play 
an important role in forging interactions among 
rice scientists around the world involved in varietal 
improvement. The following monitoring tours 
took place in 1985: 

0 Upland rice in Indonesia in conjunction 
will the second International Upland Rice 
"onference 

" -:cc in saline soils in India, Pakistan, and 
1 hailand 

0 Deep water rice in Bangladesh, India, and 
Thailand 

0 Upland rice in Cameroon, Ivory Coast, 
Libeia, and Nigeria 
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Table 10. IRTP nurseries dispatched from IRRi in 1985.1 

Nureri s for ditlerent cultural i Fps 

Yield Ob reational Screening tor specific stresses 

Region and counti. Y0 Y YN'03 uY0Y Y,,(, Y07 Q11 ( Q0gQ A O0Q QX5 Qy7 00 10901)0 1IS S0 3 ( S S S , 0,7 -. S,0 SIO Sit Total 

East Asia 
China 9 7 2 2 I I 9 10 S 3 2 2 I 5 2 I I 9 9 8 8 5 4 109 
Japan 
Korea 
Tai%-an 

1 
2I 

2 
I 

2 1 4 4 
I 

I I 
2 

I 
1 

I 

17 
8 

Southeast Asia 
Burma 
Indonesia 
Malaysia 
Philippines 
Thailand 
Vietnam 

3 
2 
4 
6 
5 

I 
2 
3 
5 
6 
5 

I 

4 
4 
2 
5 

I 

II 
3 
2 

I 
1 

13 
3 
2 

3 
12 
9 
3 

I 

3 
12 
9 
2 

I 
I 
5 
6 
3 

I 
I 
5 
6 
4 

I 
4 
6 
3 

1 
2 
I 

14 
5 
3 

I 
I 

14 
5 
2 

I 
2 

II 
9 
2 

I 
I 
2 

II 
9 
2 

2 
3 

2 
6 
5 

3 

2 
4 
5 

3 

3 
2 
3 

I 
2 

3 
4 
2 

2 

4 
4 
4 

I 
3 

3 
6 
4 

I 
2 

7 
2 
3 

4 
I 
I 
5 
4 

2 
2 
I 
1 
6 
4 

2 
2 
I 
I 
5 
2 

I 
I 
2 
3 
3 

1 
5 
I 
2 
2 
5 

I 
2 
I 
1 
I 
4 

I 
I 
I 
1 

I 

20 
46 
32 

158 
134 
92 

South Asia 
Bangtadrsh 
Bhutan 
India 
Nepal 
Pakistan 

Sri Lanka 

8 

23 
3 
2 

6 

19 
2 
5 

8 
2I 

14 
2 
4 

3 

15 
2 
I 

I 

7 
4 
2 

4 

2 
5 
I 

I 

4 

5 
5 
I 

10 

20 
2 
2 

I 

10 

20 
2 
4 

I 

10 

18 
2 
3 

I 

3 

16 
3 
2 

2 

3 
I 
8 
3 
2 

I 

4 

5 
5 
2 

I 

9 
5 
2 

4 

10 

I 

I 

3 

4 

I 

1 

2 

I 

6 

19 
6 
2 

4 

14 

8 

3 

1 

2 

2 

2 

4 
I 
'8 
4 
I 

I 

4 
I 

21 
4 
I 

I 

4 

16 
2 

3 

7 

I 

16 
I 

I 

II 
2 
3 

14 
2 
4 

109 
7 

336 
66 
53 

20 

West Asia and North Africa 
Egypt 
Iran 
Iraq 
Turkey 

2 
4 
I 
3 

2 

I I I 

2 
4 
I 
I 

2 
4 

I 

2 
4 

1 
I 

4 

2 

2 
2 

2 
2 

2 

I 
2 
I 

20 
23 

7 
9 

O 
O 

> 
H 

MSo 

Sub-Saharan Africa 
Burundi 

Cameroon 
Guinea Bissau 
Liberia (WARDA) 
Maragasy 
Nigeria 
Sierra Leone 

alia 

I 

2 

2 
I 
3 

I 

I 

I 

3 

5 

I 

I 

3 

3 
I 
3 

I 

I 

I 
3 

I 

I 
2 

1 

I 
2 

I 
2 

I 

I 
I 
2 

13 

I
I 

I I 

I I 
I 
22 

13 11 

I I
I I 

I 

I 

10 

I 

I 

10 

5 

10 

1 

5 

10 

I 

6 

I 

3 

I 

2 

I 

5 

5 
I 
3 

I 

2 

I 

6 

3 II 

2 

6 

4 

2 

6 

4 3 

3 

I I 

21 
4 

63 
8 

127 

56 

X0 
0 

South Africa 
Ttnania 
Uganda 
Zaire 
Zambia 

I 
6 

4 

6 

3 

5 

4 

2 
I I 

I 

2 

-

I 

I 

2 
I 

I 

2 
I 

I 

I 

I 

4 

3 
1 

4 

3 

I 

2 

I 

1 

I 2 

3 

3 

I 

I 
I 
4 

I 
I 

2 

44 
8 

10 
27 
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X 

O 
X 

0 


0Ecuador 


Table 10. continued. 

Nurseries for different cultural types 

Yield Observational Screening for specific stresses 

Region and country Y01 Y02 Y03 Yo.:Y01 Y06 Y07 )] 02 Oj20 o4 005 006 007 On8 009 010 SO S02 S3 S04 S05 S06 S07 SW SO9 S1O Sit Total 

Latin America 
Argentina 1 1 2 
Brazil I 1I I I I 7 
Colombia 2 I I 1 1 3 3 3 2 2 I I 2 2 25 
Dominican Republic I 2I I 5 

I I I I I5 
El Salvador I I 
Honduras I I 2 
Jamaica I I 1 I 4 
Mexico 2 2 3 3 1 1 I I 4 4 I I 2 2 I 4 4 37 
Panama 1 I 2 
Surinam I I 
Uruguay I I 2 

Europe 
Hungary II 
Italy I i 2 

Oceania 
Solomon Islands I I I I I I I 7 
Vanuatu I 1 2 

Total 108 90 70 S4 45 50 51 103 103 87 85 71 65 62 44 26 17 79 63 33 33 90 95 48 20 47 33 35 1707 

ayol = Internatiolial Rice Yield Nursery-'. ery Early (IRYN-VE). Y02 International Rice Yield Nursery-Early (IRYN-E). Y03= InternationalRice Yield Nursery-Medium (IRYN-M). Y4 = Inter
national Upland Rice Yield Nursey-Early (IURYN-E). 0 = International Upland Rice Yield Nursery-Medium (IURYN-NI) Y(, = International Rice Rainfed Shallow Water Yield Nursery-Early 
(IRRSWYN-E). Yo- = International Rice Rainfed Shallow Water Yield Nursery-Medium (IRRSWYN- M).O01 = International Rice Observational Nursery-Very Early (IRON-VE).0 0 2 = International 
Rice Observational Nursery-Eary (IRON-El. Ou = International Rice Observational Nursery-Medium (IRON-M). Ooa = International Upland Rice Observational Nursery-Early (IURON-E). 
Ok5= International U:pland Rice Observational Nursery-Medium(IURON-M).O06 = Interniational Rice Rainfed Shallow Water Observatiunal Nursery-Early ( IRRSIWON-E). 0)7 = International Rice 
Rainfed Shallo, Water Observational Nursery-Medium (IRRSWON-M). O.s = International Rice Deep Water Observational Nursery (IRDWON). 009 = International Floating Rice Observational 
Nursery (IFRONL)O) = International Tide-Prone Rice Observational Nursty,, (ITPRONI. S,), = International Rice Cold Tolerance Nursery (IRCTN). S02 = International Rice Salinityand Alkalinity 
Tolerance Observational Nurser. (IRSATON). Sol = Acid Lov.land Soils Scre-ning Set (ACID LOWLAND). So = Acid Upland Soils Screening Set (ACID UPLAND). S05 = Inlemational Rice Blast 
Nursery-Upland(IRBN-UPLAND). S = International Rice Blast Nursery-Lowland (IRl5',-LOWLAND). S07= International Rice Bacterial Blight Nursery (IRBBN). So = International RiceTungro 
Nursery (IRTN). ScW= International Rice Brown Planthopper Nursery (IRBPHN). Sit= Internatioaal Rice Whitebacked Planthopper Nursery (IRWBPHN). S1 = International Rice Stem Borer 
Nursery (IRSBN). 



Table 11. Origin and types of entries in the 1985 IRTP nurseries dispatched from IRRI. 

Entries from 
Entriesb

Sets 
Nursery a dispatched (no.) National programs IRRI 

(no.) 
Germplasm 

Improved Traditional Improved bank 

No. % No. % No. % No. % 

Yield 
Irrigated 

IRYN-VE 108 23 12 52 0 0 11 48 0 0 
IRYN-E 90 26 15 58 0 0 11 42 0 0 
IRYN-M 70 27 14 52 0 0 13 48 0 0 

Rairfed Upland 
IURYN-E 54 21 17 81 0 0 4 17 0 0 
IURYN-M 45 18 11 61 0 0 7 39 0 0 

Rainfed Lowland 
IRRSWYN-E 50 24 3 12 0 0 21 88 0 0 
IRRSWYN-M 51 27 15 56 0 0 12 44 0 0 

Observational 
Irrigated

IRON-VE 103 70 20 29 1 1 49 70 0 0 
!RON-E 103 179 32 46 6 3 91 51 0 0 
IRON-Nf 87 105 56 53 0 0 49 47 0 0 

Rainfed 
IURON-E 85 111 82 74 1 1 27 24 1 1 
IURON-M 71 179 115 64 5 3 57 32 2 1 
IRRSWON-E 65 26 19 73 0 0 7 27 0 0 
IRRSWON-M 62 174 76 44 4 2 94 54 0 0 
IRDWON 44 87 54 62 1 1 31 36 1 1 
IFRON 26 22 18 82 3 14 1 4 0 0 
ITPRON 17 62 43 69 6 10 9 15 4 6 

Diseases Stress screening 

IRBN-Upland 
IRBN-Lowland 

90 
95 

40 
318 

31 
184 

77 
58 

2 
9 

5 
3 

7 
124 

18 
39 

0 
1 

0 
0 

IRBBN 48 215 104 48 2 1 109 51 0 0 
IRTN 20 160 70 44 6 4 84 52 0 0 

Insects 
IRBPHN 47 236 53 22 0 0 172 73 11 5 
!RWBPIIN 33 97 20 21 9 9 58 60 10 10 
IRSBN 35 75 28 37 2 3 43 57 2 3 

Problem soils 
IRSATON 63 90 22 24 1 1 67 74 0 0 
Acid Lowland 33 81 25 31 0 0 56 69 0 0 
Acid Upland 33 65 36 55 2 3 27 '12 0 0 

Temperature tolerance 
IRCTN 79 178 75 42 4 2 46 26 53 30 

Total 1,707 2,736 1.300 48 64 2 1,287 47 85 3 

a For explanation of acronyms, see footnote to Table 10. bLocail checks not included. 

COOPERATIVE PROGRAMS 475 



Table 12. Utilization of 1985 IRTP nursery entries.a 

Region and country Hybridization 

East Asia
 
China 48 

Korea 13
 

Southeast Asia
 
Malaysia 2 

Philippines 

Thailand 27 

Vietnam 2 


South Asia
 
Bangladesh 6
 
Bhutan 2 

India 35 

Nepal 


West Asia
 
Turkey 1 


Sub- aharan Africa
 
Cameroon 


Oceania
 
Solomon Islands 


Europe
 
Hungary 13
 

Total 149 


abased on data received as of 23 Jan 1936. 

Table !3. IRTP entries that were frequently utilized for 
further yield testing in various countriesa (frequency 
= 3-5). 
BG367-4 IR29692-65-2-3BRI53-21-10-1-3 IR29692-99-3-2-1 

BW295-5 1R3179-25-3-4 
Chianung sen yu 26 IR35546-52-3-3-2 
CN540 IR4819-77-3-2 
C662083 IR50 

IR 18348-36-3-3 IR5629-64-3 
IR 192',4-26-2-3-1 1R5873-9-1 
IR21015-80-3-3-1-2 IR60 
1R21178-3.-P1 PAU50-B-25-1 
IR25588-7-3-1 Si-pi 692033 

IR25621-135-1-1 UPLRi4 (C10004) 

1R25924-51-2-3 U1PR103-80-1-2 

IR25924-92-1-3 

IR29658-69-2-1
 
alased on data received as of 23 Jan 1986. 

The global IRTP advisory committee met at 
IRR1 in June. The planning meeting of regional 

IRTP for Africa was held at IITA in January, and 
that for Latin America and the Caribbean at CIAT 
in August. 
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Used for 

Yield testing 

Local State National 

12 9 1
 

6
 
14
 

26 49
 
17 12 2
 

4
 
26 3
 
7 151
 

4
 

3 13
 

11
 

116 37 217
 

Table 14. Data returned from IRTP nurseries for Latin 
America distributed in 1984. 

Nurserya Entries Sets Data(no.) dispatched returned 

Yield 
VIRAL-T 24 45 26
 
VIRAL-F 21 6 1
 

Observational 
VIOAL 184 57 27
 
VIOAL-SNF 49 31 10
 
VIOAL-ItB 83 11 4
 

Climateand soil 
VIOSAL 61 8 1
 
VITBAL 37 10 3
 

Total 459 168 72

Total 459 168 72
 

aVIRAL-T = International Rice Yield Nursery - Medium
 

Maturing, VIRAL-F = International Rice Yield Nurscry 
Semi-deep Water, VIOAL = Interno'-nal Rice Observa
tional Nursery, VIOAL-SNF = Internaklonal Rice Observa
tional Nursery = Unfavored Upland, VIOAIHB = Inter
national Rice Observational Nursery - Hoja blanca,
VIOSAL = International Rice Salinity and Alkalinity
Tolerance Observational Nursery, VITBAL = Interna

tional Rice Low Tempet ature Nurery. 



IRTP IN LATIN AMERICA were returned are shown in Table 14. 
Promising entries from different nurseries tested 

IRTPactivities in Latin America in 1985 continued are listed in Table 15.
 
to focus on providing national programs with In 
 1985, 170 sets of 6 IRTP nurseries were 
improved germplasm to overcome major cons- distributed to national programs in Latin America 
traints. In addition to the global nurseries, nurseries (Table ,16). A total of 458 entries -- mostly from 
specific to the region were distributed. CIAT, the IRTP global nurseries, and national 

The number of nursery sets distributed in Latin programs of 7 Latin American countries - were 
America in 1984 and the number for which data distributed. 

Table 15. Promising entries from the 1984 IRTP-Latin America nurseries. 

Nursery Promising lines 

VIRAL-T 	 Irrigated - P202514-159-3-1B, P12053F4-99-4-1B, P2231F4-45-8-1B, 112192F4-39-5-1,
(Yield-medium maturing) IR,4422-98-3-6.1, iR 2509-11-2-2-3-2 

Favored upland - P2231F4-138-2-1B, P2231F4-138-6-2-1, IR25909-11-2-2-3-2, 
P2025F4-159-3-11l 

VIOAL Irrigated - P2189F4-64-113-1B, 1'27781-4-82-2. P3299F4-86, P31182F4-60-3, P2182F4
(Observational) 49-Il-IB 

Favoredupland  1'3299tF4-7, 1305914-25-3, P3083 F4-61, P2231F4-138-2-3, P3081 F4
78, 112231F4-45-8-1 
Tolerant of Fe toxicity - J-104, 112851 IF4-15-6, BR 153-2B-37-1-3, P3299F4-7, P3293F4
96, 1286314-79-6, P22171"4-45-7-lB 

VIOAL-SNF P1035-5-6-1-1-IM, P1332-3-8M-I-IB, IRAT112, P2030F4-235-1B-1IB, IR14632-212-2,
(Observational, unfavored IRAT1O4, IR5105-156-2-3 
upland) 
VIOAL-IIB Taichung sen yu 285, P330414-5, 1)2766F4-36-2-4, IR17492-18-6-1-1-33, IRAT120, 
(Observational - Iloja Blanca) IRAT121, IRAT122, IRATI24, Taipei 309 
VITBAL IR9965-53-3, S201, IR19743-25-2-2, HIPU5010-PLP-21-2-1B, MI01, IIR1619-5-2-1-3
(Observational - low 
temperature) 

Table 16. IRTP nurseries for Latin America distributed in 1985. 

aNursery, ecosystem	 Sets Entries Origin of entries 
(no.) (no.) CIAT IRRI National programs 

Yield 
VI RA L-T 	 44 13 10 3 
VIRAL-F 5 26 - 26 

Observational 
VIOAL 48 259 149 69 41 

Irrigated - arid 2 178 
- tropical 6 123 
- temperate 6 71
 

Rainfed 
 1 123 
Favored upland 2 111
 
Moderately favored upland 2 
 111
 

VIOAL-SNF 37 81 57 24
 
Climate and soil 

VIOSAL 	 10 38  38 -
VITBAL 7 41 - 22 19 

Total 170 458 216 182b 60 
aFor explanation of acronyms, see footnote to Table 14. blncludes 27 entries selected from 1983 nurseries. 
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Table 17. Regional IRTP-Africa nurseries distributed in 1985. 

Entries Sets Recipient 
Ecology, nursery (no.) dispatched countries 

(no.) (no.) 

African upland rice 
Preliminary screening set (AURPSS) 150 11 8 
Observational nursery (AURON) 100 35 16 
Advanced varietal trial (AURAVT) 17 41 16 

African irrigated rice 
Preliminary screening set (AIRPSS) 150 14 9 
Observational nursery (AIRON) 100 40 16 
Advanced varietal trial (AIRAVT) 17 45 14 

Total 	 534 186 

Table 18. Entries from the 1984 IRTP nurseries in Africa. 

Nurserya 	 Promising entries 

Irrigatedyield 
IR'Y N-Very early UPR103-80-1-2, AS688, Mallika Sel., BG367-4
 
IRYN-Early BW295-5, BG380-2, lR21015-72-3-3-3-1, C1321-9
 
IRYN-Medium I122082-41-2, RNR74229, RTN16-2-1-1-1, BR153-213-10-1-3
 

Irrigatedobseriational 
IRON-Very Larly 	 IR29725-76-6-3-3-2, IR32296-72-3-3-2, IR32358-122-2-1-2, TKM9 
IRON-Early 	 C702015, ECIA31-104-2-1-6, Iri 346, IR25840-64-1-3, IR25840-83-3-2, 

IR28210-68-4-1-3, IR28211-43-1-1-1-2, IR28222-23-1-3-3-2, IR31787-122-1
2-2-3, IR31796-12-3-1-1, IR31802-48-2-2-2, IR31834-77-3-1-2 

IRON-Medium/Late 	 BG379-2, CPI-C14, P2016-F4-116-1B-1B 

Rainfed lowland yield 
IRRSWYN 	 BR4, IR4819-77-3-2, 11RI0781-143-2-3, BR11, IR4829-89-2 

Rainfed upland observational 
IURON 	 UPLRi7, BR4, B39131316-20ST-28, IRATI04, IR8192-166-2-2-2, 1R8073-65-6-1, 

ITA186, IR3007B-TB-22-2-3-3-1 

Stress screenin. 
Acid upland 	 Azucena, 1AC1246, IRArIo4, IR12979-24-1, IR5440-1-1-3, IR7835-28-2-4, 

Salumpikit, IRATl 12, ITA235, Katakchikon (Ace. 25880), ITA141, 
TOX936-39 7-9-1-2 

Blast (IRBN) Fukunishiki, BG367-9, Raminad Str. 3, BG379-2, lluan-sen-goo, IRATl0, 
IRAT134, IRAT144, IRATI46, IR10029-26-2, 1124637-38-2-2-1, IR9782
111-2-1-2, IR9828-41-2-1, IR9852-18-1, IR9852-22-3, IR9852-98-2-2-2-3, 
ITA232, P1274-6-8M-1-3M-1, Ta-poo-cho-z, TOx475-NIB I-NK1-LS3-B1 

Cold tolerance (IRCTN) Itsin-hsin-Pa I-Ku (Ace. 04864), IR1 1476-55-2, IR18476-86-3-3, B2982B-SR-62-3
1-4, B2983B-SR-85-3-2-4, B2983G-SR-2-9, B2983G-SRt-43-7, Latsika B 

aFor explanation of acronyms, see footnote to Table 10. 

From the 459 nursery entries distributed in 1984, IRTP INAFRICA 

202 were selected by national programs fe, further 
",ield testing and 23 were used as parentf. .1 In 1985, 335 sets of 25 types of IRTP global 
h'bridization work. Three varieties were rele'- nurseries were sent to 13 countries in Sub-Sahamn 
in Latin America in 1985, two by the rice prram Africa. In addition, 186 sets of 6 types of regional 
of EMPASC, Brazil, for irrigated ecosystt (IRTP-Africa) nurseries were distributed to 16 
EMPASCI04, which corresponds to IR841 4-1-1-- African countries (Table 17). Promising entries 
2, and CICA8 - and one by the rice program of from the 1984 IRTP trials in Africa are listed in 
Costa Rica - CR1821, a sister line of CR201. Table 18. 
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NrrROGEN FEIRTILIZER EFFICIENCY FIELID 
TRIALS 

Irrigated rice. The sixth trial of the International 

Network on Soil Fertility and Fertilizer Evaluation 

for Rice (INSFFER) was continued in 1985 dry 

season (DS) and wet season (WS)at IRRI. In both 
seaons Nil~picaionignficiltN~ici-iseigriiI 

yields, but no lerilizer source-rate interaction 

were significant. Sulfur-coated urea (SCU) and 

urea supergranules( USG) gave significantly higher
yields than prilled urea (PU ) applied eithe r as local 

best split (13S) (1/2 topdressed at 10 (1 after 
bestnsplningtransplanting [DT,[I)T]. todrssd atat d afterter(1/2 10 d I,"2 topdressed It)
panicle initiation [I)AP]) oi standard BS (2 3 

broadcast andWS, 
13 topdressed at 5-7 d before paniclh nit atior 

1S gaven[1)[31]) (Table ).II odwefer. standard 

significantly higher yield than loal BS. 

In DS, the optimum rate Was 87 kg N ha 

InWS, increasing N levels significantly(Table 1). 
increased yields. 

Medium deep water rice. N efficiency trials in 
medium deep water (50 cn depth) were continued 

at IRRI. Three sources of N (PU, SCU, and LJSG) 
at 3 rates(29, 58, and 116 kg N: ha) were applied in 

Table 1. Effects of source, rate, ard methd of N fertili-

zer application on yield of 1R60. Sixth trial of INSFFER 

(irrigated), IRRI, 1985 dry season (DS) and wet season 
(WS). 

Yi ,t ,t/hia) 
itaTrcatm -

DS WS 

No fertilizer N 2.8 2.9 
Source and applicationinethod 
PU local BS 4.7 c 3.8 c 
PU standard BS 5.7 b 4.2 b 
SCU 6.2 a 5.0 a 
USG 6.1 a 4.8 a 

N rate (kg/ha) 
29 - 3.8 c 
58 5.0 b .4.6 b 
87 5.9 a 5.0 a 
116 6.1 a 
apu = prlld 

-d urci, I)S best split, SCU sulfur-coated 
urea, USG = urea supergranule. PU local BS = 1/2 top-
dressed at tO d af.r transplanting, 1/2 !opdressed at 10 
d after panicle initiation; PU standard 13S = 2/13 B&I wit h-
out standing water, 1/3 topdressed at 5-7 d before panicle 
Initiation. bwithin a source or rate, means in a column 
with a common letter are not significantly different at the 
5% level by DM l(T. 
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3 ways: B&I, B&I followed by (lb) foliar spray of 
urea solution, and deep placement (DP). Water 

depth was increased 5 cm/d starting at 30 Df and 

maintained at 50 C until harvest.
 

TR2107 -53-2-3-2E-P2 in DS and photoperod

itieIR1 1288-3-2E-P inDSa 
sensitive IR I1288-B-13-69-1 in WS. 

At 29 kg N/hr, It 2107 1-53-2-3-2-P2 yielded 

highest yield advantage (2. t, ha) being with SCU 

(Table 2). Grain yields at 58 and 116 kg N/ha did 

not differ significantly from that at 29 kg N/ ha. 
Foliarsprayingofureagv tg solution oeofollowing1 PU3l B&Ioa vrafl 

gavecno advantage over itfull close of' PU. 13& . 

I11288-1--169-1 yielded significantly 

tigher than the nonfe tlili cd control with higher N 

ra tes. P11B&I at increasing N rate increased grain 

yield. No significant differences were observed 
oliaramong SCO B&I, IJS( l)P, and PU B&I fb 

spray of urea solution at 5-7 I)1BI. 

"fable 2. Effects of source, rate, and method of N applica
tion on grain yield of 2 rice cultivars at 50 cm water 
depth. IRRI, 1985 DS and WS. 

Yield (t/tia) 
Treatnienta 

IR21071-53- IRI 1288-B
2-3-21:-2 13-69-1 

(DS') (WS) 

No fertilizer N 1.9 d 1.3 d 

29 kg Nla 
P11iB&I 3.4 b 1.8 c 
2/3 PU B&I lb 1/3 3.7 ab 2.5 ab 
foliar spray of urea 
solution 5-7 I3PI 
SCU B&I 4.0 ab 2.2 be 
USG 10- 12 cm D11 2.8 c 2.2 be 

58 kg N//ta 
I'U lB&I 3.7 ab 1.9 c 
2/3 PU B&I tb 1/3 3.4 b 2.4 ab 
foliar spray of urea 

solution 5-7 DBPI 
SCU B&I 4.0 ab 2.2 bc 
LSG 10-12cm DP 4.0 ab 2.8 a 

116 kg N/Iha 
UI'LB&I 4.0 ab 2.7 a 

2/3 PU B&I tb 1/3 3.6 b 2.5 atb 
foliar spray of urea 
solution 5-7 DIPI 

SCL B&I 4.0 ab 2.2 be 
USG 10-12 cii Dl' 4.3 a 2.5 ab 

aB&t broadcast and incorporated, ib = followed by, 
DBP1l days before panicle initiation, DPI = deep placement. 



Deep water rice. The second INS FFER trial for 
deep wate - rice was continued in 1985 in deep water 
(max 100 cm) ponds at IRRI using photoperiod-
sensitive IR I1288-B-B-69-1 in WS. Three sources 
of N (PU, SCU, and USG) at 3 rates (29, 58, and 
116 kg N/ha) were applied in 3 ways: B&I,B&I fb 
foliar spray of urea solution, and DP. 

Flash flooding brought about by monsoonal 
rain caused the experimental site to be submerged 
for 3 d, resulting in poor crop stand. Tillering, 
panicle production, and yield of the standing crop 
were drastically reduced (Table 3). No significant 
differences were observed among N sources, rates, 
and application methods. 

INTERNATIONAL. IRIALS 

Two hundred twenty sets o." fertilizers and field-
books were sent to 64 collaborators from 20 
participating national programs in 1985. Twelve 
collaborative research trials were conducted in 
1985. They included N fe rtilier efficiency trials in 
four major rice environments; a long-term fertility 
trial in irrigated lowland rice; 11sources in flooded 
rice; azolla use in lowland rice; acid lowland 

nursery; integrated use of inorganic and organic N 
fertilizers in lowland rice; comparison of hand- and 
machine-applied N fertilizers in lowland rice; and 
twolong-term fertilitytrials onsoil fertility mana 
ment of rainfed upland rice soils with pH 5-7 ,.id 
pH <5. The latter trials are more recent ones, 
in line with current thiusts in rice research at IRRI. 
INSFFER is placing increasing emphasis on in
tegrated nutrient management through proper 
combinations of inorganic and organic fertilizers. 

Irrigated lowland rice. Collaborators at 18 sites 
in 5 countries reported the results of the 1984 sixth 
international trial on N fertilizer efficiency in 
irrigated lowland rice. All 18 trials showed sig
nificant response to N. Average responses of 
irrigated rice to SCU B&I and to USG DP were 
;imilarand higher than responses to eitherlocal BS 
or standard BS PU at low N rates(Fig. I). At 29 kg 
N/ha, SCU and USG resulted in 40% more yield 
than PU. 

Regression analysis using the multifertilizer re
sponse model(MRM) and fertilizer testing model 
(FTM) showed that SCU B&I was superior to PU 
local BS in 50% of the irrigated lowland rice trials, 
and USG DI) in 56% of the trials. For a yield 
increase of I t/ha, 45% less N was required if 

Table 3. Effects of source, rate, and method of N application on yield and some agronomic characteristics of IR11288-B-B
69-1 at 100 cm water depth. IRRI, 1985 WS. 

Treatment 

No fertilizer N 

PUB&I 
2/3 PU B&i fb 1/3 foliar spray 

of urea solution 5-7 DBPI 
SCU B&I 
USG 10-12 cm DP 

PU B&I 

2/3 PU B&I lb 1/3 foliar spray 

of urea solution 5-7 DBPI 
SCU B&I 
USG 10-12 cm DP 

PU B&I 
2/3 PU B&I fb 1/3 foliar spray 

of urea solution 5-7 DBPI 
SCU B&I 
USG 10-12 cm DP 

Grain Tillers Panicles Panicle Unfilled 
yield at harvest at harvest length spikelets 
(t/ha) (no./m) (no./m') (cm) (%) 

1.3 bed 134 b 92 a 23.9 a 18 a 

29 kg N/iha 
1.8a 74 c 53 b 23.9a 17a 
1.6 ab 112 be 71 ab 24.3 a 16 a 

1.8 a 130 b 98 a 24.7 a 18 a 
1.6 ab 116 be 85 ab 23.1 a 17 a 

58 kg N/ra 
1.5 abc 94 be 70 ab 23.7 a 19 a
 
1.7 a 106 be 70 ab 24.7 a 16 a 

1.5 abe 134 b 104 a 22.8 a 18a 
1.3 bed 143 ab 97 a 22.7 a 19 a 

116 kg N/ia 
1.7 a 116 be 91 a 25.3 a 16 a
 
1.2 cd 90 be 68 ab 24.6 a 17 a
 

1.2 cd 144 ab 82 ab 24.5 a 15 a 
1.0 d 189 a 105 a 24.0 a 19 a 
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Grain viel %t/ha) 

5.5 

SCU (B ) 

0-USOP) 

PU (stcndard B ) 

3.5-

3.5 / 

30 

25-
I

0 29 58 87 

1. Average yield responses of irrigated lowland rice to forms of 

urea and rates of application. Data are averages of I )S and 

17WS trials at 18sites in 5 countries. Sixth international trial 

on N ferili/er efficiency in irrigated lowland rice. INSFFER.
 
1984.
 

applied as SCU, and 50% less if applied as USG 
(Fig. 2). 


In the fifth internatonal trial on N fertilizer
 
efficiency in irrigated lowland rice, 148 trials were 
conducted from 1981 to 1984 at 80 sites in 
12 countries. Regression analy-sis using MRM 
and FTM showed that 139 trials responded sig-
nificantly to N. Yield responses to SCU B&I and 
USG DP were significantly greater than to PUBS 
in 40% of the respensive trials (Table 4). 

Estimated averag, yield responses to SCU, 
USG, and PU dring DS and WS are shown in 
Figures 3 and 4. To produce a yield increase of 
1 t/ ha, 28% less N was necessar,. if applied as SCU 
during DS, and 49% less if in WS. To produce a 
yild increase of I t/ha, 37% less N was nccessary if 
applied as USG during DS, and 53% less if in WS. 

Rainfed lowl'snd rice. In the third international 

trial on N fertilizer efficiency in rainfed lowland
rice, MRM and FFM analyses of 48 trials at 30 

sites in 9 countries from 1981 to 1984 showed that 

Yield increase t/ha) 

30 

SCUCB8I >PU(local 8S) USGDP)>PU local BS) 
9 trials I0 trials 

20Iu/ ' 

SCU Pu UG P 

10 2--- 58-7-9--

N rate (kg/ho) 

2.Estimated average yield response of irrigated lowland rice to 
SCU (1&3). USG (DP), and PU (local BS) in trials where yield 
responses to test fertili/ers were signilicantly greater than to PU. 
Sixth international trial on N fertili,er efficiency in irrigated 
lowland rice, INSI-FER, 1984. 

46 trials had significant responses to applied 
N. Yield responses to SCU and USG were sig
nificantly greater than to PU in 35% of the 

responsive trials (Table 5). An increase of I t/ha 
required 57% less N if applied as SCU, and 62% 
less as USG (Fig. 5). 

Table 4. Number of trials in 12 countries by response 
category when SCU and USG were compared separately 
with PU. Fifth international trial on N fertilizer effi
ciency in irrigated lowland rice, 1981-84. 

Trials (no.) 

Country Total Response categorya 

SCU > PU USG > PU No response 

Bangladesh 5 2 2 0 
Burma 6 0 0 1 
Cameroon 1 0 0 0 
China 11 5 5 0
India 39 20 23 1 
Indonesia 35 8 11 2 
Nepal 4 0 0 2Pakistan I 1 0 0 
Philippines 33 14 10 2 
Sri Lanka 1 0 0 0 
Thailand 1 0 1 0 
Vietnam 11 5 4 1 

Total 148 55 (40 )b 56 (40)b 9 

aFTM linear differential estimate of quadratic function 
was used to classify Individual trials into response catego
ries. bValues In parentheses are percentages out of 139 
trials where positive Nresponse was obtained. 
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Yield increase (t/ha) 
4 

SCU(Bal>PU (BS) USG OP)>PU WS) 

9 Ilos 8 trials 

SCU I.'GUS 

2 Pu 

PU 

c 29 1 1 15i 1 1 
0 29 58 87 116 0 29 58 87 116 

N rote (kg/ho) 

3. Estimated average yield response of irrigated I wland rice to 
SCU (B&I), USG DP), and PU (BS) in trials where yield 
responses rtest fertilizv. ',resignificantly greater han to PU. 
Fifth international trial oh I fertilizer efficiency it irrigated 
loland rice, INSFFIR. 198;-84 )S. 

Yield increase (t/ha) 
25

2 52 0 29 tros
SCU(B8a)>PU(BS) GMP) > PU (BS) 

29 Irals 

1U5-
0 29 td SCU USG"IC UG1PU PU 

050 

J9 210 

0 29 58 87 1160 29 58 87 116 

N rate (kg/ha) 

4. Estimated average yield resporses ofi rrigated ltt land rice to 
SCLJ (B& .), US G(I)1',) a t Pt i (BS) in trials %here yield 
responses tttest lcrili/ers %%eresigrilicartly greaterthan to PU. 
Filth international trial (in N fertili/er tficiency in irrigated 
lowland rice, INSFFER. 1981-84 WS. 

Deep water rice. In the second international trial 
on N fertilizer efficiency in deep water rice, the 
effectiveness of PU B&I, SCU B&I, USG DP, and 
foliar application of PU in combination with 
basally applied PU was compared in nine trials 
conducted in three countries from 1982 to 1984. 

Average responses of deep water rice to different 
urea forms and rates of application were significant 
at all sites. Highest yields were from USG DP at 
low and medium N rates, while the lowest were 
with foliar application of PU combined with basal 
application, especially at medium and high N rates 
(Fig. 6). At high N rate, grain yields from PU B&I, 
SCU B&I, and USG DP wee comparable. 

Table 5. Number of trials in 9 countries by response 
category when SCU and USG were compared separately 
with PU. Third international trial on N fertilizer effi

ciency in rainfed lowland rice, 1981-84. 

Trials (no.) 

Country Total Response categorya 

SCU > PU USG > PU No response 

Bangladesh 4 2 0 0
 
Burma 4 2 2 0
 
India 22 5 5 0
 
Indonesia 2 1 1 0
 
Nigeria 1 0 0 1
 

Philippines 10 3 5 1
 
Sri Lanka 2 2 1 0
 
Thailand 2 1 i 0
 
Vietnam 1 0 1 0
 

Total 48 16 (35 )b 16 (35 )b 2
 

a t'lM linear differential estimate of quadratic function 

was used to classify individual trials into response catego
ries. bValues in parentheses are percentages of the 46 
trials where positive N response was obtained. 

Yield increase (t/ho)
 
20
 

SCU (Bal)>PU(BS) USG(DP)>PU(BS)trials 
rials16 

PUS 

1 

05 

2) 5 
0 I 
0 29 58 87 0 29 58 87 

N rate (kg/ha) 

5. Estimated average yield responses of rainfed lowland rice to 
SCU (B&I). USG (DP), and PU (BS) in trials where responses 

to test fertilizers were sigificantly greater than to PU, Third 
international trial on N fertilizer cfficiency in rainfed lowland 
roe. INSFFER, 1981-84. 

Rainfed upland rice. In the first international 
trial on N fertilizer efficiency in rainfed upland rice, 
13 sets of fertilizers and fieldbooks were sent to 7 
collaborators in 6 countries in 1984. However, only 
the results from the lone trial conducted by the 
IRRI Agronomy Department have been submitted 
and summarized. 

The effectiveness of the different N sources and 
their application methods wasevaluated on an acid 
upland soil (pH 4. 1) in Caliraya, Laguna, Philip-
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4.0 

30 

Grain yield (t/ho) Table 6. Yields of 13 treatments tested in tle first inter
national trial on N fertilizer efficiency in acid upland rice 
under rainfed condition. Caliraya, Laguna, Philippines, 
INSFFER, 1984 WS. 

N. source"a3.5- .11/ 	 N source 

Control 
I'U 
IU 

SU (Ba) 	 PU + 10% DCD 40 
-- i PUiBaI I 

- 2/31PtU (Bail)-1/3PU',fohiadr 	 PU + 10%/vDCD 40 
PU 40 
AS 40 

2 - AS 40 
________- AS + 10%o DCD 40

0 29 58 116 
N rote (k/ho) 

6. Average yield response of rio: to Ibrmis ol urea and rates of 
application. Data are averages of9 trials conducted at 4 sites in 3 
countries. Second international trial on N feniliter elliciencv in 
deep water ric, INS FFFR. 1982-84. 

pines, in 1984 WS. Similar yield increases were 
observed for all N sources and rates of application 
(Table 6). The highest yield of 1.3 t/ha was 
observed in basal, surface broadcast application of 
PU + 10% DCl)and in (N 1)12404 recommended 

split at 80 kg N/ha. 
Long-term fertility trial in irrigated rice. Re

sponse to continuous application of N :irid corn
binations involving N averaged higher d .j ing DS 
than WS. For P, K, and ['K, however, responses 

during DS and WS were comparable (Fig. 7). A 
significant response to N alone was observed in 91 
of 122 trials since 1976, with an average yield 
increase of 1.4 t ha over the control in DS and 1.2 
t/ha in WS (Table 7). P alone increased yields 
signiflcantly (0.8 t/ ha) in 25(%(' of the trials, and K 
alone increased yields by 0.8 t/ha in 12% of the 
trials. Yield responses from the NP treatment were 
significantly higher than with N alone in both 

seasons. Yield responses from N K, however, weret~(.)11 
similar to tlose from N alone. 

N remains limiting at all sites in Indonesia. Yield 
responses from NPK + Zn at suspected Zn
deficient sites were lower than those from NPK 
alone. At Lanrang and Maros, yield responses 
from N and NK were comparable. 

simlarto hosalne.7. 

Results from 2 Philippine sites showed that N 
remains limiting; 86% of all trials conducted in the 
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N rate 	 Grainha) Application method yieldb 
________________(t/hia) 

0 
40 
40 

AS + 10% DCD 40SCU (forestry 40 

grade) 
PU 80 
AS 80 

C' (%) 

1.0 
Basal, surface broadcast 1.1 
Recommended splitc 1.1 
Basal, broadcast & 1.1 
incorporated 
Basal, surface broadcast 1.3 
Farmer's splitd 1.2 
Basal, surface broadcast 1.2 
Recommended split 0.9 
Basal, broadcast & 0.9 
incorporated 
Basal, surface broadcast 1.1Basal, broadcast & 1.1 

incorporated 
Recommended split 1.0 
Recoimmnded split 1.3 

18 

apU = prilled urea, DCD = dicyandiamide, AS = ammo
nium sulfate, SCU = sulfur-coated urea. bValues not sig
nificantly different at the 5%level by DMRT. (3/8 N 10
d after rice emergence (DARE). 3/8 N 30 DARE, and 1/4Nat panicle initiation (1'1). '11/3 N 30 DARE, 2/3 N at PI. 

Avyield ncrease l/rn) 
20
2o 

1 o 

05

0... . 
N P K NP PK NK NPK 

Trealmen?TresN Ke5As erage yield itncreases ss it h N. I'.atnd Ktreatmelnts ttn54 tS 
atd i \VS trials. International long-term lirttility trial in 
irrigated lowland rice. INSHI'R, 1976-84. 

Philippines gave significant response to N alone. 
However. the percentage of trials responsive to P 
increased from 33% in 1983 to 41% in 1984. At 
Luisiana, the yield response to P has been con
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Table 7. Significant yield responses to N, P, and K applied individuilly or in combination, averaged over numbe.T of re
sponsive trials. International long-term fertility trial in irrigated lowlar:,l rice, INSFFER, 1976-84. 

Treatment 

Total 

N 68 
P) 67 
K 67 
NP 68 
PK 66 
NK 67 
NPK 67 
NPK + Zna 18 

WS 

Trials (no.) 

Responsive to 
treat ment 

48 
18 

9 
57 
22 
49 
58 
12 

aAdditional treatment tested in suspected Zn-deficient 

Av yield 
response 

(t/ha) Total 

1.2 54 
0.7 54 
0.8 54 
1.4 54 
0.8 54 
1.2 54 
1.7 54 
1.5 14 

sites. 

sistently significant beginning with the 13th crop-
ping season. 

At three sites in C hina, N applied singly or in 
combination gave significant yield increases, espe
ciallyduring DS. Pand K were effective only when 
combined with N. Yields from N alone were 
comparable to those from NP, NK, and NPK 
treatments. 

Sources of phosphorus. In the internadonal trial 
on sources of P in flooded rice, average yield 
responses from 56 P-responsive trials at 22 sites in 
10 countries from 1977 to 1984 showed that rice 
response to different P Sources and rates of, 

applicatin was higherduring DS than during WS 
(Fig. 8). Ordinary superphosphate (OSP) gave
higher yields during D S than highly reactive rock 

phosphate (1-I RIP) and less reactive rock phosphate 
(LRP). HRP .d LRP produced similar yields. 
However, all P sources were equally effective 
during WS. 

Azolla. In 15 trials in the third international trial 
on azolla use in rice at 13 sites in 7 countries in 
1983-84, 30 kg urea N/ha plus 1.5 t fresh azola/ha, 
as well as 2 full crops of azolla, I crop incorporated 
before and 1 crop after transplanting, iricrea.ed 
rice yield the same as did 60 kg urea N/ha 
(Table 8). 

Integrated use of inorganic and organic N 
fertilizers. In the international trial on integrated 
use of inorganic and organic N fertilizers in 
.owland rice, 22 sets ofexpeimental materials were 
sent to 15 collaborators in 7 cointries in 1984. So 
far, results from only rine trials conducted at three 

G-oin yield (tho) 

bJ

45

/, 

, //h,," 

3 

30 

DS 

Trials (no.) Av yield 
response 

Responsive to (t/ha) 
treatment 

43 1.4 
12 0.9 
5 0.7 

46 1.8 
20 0.9 
43 1.5 
51 2.0 

7 1.7 

ryBeason 

wet season 
... - - -0 ----..-. 

On 

0Highyr.o.. .. p. (
osp hate HRP) 

V LowI recfte ockphosphateIRP
 
v LO..... ... k phosphate(LRP)
 

9 18 26 

osp and HRP
 

LRP
 
P applied (kg 'ha)
 

8. Yield responses ofrie to Psouoros. A rates of application. 
Data are average:; of 17 P-responsive DS and 39 P-responsive
WS trials. Imernational trial on P sources in flooded rice.INSFFR, 1977-84. 

sites in India and four sites in the Philippines have 
been received and ;ummarized. 

For combined sources of N, one-third to one
half of N required is applied a; azolla and fresh 
straw; the remaining N requirement is applied as 
inorganic fertilizer, either PU in splits oi USG DP. 
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Table 8. Yield responses of irrigated lowland rice to N Hand- and machine-applied fertilizers. In the 
fertilizer and azolla application.a Third internatiortal trial international trial comparing hand- and machine
on azolla use in lowland rice, INSFFER, 1983-84. applied N fertilizers in lowland rice, the mean 

Average response to N was significant in six of the seven 
Treatnientb grain yield trials in three countries in 1984. Of the six trials,(1t11a) five were conducted in DS. 

No N, no azulla 2.7 d Regardless of N form and method of applica
30 kg N/ha, all basal, broadcast and 3.5 c tion. axerage yield increases over the control 

incorporated 
60 kg N/ha ures, 3 splits 4.1 a ranged from 0.9 to i .6 t ha at low N rate and from 
30kg N/ha urea,bisal + 1.5 kg fresh 4.1 a 1.5 to 2.2 t;lha at high N rate. Average yield 

azolla/o 2 incorporated lI response!; across all responsive sites showed that 
30 kg/ha t:ea, basal + 1.5 kg fresh 4.0 ab 

azolla/ni' incorporated 3 weeks ArI machine-applied and hand-placed fertilizers gaise 
Azoda grown and incorporated, one crop 4.0 ab compa rab le yields except with USG at 87 kg N/ha 

each BT and AT (Fig. 10). 
Azolla grown and incorporated IT and again 3.7 bc 

inoculated AT but not incorpora',od Soil fertility management of acid upland soils 
Azolla gr'own twice Ar, eachi crop 3.7 be (pU <5). I-ixe scs of frtilizers and fieldbooks were 

intorpora ted when full cover sent to three colla bora tors in two coun tries in 1984. 
aData are averages of 15 trials conducted at 13 sites ir, 7 Only Ile resIths of a trial condulcted by IRRl's 
countries. iST before At' after trans- l)epa.rirent in an aid upland soil (p-I1 = transplanting, ugronomy 
planting. 4.1) in Caliraya. Laguna, ha.,e been reported. 

Three P sottrces triple superphosphate(TSP), 
Clhrist ma s Island1( pho~sphate rock (ClIPR), and 

fttssdmas urn phosphate (FM l H)ith vaaryry-The combined inorga nic and organic sources of N fused nag nesit1-11phospha e (F MP ) 

prod r-ced yields compa,able to those witll pure ing levels of' Pand lime were tested. \Vithou, lime, 
inorganuc fertilizers (Fig. 9). The vieMs o azolla only TSP at the highest rate significantly increased 
and straw combined with PU were comparable: yield over the control (Table 9). With lime, TSP 
both were higher than frorn IilJ alone at 58 and 87 

was more effective at medium and high P rates.
No significant yield advantage was observed with 

higher than that from straw when applied with irtreased lime 'pliLation at the sate level of P. 
USG at both N rates. 

Yield increase Wt/ho)} Yield increase (t/ho ) over control 

34 

5 8 g N/ na
 
3 - r- 58 g W/ho 


: 5;g37 - :.'gN/no -. 

2 

SGJ-4...,---- ----
3 --- -PU 

BS + a/olla 4. srw DP , azolla + straw - PU H- USG

9. Avcrige yicld -I(fcieas..itigat,'d I l idTiL duc to Foriners'Reseorchers' Machine- Hand- Machine
I'll Ilis) and U~i (OP') alonc or oih aioI and siNfcni~i2 imethod split applied placed applied 

rates of N. )ai ire ;i\iriie in)') trials conducted at 3 sitcs il. 10. Yield responses of rite to PI)land tSC'( it2 N racs applied 
India and 4 site in the Plhili~ipiis. l-tst itntional I ial on with dilcient nellhods and tested at 6 N-responsi\c sites in 3 
integrated uc of inouLanic and oiwainic N leiili/ers inirrigated countries. First intrnationl trial comparing hand- and 
lowlatl tice. INH-FUR. 19S4. orachine-applied N ftcrili/crs in hislaordic. INNIIR 1984. 
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Table 9. Yields of 16 treatments in the first international 
trial on P and lime interaction in acid upland rice soils 
under rainfed condition. Caliraya, Laguna, Philippines, 
INSFFER, 1984 WS. 

P rate Lime rate Grain yield 
P sourcea (kg P/ha) (t/ha) (t/ha) 
Control 0 0 0.9 f 
TSP 8.8 0 0.8 f 
TSP 17.6 0 1.1 cdef 
TSP 35.2 0 1.3 bcde 

0 0.75 1.2 cdef 
TSP 8.8 0.75 1.1 cdef 
TSP 17.6 0.75 1.5 abc 
TSP 35.2 0.75 1.6 a 

0 1.50 1.0 ef 
TSP 8.8 1.50 1.2 cdef 
TSP 17.6 1.50 1.4 abcd 
TSP 35.2 1.50 1.6 ab 
CIPR 17.6 0 1.0 def 
CIPR 35.2 0 1.1 def 
CIPR 52.8 0 1.0 def 
FMP 17.6 0 1.2 cdef 

aTSP 20-TSP = triple superphosphate, CIPR = Christmas Island 
phosphate rock, FMP = fused magnesium phosphte. 

To obtain substantial yield increa- from the less 
soluble CIPR and FMP, himing would be 
necessarv. 

INSFFER TRAINING COURSI 

Twenty-three participants representing 20 organi-
zations in II countries (Burma, China, India, 
Indonesia, Iran, Malagasy, Malaysia, Philippines, 
Sri Lanka, Thailand, and Vietnam) attended the 
seventh INSFFER course from 4 Feb to 24 May 
1985. 

The trainees underwent practical and theoretical 
training on experimentation, site characterization, 
soils, fertilizers, azolla and soil microbiology, 

statistics, rice production, economics, technical 
report writing, and seminar presentation. They 

carried out the following INSFFER trials at IRRI 
during 1985 DS: the sixth international trial on N 
fertilizer efficiency in irrigated l3wland rice, com
parison of hand- and machine-applied PU and 
USG in lowland rice under good water control, 
and the first international trial on integrated use 
of inorganic and organic N fertilizers in lowland 

rice under good water control. Visits to experi
ments in farmers' fields and experiment stations 
supplemented classroom and practical activities. 

SITE VISIT TOURS AND WORKSIIOPS 

An INSFFER site visit tour and workshop was 
held in Australia 8-16 Apr 1985. Among the 58 
participants representing 13 countries, 17 were 

active INSFFER collaborators from II countries.This activity was sponsored jointly by the Aus
tralian Centre for International Agricultural 

Research (ACIAR), the Commonwealth Scientific 
and Industrial Research Organization (CSIRO), 
and IRRI. 

Future plans for INSFFER and for interaction 
between ACIAR and INSFFER were taken up. 
The 3-d tour included visits to the different CSI RO 
laboratories in Canberra, experimental fields of the 
Agricultural Rcserih Institute of the New South 
Wales Deprtment of Agriculture in Wagga 
Wagga, Yanco, Whitton, and the CSIRO Centre 
for Irrigation Research in Griffith. 

The papers presented and discussions during the 
workshop were focused on N fertilizer use effi
cicncy in rice. Of the 22 papers, 7 were country 
reports. The proceedings of the workshop will be 
published. 
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The Asian Rice Farming Systems Network 
(ARFSN) is a scheme for scientists at IRRI and 
throughout Asia to work together to identify rice-
based farming systems for different environments, 
The program continued on-g.Jing collaborative 
cropping svstems research and development with 
emphasis on croping pattern testing, varietal 
testing of Upland crops, rice - wheat cropping 
syvstems, long-term feriilizer and cropping pattern 
trials, and crop-livestock systems. Plans were made 
for collaboratio:A On green manouring, women in 
rice farming, and rice-fish systems. 

NAIONAl. PR)(;IAM , 

The esealrch methodology developed and refined 
by IRRI and network scientists is used in Bang-
ladesh, Bhutan, Burma, ('hina, India. Indonsia, 
Korea, Malagasy. Mala\-.ia, Nepal, Pakistan, tie 
Philippines, Thailand. Sri Lanka, and Taiwan, 
China - with modificatins to stit t heir organi a-
tional structure, available nianpower, and financial 
resources. Bangladesh and Nepal joined Thailand, 
the Philippines, and Indonesia in expanding their 
cropping systems to ftlrming systems: Bangladesh 
included livestock and fisheri's in the program; 
and Nepal added livestock and agroforcstry. 
The number of rice-based cropping or farming 

syvstcms rcscarch sites increased from 194 in 12 
countries to 236 in 13 countries: 136 in rainfed, 74 
in irrigted, 45 in Upland, 3 in deep water, and 22 in 
partially inigated areas. 

The wor, was concentrated on the design and 
testingof cropping patternstoincrease production 
and cropping intensity, plus some component 
technology research. At some sites where the 
intensity wasalready high, research was focused on 
increasing productivity. Tihe work at crop-livestock 
research sites inchlded design and testing of crop
ping patterns and animal systems. 

National progams in Bangladesh, the Philip
pines, Nepal, Sri Lanka, Indonesia, and Thailand 
continued to expand tile preproduction (n Iti
location testingand pilot production; ,Ihase. Bang
ladesh expanded nmltilocatiol testing in rainfed 
areas, started nulti location testing in various 
areas, and began a pilot production program. 
Thailand implemented nreproduction programs 
using munigbean - rice, direct seeded rice, and 
peanut - rice. 

The Philippines continued to expand croppirg 
systems production programs, Nepaladded severl 
districts in the terai and inner terai. and there was a 
large production program for rice - soybean in 
Indonesia. 

C01.1.AI( I1\AI, EA I? 

Cropping pattern testing. Forty-five sites repre
senting the major rice environments in Asia were 
involved in cropping pattern testing(Table I). We 
monitored the environment and the crop, and 
economic performance of the different patterns. In 
most rases the focus was to increase production, 

Table 1.Number of cropping or farming systems sites involved in cropping pattern testing in ARFSN, 1985. 

Location 
Rainfed lowland 

Philippines 4 
Burma 1 
'Iaiwan, China -3 
China 
Malaysia I 
Indonesia I 
Sri Lanka 1 
Bangladesh 1 
Thailand 2 
Nepal 
Pakistan 

3 
-

India -

Total 14 
aSome sites belong to more than one category. 
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l'artially irrigated 

-

3 

-
2 
-
-
1 
-
-

6 

Sites (no.) 

Irrigated Rainfed upland Totala 

4 4 12 
- - 4 

- 3 
6 - 6 

- 1 
1 2 
- 3 
1 1a 

2 - 4 
1 - 3a 
1 - 1 
5 - 5 

22 6 45 

http:C01.1.AI
http:Mala\-.ia


net income, and cropping intensity. At some sites, 
we increased the production of each crop in the 
pattern and the income of the total system. 

Table2 indicatesthe numberof crops in farmers' 
predominant patterns and the experimental pat-
tern, and the promising patterns. In most cases, the 
experimental patterns were better in total produc-
tion and income than farmers' patterns. The 
promising patterns were better agronomically and 
economically. 

Vaietal testing. Varietal testing in the network is 
in collaboration with the Philippine Institute of 
Plant Breeding (IPB), Thai Field Crops Research 
Institute, Indonesian Central Research Institute 
for Food Crops, other national programs, and the 
International Institute of Tropical Agriculture 
(IITA). The breeding activities of IPB and IRRI-
IITA project, and the screening activities at IRRI 
are presented in the section on cropping systems. 
Seeds of promising entries from these projects are 

Table 2. Crops in farmers' predominant pat terns and tlie experimental pattern, and promising cropping patterns. 1985. 

Crops (no.) in pattern
Site 

Farmers' Tested 

Rainfed lowland
Bacnotan, Philippines 1 2-3 
Tumauini, Philippines 1-2 2 

Wakema, Burma 1-2 2 

Kota Bharu, Malaysia 1-2 2 
Siaton, Philippines 1-2 2 
Katupotha, Sri Lankab 1-2 2 

Bireun Aceh0 
1 2 

Ratna Nagar, Nepalc 1-2 2-3 
Maasin, Philippines 1-2 2 
Phayao, Thailandb 1 2 
Srisaket, Thailand 1 2 
Screepur, Bangladesh 1 2 

Rainfed lowland (with cooler temperature)
Pumdi Bhumdi, Nepalc 2-3 

Sukchaina, Nepal c 2 

Screepur, Bangladesh 1-2 

North Nawin, Burma 1 

Bandarawela, Sri Lankab 2 

Patheingyi, Burma 1 

Yezin, Burma 1-2 

Trece Martires, Philippines 2-3 
Batumarta, Indonesiab 2-3 

Manito, Albay, Philippines 2 

Jaimindan, Philippines 1-2 

2-3 

2 

Partiallyirrigated 
2 

2-3 

2 

2-3 

Rainfed upland 
2-3 
4 

2-3 

4 

Promising 
cropping 
patterna 

rice - tobacco - maize 
mungbean - rice 
rice - rice 
jute - rice - soybean 
rice- sunflower 
rice - peanut 
rice - mungbean 
rice - mungbean 
rice - cowpea 
rice - soybean 
rice- maize 
rice - rice 
mungbean - rice 
peanut - rice 
black gram - rice (local) 

rice - wheat -maize 
rice - maize 
rice - chickpea 
rice - wheat 
rice (local) - rice (BR1I1 

or BR 10) 

rice - sunflower 
maize - cotton 
rice - potato - bean 
rice - tomato - bean 
cotton - rice 
mungbean - rice 
rice (DSR) - peanut 
rice - potato 

banana + rice- peanut 
rice + maize/cassava/ 
peanut or soybean 
rice - sweet potato 

mungbean
rice + maize - maize + 
peanut
 

continued on next page 
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Table 2 continued. 

Site 
Crops (no.) in pattern 

Farmers' Tested 

Promising 
cropping 
patterna 

Beijing, China 
Mahaweli H,Sri Lanka 

1-2 
2 

In igated 
2 

2-3 
wheat - rice (DSR) 
rice  onion/chilies 

Changsha, China 2-3 2-3 
rice - soybean 
rape - rice - rice 
vegetables - soybean + 

Parsa, Nepalc 2-3 3 
maize  rice 
rice - maize- maize 

Shoaxing, China 2-3 2-3 
rice - wheat - rice 
broad bean + maize - rice 

Ratna Nagar, Nepalc 2 3 
barley - rice - rice 
rice - wheat - mungbean 

Kashiung, China 
Changhwa, China 

2-3 
2-3 

2-3 
3 

rice - wheat - maize 
rice - vegetable - maize 
rice - soybean - wheat 

Yunlin, China 2-3 3 
rice - rice  wheat 
rice - mungbean - maize 

Daska, Pakistanc 2 2 
sesame - rice  maize 
rice - sunflower 

Ubon, Thailand 
Guimba, Philippines 
Dipolog, Philippines 
Compostela, Philippines 

2 
2 
2 
2 

3 
3 

2-3 
2-3 

rice + fish - rice 
rice - rice - mungbean 
rice - rice - mungbean 
rice - mungbean - rice 

a DSR = dry seeded rice. bUsed for multilocatlon testing. CUsed for multilocation and/or pilot production program. 

multiplied at IRRI fordistribution to the network. Varieties were tested before and after rice in 
National breeding programs also send promising eight countries in 1984-85. Data were received 
materials for inclusion in the testing. from the Philippines, Thailand, Burma, Vietnam, 

In 1985, we received and multiplied seed of 7 Indonesia, and China, and several promising varie
maize varieties from Thailand, Indonesia, Vietnam, ties were identified. The most promising varieties 
and IPB; 23 mungbean varieties from the Asian are presented in Tables 3 and 4. 
Vegetable Research and Development Center, Long-term cropping pattem and fertilizer stud-
Pakistan, China, Thailand, Burma, Indonesia.and ies. Long-term studies were started in 1984 to 
IPB; 5 soybean varieties from Thailand; 10 peanut determine the effects ofcontinuous cropping using
varieties from IPB; and 5 rice bean varieties from different crop rotations on the soil and on crop 
Indonesia. We also multiplied 10 most promising performance, and to determine residual effects of 
pigeonpea and 10 sorghum varieties from our fertilization and other soil amendments on crop
varietal evaluation at IRRI. These entries will ping pattern performance. Collaborators in Bang
replace those in the 1985-86 varietal testing. ladesh, China, Indonesia, Burma, India, Nepal, 

A total of 165 trials before rice(35 mungbean, 31 and Taiwan, China, designed location-specific 
cowpea, 23 bush sitao Itifna tnguiculata ssp. cropping patterns and fertilizer treatments, but 
sesquipedais., 10 soybean, II peanut, 2 sorghum, data collection is uniform. 
and 53 maize) and 268 trials after rice (51 mung- BRRI is studying four irrigated cropping pat
bean, 34 cowpea, 32 bush sitao, 37 soybean, 39 terns and three rainfed lowland patterns; fertilizer 
peanut. 15 sorghum, 48 maize, and 12 pigeonpea) treatment is the same, and the interdisciplinary 
were also distributed to different cropping systems team monitors the diseases, weeds, and insect 
sites in Nepal, Burma, Bangladesh, China. Thai- population. Nepal conducted four cropping pat
land, Vietnam, Indonesia, Sri Lanka, and the terns with three fertilizer rates; there is also an 
Philippines for 1985-86. ongoing rice - rice - wheat cropping pattern with 

492 IRRI ANNUAL. REPORT FOR 1985 



Table 3. Upland crop varieties better than the check or highest yielding across locations when planted before lowland rice, 

1984-85. 

Component 	 Philippines 

Grain 	 IPB M79-13-60 

Pag-asa 1 

IPB M79-9-82 

Pag-asa 3
 

Fodder 	 IPB M79-22-62 

IPB M79-17-79 

IPB M79-13-60 


Fresh pods 	 rVx 136-16D2 

EG#2 

All season 


Grain TVx 136-16D2 
TVx 4677-08E 
TVx 4573-02D 

Fodder TVx 4577-02D 
TVx 1850-OE 
TVu 3629 

Fresh pods 	 BS1 (6-14RxAS) 

BS3 (6-14RxAS) 


Fodder 	 BSi (6-14RxAS) 
BS3 (6-14RxAS) 

Grain 

Grain 

Grain 

Green ears Phil DMR Glut. Comp. 
Popn 41C 

Los Bafios LagkitanFodder Phil. DMR Glut. Comp. 
Popn 41C 

Los Bafios Lagkitan 

Nepal 

Mungbean
IPB M79-22-12 
Pag-asa 

Cowpea
TVx 1850-OIE
 
EG2
 
TVx 136-16D2
 
EG#2
 
TVx 1850-01E
 
TVx 136-16D2
 

Bush sitao 
BS1 (6-L4RxAS)
 
BS3 (6-14RxAS)
 
LBBS#1
 
BS3 (6-14RxAS)
 
BS1 (6-14RxAS)
 
LBBS#1
 

Soybean 
Guntur 
7207-1 

PeanutUPL PN4 

UPL PN2 
CES 2-25 

Maize 

Indonesia China 

IPB M79-9-94
 
IPB M79-22-62
 
IPB M79-9-82
 

IPB M-79-22-62
 
IPB M-79-9-94
 
IPB M-79-9-82
 

Arjuna 
xC#1 
Early DMR Comp2 

7207-1 
7521-26-2 
Guntur 

Phil Supersweet #9 
Dan Ju #6 

Sweet Comp, #1 
Hawaiian Supersweet #9 

different fertilizer levels. In Indonesia, four experi-
ments were established in lowland and upland 
conditions: I) effectiveness of partially acidulated 
phosphate rock on year-round cropping patterns 

at four research sites, 2) crop and soil response totime and P treatment at four research sites, 3) 
controlled-release N fertilizers in upland cropping 
at five research sites, and 4) evaluation of effects of 

crop residue management on soil and production 
of rice and soybean in year-round cropping pat
terns at three experiment stations. 

Most cropping pattern trials in China are long

term (3-6 yr) with 	rotation of different cropping
patterns. Experiments are being conducted by the 
Institute of Soil and Fertilizer of Hunan Academy 
of Agriculture at four locations and by the China 
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Table 4. Upland crop varieties better than the check or highest yielding across locations when planted after lowland rice, 

1984-85. 

Component Philippines 

Grain Pag-asa 3 
[PB M79-13-29 
IPB M79-13-45 

Fodder CES 1T-2 
IPB M79-13-29 
Pag-asa 3 

Fresh pods TVx 289-4G 
TVx 4661-07D 
TVx 1948-OIE 

Grain 

Fodder 

TVx 3410-02J 
TVx 2724-OIF 
TVx 1948-OIE 
TVx 1948-01E 
Tvx 4659-03E 
TVx 2724-01F 

Fresh pods 

Fodder 

BS1 (6-14RxAS) 
EG BS2 
BS7 
BSI (6-141xAS) 
BS7 

Grain 7207-1 
ACC-2120 
7521-26-2 

Grain UPL PN-2 
UPL PN-4 
CES2-25 

Fodder UPL PN-2 
UPL PN-4 
PI 118200 

Grain 

Fodder 

UPL SG-5 
CS110 
CS137 
CS182 
UPL SG5 
CS110 

Grain Early DMR Comp I 
XC #1 
Ranjuna 

Green ears Los Bailos Lagkitan 
Glut. Syrn41 
Phil Supersweet #1 

Thailand Vietnam 

IPB M79-9-82 
Mungbean 

IPB M79-9-82 
Pag-asa 1 IPB M79-13-29 
IPB M79-13-45 IPB M79-13-45 

Pag-asa 3 
IPB M79-9-82 
Pag-asa 2 
IPB M79-13-29 

Cowpea 

TVx 4661-07D 
TVx 3671-14C-01D 
TVx 2724-01F 
TVx 289-4G 
TVx 4661-07D 

Bush sitao 

Soybean
Guntur 
7207-1 
7521-26-2 

Peanut 
UPL PN-4 
CES102 
CES103 
M10 
UPL PN-4 
CESOI 

CES103 

Sorghum 
UPL SG-5 
CS116 

CS182 


Maize 
XC #1 
Pirsabak 7930 
Arun 2 

Burma Indonesia 

TVx 3381-02F TVx 1948-OIE 
Vita 7 TVx 289-4G 
TVx 4678-03E TVx 3381-02F 
TVx 2724-OF 
TVx 2724-01F 
Vita 7 
TVx 3381-02F 
TVx 4678-03E 
Vita 7 
TVx 3381-02F 

BS1 (6-14RxAS)
 
BS3 (6-14RxAS)
 
EG BS2
 

BS1 (6-14RxAS)
 
EG BS2
 
BS3 (6-14RxAS)
 

Guntur 
7207-1 
7521-26-2 

M-10 UPL PN-4 
UPL PN-2 CES2-25 
CES101 CES102 

M-10 CES102 
CESlO UPL PN-4 
UPL PN-2 M.10 

CS110 CS182 
CS336 UPLSG5
 
UPL SG5 CS110
 
CS110 CS182
 
UPL SGS UPL SG5
 
CS253 CS110
 

continued on opposite page 
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Table 4 continued. 

Component Philippines Thailand Vietnam Burma Indonesia 

Fodder Glut. Comp. 
popn 41C 

XC #1 
Sweet potato 

Tubers G 145r-4 

Tinipay 
G53r-17b 

Fodder G53r-17b 
G113-2b 
Tinipay 

National Rice Research Institute. Taiwan is con-
ducting a long-term trial with three cropping 
patterns and three fertilizer managements. India 
began participating in the network in 1985, and 
long-term cropping pattern trials being con-are 
ductcd at 23 research institutions. 

Rice - wheat cropping systems. One of the major 
cropping systems in su htropical countries is rice -
wheat. In 1983, IR RI and the ('cntro Internacional 
de Mejoramicnto de Mai/ v lrigo (CIMMYT) 
started collaborative rescarich toidentify profitable 
rice - wheat systems in different rice environments 
and to identify the best valietics of rice and wheat 
to satisfy the crop rotation needs of farmers. 
Collaboration involves temperate (China and 
Korea), subtropical (Bangladesh. Nepal, Bhutan, 
Pakistan, and China), and tropical (Philippines, 
Thailand, Indonesia, Burma, Sri L.anka. Vietnam, 
and Malaysia) cou ntries in cropping pattern testing 
and in international rice - wheat integrated trials, 

Cropping pattern testing. Cropping patterns
involving rice, wheat, and other crops are tested in 
Nepal, Bangladesh, Pakistan, China, !ndia, and 
Taiwan. In Nepal, the most promising in terms of 
returns and yield are rice - wheat - maize and rice 
maize in Pumdi Bhumdi, rice -chickpea and rice 
wheat in Sukchaina, and rice - wheat - rice and rice 
- maize - maize in Ratna Nagar. In Bangladesh, 
increased production and income over existing 
farmers' systems were achieved byadding wheat at 
the rainfed site in Rajshahi (rice - wheat), the 
irrigated site in Rangpur (rice - rice - wheat), and 
the rainfed site in lshUrdi (mungbean - rice 
wheat). Substitution of wheat at the irrigated site in 
Hathazari also increased income and production 
of the farmers' existing cropping systems. 

In Changwa, Taiwan, 15 different cropping 
patterns were tested; the most promising were rice 
soybean - wheat, rice - rice - wheat, and rice 
sorghum - wheat. Of the six cropping patterns 
tested at the Tongxian cropping systems site in 
Beijing, dry seeded rice - wheat showed the highest 
yield. Most sites in northern, northeastern, and 
northwestern India have rice - wheat systems. 

/ntermatiwia Rice - I 'heat InteraeI il'riaIv 
(IRIVI/). The main objective of IRWIT is to 
identify varieties of rice and wheat with mtultiple 
resistance to pests and diseases to fit the ice -wheat 
system. Trials are conducted at the experiment 
station, :id promising materials aire tested at 
croppii g systems sites. Rice entries come from 
the IRRI International Rice Testing Program 
and wheat from the CIM MYT Wheat Program. 
National breeding programs have conLributed half 
of the wheat entries. In tropical countries with no 
local checks, five entries from the Philippine IPB 
and five from CIMMYT were in each trial. 

There are two sets of trials for rice and wheat. 
For rice, one set is early maturing and the other 
early-medium maturing. For wheat, one set isearly 
and the other medium maturing. 

In crop year 1983-84, we distributed 31 sets of 
rice trials to 15 countries. Eight early sets were sent 
to the temperate and high elevation countries 
(China, Korea, Bhutan, Nepal, and Egypt), and 23 
sets of early and medium maturing varieties were 
sent to subtropical and tropical countries (Burma, 
Philippines, Thailand, Vietnam, Bangladesh, 
Nepal, Pakistan, Sri Lanka, Indonesia, and 
Malaysia). For wheat, 31 sets of early and medium 
maturing varieties were sent to the same countries. 

The top rice grain yielders were IR42 in Wakema 
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and Yezin and Milyang 54 in Patheingyi, Burma. 
However, Milyang 54 was outyielded by a local 
variety, Pelita I-I. In the Philippines, the out-
standing varieties were BR51-282-8 in Isabela, 
IR36 in Los Bafios, and RP825-45-1-3 in Nueva 
Ecija. RP82545-1-3 was also the most promising 
variety in Chieng Rai and Chumpac, Thailand, 
and Bairawaha, Nepal. At two other test sites in 
Thailand (Chiang Mai and Muang Prae) and in 
Jessore, Bangladesh, IR.54 was the highest grain 
yielder. In Joydebpur. IR 13540-56-3-2-1 was the 
top yielder. 

UP262 was the most promising among the ca rly 
maturing CIMMYT wheat entries in Joydebpur, 
Jamalpur (Bangladesh) Minang IPrae, Milyang 
(Korea), and Isabela; it was outyiclded by local 
varieties in Bangladesh and Korea. At other test 
sites, the outstanding entries were Nacoiari 76 in 
Rupandehi (Nepal)and.iessore. Sonalika in I)okri 
(Pakistan) ar,. Changsa, FIunan (China), Sonka 
Inia in Khon Khaen (Thailand). and C213-15 in 
Los Bafmos. 

In the mediurn ma turing group, the highest yield 
level (4.6 t ha) was obtained in lBangladc.h. The 
most promising varieties were Pavon 76 in Joy-
debpur, Dokri, and Chieng Rai: Ciano 79 in 
Jamalpurand Kathmandu(Nepal); G(len8nson l in 

-tlunanand Sichuan (China), and Wakema; and 
Tyrant S in Jessore and Ye/in. However. Glennson 
81 in China and Tyrant S in Bangladesh were 
outyielded by the local varieties. C213-15 was the 
highest .icIding entry in Los Baimos. 

Crop-livestock systems research. Collaborative 
research on crop - livestock systems started in 1984 
at IRRI and the Philippine Institute of Animal 
Science (IAS) and on-farm in Santa Barbara, 
Pangasinan, Philippines: Batumarta, South-
Sumatra, Indonesia: Pumdi F1humdi, Kaski. 
Nepal; and Ban Phai, Khon Kaen, Thailand. The 
work at IRRI concentrates on dual-purpose food-
forage cropping systems and on forage crop man-
agem,'nt. IAS works on feed technology aind 
c.ticide residues. 
The midhill site in Nepal involves milk buffalo, 

oats after rice in single rice crop areas, planting of 
napier onl the sides of terraces, and nlanting of 
leucacna. In Tlhailand farmers grow one rice crop 
and raise cattle; upland crops are introduced to 
replace rice in tupper fields. and after rice in lower 
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fields; forage grasses, legumes, and leucaena are 
introduced in the homestead and vacant areas. The 
most promising cropping system after 4 yr of 
research at the upland transmigration site in 
Indonesia is rice + maize intercrop, with cassava 
relayed on the maize rows followed by soybean or 
peanut after harvesting maize and rice, then fol
lowed by cowpea and rice bean. At the edge of the 
terrace, setaria grass is planted to prevent soil 
erosion and provide feed. The team expanded their 
whole-farm work to include cattle for draft and 
fattening. 

On-larm research in Carosucan and Malanav. 
Research in the Philippines is conducted in two 
lowland rice growing areas in Santa Barbara, 
tangasinan: Malanay (irrigated) and Carosucan 
(rainfed). Rainfall starts in May or early June, 
peaks in August, and ends in late September or 
October, with 4-5 wet mo and 2-3 dry mo. Soil is 
clay loam to sandy loam with pH] 6.7-7.9. 

Carosucan has about 56% heavy and 44% light 
soils. The average landholding is 1.6 ha. Mono
cropped rice predominates depending on rainfall 
after harvcst in November. some farmes plant 
mungbean, tomato, peanut, or watermelon, but 
most fields are left fallow. 11I42 and other medium 
maturing rice varieties are grown in heavy soils, 
and 11(36 and early maturing varieties in light soils. 
Cattle and carabao avcrage 1.4 'farm, or a stocking 
rate of lmature animal or animal unit (AU)/ ha. 

There were 18 cooperators in Carosucan and 4 
treatments: I) I animal plus intervention with a 
0.5-1 ha farm, 2) 2 animals (one for daft and I for 
fattening) plus intervention with a 1.1-2 ha firm, 3) 
control for(I), and 4)controltor(2). Interventions 
included daily feeding with 2 kg leucaena or other 
legume forage, provision of urea-molasses-mineral 
blocks, establishment of improved forage, and 
animal health care. Utilization of fibrous crop 
residues, especially rice straw, was recorded and 
related to actual farm grain and residue outputs. 

After 300 d of feeding, liveweight gains of cattle 
apparently (lid not rellect differences due to farm 
size or intervention. In December 1985, we 
provided the farmen with 2 kg rice bran/ d to feed 
the animals for 50 d before marketing. 

The livestock cooperatois were also crop co
operators in Carosucan. We continued the crop
ping pattern and component technology trials to 



determine the stability of the pattern and further 
refine the various components. Rice - mungbean 
and lice - cowpea were tested using ea rly maturing 
IR60. We conducted frtili'er trials: variety trials 
of Ca rlv maturing cowpea, mungbca n, and bush 
sitao in, tile heaxy soils before rice: [ice weed 
control: aid 'ariety trials of early and inedilm 
maturing rice xa neties. 

lit 1985-86 dLi season (I S). 67('i of the fla rmers 
in Carosticall planted mingbelai and cowper after 
rice: before the projec. fxx'ecr than 10(K had 
planted upland crops. 

IIR6) yielded significantly highe rthan 11036 and 
IR62, which tile farle rs w'cre. using. Ill heavxicr 
soils, lI,42 gav i overaied and fodder adxanritage 
the SaIlle variety under fhirlners' Irnanageilent. 

Farlyilaturing legule crops planted before rice 
were tested to Identify vvarieties for cropping 
pattern rise. ungbc van'tics II 'l M79-134) 
and Illb N179-22-117 looked p,'omising. (hren pod 
yield showed that cowpea TVx 133-1+I)1 anrd bush 
sitao 1St6 were tile most promiising culhivars, 

For carlv iaturing rice, 40 kgi N ha was tire 
rost econuinita I level, while 30 kg N ha was most 
appropriate lor nrediuim nratiring cultivali;, COni 
palrdwt h tile cropping pattern recorrendanthion 
of 20 kg N li. 

Rtotariv x%ecdig lolloxxed hv selcti e hand 
wced Iirig 21 (l after enlcrgence was ilie most 
promising treatnlilt fr carly niltnuiig rice iii light 
soils. Ill the liea\ soils with tile Inediili illaturing 
xarietv I1R4,. hutachilor at 1.5 kg ai ha 3 d before 
iranrisplainting pllis hand sseeding 21 d alter trans-
planrtini . was the llosi econoiical treaint. 
Iloexcr. tile use Of lierbicidCs to control grassVs 
MRd sedges is riot likey io be adopted by fia rmers 
because of tire (Iilect input costilabor is iiiore 
abundaniii it tile site). Ill additioin, wccd-fiec fields 
Would depri xC the fairle rs of feed for runrinants. 

In tile carly niaturing group, IR) outvielded tile 
other entries. lin termns of fodder yield, IR 19743-25 
yielded 12(.' more than IRU) and was 7d earlier. Of 
tile ruedium rim turing cult ivars, IR42 was sigriiIi-
cn ilV outvielded by I ?21 820-154 iii fodder prod uc-
lion but \was 2Ci higher iii grain production. lThis 
promising line also nautres 16 d earlierthan 1R42. 

The I18-ha irri'ated site in Malanay is abou 
83(,'j lowland aind I7('i uplard. About 35% of thL 
area is fully irrigated, 29('i, partially irrigated, aind 

19% rainfed. The average landholding is 1.3 ha. 
Two high yielding rice crops are grown ir, the 
irrigated areas. Yields aregenerally about 3-5 t/ha, 
and farmers use tile recommended technology. 
Upland and partially irrigated ares arc planted to 
rice, peanut, maize, cowpea, string bean, and 
tomato. Cattle and carabao holdings average 
I. I, hou.,chold, or a stocking rate of 0.92 AU/ ha. 

There wxere 20 livestock cooperators in Malainay 
and 4 treatments: 1)2 aninrals( I for draft and I for 
fittening) plus intelvention , ith 0.5-2 ha farms, 2) 
3 aninmals (I for draft and 2 for fattening) plus 
intervention with 2.1-3.5 hIa farras, 3) control for 
treatment(I), and 4)control fo;'ireatinent(2).The 
tech nologY intervention was the same as in 
Ca rosica ri. 

After 3(X) d of feeding. tile liveweight gains (lid 
not reflect differences die to intervention arid farm 
sie. In mid-April, we provided tie experimental 
aninmals with supplemental rice bran for 45 d. The 
animals responded well, vith gains of 0.55 kg/ d 
conipared with 0.12 kg d for til controls. This 
sho\s that cCII rlinimal supplemental Iceding 
could produce better Iiveweight. The experimental 
animalIs were sold, anid inconre ranged f'omiP ,808 
to-P 1950, head. I)S and wet seasoi(WS) fertilizer 
trials showed that 80 and 60 kg N ha were tile most 
econoniical levels, respectively. In varietal trials 
during WS, IR2181 50-85-3-2 gave the highest 
yield. 

lnimal h,'ahh mlltnag'elic'tit in rice-livestwk. 
c('ttlc arid c:-abaotcbing raised byfarmer-coopera

tors ini Santa Ilarbara were examined for health 
staits, arid a stirvev was niade oin livestock health 
malnagellIrni. Proper health management was 
given low priorityii overall farn activity. Few 
farmeris were aware of tire harmful effects of 
infectious diseases and gastrointestinal parasites. 
Serological tests indicated negative reactions of 
both lixe':tock species for bnrcellosis arnd leptospi
rosis. 

MAdtiph' uses five'toc'k. Rlrlirants are used 
for driaft, dr-at-la tening. draft-breeding, and 
fattening. Fspccially in Malanay,,nrabao are iiore 
important as draft aninrals thaniattiL. Use of 
carabao for draft peaks in .Iuly and .lanuary, the 
land preparation periods. Cattle for draft, cspe
cially in Carosrican, are fully utilized in July-
August. Cattle for faiternirigare also used fordraft, 
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but much less than carabao. Bulls are used for farm 
operations more often than cows, heifers, or 
yearlings. 

Labor input in the case of livestock shows that 
more time is devoted to cattle than earabao (480.5 
vs 292.63 i vr). Labor inputs arc in Ifeding 
ma nagemeut, tethering, and graling, 

Rice straw ui.:lzatihi. In Ca rosuca n, fiarmers 
plant only one ice crop. Most of the rice straw was 
used for livestock Iced during I)S. Straw \'ield per 
farm (fresh after harvestilg rice) rnec d fro m 6.7 to 
38.7 t inlMalariay'. Ilo\cver, Otll\ about 3('1 of, 
farmers utiliied the stray, for li\cstock. hca usc 
flooding had marie most sitLi \ 1 Idvalid 1tufit fI 
aritrrlal feed. Most flar-icnrs burled thei lt:t\ and 
p!' iwC'd it IriId crgrou d. 

XVttritive va/t' of/o'a/lr avai/ah,iA1h,r. ('olt-
tinning work o c\ tlltillg iIndigcriors Icd souor-, 
including \\ccds iS condtucted at I AS. Alort 24 in 
vivo digestion trials \Crc comipletedl. li\C grasscs 
were evaluated. pills three legumes. nie ra.-
legume ruixttCs, itl1d three fibrous ciop rWsidtIcs. 
In general, digestibility of fccdtuffS diflerCd onl' 
I1w 2-37 Iiluer in ca rabito for uthrer extract (flat) 
and crude fihCr, but higher + i tctitle for N-free 
extract. 

lo improvme the kahltc of feeds b ph"f ico-
chemical all,a slIbStitute \Is sought for Naol I 
i treating rice straim. A \ cd. Amrlntara tts S/itloU-

SUS. \its aishud tnd extracted \%itli watcrto nake a 
potash solution that %Nasatd(ed to striw its I K 
SoIure. Sonic treat Al,, rCCci\Cd additiontal 
ulrca. a.nrid lllolaSscs. 

l)ctctgcIu fhier allss, reticCottlitting. N'lost 
fIratge sauples ,,I\ O Cd about eailtil eclllose i 
hcniliccllttlosc Contcnts. (cIlhtlost, villucs fo 'somte 
grasses and crop rcsiducs \Cl.e hiIvcr tluar those 
for crurde fiber. 

'estici/e re.i'.s ill ri c atnd ill['r ro/s /(t/ U 
rtnintlant.s.Alltorg the pesticides niorItordct (dilt,'i-
rion, a/inphos-Uthy'k-, monocrotophos, berroryl, 
buttchlor, IhM(" chlorpyrifo,. and carho-
firrar. onlya rhIfut ar HI1MC f chlorpyriloSid 
wcrce tected. t( -lacled ca rbofura Wits incorpo-
rated in the fcd at Ic\Cs, simulating actualattnounts 
in hark strd stra\, 1li Ieceds were gi\el to lactit-
ing goats for 7 cOisetlikC I\ samples ofS id 
Milk, 1u.irt1c. anid Icccs were collected for 22 con-
secuti'e days aUnd analvcd for pesticide residue. 
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Carbofuran was eliminated rapidly through the 
urine, feces, and milk. After withdrawal of con
laminated feed, however, there were still some 
detectable levels in milk, possibly due to the high 
affinity of carbofuran for lipids. 

Grain -- frage Ieq'uite iitercroppig. Food 
grains intereloppCd with legumes provide both 
food anrid animal fodder. Some forage leguines are 
especaIly useful in persisting through )S. One 
upland trial was run at the start of I)S and another 
a ltc r ra Iifdl( 'la(i rice, both at IR RI in 1984-85. 
In both. mi/c (1)NI R Composite No. I) and 
Sorghrtui (UPI. S(i-5) were intercropped with 
siratro .11'rop Ul 1trrpljtirutn, schofield1i/i 
strlo St.Y/o.athes la, mtnsi.s and \cra no stvlo 
N. h/eiata, ccntroscma (. /pb/.ivens, and cow-
Pea I n thtd/at. Iand pleparatioli wast/,wig, 
thorough lor the upland Site, hll the lowland site 
had no tillage except it furrow for seeding. All 
crops werc plailired sinrrrlrancousl,. with intcrcrops 
itirinating 0.75 fit apart \\itl the llain crop il 4-X 
5-n plot, replicated 3 tinuc,. 

Nlai/c yielded orh 0.. t iha vs 2.2 t ha for 
Sorghtit: both grai yields \were tnaffl ctd by the 
leIguuc intercropS in the lowland. Siratro yielded 
3.4 t ha dr\ untttcr(l)N,) odder with (.5 t ruaize 
stover. Siratro yielded 2.8 t, ha I)Mplus 3.3 t 
,ogii utm st(Ivcr. gix ing the highest biomass total of 

6. 11t excluding grain. Schofield stylo yielded 2.1 
ainI 1.5 t l)NI ha \with maii/e atl( sorghum. 

('owppca yielded O4 1 I)M ha \\ith rnai/e or
sOr'glllllt plUS Co\%pca ItrY' grain of 0.04 and 0.07 
t fa. rcsperCcti\cl. 

Inl uplantd, grain ield of, sorghtrn was signifi
tlyetritl\ reduced lrom(1.3hO3.7t ha \withsiratroand 

to 3.7 tha \ith co\wpeo. ,lai~c yield was not 
affected bv ill of file illtelcrops. a\craging 6.3 

Itha. 
(loo pitca sc it griati Yield of 0.3 and 0.8 t ha. 

added Io its stocr of ).9 anud 1.3 t )M ha, with 
nuai/C anrd sorghtm. rscpecti\cly. Sirattro gaive the 
highest IoddCr siCld of 7.8 1 I)NM hoa added to 5.1 
rItiIC sto\ cr. Flhis %, "firuiI. to 8.I t sira tro fit ± 
3.) t soightim sltovcr hiit althoughi the latter wits 
sigrifiea ttlv red ttee h 1',<.)5)troii 8.) thaas the 
sole crop. Schofield stylo yielded 3.2 and 2.W t 
)Mfha \s 

arid 0.9 t ha. rcsl)ccti\ely,. 
Iield evahtatiot of fbrag grasses. Forage 

l li iii/c atnd s(rgfhiit: ccitrroscnra, 1.4 

http:lrom(1.3hO3.7t


grasses were planted in 4- X 5-rn upland plots with 
3 replications to identify those adanted to vacant 
areas. I)rought tolerance, herltage yield, and vege-
tative regrowth were emphasized. 

One-year DM yields (in t ha) in descending 
order were andtropogon ,..,,ro0.1 .tiLn'a., 
36.7: na pier It-ltisetum Ifurpurct'f, 26. I !Pa.Va-
Im p/icathu/m. 26.!: guinea IAmi,iun maximum, 
cv. hanil. 25.3: setaria Sei.ria no c/tx cV. nandi, 
24.3: setarila c\. ka/tngula, 20.8: para gra ss 
lBrachiui,ultutica,16.5;commongtinca, 12.5+r:i/i 
grass lh'/iat'ia tuZiziasi.., 12.4: signal glass 
IBrachiarta h'ctmb,e., II .8: alabamg X icem-
Ililam aristattlm.l):.and stal Irass ( IIoodoll 

ph 'cto,.stacht.vt..6.4. 
Sixteen l-rage grasses \eic establislied in 0.4-in-

wide ( bIttmd. planted on0.3-rn-high They weriC 
the 2 top cdgcs, f the btd \ ith 3 replications, each 
6 in long. 

Ten months" d~ltit with hrvti in r\l of 
304)0d rCvalCd iapiri I\thIghst Iodder\'ield of 
1.1 	 kg )MN linear meter. Ctjni\tcnt to 41.3 1 

)N/l ha compared \6ith II .t iai lor the control 
(0.2 kg I)I ii). lHic otlir gra,,,s ,itli signil-
icantlh higher .cld o\er ilte control \'cre (in kg 
IJNI linear in) alabang N. 0.7: iam ras, 0.6: 

setaia cv. nandi, 0.6: setaiia cv. kazungula, 0.5; 
and muzi grass, 0.4. 

F'ddertrees and/sh,s. Trees and shrubs with 
potential Iodder value are being evaluated at IRRI. 
The same could serve to provide planting matcials 
and seeds.Some of these include kakawate Gliii
ch!*a .yepin, kamatsile t/ithec'/lobium /dce,ania
biong r'ema or'ieltais, mIaltinggav A/oringa 
oh'i/i'r,. and ipil-ipil I.euwaena /'ucoct7hah. De
pending ol the species, 2to3 loppingswerecarried 
out front 3 replications of 6-in single row plots 
planted I in apart. FIresh heribage yields (leaves 
including pencil si/N twigs or stems) in grains per 
tree were 2,669 hor letnteina: anabiong, 951 , kamat
sile. 794: kakaxmate, 1.1,%'9: and maltmnnay, 852. 

Ilcrhag' eld and(1qullI. of h'alcvl. Foutir 
.,iacna cultivai.s (Pcri\an, Cunningham, K8, 
and K67) wei tested oader 2 cutting lengths (30 
and 150 cm)and 3 cutting treqluencics (30. 45, and 
601 d) to estimaie herb:ig yield . After 135 d, 
('t1iniaghan produced the highest herbage )NI 
vild. lollowed b K8. K67, and Peruvian in 
descending order. A cutting length of 30 cm 
podCtCnd higher I)N1 ields at irst, btt that of 
150 m allt60-d cutting intervals produced higher 
l)l yield ill succeeding harvests. 
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Cooperaive progranis 

Cooperative country projects 
Plant Phisiolog, Plant Breeding, Water Management, Training and Technology 
Transfer,andI AgriculuralEngineering Deparmenis and Tissue Culture Facilty 

KOREA-IRRI COI.ABORATION ON RICF COt.I) TOLERANCE 502 
Cold tolerance. screening nursery 502 
Observational yield trials 502 
Screening for low air temperature tolerance 502 
Pedigree nursery for cold tolerance 503 

SCREENING VIFTNAMFSE CUTIVARS FOR LOW TEMPER NIURE TOLERANCE 503 
Evaluation for cold hardiness at seedling stage 503 
Cold tcleranc2 at panicle initiation (meiosis) and anthesis 503 

NIIROGE N RES PONSE OF IIEIEROTIC F, RICE IIYBRIL)S IN KOR EA 504 
IDENTIFICATION O1: II EFROTIC COMBINATIONS IN FOUR 504COUNT'RIES 
HIYBR II) SEED PROI)UCIION IN TillE PIII P.IPINES AND KORiA 506 
ANTHER CJI.IURE COI.I.ABORAT ION WITH KOREA 506 
IN FORMAL TISSUE CI lTU PE COI.I.AIORATION IPI:RWITH U,M FX ICO. AND 
WARDA 506 
NORTHt BANGI.ADI:SII "1)IE\Vtit.I. SYYTEM 507 

Increasing effectivc water use 507 
Crop production and income 507 

Rice area and MV use 507 
Green manure and rice yield 507 
Cropping pattern and income 508 

ADOPTIION OF I)RY SEEI)I) RICE ECIINOI.O(IY IN TIIE RAINFED LOWlANDS OF 
I.OILO AND SOUTI COTA|ATO,PIIII.IPPINE.s 508 

Development of technology and analytical tools 509 
Adoption of DSR 510 
Labor availability 510 
Farm size 511 
Farmer knowledge and extension contact 511 
Credit 512 
Tenancy 512 
Farmer's age and education 512 
Draft animal ownership 512 



INDUS'FRIAL EXTENSION 512 
Philippines 512 

Tillage equipment 512 
Irrigation pumps 513 

Indonesia 515 
Burma 515 
India 515 
Thailand 515 

IRRI-NATIONAI. PROGRA*\M COOPERATION 515 

Burma 515 
Chirna 515 
Democratic People's Republic of Korea 516 
Egypt 516 
Indonesia 516 
Republic of Korea 516 
Malagasy 516 
Pakistan 516 
Philippines 516 
Sri Lanka 517
,Thailand 517 

MISSIONS m .\I'A 517 

PROSII,II YR IIRo) ,'E 517' Jlli 
Low cost yield-incra sing technology 517 
Farming systems and biomass utilization 518 
Training 5!8 



KOREA-IRRI COI.AIORATION ON RICE COLD 
TOLERANCE 
Plamt Physio/ogr and lant Breecig
Dea/rtments 

Cold tolerance screening nursery. The cold toler-
ance screening nursery subjects rice plants in the 
field to a 17-25 'C water temperature gradient 
throu~ghout the growth stages. Entries with out-
standing performance in several traits (earliness, 
fertility, intermediate cul i Ingth, good panicle 
exscrtion, phenotypic acceptability, and no leaf 
discoloration) included IR209 13-13-, IR9202-25-
1-3. Sangpungbyco, SR11027-13-13-127, Ktuchun 
Jlanack. Chc Eu IIng. ChurI lm 4, Chun Nen 
Tsan I,1R4467-8-4-2-1, and Lien Chan Ze Thou. 
.Janack, a cultiva r from llhritan, was I'o nd to be a 
good source of lodging resistance. A total of 1,102 
entries were screcencd in the 1985 grossing season. A 
computer listing of the different plant traits for all 
entries from 1978 to 1985 is available. I)iffe rent 
entries showed excellent pcipeIrmance for specific 
traits. 

Fertility was identitfied a, the most important 
character in selecting forlow temperature tolernlice 
in this nurserv. The three entries sshose fertilitv at 
the inlet was greater than 9 circllP,2(1913-13-60, 
IR9202-25-1-3, and Sangpungbyeo. Since the day 
temperatilres were relatively high, fitiliIitv percent-
age was generally high and could not be ed s a 

selection citcni for cold tolerance at heading. 
Giceenhouse srcniing. how\Vsci. providled va hIMble 
data for this clial-acier. 

Sholrt groWth I duration iS roost important to 
avoid lo\ temperature din igc during carls 
autumn. Entries with fewker than lX) (I to heading 
and lesst hlar 10('(' hcadingdelasalihe inlet(where 
tile waler temperature was 17' (') were (hina 1N,, 
.1KAUL(K)450-126-1). .IKA U(K)450-126-2. 
.IKAII(K)450-172-, .1KAL (K)150-172-11). 
.JKAI 1(K)450-172-1.1, K333, K335. K39, K39-9X6.-I-
1-1-2, M-latsunaeC. .10 80-24-R-I-R-123-2, Jo 80-
42-R-R-R-35-2, Jo X8-42-R-R-R-35-3, Ryong-
scong, SR10120-1-1)4-3-1. anrid IK5331-R-R-R-
R-28-1-I. Among them the K39-. .IKAJ(K)-, ild 
TK5331 lines had high fertilit\altheilet(>5l 7). 
Four entries werec(les-elopcd front tle rapid genera-
tion advance (RGA) progran at IR RI, which 
selects for earliness. 
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Spikelets per panicle is an important yield 
component. High spikelct number (>160/panicle) 
was observed in B2983G-Sr-43-7, B2983b-SR-13
4-1-10-2-2-3, Gangju Kuchum, Gasmal 735, 

HR 3820-2244-3. IR2(900-B-30, IR9202-23-2-1
3, .Juku, Kuchum, RPI848-54-2-3-1, SRI1027-B
B-127, and Y R3583-7-3-7: these will be good 
SOtrCcS of high spikelct number type. 

Plant type isscored by phenotypic acceptability. 
a visual assessment of the plant's performance that 
includes all other traits. Entries with phenotypic 
acceptability scores of I were 13298 3G-Sr-2-9, Bir
Zc-Goo, Chau Fort Thou, ('he Eu Hung, Chiag
byeo. China 1039. Chun L.um 4, Chun Lum U Le 
Thou, Clun Nen Tsan, IIR4467-8-24, IRI5579
135-3, IR 15579-24-2. IR2(I0-l1-67, IR7167-33-2-
3-3-I, IR9202-25-1-3, 19202-334-2-1. .linjubyeo, 
Lien Chan Ze Thou, Ta-Ton-Shun, and Tainung 
Sen YLI. These entries had both good plant type 
and low water temperatlirC tolerance. 

lDiseoloralion of the lea ves is most serious when 
the yVOing Seedlings a r sub*jected to low temper
attires, as is the cIsC when the cold spell during 
spring lasts for I few da,,s after transplanting. 
Entries thal showed no discoloration or least 
discoloration were IIR3790-9-1-4-2, I,'i 369, lat
sika C, Rax 102-0413-5, SR 10988-II-13-36, 
SR 110101-402. IH668, Sangpungbyeo, YR484
25-3. and YR4194-31-3-2-3. These entries had a
fe rtilitv score greater than 80' with 17 'C water 

temperature. 
Observalional yield trials. At high N level (2(X 

kg N ha). the high vicldcrs wer e 11298 3b-Sr-13-4-1
10-1 -2-2, Yk 165-1-10-1-2-4-11-2, YR 2404-15-4-9-3
2. IR0800-30-3-1 4. SR (10989-13-11-38, and 
SR 110101-403. [he high yieldeis at low fIcrtili/er 
lesel (I(K) kg N ha) %\crcIlungsanhyco. YR 1654
10-1 -2-4-13-2, aIL SRR 10049-13-504. IR8"66-30-3-i 

4 %as in the siCld trials for 3 'r and consistcntly
slowed high ie I s entriesaresuitablefor 

national testing prograiis. lhe I-rst scit of' entries 
can lie used to prodice maximtinm yields, while the 
latter entries arc suited to low input programs. 

Screening for low air temperature tolerance. 
)ay tenmliperatiires greater than 20 'C are necded 

for anth,:sis iin rice. The 187 entries from the 
International Rice Cold lolerance Nursery were 
subjected to I8-2)'C airteinpenitureat flowering 
in lie tellcraitnlrC-controlled greenhouse. Fntries 



with >65% fertility were Diamante Inia, Barkat, 
Quella Inia, Tatsumi-Mochi, Chun Lum U L.e 
Thou, Cl 156 1-1, Suweon 303. and Rodina. These 
entries are useful germplasm for low air temper-
ature tolerance at heading. This screening is more 
efficient than the 17 'C water gradient or the late 
planting method, which subject only the long 
growth duration entries to low air temperature. 

Pedigree nursery for cold toleraitce. A total of 24 
F2 crosses and II F3 bulked populations were 
grown in the pedigree nurscry using continulously 
flowing water at 20 0C. One thousand ninety-fou r 
plants from the F,and 570 lines from the F., were 
selected. 

SCREFNING VITNAMESE it. A [OR LOW 

I MIPERAIU RT(E),ERANCE 

Munt Ph.yiolugoi Il)eurtmewn 

Vietnam has about 2.5 million ha of rice subjected 
to cold damrage evcry year. Modern rice cultivar, 
ca rinot be planted became of their susceptibility to 
low temperature. In northern Vietnam, 27,110 ha 
of rice seedlings died ini1976 because of low 
temperature. 

In northern Vietnani two rice crops are grown in 
a ya r.[he first crop from Novenibe rto.1uric 
suffers from cold air terilituctir 1using injury to 
about 1.8 millior ha/yr at the Seedling and trans-
planting stages and 60.(X)0 ha at fowcring. [rio 
Novemberto March the lo%\ minimum airterupcr-
attire coupled with lo\ sunirshine hours requrires 
cold-tolerant cultivars, especially at the seedling 
and flowering stages. Ihe most coniton syrup-
tonis of cold injury in Vie'tnail arc sitint irg of 
seedlings, leaf wiltin g,dCgcneration of spikClCts, 
poor grain filling., tigh sterility, delayed growth, 
and death. [he selection and introduction of cold-
tolerant rice cnltnisars would increw,c the stability 
of rice prod rction. 

[he rice cutltivar, o Vietnam wyere evaluated to 
identify cold-tolerant cultisars for planting or for 
use as parents in breeding. Of the I.(,40 traditional 
rice cultivas of Vietnami i the IRRI gerniplasni 
bank, 620 were used. 

'he culti 'alswcrc tested for cold tolerance at tie 
seedling stage. Seedlings at the 3-leaf stage werc 
subjected to 10' C for 4 d inthe cold room ad then 
were transferred to the greenhousc. Co' tolerance 

was assessed 7 d after taking them out of the cold 
room, based on withering, dried leaves, stunting, 
and survival percentage compared with the resis
tant check. 

Another set of plants was subjected at night to 
17 'C for 15 d when the auricle distance between 
the last 2 leaves was 0 cm,i.e., at panicle initiation. 
The depression in number of tertile spikeleLs and 
kIrtility percentage c~r tsed by low temperature 
stress was used as a measure of cold stability. 

A third set was placed in the phytotron at 17 0 C 
for 10 d in natural sunlight when around 10 cm of 
the panicle hatd exsciled. The\,were scored 30 d 
from flowering based on panicle exsertion and 
percentage of sterile grain. 

Evaluation for cold hardiness at seedling stage. 
Most c,'the cultivar, tested showed stunting 
caused by cold air treatment. Around 27% of the 
plants died, 53(j showed no increase in height, 15% 
had very little inc rase, and 5(:i, showed appreciable 
increase in height. 

[he entries that showed apprccia ble increase in 
height also showed high percentage of survivail, 
sirnilar to the check varieties. 

0f609 entries, 132 shoed cold hardiness at the 
seedling stage. A large percentage of cultivar's used 
in the mounrtains of Vietnari did not have cold 
tolerance at the seedling stage. 

(old tolerance at panicle initiation (meiosis) and 
anthesis. The rice plant is most sensitive to low 
temperattrre atlthe parilee initiation stage. The 
outstandirg entries w\ith tolcrn. iee for 17 0C air
temprature at panicle initiation are shown in 
FableI. (July hlong Sen (Ace.no. 10861 ) received a 
Stamua I/ va itioi.s. rsteml rricescole of' I.Tep 
Ir-arig and Ban Ren were relatively tolerant at the 
parnicle initiation and seedling stages. 

Anthesis is the second most sensitive stage to 
low temperatur. Nondehiscence of the anthers 
beca urse of low teliperati-urc generally resuIts in 
high sterility. The following had tile best tolerance: 
Bong Seli, Kreng Menh,Ncp la, Choke Kok, Nep 
Dcn, Bat Ngoat. Ban Ren. Tep Trang. and Khau 
Mua Vcnh. 

Data for stiliy resunlig from low termperatur-e 
at panicle initiation and anthesis showed the 
preceding cirltivars to bei most promising. The best 
was Bong Sen. with excellent scores at paniicle 
initiation and aitliesis. These cultivars ean be used 
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aTable 1. Vietnamese cultivars score for cold tolerance at meiosis and anthesis. IRRI, 1985. 

Accession no. Variety Spikelet Panicle 
fertilityb exsertionc AnthesisC 

10861 Bong Sen 1 3 3

06230 Tunsart E 45 3 5 5

12104 Kreng Menh 
 3 3 3 
16731 Minh-Soc 3 5 5
17006 Nep Da 3 3 3 
17011 Cam 
 3 7 
 5 
24084 Choke Kok 3 
 5 3
 
24149 Nep Den 
 3 3 
 3
 
24153 Tau Dung 
 3 5 
 5
 
24193 Bat Ngoat 3 
 3 3
 
29718 Ban Rend 3 
 5 3
 
29909 Tep Trangd 3 5 3
 
56043 Dau Do 
 3 7 5
 
56045 Dau Hen 3 5 5
 
56049 Di Do 
 3 5 
 5
 
56050 Do Tan 3 5 5
 
56051 Du B. o 3 
 5 5 
56067 Ilien Do Muon 3 5 5
 
56086 Khau Mua Venh 
 3 5 3 
aBy the SES. bResult from 17 *C treatment at panicle initiation. Cow temperature (17 *C) treatment at heading, dAlso 
cold tolerant at seedling stage. 

as donor parents in breeding programs for cold Yeld(/ho) 

tolerance. 

10 I 
NITROGEN RESPONSEI Of1IIII'EROTI("F, RI('E
 
tlYBRII)S IN KORE0A
 

Plant Breedling lI )rtnient 1 

Three hybrid conibinti01s developed at IRRI for -"- "- V20 A/Miiyang 4G (hybrid)
 
Korea were comrpared with 2 nonhybrid varieties at [ Milyag 54 (check)
6-- --.. 

5 N levels (0,75, 150, 225. and 3M kg N, ha) at 2 " 

locations (Sewton anid i) inKorea. The hybrid ,- LSD (05) 1 t/ho 
V20A/ Milyang46 was supCrior to thc best pureline 

-
variety Milyang 54 at all N levels at the 2 louttions o_  -- _t__ 

except at Stuweon at 150 kg N ha, wliere it yielded 
signifiecAntly lower than the check variety (Fig. I). 
This anoina lv at S1weon Was ca used by the Suweon 

inoculation of'only the 15(1 kg N ha entries with 3 
isolates of bacterial blight Vanthon atrs ca/w'- 8 
Iris pv. ()ric. [he hybrid was found hi1gly 

-

susceptible, whereas the check variety was resis
tant. Generally speaking, tIe hybrid used applied 
N more efficiently than the nonhybrid check. 

II)ENI IFI('AItON ().F It: i-RII(" ('OMlItNAIIONS 
IN OI R ( OlIN IRIE S O ----

Plant lreeditig I)eartnu/n( 0 ?5 150 225 300 

Nitrogen (kg/hai
During 1985, we evaluated 67 F, rice 
hybrids 1.N responst of a hcncroic F,rict hybrid and nonhybriddevelopee at iRRI against the best conmercial commccial ritvariety athiand S.uwcon. Korea. 1985. 
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Table 2. Promising F1 rice hybrids identified 

lybrid or check 

1985 dryv season 
IR46828A/IR13524-21-2-3-3-2-2 

IR46831 A/1R54

IR36 

IR58 


1985 wet season 
Set I 
IR46828A/IR64
11(46828A/IR 13524-21-2-3-3-2-2 
IR46830A/19761-19-1
1135546-52-3-3-2 
IR28 150-84-3-3-2 
11(64 
IP,54 

IR58 


Set 2 
IR21845-90-3A/IR13419.113-1 


IR28150-84-3-3-2 
IR64 

t1R58 


aWithin 

in 1985. 

Yield (t/hia) 


5.4 a 
5.0 a 
4.4 b 
4.4 b 

5.1 a 
5.1 a 
5.0 a 
4.7 ab 
4.5 ab 
4.5 ab 
3.9 b 
2.5 c 

5.1 a 

4.8 a 
4.3 a 
2.4 b1" 

a set, nuImbers followed hbya conmmon letter are 
not significantly different at the 57, level by IM)RT. 

varieties and elite breeding lines in replicated yield 
trials in India, Indonesia. the Philippirnes, and 
Kor, a. Some of these F, hybrids showed sig-
nificantlspCe oritv)\er lIZ58 i(36, and IR54 and 
numerical superiority over IR(A and the newly 

outside IRRI, 1984-85. 

1%ybrid 

IR1683 IA/IR54 

V2OA/Milyan 46 

\20A/IR9761-19-1 (Wei Yot 64) 

V20A/1R54 

\IIt365A/IR 13524-21-2-3-3-2 

V20A/iR 13419-113-1 

MR365A/1R54 

IR747132-6-3/1150 

developed elite breeding line IR28150-84-3-3-2 
(able 2). IR46831A/lR54 and four others were
also evaluated in the Irrigated rice replicated yield 
trial during wet season (WS) at IRRI along with 
365 breeding lines and varieties developed through 

the pedigree method. IRZ4831 A,, R54 ranked 20th 
among tile370 entries. These hybrids, however, do 
not possess an adequate level of resistance to some
diseases and insects. New hybrids are being 

"
 
developed by using Newlydeveloped cytoplasmic 
male sterile (CNIS) lines. 

Somc 1thvbrids (Fable 3) developed at IRRI 
d 

and evaluated in national programs showed 11
68l,7vyield superiority over the best check. The 
hybrids, however, are not vet acceptable becatuse of 
either ih:'deqUalc d1iscase and insect resistance or 
poor grain quali ty. None of the hybrids developed 
at IRRI and tested in 1984 or 1985 was superior to 
the best available check variety at Cuttack,Bangalor , and CoiiNbatore in India in 1984; 

Kaptirlihala a( IPuniab in India iii 1985; Ma ligaya.
Philippines. in 1985: or Simweon. Milyang, and 

Naimyang in Korea itl1985. Results of the 1985 
trials at several other locations are not yet 
available. 

Some hybrids developed froi new CMS and 
restorer lines showed better perormance in the 
observational viel 11nu rser'. They will be further 
evalated inreplicated yield trials in 1986. 

Table 3. Some heterotic F, combinations showing positive standard heterosis in more than I location in trials conducted 

Yield" (t/hia) 

India 


1 2 3 4 
5.9 6.8 6.2 

(18.0) (25.9) (29.2)
5.8 6.4 

(16.0) (20.0) 
7.0 6.5 

(2().7) (20.0)
6.4 5.9 

128.0) (15.7)

5.8 6.7 

(16.0) (24.0)

7.0 

(20.71 

6.0  6.3
 

(20.0) (31.2)

5.9 
 6.2
 

(78.0) (29.2) 
I'ala, tlithar; 2 =Kupurthala, l'unjah; 3 Aduthurai, Ianiil Nadu; 4 Maruterti,

Sukunandi; 7 t parentheses indicate positive standard heterosis (%)overI. figures in 

Ilonesia Korea 

5 6 7 
9.8 

(12.6) 
5.8 10.0 

(41.5) (11.1) 

5.0 -

(42.8)
 
_
 

6.9
 
(68.3)
 

Andhra Pradesh; 5 New Delhi;6= 
the best check tnsedin the trial. 
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Six F, rice hybrids were evaluated along with 63 

breeding lines and varieties in an observational 

cold tolerance yield nursery in Banat~e. Philip-

pines, a high altitude (I,2(X) rn) location. The 
highest yielding entries in this trial were two 1: 
hybrids V20A,Milyang 46 (4.2 t ha) and Wei 
You (A (3.9 t ha) Comlpalred With th, best 
yielding elite line IR4RX)94-1-5-2 (3.5 t ha) and 
local check Pinidtia (2.5 t ha). Since the parents of' 
these hybrids are not known for cold tolerancc, it is 
possible that the increased vigor of 1:hybrids itself 
was responsible Iort heir better adaptartion to cold 
weather condition,. 

AND KRIA 


P'lant Breedlinig IOlrtmeii 


llybrid seed yiels in 13 ('MS inultiplication(A 1B) 
aind 30 hybrid seed prodrction (A R) plots at 
IRRI continued to Ib lo\. (7-493 kg hIa) duIring 
1985 (Table 4). [he lowseed yields \ere L-used bv 
one or a combination offactors: lo\ter rllterossilg 
potential 01' the nwCly .ch-eloped ('MS lines ursed 
for sced productiot, high incidence of ttirgro and 
other virts diseases in the seed ptodulctiotl plots. 
reduced area for the ('NIS parents and increased 
area or t he palent to iclCase the pollen loadiallllc 


arnl redurce the clhanccs otcortamination with 
'oreiglil pollen. tlroisvhllhroois Ifloering o the 
parental lilies, and other vCa th cl-relatcd prohlcnis. 
As expe:icncd earlier,. sced icltds \ore l0\\or in 
WS than In dry season. 

Hybrid seed plroduction tM+)hniIhcs \\re also 
tced in ,nu., at using the CNMS linesF!,ts Ili 
developed in China IV20A and Zhtci Shan 97.\) 
and IRRI (IR46828A. IR46830A. and 1R54/56A). 
Seed yields tanged froni 70 kg ht to 1.47 t hI.lihe 

Table 4. Seed yields and oulcrossing rate or cylogeneric
male sterile lines ohtaied al IRI, 1985. 

Seed Seed yield Sued set 
Season proiuctiorn range range 

plots (rno.) 0kg/hI) I 

A/t A/R A/tI A/R ,\/It -\/,< 
......


Dry 9 20 30-150 13493 4-25 5-3)
Wet 4 10 7-142 10-203 4-22 5-18 
.. .deived FR 
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outcrossing rate on the new CMS line IR54756A 
developed at IRRI was higher than on those 
developed during 1983 (e.g., IR46828A and 
IR46830A). 

A special project on h'lvhnd rice seed production 
in tile was initiated.tropics 

AN I tCI'lI F (tC IAII IRA VION \VII
 
K(lRIA
 
Tissue ('iht1re FIWilit 

The collahorative project with tileRural I)evel
opnent Administration (IR)A) ol' Korea on1the 
use ol'anther cultt tect[Chniques fo't he productiOllof'lorno/vgors cold-tolerant lines fto F, hybrids 

thit stlrted in the lattler pa rt of 1983 was pursted.Oft he 23 S R crosses sn bjectcd to ant Ire r culture. 18 

responded with a total ereca plant prtduction of 
7.138. Among these. 2.953 lines (41.4(') were 
artodiploids.u..rOtlild 1.2MX) lines have so far been 
sent hack to RI),A for screening in their cold 
tolelance and blast niursenies. 

I\1\ IAL I ISSI't (1IA I RI (O I AItRA I ItON 
1'. \tltXI('(,WtI II I'FR, . AN) W\ARDt)A 

li.vSl,' (tdltre Iaoilitr 

Ilot joint plioicet with Perul. \e a.re doillganther 
culturre of eight l"1hybrids to obtain lines that will 
be adaptcd to Perivian conditions. In 1985 
\Wc rcgenerattd 726 plants from our Feruvian 
materials, and anther cultirre-derivcd litres with 
sufficient seeds xsill h sent hac! to !'eru fortesting 
and selcction. 

Ihe collahboatixe prcct \\]ilt spin-Mexico i 
cipa lv oil the regernerrtioni of sonaclonal variants 
With redlrced tie s planted byuplirrt height I m\ ariC 
Mexicari fl rule,. 

Reduced plnit height aid shift from photo
peiod sllsiliitv to phtoptrrod insensitivity 

through solaconal \ lliatioil aic alliolng the Iajor 
chlliCes thlt \%c \vart to achieve in ROK 5 and 
R()K 1) roln the West .\lrica Rice l)ec\lotnent 

Association (WARI)A). Sexcral lines that had 
. . inaly tests at were fu ndundergone prcli IRRI 

promising. Final testing of these tissue Clndttlre

liles \%illb done WARA. 



NORTII 1IANGIAI)III ltEWEl.I..SYS I1:M respective benchmark seasons. Water use in rabi is 
11ater AMatwieylnemrt l)'partet'll mostly for growing wheat, whereas all water for 

arnan is used for rice.
The North BangldeshlTubwell System is one of Crop production and income. Ri'e area and M V 
two irrigation systems inwhich research on in- use. In 1981 anan, when benchmark data were 
creasing irrigatin ilfectiveness and crop produc- collected, mlany parts of the scrvice area of the 12 
tion iSconducted by a mlttidisciplinary group o1' tibewells were lound unculti'a ted, and only 15% 
scientists and proleesionals I'lom the Bangladesh of the rice area wa: planted itomodern varieties 
Rice Research Institute and tile 1angladesh Water (MVs). 1 benefit from the murc reliable water 
)eveloprment Board (WI1)1) in collaboration supply from the tulvcwells, farners were encour

with IIRRI. Ihe main experiments areconducted in aged to grow irrigated MVs (13R 10 or tiR II) in 
a group of 12 selcctcd (pilot) tubewell ilrCas arnan. As thctinelincssand reliability of irrigation 
representing the whole system, which consists of, water improved, the rice arca in anan increased
 
378 deep ttLbi\clls operated hv IW )B for more signilicantly; adoption o1" MVs exceeded 70% in
 
than 20 yr. 
 1984 becatse lrarerswere convinced o the greater

Increasing effective water use. Lack of rcliability returns possible from their ise in a rer s with reliable 
in water supply was the main reason 0t tarncr water (Fig. 3). The average yield advantage
disinter-st anda rajor limitation to i proving the achieved in the 12 tribewell coimln;lld are1"a.-Isduring

low capacity itliiation ofi anamn by farnci.s who grew NI Vs (IBR4,
tile tiibewells. In the 12 1HRZ or10,

pilo tubewells, water stpplv reliability was, i- BR II) ovser those cultivating local varictics ranged
 
ploscd by reducing the high \wtcl conveyancc from 1.3 tiha in1981 it, 2.3 t!ha in 1982 and 1984. 
losses in the main Canal. iri1provirig the lecl of (n'eli menmure,td rice rivld. In 1982, green
 
Stupcrvision of puump tllItlItlrc
optlititir, and cnllancing crops Scsba nia and sunllelp were iritrol.armer orIgarriatioral activities no tutili/c the \water duccd if]cropping pattern trials as als crops to be
 
inan ordrlc and S.\stcrinlic nianner. II,resits 
 grown fhoir ca rly summerirairis (withoot irriga
are shown iii Iigurc 2. B\ 1984, tle arca benefiting tioii) iIbetwcnt! two irrigated grain crops, i.e.,
frIomi the 12 ti hewells had icirc:1,ed byabout 221 ).' wheat inrabi an rice in ain ain. (irc i mantnrc was
 
in rabi and bv 3(Xlf: expected ho be bencficial not only fron the soil
in IMLI Corripared with the 

A'rI (t)(1) Hic aa (h) MV Idoplior (' ) 
Hou t 801 

(In :: 600 

... .
...... .
 

,100 ...... 

20' liii)::ii~ 

.........
 
0.
 

I'MI 1981 98? 19835191 1981 198? 1983 ni81 

(henchinmrk) 

c tll ridmigal an~tird.4. t tC1c s It iii i it pCartt rageoi t111ulmr1area pie i ii2.Iottiii u.... imL;-I!i \kai- ttot pilot N1V doifiig M11,i11if, r1tC ikl 1 1 1tt12 USinig L-01iittMtId 2 piloi
Itiihne tk (11,11119 jircin Btatnrglailsh Non ti flantgtludesh tikwct Systemiiaht and Nolil I11Ks\Vcli itthewel, lr I rriga~init
lit igationt S-v'.irt. Banitglaidesh. I t-8-t. litat )IdesI.t98t-8..
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nutritional point of view but also in improving the 
structure and water holding eapacity of the sandy 
soil in the area. A number of progressive farmer 
cooperators quickly picked up the idea, in 1983 
aus, green manure crops were grown on about 
20 ha within tile12 pilot ares. In 1984, the practice 
expanded to about 48 ha and also to substantial 
areas under other tubewells as more and more 
farmers, through the initiatives of BWDI exten-
sion workers, became interested, 

In 1983, the average yield of the fields wid green 
ma nure was 1.8 t ha higher than tile average yield 
of those without green manure. The higher yield 
was achieved with use of 52(' less N. The yield 
difference in 1984 arian was about I t ha in favor 
of fields with grec.nmanure, with 581 'qless N use. 

(Cr)jnoigpaiturn and hiconw. Experinents 
with alternative crops tor atu.s we re co1nd icted in 
the command areas of three tulwells to deternine 
the economic r'tLtrns cxpeCted IronI three-crtop 

recommended practice relative to the benefits 
obtained. At the farmers' level, wheat - millet -
BR I1 rice gave the second highest net return, only 
7% less than that for tilemost profitable pattern. 
Despite low mungbean yields, wheat - mungbean 
13R 10 rice prod uced tilesecond highest net return 
for the rccomnended fertilizer level, but about 
11% less for the farmers' level becatIsC of tilelow 
yield of 11R 10. But if a decent mungbean crop 
could be grown in ars, for which appropriate 
varieties would be essential, returns from this 
pattern would be much higher. Wheat - green 
manure (Scslania)-BR4 rice had tilelowest return 
at both tie recommended and farmers' tf21"tilier 
levels, mostly beca use thie yield ofeach crop in this 
pattern was the lowest aniong tile four patterns 
tested. 

AtIOPt ION Of- DIRY SiTDF ItI('T I FCINOtOGjY.IN' I. :I N)1 I) OlFFI) OFClS ,I0(). AND 
patterns involving irriguted rahi whcat and i1ri- "(t 11('(I \HAI 0. '0I tII'IINFS 
gated 110V aimar rice. [or each pattern, chemical 
fertili,,cr inputs were used at two levels: tile recoll
mended level and tilelamners' level. All wheat Irials 
used 'le popular Sonalika vanetv. 

The remIlts arc showrn inTable 5. The wheat 
green ma nure (s1,triherip ) - BRII rio: pattern, 
grown ilI the rbi-anIs-aiMia sequence, gaxc the 
maxirnrn net return for both reconnleinded level 
and farmers' level of cIIIlirer use. [or this pattern, 
the net rettrn trii the recorinileridedIcritili/er 
level was aboul It 'i lcv, than that at the fa.rne's' 
level because of higher costs inu\olcd in the 

a'ih;ig a'mt7"i'chni(dtg' T)a/i'r I)aepartmtil 

With the a\ailability of' early maturing varieties, 
IR RI bhgan on-fmi cropping systems research ill 
fttavoral- Icrainfed lowland areas inthe riid-1970s to 
ideItifyV ppotrtullities for crop itellsification. 
Research \\as initially undertaken inI angasinan 
;rid Iloilo. (n-fa rrn testing of modern rainfed rice 
tCciHIoloV was sulbsequCeitly undertaken in Min
da nao arnd several other pails of tilecountry ill 
coopertlion with the Philippine Ministry of Agri-
Culture anod(1(, XF). 

Table 5. Results ( I-collaborative experiments of] yields and ecoll(nic Performance of 4 cropping patterns conducted iii 
command areau, of tul',ewell nos. 63, 118, and 126, North langladesh T,bewell System, 1984, 

Cropping pattern 

Wheat - green manure (sun-
hellip) - II riceRIt 


Wheat - green manuie 
(Ses1alnia) - BR4 rice 

Av grain yield" (I/hal 
Total cost', Gross returnd Net returId 

At recommended At farmers' ($,'hat (S/ha) (S/ha) 
fertilizer levelb fertilizer level' 

IRF) (1I.) RI' 1:' RI' IF RF FF 

3.15-'-5.75 2.16-'-5.53 664 457 1696 1618 1033 1160 

2.5 1-J- 5.22 2.28'-,.27 665 456 1485 1248 820 793 

Wheat - inurighean - ItRIO rice 2.82-0.15-5.36 3.05-0.15-4.57 583 583 1608 1493 1026 911 
Wheat - finger millet - iRlI rice 2.78-1.3-5.33 2.72-1.30-4.89 815 598 1781 1678 966 1080 

aA, of 9 replicatiils, 3 in each tuhewell area. 111tF- 80-60-10 kg NI'K for wheat, 20-60-40 for mligbean, 60-20-20 for 
millet, and 80-60-40 for rice. ('FF = 54-64-32 kg NI'K for wheat, 40-41-23 lor BRIt, 42-42-13 for 1114, 38.41-23 for 
Ii RIO, 42.49-34 for millet, ant" 20-55-44 for munglieal. 'IColverted atthe Dec 1984 exchange rate: 'k 25.13 = US$ .00. 
eAy green plant weight = 14.6 i/ha. fAv green plant weight = 8.8 t/ha. 

508 IRRI ANNUAl. RITPOR I FOR 1985 

http:2.72-1.30-4.89
http:2.78-1.3-5.33
http:3.05-0.15-4.57
http:2.82-0.15-5.36
http:2.28'-,.27
http:2.16-'-5.53
http:3.15-'-5.75


Development of technology and analytical tools. 
Based on cropping systems resea rch and multiloa-
tion trials throughout the Philippines, tile rainfed 
lowlands of Iloilo and South Cotabato were 
identified asareas highlysuited to crop intensifica-
lion through the use of early aturing vaieties, dr , 

seeding of tire first rice ciop it the [gililing of 

WS. short turnmaround tin betwen crops, and tie 

introduction of a second rice crop. Variants of this 
technology inclded tile ise of ain upland crop 
instead of te ';econ(] rice crop if)dlier areas, and 
the addition of a n upland ciopt o a two -rice -Crop 
pattern where ul)iStulr' waS adqCate. 

In Iloilo and South Cotahato. crop production 
progrns were designed to prorote mass exten-
sion of this highly pronising technology package 
to a rriers. The KABSAKA Project in Iloilo was 
supported bya S12 million World Bank loan, while 
the KASATINIAJ ProtjcCt in South Cotathato was 
based on a MAF extenisiol utripaign. 

BV the 1981 growing season, the production 
prograris of the KAtISA KA and KAS.Ai NI. U 
Projects covered 6.3(X ha (4.6(X) ilrr1rs)riand 8() 
ha (650 faruirs ,) respectivelv. The great ii1ajoritv 
of these larctrs diy seeded the first rice crop. 

"Fable 6. Characteristics of sample farmers in Iloilo and Souih 

variables arid distribution of farmers for discrete variables. 

However, closer examination of farniers' fields 
supported by discussions with farmers revealed a 
varied pattern of d ry seeded rice (I)SR) adoption 
by farmers in the study areas. Furthermore, those 
who adopted DSR varied in the extent to which 
they adopted other componerints of the KA13SAKA 
and KASAlINIAU teclhology packages. A study 
investigated the factors inl'luencing hr riers' adop
tion of' DSR cropping patterns in the rainfed 
lowlands of Iloilo and SouIth Cotabto, aitd the 
extent of stich adoption. 

I nformia ti on a bou t the socioec onomic cha racter
istics of farners in the Study areas was obtained 
fromii interviews during 1982 (Table 6). Farmers 
were classified on the hasis of their adoption or 
nonadoption of I)SR. Art adopter had DSR on at 
least sone part of the rainled lowlard area of his 
farm, while a noniadopter did riot use I)SR oiiany 
part of III!,farm. 

In Iloihlo the study a rca vas sitatificd bVlocation 
before selection of respondents to have adequate 
rcprefri tation from the agrocliriatic /ones where 
tile KAIOSAK \ Proiec t was operating and where 
field trials for this studv w\ere located. Closer 
cxanmination of the adoption model for Iloilo 

(Cot-bato, Philippines, show n by mean values for continuous 

Variable 

Farmer's age 
Education 
Labor indexa 
Draft animal indexb 
Extension visits 
Knowledge 
Tenancy 
Rainfed lowland area 

Knole(lge (herbicide only) 
Area (try seeded 
)ry seeded rice seeding rate 

Crdit 

Tenancy dummy 

Illoh South Cotahato 

Unit All farmers 
(n= 173) 

Adopters 
(n=94) 

Nonadopters 
(n=79) 

All farorers 
(r= 100) 

Adopters 
(n=50) 

No,.adopters 
(n=50) 

yr 48.52 47.85 49.32 45.03 45.90 44.16 
yr 6.47 6.38 6.57 6.97 6.58 7.36 
index value 2.00) 2.15 1.83 2.24 2.56 1.92 
index value 1.01 1.05 0.95 1.15 1.40 0.90 
visits/yr 26.63 30.26 22.32 13.89 18.14 9.64 
score/8 2.46 3.20 1.57 3.58 4.15 3.01 
,"c land owned 
ir2 

30.14 
15,162 

28.50) 
17,430 

32.09 
12,463 

31.67 
25,143 

38.68 
33,584 

24.66 
16,702 

score/3 1.34 1.94 
1112 '2,544 14,310 
kg/ha 115 128 
no credit 124 67 57 33 14 19 
credit 49 27 22 67 36 31 
not owner 118 64 54 42 29 13 
owner 55 30 25 58 21 37 

atRepresented availability of household labor, and was calculated as follows: X L = (LAF X 1.0) + (LCF X 0.7) + (LAP X 
0.2) + (Lcp X 0.1) vhere LAF = number of adudt, (>14 yr old) in the household who were available for full-time farmwork; LCF = number of childien (<14 yr old) in the household who were available for full-time farm work; LAP = number
of adults in the household who were available for part-time work; arid LCp = number of children in the household who were available for part-time farm work. bRepresented availability of draft animials for cultivation purposes, and was cal.culated as follows: = number of working age carabao (water buffalo) owned + number of draft cattle owned.X D 
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revealed relatively poor predictive capability of the 
adoption status of the subset of Iloilo farmers 
located in Cabatuan. For this reason, it was 
decided to run the logit 'egrcsion analysis again, 
with the same set of independcnt variables but 
excluding data from Cabatutan, on the asstrumption 
that somewhat different determinants of adoption 
may opeiate there. 

1.n South Cotabato, the respondents were selec-
ted randomly. 


Usi rig da ta from inte iviews, qLianti tati
verUdels 

were developed sepataely for Iloilo ard(l South 
.otabato to describe the adoption of I)SR. The 

analytical prtocedures involved Itgit anmlr'sis to 
ide.,tify tiledetermitants of adopj>tion an1d lon-
adoil!ion whert thc depenentivarib wa.s dicho-
tonIolls andt tolit ralillsis to cxalllell the extent to 
which falrr's adoptled technology. Boith aialyses 
were included because differcni itclris in;.t 
influencee the decisiois to ,!dopl arid row much to 
adopt. 

Adoption of ).SR. IhCc \w'ere bth SirrilliltCs 
arnd diffcrences arurturg IOGtIonl', illILe[actors 
influencing I)SR adoption ( l le7). Ilall lill'_C 

setsofdiala(lhoilihile,,.( abatuati.arid South 
Cotabtol), firir-r withlritorelbor. Iagerfrainried 
lowland areas, and beCttl knowledge of 
KABSAKA or KASAI NI .Ltechnology had it 
greater probability of adopting D)SR ini1982 

Labor availability.'I lie imporztance of labor \\as 
probablycaused by the di fi tulty of \vd control ii 
M)R. 1),SR adOptiuli in lhrilti arid ot11h (tbiNtto 

]Table 7. Summary of results from models describing dry setle 

pines, 1982. a 

Fxp a attry variatle 

Farmer's age 
Education 
Labor index 
Draft animal index 
Ixterision visits 
Knowledge 
Credit 
Tena ncy 
Rainfed lowland area 

Iloilo 


= 
All farners (n 173) 
......................... N = 141). .. ... ..... . . . 

Logit model '[obit model Logit rirodel Logit model Tobit model 

+ + j 
(+) * 

* * + 
*** *** • ** 

+*
 

entailed a significant increase in labor costs, in 
particular those associated with hand weeding 
(Fable8). A firmer planning toad opt )DSlneeded 
either an adequate supply of household labor or 
sufficient clash reserves to employ laborers. DSR 
may not be suited to poorer lhr with lowris % 
household labor availabilitv. 
The tobit model lCsIlt,: far lloilo showed that 

Ihiriners with ine houschold labor were likely to 
sOW ine(re of their rainfted lowvlan d area to I)SR. 
Cases of I(Xl(> adoption were fev, demoionst Ia ti n 
that farmers hesitated to rely wholly on I)SR 
beca use of its inherent riskiness and large labor 
reqiiire ment. 

InI South Cotaba to, the alternatives to I).R 
\were not limited tol wet seeded( and transplanted 
rice. Mai/e is well a.dapted to the rainfed lowland 
erironnment in that province, \which differs 
markedly fiom;! Iloilo in having lighter soils and 
ilore ceelv (iHr'ibulted rainfall, leading to less 
e\cre floodig. Maiie is also substantially less 
labor intllsi\e than I)SR. Soybeanarind mungbcari 
carn also be grown inthe rainfed lowland crviron
mllelit Sorth . Famler s are thts in aof otilba! 
gtoJ ptOsititr to adjust their crop Choices and 
cloppillg patlllls to stit their labor resourees. 
landprli'aui lislesslabol-doemandIng oii light
cxtnred soils, ar dnriirs rise Ii-ec| ier'-gice herbi

cide with greater effectixeness h| this environment. 
Studies ha;1e shown that Iriodern rice techziolo

pie, teid io incicase ratlie than erccease Ilab"or 
rlqhireri'nells antI that atshortage of tIrnily labor 

rice (t)SR) adoptiorn ill Iloiloand Soutlh Coabalo, 'hilip-

Sout th oClabato 

=
Less .aha r an All fariiiers tn 100) 

aSymbols reprtsent significance level of 0.1% t% (**), 5% (s), 10% (+), and almost 10% (f). Symbols In parentheses
denote inverse relationship bctween DSR adoption and the explanatory variable. 
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'Fable 8. Labor costs for wet seeded rice (WSR) nonadopters and DSR adopters, first crops, Iloihl,Philippines, 1982 and 
1983. 

Labor cost (S/ha) 
Item Ajuy Cabat an New Lulce na Miag-ao 

WSR SR WSR )SI, \\'SR I)Sk WSR t)SR 

Land preparation 
Seeding 
lertilizer or pesticide application 
Iland weeding 
Ilarvest 

55.49 
2.24 
5.79 

16.53 
54.90 

51.71 
5.19 
6.61 

25.50 
60.68 

19820 
46.16 

3.90 
5.55 
3.66 

77.80 

16.75 
5.08 
5.00 

31.52 
)0.33 

51.95 
3.54 
5.55 
7.08 

87.25 

47.34 
5.19 
6.61 

44.(.1 
82.! 7 

41.09 
2.13 
2.60 

1.)1 
40.97 

38.61 
2.72 
2.72 

33.06 
53.96 

Total 134.95 149.69 137.07 149.58 155.37 185.35 90.80 131.07 

Land preparation 
Seeding 
Fertilizer or pesticide application 
Iland weeding 
1larvest 

44.55 
2.82 
4.27 
1) 

74.73 

38.00 
4.36 
4.82 
8.,15 

85.27 

1V ,.'?
44.55 

2.82 
4.45 
(.73 

72.27 

38.00 
4.36 
4.64 

30.64 
75.00 

44.55 
2.82 
4.45 
0 

60.09 

38.00 
4.36 
4.9) 
6.45 

70.36 

33.55 
1.36 
2.09 
0.82 

78.00 

28.55 
2.18 
2.45 

27.00 
75.36 

Total 126.37 140.9o 12,1.82 152.64 111.91 124.07 115.82 135.54 

PS.47 as of 30 Jtun 1t082. t)$1-) Pt 1.00 as of 30 Juin 196 3. 

can itthibi theirado)pt;ot. Thc rcsults i Ihloolatid, 
to a lesser extent. South ('otabato suggest that 
adoption of I)SR is likely to inccasc rathelthan 
decrease on-llIl cnplovrnncil, cspccially in Ctvi-
rotincts where wee-d cttrol 1ltrotlht lictbicides is 
unreliable,. 

Farm size. 1lie fiiding that fatillci tote\\iIl 

ainfed lh,land ara IctICl to ;dopL I)."SR more 
tcadliv thati smallct faltoc, is c nsistetnt with 
sortie past stuldies ont hthrg. tdoptiot. 

In Iloilo, the tclatilliip Iet\%,,ttl latdhldditt!, 

atid adoptin wa,s Considerabl\ \\akcr it the 

absenee of dattil Irtll (abattlan. Itl Cabatuatn. 

I)SR had only rccitl\ htt.l ittitt tuced. SitnliIarl., 
the ittoduction of 1). IRto S(uth (otabato egan 
otlv itt the latc 1)70,. HanCd otn the thCor\ Of 
delayed adoptiott by stiall Ihi tiiCrs. this ohstIVed 
eflct of ;ilr) i/c ailnlcd lowhld a ea, ill 
particilair) may disappcail o ,rlitle. 


Itt Iloilo. ithe laiger II ttiet>s
prohablv adopted 
I)SR hccausc of their capacit\ to abs.tl b a Clop 
IailtIrC. Iti Ajtty, whcrc lairlall is tt01t clahicaid 
ntor etc to( dlblLc rice. theconive cropped 
difftetreces itt utt. si/sbctweenr adoptcls an l 
titnadoptets \%as tlite small: cst smallcr fit ruiCs 
rccogni/cd the ",tltc of I)SR and decidel to 
adopt it. 

In South Cotaba to, the cluctactc to adopt waits 
more likely related to1 lie high cost of wccd conti of 

it I)SR tathcr than the risk of' crop failure. 
Aithouich almost all I)uR farerctsed pre
cnlecget herbicide, one or more hand weedings 
\were usually required at a later stage. larger 
latiters \wore bcttcr able to hire labor for hand 
wceding and. if neccessa ty. Itoreplant in tile event o! 
crop fililutrc. 

[he ititil La tllotiof smaller (IrtnrC in South 
(otabato atnd pats ofIloilo could be omerelone by 
Ituthc technical icl imntnelet in I)SR technology 
through recarch hygoerunnl and international 
rcecm-ch hodies. Ii addition. eady adopters en 
linc-ttittei technology to speciliic cnitonntucts attd 
illulene tither it 3,ietsto adopt. 1,atfy adoptCts 
expcIitinctig with a new icchnologyabsorb much 
of the risk. 

Flarmer knowledge andl(J extensioni contact. 
lartncr knowledge of the KAIBSAKA or 
KAS.\ IIN 1. tcchlologics Was an inliportant
factotr infliucnicitlig the decision to adopt and the 
extent of adoption in both Iloilo and South 
(C'otahato. I Io\ever. it i dillicttlt to ascertain to 
what e tett teater techntiLal kttowledge by 

rllcrs actt'allv iniflucntced the decision to adopt. 
ihe acquisitioti of tecLtnical knowledge after 

adoption clnnolt be discounted. 
[requency W, extension contact and knowledge 

index were very weakly correlated with adoption in 
Iloilo and not correlated iniSouth Cotabato. 
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Neverthele;s, it appears that extension was con-. 
tributing in ways not dirLtly reflected in the 
knowledge index. Observations of extension 
activities revealed that the decision to adopt I'SR 
can he encouraged by persuasive argulents on tiLe 
potential benefits of teehrology that were put 
forward by local extension workers and rcinforced 
by their pclivisors. who regularly attendedri1 

neetings of'farmer gro .ps. I'here also appears to 
be some group pressure on a if,ricr to participate 
in the KA BSAKA or KASA It NIT.Proiccts. 
Th noinsignificaice of extension contact illtile 


Iloilo adoption riodcls that includcd Cabattrari 
fariers reflects the Io,profile of cxtension Inthat 
rntinicipalht. lie finding that I)SR adopters had a 
los\ei fe\el of extension contact than llonadopters 
cannot le explatincd by available information, 

With the exctllniorl of (iabill.ttl data, extension 
contact had :ap)sitise Influence onl I)SR adoption 
in Iloilo.ias it did InSouth (otahato. lhe coriplexi-
tics (l the I),R tcclinolgy appCea tonecessitate 
regular extension slplot tu. Simpler technologies. 
such its riroderII aricties, hac kr ObsciveCd to0.en 

spread rapidly %withor t ad\icc,,ihout cxtension 
provided the \:l"'ct\ has ctllactc ustics favored by 
fartners. 


Credit. Credit ;iailibilit\ did riot appeal to 
inhibit adotption of I)SR. (_tisidetliig tll' 
requirmnent for lierbicide and h)and \%ceding. this 
finding might be Coisidcred SUirprisinig. Ilt\ecr. 
therre itrenon Catergoernriclit credit rogian s Ihat 

directly to farticrs sushing to it"\ lhe
seed rice. 

existing gov rice
rirmiierrtprurduction prograll, 

Nstgnasa Jg was
. geared to\\aid tile irrigated rice 
crop, and use of its Iids forI )lSR is allinlikcfv 
proispect tuider existing intittitioalaIhrrarigctilents. 

[enancy. lenancy stains did rlot appear to 
influence the dcision to adopt l)SR or tie extent 
to which i)SR xs.s adopted ini either Iloilo or 
Sotith Cotahato. Althoigh sonic falmilers claiiterd 
that they were not allowed tI adopt I)5R because 
of( their landlords' asersiori toits riskitness. such 
influence was ilot\\idesp rcid, probalv heca ti. 

landlords anld tenants have deelo(pcd agreerients 

on input aid oitpuit shalring that tmiake I)SR 
favtrable for both parties. 

<Farmer's age 111d educalion. lie age of faini 
in both Iloilo and oluth ('otabai influieiced 
neither the decision to adopt lor the extent of 
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adoption, consistent with the majority of recent 
studies.
 

Contrary to results from most other studies, in 
South Cotabato, more educated farmers were less 
likely to adopt DSIR. More consistent with other 
studies. the educational level of Iloilo farnie rs did 
not influence I)SR adoption. 

Draft animtal ownership. Based on the logit 
models, draft animal ownership (lid not influence 
the decision to adopt )S R in cither lloilo or South 
Cotabato. Tobit analysis, on the othc, hand, 
revealed that aninmal ownership was a significant 
explanatory variable when the extent of adoption 
was considered, but \ith opposite directional 
effects in Iloilo and South (otabato. 

'arl' and thorouigh land preparation arc key 
ingredients to the suiccc.sftul establistirment of I)SR. 
Farmers ith iolc animals are able to prepare 
thcir land more quickly and effecti\cly than those 
\\ith fewer arrnals. In South Cotahato, the 
increase in adoption associa.ted with imore draft 
atnitals follo\ed this logic. 'the opposite effect Was 
found in Iloilo, but oil]\, at the 10"i level of 
significance perhiaps anlinal o\\nerl.ship had no 
inftiuencc bccatise of the relati\ely higheiranimalto 
land ratio iltloilo.
 

llI, SrRt,,tl I X ILNSI() 
.l,'*riU/t ,:Iije'itl, I),Irutment 

t'Philippines. The N AF-IRRI Progran has 12 
trained engineers working,with farnei's and more 
than 2(X) siatl-scaleImainufacturers in the major 
agricultural areas of tileconitry (Fig. 4). l-igh 
priority hts ben given to the development arn( 
promiotiorn of lomv-Cost eqtripment suitable for 
small farriers., itncludirg nianual atnd animal
powered eCtlirerIt. 

[lie program reccivcd a IPresidcntial Award for 
i!s developrerit of Ithresher sheller that ciert, 
ilie popular axial-fliw threshcr to a 1iiaie sheller. 
tll illanitfictuiers are no\' prottucinig this Iten. 

77/age equipmu t.anid pircparatiii oftenn '1. 

ca tiscs dcla ,,.N aind is thereforeincroi csililisluiiicl 

a major obstacle Ioincicasingz cropping intensitv. 
We tested six land pricpalr tiolr telchlnologies to 
cioiiparc elIdpeifornilice. cost. and estiiiated 
delays incrop estatilishnnt. Ihe floatingrototilleir 
was the iicist ectnointmrical (Tablc9). t)cvetoped by 



cost and fewer dela. , for normal as well as 
F-.* waterlogged coid itiOns. 

/Acceptance of the floating rototiller has been 
limited bv two problunis. [list, control of it. 
fory\ard SpCd ICLircS stleltiots effcot by tie 
operator to hld it back in relativcly (I-\ areas mi0(d 
to push it lorx'ar in nindd v areas of the ,ante fild.Second. the tillers bell',cretes fu:ro,,s that reice 

the rate oldecompo siti01 of straw and %%Ced., While 
incleasing tIle if lfictltY of ha ro\;ing aid leveling.

I .et,o , -o Frjo, reduce the.,e prohlCns. ,wC collahoraited \,itli a 
ia nufhctiiiC to deelop a mtodifi'd Lesigi havring 

t,' Mi11 pontoons sepa ated hvan open tuiinnel (Fig. 51. 
- , lhe mratiiitt o the pontnts clo,>cly hallancesthe 

dragl-, and tractioni to &Ici coi icit forward 
P.e. J nearly con'tant ft widelyN 'aring fieldgO H fii(lititIilieh' e.lr latolle io pros\ides a rocking 

poilit that alh tieCopLclatol to litise or lowr t he" +++'P+'; " 'piiddlinig whcel by puiitiii ,dho'iror ptir uip iii 

U . Iliehland It-.I liecbs ecoi ligIIe e t1 f1 ~gft] farsI ai',Id .pcd and a,,oiding bogging down Il 

\es., \-\ ' - l iodds aslC. [he C lll)illition of 
po and
S ," ll s ttlillel I eo-Ilts ill more lliforll 

till;tiC. ,hch liIIIIIInii/es the lutlrowiig probk'nil. 
\\c '\pect theIiCIolil ed h ati-i Iototiller to le .. lt-Cepled 1 Vliallillci s or both Iloilial itild( ttr-

tI-tIR 'R4. \I \ l I +.'t, .iiti flilhj.l itll.I, tliiggiil iw, liclds. It Ilia\ Iv lpirtic tliIy appropriatc for 

"\,IuiIpV rtca's ill Alit'. 

11.1.6"( oIoMM.S, the ,ila ) [p111\V,. de, clopcd
sitiall-sciIc lili'io cl'tieprnittirs. it coinists of i, 50i I-ig. (I. ich c('st I e tth i" le axial-floss 
bott-likc bIds ,,ith ;t IIMi-Itmiiutd piddlioU p'.itp %IIihott'-acrilicigpeltioneCC. lhis.icins.;icl ji lo btu+ttlt,tt iIP , l ltauc, lihtiller iteotrportt,, fe;titor+, desehoped b\ la-tne, and 

etitid -,ubiaoii;ilh ,i, . i:tc +i die \V st'ri Iilltil.ictIll:'i\'ill the Illcol tegioin oi tihie Phllilip-
Vi , is Al .l odla ,. c,, ,.C:33', in , telioNced pilies. tile tnintp1 int bein g al 1Ixilbk ds-ch; re. 
AI'' , helC10 liUc tt e i K. II Iiw ,the litIc i t cacks


:ti,,enti ti t: tss,-s, lice 

l i 1 IIHd. IsL'] 1 t s >i.thc cbV 

a-. i . lie i inihil~l i l -,+t Ih( n /lit11' cosIl,. iictil tubin . Ihe IRRI
l s lts ; ilh ttiuic lotw ik'l .. .. n I w, a d P ep! ii tInti dcsigti d ijIeClle1Ised beci itsi, 1uSeIf'cicycV is 

Iahle 9, Itielit-c(, rils risI: l tv ,, illaet t ech n logies at 3 levels of annual ti lil iztthio . IlItRI, 1985. 

11linclit-o',,t r.1tli k\'ith ,1ml1uwil utili/ Itioni of, 

-5 tyr 5(1,/yr 75 di/yr 

NVACTbfitido , m1ldh.1itd ploi 0).20 0.44 
t'w -Wt .A ~tr:iteir i ih,,irpltow 0.83 1.1 I 

0.59 
l'v.o-v.htcel trautOr f disk I'l(M 0.91 1.26

1.23 1.4 1 
I si-.c tractor F spiral plC 0.91 1.23
lwo-wi ,el trator t CJI!' \ hCCls nut harro\w 0.99 1.33 

1.41 
1.52I'loatiiii rototillci 1.37 1.81 
 2.04 
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Side Roar 

o--ntoons -

5. MI:-IR RI floating rotutiller. 198,l5. 

IRRI axiol-flow pump 

Bottom 

Bicot sipa pump 

Pump .mpeller 
Wood frame F hole 

6. Evolution of the MAF-IR Ri .sipa pump frim the IRRI a idj-flow pump and Iicol .ii)0 pump. 1985. 
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more than tivicc that of the boat propellers com
[nonly used by Bicol Ia'nilers. The sipa pulnip is 
attractie fot both ranlfed and irrigated larn s-. 
where ilprtued control of irrigation and drainage 
results ill "ltbstantil yield inu rSeS. 

Indonesia. ( er1- .(0t)0 thes ISha \c bee n 1hrh)ri
catcd inl West Sumatra. and ovcr 2.(X)O axial-flosv 
pliips hia\c li in lactured ill Jaa. 

Burma. Atimal-powered cqtripticit Suchs ac 
reapelr and s eder hawe been.rtdeselo~ped in liiiit." 
'IhIe draft of i iIinl-possered irripleruierir ISbeinll6' 
1m1easured (Fig. 7). A liand-opcrated seeder has 
hen deelopd (Jig. ()a" \%cll a',a hand-l \wered 
Arehiilcd ,. \,,atcr (l.ig.suc,,\ ltr lilitin 9). 

India. len iabrieate IRRInionainirn\\ 
dcsignedeqiriIleMInt iinhe shI, Inrn,tUl Ihiia. 

-Reapers. thireshers. and tritI,,plantei are heing 
introduccd. 

~~IRIA1 


7.Mca tlru.ntoldraht. 1985. 

., 


_ _,,_scrs'atioll 
H. lKIiit- )CpratCt SLIdcl 1985. 

being tcd in pullmp %,aln 1985.\ nltui ,'+.:tv, r ill tlrhilra. 

halIiland. rhe inclied plate planter is Well 
establisheied in rhailaid. \\itl) clsr800 miits sold iti
 
1985. TIie n\'c oI Sccdcr aid impripoved s\ater
 
hulffalo phs' a1rleoW urlelCr CoiiirIIeCiai produC
tioni. ilinphasi,, was in tile nrthcast rell, \\ihere
 
.licchani;nion has not bcen practiced to all
 

extent. tlhe+Iprlogrni inl I [ailad is now tictioniss' 


IngmiIl it ice froni JR RI
lissi 

-N,.\A PR(I)GR.\11 ( A))IZI+,IO(N
 

lowh aie l,isted siLniliint vopother I cative 

cnIrirtry pr'ojects.
 
Burma. i IRRI scientists worked with
]hrec 


3nrnese colleagtues inthe d\evelopilent of Ca rIy
 
mra turinrg rice aricties aind new cropping systems
 

Ior the (il'lerclit BinrlirC eeic erivirolrients. This 
work. alni with that on the design and adaptatioll 
of' billck-rarn fiari implements. has opened 

oppi Itrlinities i'ort\o or c\Ci threc rice crops 
annually. ltrrrnese scientists attended Short course 
at IRRI and somie iidertook grad uate training i 
(nrada. 

('hiM,. [le ChiiicsC .c:MiCeiv of Agricltur aJ 
Scionccs(C,'\ASf and IRlRJ stregtlihricd research 

re.l']ating to resistance breeding and divcrsilicrtionI 
t lthe gtictie ake p of hybrids. IRRI c(intintred 
to cooperate ill the dcclnipierrcnt oI the (1iiria 
Nali onal Rie Research Jrstititrt (C'NRRI) at 
Ilang/liur and the Natinmnal (ermplaSil Conl

('eOiier. Slttle breeding prorgramis with 
CNI<RI<I wcrc cntinuede. aid cooperation was 
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extended in establishing the National Azolla Re- ciona! de la Pa pa, and IR RI. lhirty-five visiting 
search Center at Fuzhou. With Academia Sinica. scientists, post-doctoral ellows. and graduate 
we coopcr,:'d in tisue culltu re and harploidy scholais from India worked at IRRI durine 1985. 
research. IPRI initiated new research initiatives In addition, 47 Indian scientists partitip:lred in 
with the Chinese Aca cmv A' AgriCLtuiaI Mech- ,hoit-term courses. 
anriation Sciences (CA,\ANI S) an CAAS on the Indonesia. IRRI and the Agency tbr Agliculi
ecoioificsolagiculltnral mecri atimon, and with ttlra] Research anid I)evelopment (AAR D) 
CAAMS ol postharvest technology and Iirtr planned an uplanld rice research :11id training 
machinery deelopneit. I weniy-five Chinese NIS prograil at the Sirkarami Research Center. On
and Ph 1) scholats studied at the University of' the lrmnillagerlelt of" aertusc is tle toclls oki new 
Phtilippines at los 11,610s MAIconieLIted eseircIl coopc)ratike irrigation ilialagellelit pro ject cover
at IRII in 1985: 30 pa iticipated in short-tcrll ing nearly 250,)0 ha in the latiluhur irca. ['lhe 
trainingt. de'elopnicilt amid local niariilactilie ol inipiients 

Democratic People's Riepublic of Korta. Annual to sLreamtllline tile plodluction and postilarcst 
tood erail prodtitiolm is about 9 millioni t in the phases o1" ri;e iarllill .svseClls a re priori ti s ir the 
I )Clleoca tic Peopic's Republic of' Korea (1IPR K). [Ianin illachinlerv programi. 
I)IRK hopes it) inricase halit t(i i milliojn t ill Repiblic of Xorea. IRRI 0oopCltion included 
1986 and 15 million t b)s P)95. lri)i IRII scirenil( or diSeasC aid iSct resisiarice andI ) ai .npet 
Leai's list viSit to I )PlR K in 1985. coopclatioll \ws lltnitril. \Ve evaliLd IR RI liirCs lIi resistance 
propo)sed il breditigiiilv Folr iatu1iritv arid tobacteriaIblight and virusdisases, andJRRIanrd 
resistance to blast anL bactCii I Ibliiht. hybrid rice con1ircrcial Korean \irietis Ir iesistace to blast. 
and tissuc ciiltur, aim tidal \kctlliads. I)PRK Insect studics concentratcd oil susc-_ptibility o1' 
plroposcs to SCiId sItlt1t It 1articile iI JIRRI ilslect pests to ir.,iectcides., resistince of Koreai 
degrec 'aiid lorlidegrcc riiii pmriis, ilI and IRRI varieties mowhite tip iciliatodcs, andi 
prorote tile e'harige of sclientists. gem lpla:ml, bioilogical difflrcences ti\ci Koreian :1id Philip
arid iitoriltation. pine planthoppCis. 

Egypt. Iwo IRRI scientists ill IFgypt helped Malagasy. lire IRlRII-Madagcasear Rice Re

icientifv IR lines with rcsistlncc to F~gYptidil raccs searCh irid Iri'i&Ig Project was Ibcgilll ill 1984. In 
of hMast. IRRI participated thi ough allextension 1985 seven scientists \were trained itt live IRRI 
haisorn scientist in ahfroii -/ . a prod uction in- trairlin 7 courses aird a special b'isic rice pidtction 
terisifica tior prorili wiih a Loal oIl I) t ha. Ilir cOtirsC va.s COIti]CitCd lt IIRRI. Two htrrndrld 

cere made to establish arl iiligactd rice production twctityt.-cilit illtroduicc(l aid in1ditcriiLtS c'i1tiValS 
training7 center for other A'cart counriiics 'i ele tested ill _1 tilals il It)Sites, and technology 
coroperation with the .\atilomal Rice Institute beilng cvailal oii of irilproved rice firiw Systells was 
constructed at Sakhl. iilitiatcd ill groups of tiuritls ill dilfererit plrls olf the 

India. Collaborative resca rlt witl the All-Indlia coillitr \. 
('oordilaled Rice Irtprto\erneti Project is Cal iled Pakitan. IRlRI aml etelakistai AgriculItr;l 
out in accorlance with annual work plani1s devcl- Reilrch ('oirciljoiitl\ uilCrtoik a p'ogiall Ior 
oped xith til Iildial ('Courcil of' .Agricultuirl biohlnical control of rice pests. IRRI cooperates 
Research ( ICAR). Collahoratlive rescalch covers with the I I ll\Cusi ty of Agri.tiliiimc. Faisalabad. ill ai 
gcrnlplslrll ewchaie allid evalumalion pest and joint NIS arid Ill I) ed tliai;l prl/o.ra,. \ 
di:case tinritrirtg, :.oil Ilrtilit' mIla magertenlt. motitoririi toorr e'nabled scitists front oiher 
varietal testing, and agriiultural niachiliCrv. coluitri s Ito obser' ricrut pliogress in the colitriol 
[)in'ltg I t)5. ar Ititlriatir al Agriculturil of, oil Salinity in Pakistan. 
Research Ceitcis (I,\RCs)-ICAR joirm t priugrarn I( legatl cooperation in dev-Philiopines. I RI 
for develrpiri illorc profitable aridllrotductive rice eloping a plan for aI Philippirne Rice Research 
f-arning s,,StCelilrwas initiated. ihe IARCs par- Iisliti'te artnd in i(dentif'in aras of collaborative 
ticipatiug in this progam are time International research. The Philippill. SeLd Board released 
Crops Research Iistilrlte for the Semi-Arid I RRI lines as IRZ(6 and IR5. Sincc 1982 we havc 
Tropics (ICRISAF), CINIMYT. Cerntro Interna- held selia ll nla I technology traisfer workshops 
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with officials of MAF. In March 1985 the first 
off-site workshop was held at the Maligaya Rice 
Research and Training Center in Central I.Luzon. 
MAi's management rccomniiendations for Irans-
planted irrigated and rainled lwOIanrid rice ciiirIic 
were reviecwed and refined, 

Sri Lanka. IRRI and Srit Lanka strengtlhened 

collahoratioi in geirirplasm colletiori. rice hreed-

ing. weed Contol, t rld cropping systerris improve-
ieitr . A joint postgrdiate prowgail wit devel-

oped vlt theiI'r itv ofl'Perdeiv;r. IRRI will 
+ooliCliat ith, the ,,ahiaweli l)cCloprncrrt 
.tzitorit delop irllrrovedl rice teehllgoics 

tolI rlillion ha ccetlv brorught tindel lriglon 
rh;,ituh a v,cll-plarrrred. s\sMl-x .crted, litre irriga-
tionpro.ccl, 


Tlhailaind. (oope'irti'reS I' lthi' heirt irret(H-
lied in irI ltirsine \ie ,il talnted low\,land ric,. 
,atticularI\ in trortlic:l Ihailarid and in salinc 
area!". and in tie irlrit+.ctiliclti trtl 2il iltjlil. 
sIrittlc hri'irrg prograi \\;P, teveloped to speed 
Il dclvl1iprCiit I deep \\;,ter rice \arieties, and 
wet.C0ollirbortrred \ith A uI.tIralin and lhai sCieintils 

illMtrdics ol the unique phylsiolngy of the deep 


ateur lice plant. 


\,tSStrAS I) P(s\1. 

l)/ri d a rlmucm. 

In late 1985. IRRI sent iissions to East and 
Central Africa (Taniania and Malawi) and West 
Atfrica ((iinea. (;liana. aind Nigeria) to ideritifr 
on-fatrir agrrionic constraints and wa, in which 
I R RI ctiLd help Illevite ItLer: docrrenlt rice 
policies that inlhuece research and prioductior: 
rdeitlif\ orrtrrtiirics for ;nd the ircecoiditios 
riccssa tv to establish rice rcwr,celi and production 
progralis: and establish a framework inwhich 
IRIRI corld coperate with national progralls. 

he International Institute oflropical Agrictrlture 
inNigeria. WARIA I i Liberia. mid IJRI entered 

itto a 5-vt agl'eelniieit to implenriert tle rccoin-
rImnidiitions nalc il the arteas of trainiing. net-
wiking. and teclirnicial assistance. 

t'ti()-'tITR I) ' ltRlt('tilt RIU[ 

l'arm.u (he/woml(l. 

Net and stibIe income mean more than yield to 
South and Southeast Asian ricc farmning families, 

which typically consist of five or six members on a 
holding of less than I ha. Population pressure on 
land tends to be high ii irriga ted a reas,wheie there 
are hrgo nurinbeis of land less agric Iltu raI laborers. 
Therefore the greatest challenge to rice r;:,earch 
and development ar,!rc:c., to increase the pur-
Chasing power of rice Iarners by providing them 
with greater rpportuIriities fIMskilled on-firi and 
off-farn elploymiient. In 1983 1PRI joined with 
other los Haros institrrtihrs and formed, with 
iMancial trpport rom the Asian l)evclopment 
Bank. the lP'rospCrity 'hriuglih Iice Projec't to 
, derilrstr.rre how to rednee production osts 

\withti lowering yield: 
a 	 demotstrate ways tt optinii/c the cnipiov

annt and intcome ptterilial of'rice farig 
S'stems thrugh the nost elTic icnt Ise of 
auilrblbc Iltrd. vrtct. labor. ard capital: 

* 	dC(tir,.i rate lio\ ro tuIhke valuc-addcd 
prod tiers ice t d i lls: a:111d.Itt-te ,lav. hrt,, ani 

a 	,hart w'it nationital prograll officers thie best 
,valilale ililtIriir ort whole-lplari utilit-
Hln arid incrri-riia xinti/.irg methods. 

IRRI's oliclrtrs in this 'eitre are t(leIniver
sit\ol the IPhililppiie.,-at its Ifiios. the Ihilippinc 
Council lor/ \grieltrture arid RCsoirCres Research 

a rIndI)evcloprnicrt, the Fores Resc ch lnstitrte. 
arind tile Forest Prodtucts Research and D\celop
merit Institute. 

We do our research arid trainiig oIla demon
stiaion farm that includes rice-based crop ping 
patterns, livestock.aiolla propagation. mshroom 
culture, croiriposritmaking. honic vegetable garden
ing, and biogas generation. Il 1985 we strdied 
Iairing svsterns conipmoncis and was to in crease 
yield at rrnirii m cost, and we demonstrated 
seyeral wole-plant tntiliation tcchrologie.s. We 
alsr experimented witlia Iow-cost solardrer and 
an improved village rice mill. 

Low-cosi yield-increising technology. 1lie 
major coinpireits of the rice yield demonstration 

were varietal cioice. timing of crop establishmert. 
nutrient mairgermen t . pest management,and crop
ping pattern. 

Varieties Irsed ii tile demonstration tili;d soil 
N efficientlv. were responsive to fertilizer N. and 
had built-in resistarice to pests and diseases. The 
crop was established so that it ieceived maximtrm 
solar radiation at neprodtctio, n and ripening, and 
escaped major pest arnrd disease pressures. 
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We increased profits through a 40% reduction in 
fertilizer N requirement using split applications of 
N: two-thirds applied basally at planting without 
standing water, and one-third topdressed 5-7 d 
before panicle initiation, 

We monitored pest populations regularly and 
held pesticide application to a minimum. Under 
Los Bahos conditions, however, weed manage-
ment was most economical with commercial herbi-
cide such as butachlor at 0.75 kg ai ha or 2,4-1) at 
0.5 kg ai, ha at preemergence. 

The choice and rnanageniient of the ioirice crop 
is critical to ensure high profitahility. For the 
second consecutive year, the rice - rice - off-season 
tomato pattern gave the highest gross margin of 10 
patterns tested. This cropping sequence provided 
continuous utili/ation of farmland and generated 
year-round employment. 

Farming systems and biomass utilization. Two 
major activities d uring 1985 were crop intensifica-
tion and crop-livestock integration. We tried 
several cropping patterns in an attempt to match 
ha rvests with the most favorable loc l markets for 
each crop. In addition to thr&e rice crops, we tried 
raising fish between two rice crops, and two 
successive rice crops followed by a crop of hybrid 
maize, sweet maize, or niugbean. 

Rice biomass and other crop residues ar fed to 

livestock in an integrated crop-livestock operation 
that includes cattle, swine, goats, and both broiler 
and laying chickens. 

Some of the livestock manure and crop residues 
are used to generate biogas or are composted for 
organic fertilizer. Azolla is also grown as an 
organic fertilizer, and rice straw used as a substrate 
in mushroom growing is ultimately composted. 

We use the rice biomass as a raw material for 
value-added products as well as for anina feed, 
compost. or biogas generation. We use rice straw 
to make paper: rice hulls are used to make charcoal 
and solid or hollo%,' building blocks, and to fuel 
crop drye s. 

Training. The first Prosperity Through Rice 
Corse was held in Januaiy 1985 for 16 senior 
officers froni 9 countries and was repeated in 
October. The course teaches tile concept of a rice 
refinery for efficient utilization of the rice biomass, 
ilaxinization of income and employment through 
crop integration with livestock and aqUacult-ire, 
and methods for maxinizing production using 
low-cost, farni-grown inputs. Scientists from the 
Carlsberg Laboratory, Copenhagen, )enmark, 
assisted in dealing with bionass utilization and 
presented a f)roposai for establishing mini-rice 
refineries in villages for preparing value-added 
products fron crop residues. 
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PUBHI.ICA I IO-;NS 

We distributed more than 75,000 copI-s of mair 
publications in 1985. About 30'1 %\ce I re.mnostl 

to key Third World libranes. and ihc remainder 
were soldc. 

Ninieteen rita ilt 1 Illiciatiol s illt glish ,\ew 
released in 1985. A hid 1isriifound fitll , c n 

ot Ptublications an1d ,oSt.,lli rlddilitr 24sli. In .
translatitns5 (of IRRI books \\etcepubhished I 
coope1altri ill national progratllis

o I-ielt Itlli / rrrj 	 ItikuIlttcns it-'rl nicet' I1+'nrrrili. 

Cbl nalrl .th.ah la-ch 	 llieildI ilir1ravnon, 
Ai11rrtj111g.. I unitI 1i. oi l,, ll .editiionsrn. 
-di ti lo 

* A nf itlt,ii. Illd I t ii . ' it11li.t' lic"IM . 

•l~.%l'lllc I l llli c ' 1 )11 SCll\ I IRt i' II I/il;iC .iKis\s lil .\ li IIi. Ilo:titll iAt .a 	 'lia ll.'-l 

I nnila l 'tilip
+ 

s 
* Ii'rlllrtlrltlsI lit tiCt'Cl tr'i _'ICirct ("hiiic'. 

\'ielitr lice&tU, ill 

* .\r iMlluisratet il riido inrteriiitcd iio let itit Ir
~Ig't-e lilr ill rite iltit pic-r I .\sit I ltaht,:i 

11(1(liclti ) 

• ..\tlhul~t . ,,tttfi. antiy til ietlliit ihliptitl ifl 
Iorthern l ri ee a-nei~cties iii .\sia I.JiijJiillt-S tf 

L+Uu issties the rr'>,a [iof /]?]A] /cr \WC'rC tbli,,tclwra 

anrol distributdlto rhot 10,W0)iccfe\ ' Smk 
ssu ofllte / l'ro I/()/tell +r'c a' 	 i11i 'll til/lile r1u'

and the uhicci inidcx ton I984 \, e-v pili shud. ( )r-
n, muissue of tlre /lrh'r1rorro0o pyil 'ncu l.//r,. 

and olle isslet' of i i/c pelii dici . the /1h 10ollta 
zoila jt .'irA'f/i'. \5'5eC uhpislhed. i .\t-'t isstu1es ill 

the IRRI re ,c.aIth pal-m scric at-l our S-ee. 
Publications and S tlilral, lot a comrrprlete lstiing. 

Stl'P'(U t trr S 11 I! 00 M I 

In 1985, the deparrnet piodrced 1301.)(li slides. 
42.0Y) black and Mlilte phows, and 8.0X) pie, -, ot\ 
artwork. \Ve arranged Ifu e'itihits. ielca d 2 ico 
Iilns. and printed ahort !8 mrillio pagesrrilrlhiorise. 

,t\1I I I I)\ ()I R/ 1 .I1t R/1 1 

Agliculttral inrtr enteni agencies ittdeveloping 

couritries oftent lack the funds to subscibe It 
jiteitioral scietntitic jounitals.I 	 ite a/r11'.IA 
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(0RA) froum the dataI .ha ('AIlso Iutcrtioatral has 

beenr published for severA yearIs. hut ninst of itsIn highhdehscllld rttrtei., 
lRRIa d tie Asan De weoprrrent Bank Intaed 

i coopir atic pnlrat11 '.ith CAB in 1985 to 

r e Irrtfrl\i\ole RA 1uwl tlllorlls lo lhib 	 lracs of 
des ikup

lily, rrat:klll' fill 3' \I. RA \ol nmo.ai\ 	 CamitS dual 

tt'lIil* ( 

\t1(li) \\1/ 1 \ 5 ltI'ttr li )€,li.\'tPtl5 
Sto N S ut SI, 

' 
lhk I:;lrrtol l!.;11A r J-'tCil IR R 1c.r kllish 

a stadul-t11A-ll I't 'll lll)Ia llwhae-l) t! rt,(' 


h ail olir\ .l il U i -rl I 

d oml twhi 1; llt : l il~t.-'l id i e c tcll a llo w,'c~le l r ,:ll, l'mc: i !i't Ia cillC 1 lo tlu lil

teloi ;iI til)ii it1itit.i:aj 	 (h ali C ii ltlfN , 
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piila nik%Coti ritaliond '1\ ,'ih(J\il 1Ri~l ilin) ca it 

ofblth \ il 
Resca~~~~~~~~~~~i-cintah.ii iet h 
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Table I. Collaborative research projects conducted printa
rily outside lRlR . 1985. 

('ollabioratinug 

--- ------ - -- . . 
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of tile nuttritionl ' allc of UlK 
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Table I continued. 

Project Collaborating 

institution 


)eve oping isogen ic lines for I'ropical Agriculture 
bacterial blight resistance Rsearch ('Center, Japan 

thc molecular basis of (lie University of 

interctiol hetweein rice Birmingham, UK 

;and the bacterial blight 

JaM!lIOge H 


Ivalthatiou of ctlleicats for University of ( helt, 

bIacterial bligit conrol tletulgi 


(ienetics and ultratrutcire K:tusas State t iversity, 
of bacterial bliit intection USA 
mtid resistanice indtlction 

Secd tr~uilli'isiil1 of" rice Institute of Seed 

pathogels Patholigy (t)G IS11). 


I)elinark 

a *soilI, .id phliioIiu, ' ulauit uittritionu, aml ! tWrtility 

I'tysiology of submergence lUniversity of' WesternI 
toleranice intdeep usater rice Australia, .\tNtialia 

Idleitificationu o1 characteristics tUiiversity of'(alifrnia, 
of certain rice varieties able to USA 
iutiliie soil n1:trenuu efficiCntlV 

tt ri i e fLocationPiv lsanthess and respir tion 'niveritY ofo:is rela tud t od ry m atter I'R (; 

production in ield-:,rm. ii rice 

\bscisic acid in rice plants and Institutc of 'tant
 

water use efficieicy lreedintg, UK
 
.\Ctluodi for quantitative (SIRe l)ivion of' 

field assay of alliltioilii losses Plant hIdustry,
from rice paddies Australia 

Fertilizer foriltitiatiOn itd International Fertilizer 
ipplication tilettiods to l)eclopieiit (enter, 
increase fertilizer nutrient USA 
efticieticy for rice 

Nitrogen dlnamics aitl balance Justus Liel iI 
in usetland rice soils U.niversity, Giessen, 

l'ffects of ortalliC :Illienllitcut I iniveritv oIlatili tre, 
ott phyiical :tld cieitical FR( 
properties of rice soils 

Use ot' Miicroinortliilo0t, ici Natitmial Research 
methods in studies of effects Centr, Italy 
of rice soil piddlling 

V atcr ,litl nitrogen availability t niversity of Reading, 
for letninnes crown follouin ('K 
a rice crop 

iecOitMpositiOt if ltiversitylloteatic ftl lanbhurg, 
coip)uids il tlddy ;OilS I It; 

Natural aitildatic if 15 N Interinatioial \toici 
in rice a1ndits application hitergy .\gcil'. Austria 
tt studies of, nitrogen
tixatloutf'sic-cttiia finger- Washiion Slate 

printing' for azolla University, USA 

identification 


E.ffect of' Iadingu)h rice lustus Liebig 
cian opy anuidother factors University, 

on nitrogen fixation in FRG 

azolla 


Table I continued. 

l'roject Collaborating 
inStitiltiol 

.. griulttre: tcoomics atnd bed polio" 
Role of sociology in University of
 

technology development for Wageningen,
 
rice improvement Netherlands
 

lectiiical anid orice efficieliuy NitionalI University,
 
in rice produiction :;iigptpore
 

Post/tari cyt t'echi-tooi toi/ /,)fd proc'ssitng 
tOptimizing the niltritionul National Institute of
 

contribution 01 rice il rice- Agricultural Sciences,
 
based diets )enmark
 

Varietal dtl'erenuces il ted la lrObe LtiveIsity,
 
value of rice straw fed to .-\utralia
 
rinillants
 

..I"'rctultraF icta]! uzioathlui i 
Development of rice tru~k I'iivCrdty of -'Califorlia,easier 5. 

AtgrocolIt, lit,'tcorolrt v ad'i,' uinltt 

S steis aialysi aiti A.\riculture University,

simulation olodellin! for Wageningen,
 
rice prodtutioli Nethterlands
 

and comifitration Dartmiouth (allege,

offllmhurl,,major rice prLtiiciii USA
n i m ie t
 
envirounuents
 

I RAININ(i 

Long before tc te niiccl1)logy tlansfer atilc
 
into vogute, IR RI s,as coummitted to the shhuine of
 
Icscalrch restulh and het ell national prowith e 

gl'ilmnis. IIn fact, ILI- techlnologv ulatiC ot tr:infter 
concept is at the h ilt ol IR RI. oIt utr ixIie t4 

slltents of plttis.ca!t (lirected to that oital. I he 
lirst Japtllustc tt c.tiii".,Le. s Its cuii~d',ICt researcIILhtinl
 
irstpritil ac ; Ctuit is to lot the beneci i
 
ric rod ticl110 1 ;1lid Ilimlliel I fr Ihc be nuhilof 
the pctopic iot \sia mid other ivtas. lierlililiigIte 

temall lclltcdlcct t l iitlchull',hannt: p li.h 

t . d e 
i li,n itt reseatoh lm li_'S, di ,tr i C il

t7itt\cd platl m cil ,, tttcpitt ronisitng yottng 
,,ciettist ,, aptte t'rtnition 'et2er i(ll 
librar,1i and hlld petitilico l a , roCtital, ier-let 
n 

We cttltietid itlr lst Itritlilu eotllse in 19(4. 
.Sitce oal. ottttljllldn spc ha n\\c hav Spoisord more 
6it) ituteriilonal colfereces ai d vutrkslops. We 

have otrdilatcd international lictwoirk. stich as 
tile ntrltalitiolttll Rice Iclting Proglill alld the 
\sia n Rice Fartintg Sy sns Netwiork. \nd we 
hav i acti\cl citlleraled \ith nallolrr 

t tessell,prograbms through bilateral COllahttalic agree
ncints. 
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The year 1985 saw significant changes in our 
training programs and the expansion of our colla-
borative work in Africa. 

The hallmark of IRRI training programs has 
always been training of researchers'. Theory and 
practice ensure that our trainces c7an conduct 
problem-solving research. Although tht has been 
a successful formula in knowledge transfer, it has 
not always permitted tileready taik ring of in-
formation and training to the specific needs of 
vanous national programs. 

Recently we began to teach teaching methods in 
addition to course content. This will enable trainers 
to tailor courses to mcet in-country needs, whether 
to train rescarchers or extension workers, who can 
in turn teach the farmers. 

In Bhutan, for example, wc are developing an 
in-country rice production course. The adaptation 
of the course began in 1984 with the assignment of 
a Bh utanese scientist at IRII to work with the 
Training and Technology Transfer Deparment to 
learn the course basics. Then he and his colleagues 
in Bhutan prepared field materials for the first 
program while I1RRI trainers prepared course 
materials. 

The first course in 1984 was conducted by IRRI 
staff with support from their I3hutanese counter-
parts. In 1985 it was conducted jointly, with IRRI 
serving more of a support role in course evaluation. 
We have begun a similar program to adapt and( 
transfer a longer ricc production course for Burma. 

All IRRI courses reflect technology or expertise 
developed at the Institute, and respond to needs 
expressed by national program cooperators or 
recognizcd by IRRI staff. See the section on 
Training Programs for more details. 

CONF.EI;FNCS, WORKSIIOIS. AN)DNIFFlINGS 

The following conferences, workshops, and meet-
ings were held in 1985. 

January 
16-17 BOSTI 1) Research Grants Pro-

gram Meeting 
21-30 Orientation and Training Pro-

gram on Improving the Income 
and Employment Potential of 
Rice Farming Systems 
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February
 
15 

18-25 

26 

28-8 Marzh 

27 

28-1 March 

March 
11-14 

11-15 

14-15 


20-21 

31-6 April 

April 
8-17 


10-13 


22-10 May 

May 
27-31 

June
 
1-5 

6-8 

10-14 


12-14 

17-25 

IRRI Academic Council 
Internal Prognim Review 
Audit/Nominating Committee 
Second International Confer
ence on Uipland Rice (Indo
nesia) 
Program Comrnttee 
Full Board Meeting 

Korea-IRRI Work Plan Meet
ing 
Workshop on Varietal Improve
ment of Upland Crops for 
Rice-Based Farming Systems 
(Thailand) 
TechnologyTransfer Workshop 
(MRRIC, Nueva Ecija) 
Thailand-IRRI Work Plan 
Meeting 
Workshop on the Use of Azolla 
(China) 

INSFFER Monitoring Tour 
(Australia) 
Women in Rice Farming Sys
tems Project Design Workshop 
USAID Asia Bureau of Agri
cultural and Rural Development 
Officers' Conference 

International Rice Genetics 
Symposium 

International Rice Research 
Conference (1985) 
25th Anniversary Symposium 
on Rice Farming Systems: Ac
complishments and Unfinished 
Tasks 
International Rice Commission 
of FAO (IRC) 
Center Directors Meeting 
Technilal Advisory Committee 
Meeting 



July 
30 	 Academic Council Meeting 

Augtst 
12-14 	 Executive Committee (IRRI 

Board of Trustees) 

September 
2-7 	 Small-Farm Equipment For 

Developing Countries: Past 
Experiences and Future Priori-
ties 

16-28 Farming S.,:tcm; Sociot0vono-
mic Rescarch Monitoring Tour/ 
Workshop 

21-2 October 	 Salinity Monitoring Tour (Pa
kistan. India, and Thailand) 

30 	 Wonen in Rice Farming Sys
tems: Philippine Component 

October 
1-11 


14-16 

November 
3-14 

18-21 

22-23 

Training on Prosperity Through 
Rice
 
Full Board Meeting 

Deepwater Rice Monitoring 
Tour (Thailand, India, and 
Bangladesh) 
BNF-UNDP Advisory Corn
mittee Meeting 
MA F-I R RI Tech no logy Trans
fer Workshop 
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Research support services 
.IBRARY AN!) I)OCU NIENTATION ('ENTER 

in 1985. the library issued the following publica 

ti . s ?n 

* 25 tears of IRRI tlh'se.5 arid di.st'rlatiois."an 

abstact iblograhra
abstract /ihliogralphy 

e the 25th anniver'sary issue (1984 supplement) 
of the Itternational i')ioq,raph.r' r?/"rice 

research 


* the 1985 snupplement to Theses andl &xv(/i.(
tion/s onirite aailable/ii th li b ai-iiof ihe 
Itternati)onaI Rice Iesca rub] Inst itiate 

.it a Rice c. .on 

0 12 issues of the lihrarv list of'recent acccssions 
lanua,. to I)cemler) 

These publications were distributed without cha rge 
to about 6(X) libiaries and d,0Cumnentation ccnterslibriesaworld. 

in the rice-producig world. Man were also sold 

t abutil rid anerneatio cld 

The rice literature search selce ecarie opera-

tional in 1985. With the assistance of the Statistics 

Department, IRRI's scientific staff and their assis-
tants weic trained to make literature searches. li 
addition to a terminal, a pr'inter was instailled in the 
library. The 1985 data were acti'ated so thai a 
search now includes all materials being processed. 
itaddition to the continuous entry of current 

rice information, retrospcctive information was 
st ored. The 1970-85 data are now in tilesystem; rice 
information covering 1951-69 was prepared for 
ent,v. 
Numerous requLie st s for infol rmation and photo-

copying services were reeived in 1985. notably 
for literature on genetics, 'nd breeding, postharvest 
tech nology, a/olla. and tissue Culture. Assistance 
was furnished inlibrary organi/ation and man-
agemcnt, selection and acqu isitioni Of agricultUral 
materials, and the processing of special materials 
such as iiicrofilm, maps, pamphlets, and eplic-
iier. 

Within IR RI, the iumber of booksand journals 
borrowed reached an all-time high. Researchers 
and students from the L.os Bafios commtnity, 
Metro Manii, and Central I.u/on also used tile 
library facilities. The demands were not for rice 
literature alone, but for information in other 
disciplines as well. 
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The addition of 4,584 monographs (books, 
pamphlets, and reprints) increased the total mono
graph collection to 73,895. Anadditional 117serial 
titles were added through subscriptions, exchanges,
adgfs

nd gifts. 
Maps, translations, and licrotihns were also 

added. The catalogue card production was 18.5(X). 
In 1985, the library acqu ired the entire collection 

of theses and dissertations on rice of the library of 
fHimachal Pradesh Krishi Vishva Vidvalava, India. 
and the master's theses a rd doctoral disse tations 

rice from the library of I.ouisiarna State lJniver
sit'. USA. 

Circulation o1 tables of contents of' newly 
received jo rnals to kcep tilescientists informed of 
tile rice was coitinued withinlatest publications on 
IRRI and to several stations in Indonesia, Bang

ladcsh. and Africa. Citation of .Japainese and
Chinese puhlications were also forwarded to CAB 
International. 

The library also took a re of staff' ard scholar 
nneeds with regard to book purchases and binding 
serices. 

ITPEINIFNI ARM 

I)eepening of canals in the upland areas was begun, 
but delays were caused by the bogging down of the 
old backhoe and tilelate arrival of a new one. All 
main drainage canals were widened anrid made fully 
functional. 

Culverts were installed between blocks UC and 
IIlFup to tile newly developed area inU13 so that 
water coming from upland fields UX,UW,UQ, 
UR,and UI. could be diverted to tileCanibantog 
River, thus minimizing floodwater at tilecorner of 
UJA,which had beena IPerennial problem. Culverts 
were installed corner of across thefrorn tile UA 
newly deseloped road separating IRRI and 
BIOTECI I to ease the flow of floodwater coming 
from UV,UJW, UO, UM, U. and U13. Likewise, 
1ooding at tlie lower portions of series (aJ, 700, 
and 800 in tie lowland area was remedied by 
installing culverts and widening the canals of 
private fields. 



An additional 5-ha lot of the University of the 
Philippines was converted to lowland at no cost to 
the University on the condition that IRRI be 
allowed to use it but will vacate it when the 
Univesity needs it. 

Provision was made to s pply the newly eons-
tructed International Rice (crniplasm Center 
scrCenhoLsC with irrigation water low in B content 
bv establishing an itnde rgrott nd connection at the 
middle of UO, where the \watcr source is the 
reservoir i UT. 

Am! a alnd Se.hatia propagation plts weeo 
maintained as sources of N for otr production 
plots. 

Hay waw ttrncd into compost as a source of 
otga nic matter for the production plots. 

Nore tha n 229 ha wc; prepared and planted 
during 1985, an increase of 43.5 ha over 1984. 
Major users were Plant Beeding (35"1), Expert-
men ttatm ( 17(71 11 , Intereational Rice ( crnlplhisl 
Center (I O), Agrolomy (I0" ).and lntomology
(9%i). 

A total of39.4 Ia\as piutCd lor seed tnltir.ca-
tion andl for rice for IRRI emplovees during the 
Chi stmas sea sort. The following varieties tnd 
selections \,cre planted: IR841, IR62. IR412, IR56, 
IR52, C22, 11(28150-84-3-3-2. IR18348-36-3-3, 
MalatgkitSttngsong, 58, aidI (,-I. Almost 1771 
of lice wcrc prodtnced on the fiarm 0I9t of which 
were l'orseed itnd 68 t lOr inillin g. 
The various IRI depatiments turned over to 

tle E.xpeimental Filltin almost 268 tof rice IOr 
milling. 

I)uring the year, almost 174 1of1"tortili/er vahncd 
at almost $39,966 was used on the fatmn (Table I) 

For insecticides and sticker, over $51,959 was 
spent in 1985 (Table 2). 

Table 1. Fertilizer use and value. IRRI, 1985. 

Kind Quantity (kg) Valuta (s) 

(NIl 4 )aSo, 69,900 12,334 
Solophos 25,000 4,980
Muriate of potash 6,700 1,520 
Urea 45,800 14,138 
Complete (14-11-14) 26,300 6,803 
Zint+oxide 2 2.50
Triple superphosphate 120 1,896 

Total 173,822 39,966 

a 17 '6. 

Table 2. Insecticide use and value. IRRI, 1985. 

Kind Quantity Value (S) 

l)iazinon 5.; 10,680 kg 9,359 
Diazinon G 375 kg 423
l)iazinon 10-(; 370 kg 587Phethoate 885 kg 936 
MIIPC WI' 631 kg 4,698 
Sevin 85S 16 kg 148
Acephate 176 kg 2,528.\phjitd-Qufr)otfezin 25WP 45.2 kg 967 
NMonocrotophos 168 1,682 liters 12,687 
( hlorpyrifos 31.5 1,016 liter, 9.151Monocrotophos 202R )93 liters 6,310
Marshal 15(1.( 72 liters 1,543 
BIt'\IC 501-C 234 liters 1,420
 
l*thyhii 451.C 13 liters 
 119
 
Propoxt r 201- 3 liters 30
11PMC 501'C 95 liters 358
 
Tenac sticker 128 liters 333
 
Beomyl 50\vP 4 kg 200
Methyl parathion 50l[C 57 liters 155Shetloart 50W,'1 2 kg 15 

Total 51,970 

To control weeds in the expei mental Iand 
production plots as well asthosc growing on levees, 
ditches, and roadwas with the use of chemicals, 
over $9,855 was spent (Table 3). 

Farn income for 1985 anotinted to S55,785 
(Table 4),which was derived from the sale of farm 
products. In addition, we had in ou0r storeroom at 
year's end 16,047 kg of rough rice flOrnilling 
valued at $3,127 and 108,988 kg of rice for secd 
Va.Iuiehi at $24.522. 

The amotint of $249,399 was spent for contract 
labor in 1985. \ ith 59 paid to birid watchers, 26"i 
f'or planting and weceding, and 15, f'or land 
prepa rtiton. 

A total of 15,597 rats were killed by flame 
throwing (58K: ),electric fence (21K). and digging, 
mowing, baiting, and trapping operations (21K). 

Table 3. Ilerbicide use and value. IRRI, 1985. 

Kind Quantity Value (S) 

Butachlor-NIM.T, G 4500 kg 4426 
1utachlOr-MNIPMT, IC 114 liters 1125 
Paraquat 184 liters 2241 
MCPA, G 3875 kg 1200 
MCPA,FC 112 liters 516 
Thiobencarb, D 600 kg 363 

Total 9870 
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Table 4. Farm income. IRRI, 1985. 

Item Quantity (kg) Value (3) 

Seeds 

IR29 37 8
 
IR36 1,023 285
 
IR42 658 133
 
IR43 263 85 

IR48 44 14 

IRSO 103 38
 
IR56 24 7
 
IR60 2,970 895
 
IR62 17,626 5,250
 
1R64 19,031 5,848
 
IR65 74 22
 
IR18348-36-3-3 22 6 

IR841 352 106
 
UPLRi5 176 55
 

Rough :Ikc for milling 150,991.7? 27,425
 
Milled rice 47,431.14 13,731
 
Yellow flint nai.e 1,983 297
 
Glutinous rice 198 71
 
Supersweet maize 1,176Sorghum 87 


Soybean 25
 
Niungbean 62 

Wheat 118 

Rice bran 243.5 37
 

Total 55,785 

Sustained baiting was done in the experimental 
fields, along the banks of creeks, underneath the 
coconut trees, along fence lines, and in nearby 
farmers' fields. Better rat control i'Nsobserved 
during 1985 because of the use ofenerguers, which 
are nonlethalclectric barricrsthat maybe powered 
by either a 12-V automobile hatItery or by solarbatteries. 

We have ttnd the Super () (G316) model 

donated by the New Zealand manufacturer the 
most effective in preventing rats from entering the 
experimental plots. These energizers are quite 
suitable for research station use where experi-
mental trials have high value, but at present prices 
are too costly for general farm use. 

ANAIY IICAI. SI-RVI: I.AIORATORILS 

Output.The Chemical Analysis laboratory(CAL) 
ran 129,626 analyses on 56,552 samples of' soil, 
plant, fertilizer, and aqueous solutions. These 
numbers are consistent with the leveling-off trend 
during the past 5 yr (Fig. I). 
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Number 
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I. Total numbe ol samples and analyses run by the IRRI 
Chernical Analysis laboiratoiy. 1978-85. 

lrogram areas relying on analytical data pro-. 
vided by CAI, \ere soil and crop management 
(75.2%), GEIJ (8.8%), cropping systems (6.6%). 
control and management of rice pests(3.5%), water 
management (2.3'). constraints on rice yields 
(1.9%), a rid climatic environment (1.7%). 

Income for services rendered amounted to 
$40,562. The subsidy was $21,300 - 34% of the 
total expenses. 

The Mass Spectrometer Laboratory ran a total 
of 9,752 15N 4N ratio analyses on 15N-labeled 

(N1t 4 )SO 4 derived from soil, plant. and floodwater 
samples from the N research program. The income 
received amounted to $6,478 and the subsidy was 
$5,690 or 429g. 

The Radioisotope Laboratory counted 14C acti
vity in 3,048 samples (2,547 soils, 176 gases, 320
 
planls, and 5 herbicides). The major user was the
 
research progra n on management of organic
 

mantres. 
Research. Because of the large number of 

samples requiring analyis, CAL has opted for 
rapid, inexpensive analytical methods. Research 
initiated in 1984 on improvement of methods was 
continued in 1985. Priority was given to investiga
tion of sources of error, modification and reline
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ment of existing analytical procedures, testing of 
new methods, and real time data acquisition. 

Availablesoil P.Olsen extractable P isanalyzed 
by the method proposed by the Agiic ulItural 
Developnment and Advisory Service of the Ministry 
of Agriculture, Fisheries, and Food. England, 
which uses polyac rlanuidc instead of activated C 
fol renoviing intelerence due to orgallic lattlr. 
and ascorbic acid in~stead of. 'lfor reducing the 
phosphonlblybdate coiplex. At ('AL., the color-
Mctric dCt rimiiia tion is a ilolnlcd using a 

Techniicon Aiuto.Aialv/r .Model I s\'tI. [he 

results werc coilpaled \itlh those of tile Soil 

('hlinistry lh1liciecs Ires ch laborator\'. Mlich ein-

pIONS tilecOnrCIrIioril manuaIl colo mctli
ric 
method. 
The ca.is,, 0f obscrvCd sa llalions in the test 

reuls between the two laboratlorie eritr aeed to 
diff reinceS it) soil-to-extractaiit ratio. niraincr of 
shaking, aind redrirng ilt'nt used. Ilc ('AL 
nethod was refine'd to ei\Ctes rcsiirts that agree 
with those ising te eci tnta ( )lsell P uinetlid. 

Hot rwatr'-c.\ramh, horo. 1i toxicity haS 

been idCntified aSa ina )orgrI h-Iowtltiitirn factor in 


sevefal blocks of the I R RI fltrni, atthus nlianda tilig 
rapid and reliable method of testin g soil for 
available 13. 

Ilot water extraction rising a hol plate is not 
coln\clienit when working l itilage riniber lof 
Samiples becaruse of irn_ll hCIaltinLlriLnoliui-
form boiling. Vaination I i boilirre lile itl rIUSC 
significant crrols. lh lie RICi ()-place digestcr wis 
tested and found It be suitable bca uCseit allows 
uniiorm licaling rid ltllointatic control of builittg 
lite .,\n added ad\antage is Its ttse of quart/ 
flasks, which eliminateiB eo'lliallinaitiorr. 

Most colorrcicric iethods ofl13aialysis iii' ol\e 
Ledious !inual proccdurc that are often not 
adaptable to autonlation. lie manifold designed 
by Porter et all (1981) for a "'hvbild" conlinuous 
flow sytcui lnikes; use."of Aon hirne-l pr_.pi red 
in si u in thlie ov.,rcolieS t, tdcteririlation of II ali lie 
effect of saiiple cxtract Color by dialysis; the 
schre is labor saving anrd less tiiiic-conslilirig 
than llantial colori-inietric nlthods. Iorter's iltli-
fold %vias iodified to stuit ('Al.*s leclrhicii \to-
Analy/er Model I1.Ich results of the arral\sis 
Cmploying th1e redesigned trinatifold IgCC Closely 
withihose of lic circriiiIin tl tChrod, tilc stilild 

method used by the Soil Chemistry, Physics and 
Plant Physiology Depariments. 

Urea nitrogen ill/loolwater.The procedure 
for estimating urea N in floodwater is an adapta
tion of the standard method of' Douglas and 
Bremner(1970) to the lechnicon AutoAnal ver I 
systeii. This procedure is based on the foliowing 
reactiotn mlchanism: Diacetyhnonoxinc (DAM) 
is hvdiolvcd in the preseince of strong acids to 
diacctyl. l)iacCtvl then reacts with ilreain tihe 
preseice ofi atals,.,t iid a color initensifying 
reagcent like thiomcnicarla tide, forming a red 
ConldetIiNtion product tlh;t can be measured at 
-1480mi. Ihe iianifold ruscd earlier gave absorb
ince peaks of Standaid checks that becaie 
progrssiei Cly maller wilh title. lhis was traced to 
tilefict tha I ).AM and lie acid rligent were 
preiixsed in o)ne rCsCrvoir and inlrodrIccd into tihe 
nllliold as it single eant. (i,using Carly hydro

lysis of the )AM and possiblc i-gradation of the 
hvdrolysis product hclot-r ton with urea couldrca,. 
take place. lie :ariilold %\i, !edesigned ti prVcLlt 
early li drol\sis andstuidbilte.nlt degrada Lion ofthe 
color reacent. I ).\N. 

.mmroiurr Iir,. colorinrietriclie deter
tniatlion of NI I'I-N used previously was based (il 
the indoplhcnol blC coiriple\ fornicd "by the 
reaction of NIl*, wiilh pl eiol in the preseiice of 
lipocilorite. Both iCagent (lhiellol)and produc 
(o-chloroplhciol) are \olatilc and very poisonous. 
II addition, phcnol is experliie. An alternative 

,i,,. ,
nethod lha ills' ette .. 'c r reagent and 
Ilat results i atsliariil prorduct is au.,ilable 
but ernplrrs, lie irtie e cxpensive lcchnicon Auto
Aii:dsgcr Modcl I1.1o enable tsto cope with the 
lricc ntumriber of rcquestS for N analysis, we 
redesigncd the riranilold to suit tic older model, of 
Mhiclt \c have thice units. [his ianilbld can be 
uled for decrinining Nl*,-N illaqUCOUS, planit. 
and soil sail ics. 
('"mputcrita'om.Real irie d a Iacqiii.tiOin b\y 

ihc North Star IIontoi1nictocoi)iter from one 
'alin ciectrobilllicc aird oe Icchnicori Aulto-

Anralytor .l odel 11hal,been deriroristrated to be 
feasible, but the mistirgrnic rocomtriputcr (foes not 
llic the ca pacit to store data siriullalneously 
aCqUired frm irOC twOthihan insltunLcnts. Addi
tional hardwaicr fo- ,initiltancousdata acquisition 
frolin thitce ('aln halariccs and [Ourfautoallalyzer 
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systems and other measuring instruments is 
on order. We developed software for both data 
acquisition and for laboratory information man-
agement. The latter is entirely menu-driven and 
includes subroutines blr analytical requirement 
compil;ktion, data file updating, and report genera-
tion. It also has provision for manual data 

encoding. 

Additional analysis. The following were added 
to the list of CAL's services: dithionite extractable 
Fe and Mni, available B, plant B, exchangeable 
acidity, exch ngeable alinuinum, P adsorption 
capacity, birtiliicr P (citrate and water soluble), 
f'ertilizer K(citrate and water soluble), and particle 
size anal.,sis (hydomnieter method). 

I'EISttI E RESII)t I: .AD I,\lAt)RA 

The Pesticide Residue I.aboratory performed 
1,031 analyses on 883 samples in 1985 ( 'able 5). 
Four hundred and ninety-nine :,amplcs were 
from the Agronomy )epartment for butachlor 
analkvis. Entom ology submitted 289 fornmulations 

of varir,us pesticides and 59 soil and water samples 
for dissipation studies on at rhofuran, at rbosulfanm. 
and monocrotophos. Twenty water sarnples from 
the IRIRI Experimental Farm irrigation canals 
were tested for residties of reguilarly applied 
organophosphates and carbamatcs. Sixteen 
samples of rice seedlings were analved for caibo-
fura n at the request of the CerealI Chemistry 
)epartment. 

Cereal Chemistry submitted 20 samples of rice 
plantextracts forc(etermiination ofinse t resistance 
factors, and 9 aldorionitrile acetate derivatives of 
cell wall sugars., while Plant Pathology sent 12 
samples of bacterial extracclular polysaccharide 
derivatives for in.icction and quantitation. 

111IN'tO R)N 

Fifty-six research projects of 12 departments used 
the Phytotron from 2 ian to 17 Nov 1985. As in the 
past, the glasshouse room had the highest room 
usage (97%). The next most commonly used 
facilities were the 3SA-L naturally lighted cabinct 
(90%) and the Conviron artificially lighted cabinet 
(88%). For other rooms, usage ranged from 79%, 
down to 22(. Downtime averaged 1.5 d. 

Table 5. Analyses performed by the Pesticide Residue 
Laboratory, 1985. 

Item Analyses GLC injections only 
Lutactlor 519 
Carbofuran 150 20 
Diazinon 119 
Nlonocrotophos 93
lsoprocarb 71 
]IPMC 20 
Chlorpyrifos 
Carbaryl 
Carhosufan 
Others 

20 
20 
18 
1 21 

Total 1031 41 

All requests for new and continuing Phytotron 
studies in 1985 were ca rried out. 

The drying oven and leaf area meter were used 
hea\ily by phyl otron user's arid other depa rtments. 
The Plant Physiologv l)epartment used about 50('ji 
of the cold room for the Inng-t em storage of apid 
generation advance seeds. 

The phytotron spent SI 1.435 for electr icaty ind 
diesel fueliti 985. This included the cost of energy 

shared by the Mass Spectromcter, Personnel/ 
Scientific Storeroom Iuihliing. Soils Laboratory, 
and [issue Culture Facility. 

Si xtv-one powC in terruptions were recorded in 
1985 witIth a toti duration of 75 h . Ihe twostandby 
genenrtors of the Phyotron supplied emergency 
power dutring outages. No low power voltage 
(2(X)V or less) occurred in 1985. 

The annual ma intenance checkup of facilities 
was perflormed bythe Ilytotron staff from 18 Nov 
to 31 Dcc 1985. Mr. S. Nakamura of Koito 
Indtastries, Ltd ., Japan, conducted the standard 
performance tests of the artificially and naturally 
lighted cabinets. 

All moisturized double glass panels were 
replaced with single safety glass panels. New glass 
partition., were installed between glasshoise 
rooms. The Whole glasshouse was rcsealed for 
leaks with l)ow Corning silicon sealant. 

S ttl EAt if UNI 

The Seed IHealth Unit (SHU) was organized to 
expedite the phytosanitary certification of rice for 
export from IRRI and t) clearincoming rice seeds. 
In 1982, un IRRI staff member was deputized 
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Table 6. Outgoing seed lots for phytosanitary certification 
received from January 1984 to December 1985. 

Seed lots e'xar,..d (no.)
Activity 

1984 1985 Total 

Dry seed inspectiona 255,070 136,328 3)1,398 
Health testsb 

Untreated ?.024 3,272 5,29 , 

Treated 1,689 1,540 3,229 
Total 3.713 4,812 8.525 

aSeed lots from IRTtP were inspected by, batch depending 
on tihe numbe: of importing countries. include only seed
samples used for routine seed lit ilth tests. Composite
samples were used for IRITP. Sariples used for health 
testing were derived fron dry seed inspected seed lots. 

by the Philippine Plant Quarantine Service as a 
plant quarantine officer with authorit,, for rice 
seeds only. This officer observes the cerlification 
requirements of the Philippine Plant Quarantine 
Service and that of tihe importing cotIntry. 

SHU's quarantine certification steps include 
crop health inspection, d t'sccd inspection, routine 
seed health tests for general and specified patho-
gens, and phvyosanitatiy seed trcatnent whenever 
necessary and permissible. Crop health inspectiotl 

Table 7. Incoming seed lots for postentry clearance re
ceived from January 1984 to December 1985. 

Seed lots examined (no.) 
Activity
 

1984 1985 Total
 

Dry seed inspectiona 1,996 3,394 5,390
 
lealth testsb
 

Untreated 273 
 159 432 
Treated 212 202 414 

Total 485 361 846 

aSeed lits from IRTI'were inspected by batch depending
onil e number of importing curntres. 'Include only seed
samples used for routine seed health tests. Composite
atmples were used for IP. Samples used for health

testilig verle derived frorr dry seed inspected seed lots. 

is done on all regular seed multiplication plots of 
the International Rice (iermplasm Center, Inter
national Rice Testing Program. and Plant Breed
ing Departmcnl to gather records of diseases 
occurring in mother pla.ts. 

Between .Ianuary 1984 and )ecember 1985, 
S HUcertified 391,398 otttgoing seed lots and 5,390 
incoming ones after field inspection, dry seed 
inspection, and seed health testing (Table 6, 7). 
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Publications and seminars
 

PUBI.ICATIONS 

Under Institute Publications are listed the 2. major books p:-odtoced by tile Communication and Publications 
Department. Five of these %%erc copublislcd in 25 multilanguage editions. Also listed are tile 16 issues of the IRRI 
Research Paper Series. Subeqient sections list the (liot put of individual scientists bydepartnment and the bibliographies 
prod iced by the Library and I octnentation Center. 

Institute publications 

Afqjor uhlicatiois 

An overview of t pla ridiice res arch. Proceedings of the 
1982 Botiakx, l\orv Coast, up land rice vorkshop. 

566 p. 
Genetic evaliation tl inect ie :istnlane in rice - F.A. 

Ilcinriclis F. ",CMelralo, and II. Rapusas. 356 p. 
Ptblications of the international agricuflttiral research 

and development celers. ()1 p. 
Annual report lor 194 ..54 p. 

IRRI highliuhts 1984. 1011P. 
NIliilanguiage ptublication in agicilturc. Workshop 

repoi and dcsciption of pailticipating agencies. 
62 P. 

An iluslirated guide to integrated pest ullagellnent in 
rice in tropical Asia -W.IH. Reissig. .A Ileinrich, 
l.A. l.isinger, K. Mo dv. I.. Fied er. I .W. M\%. 
and A.l. Banion (English and Bia lasa Indonesia 
editions). 411 p. 

International 	 licetesarch: 25 ycar, ol panincrship. 
188 p. 

IliotCchrjiloogy il interntional igrictlturil Iesearch. 

4.35 	 p. 
Field problems of tropical ricV IlrCCh . iagalog. Waril. 

Panrpango. Bengali. Ililiglvroi,. ('ebualo, Fari, 
Ilokano. Bikol, fhai, and Pulujabi edition). 172 p. 

l'ducation 	 for agriciltiitn. Proccedings of the synr-

poiullloil edlidcatioll Ior agliciltue. 1 p. 
A firnucr's primer on gis ing rice' (alpaillgo, Spanish, 

Bikol, Bahiasa [IlndonCsil. lalliia Slindl, Bengali. 
Kiswahili. Maralhi, and lagalog editions. 221 p. 

Wetland soils: cliacii/illi, 

/ation. 558 p. 
lIre rice ccoiorniv of Asia 

with It. Rose. 324 p. 
Rice discases. 2d ed. - S.11. 

classification, and litili-

R. Iarker and R.W. Ilerdi 

Ou,. 3t p. 
Iareitage of IRRI crosses IR I-IR1.X)O. 

Impif, 1 of science onlrice, NO1p. 

Insights if ouitstanding liiircis. 114 p. 

Soil ph~sics and rice. 429 p. 

Wonen in rice faiing. 531 p. 
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IRRI aluni, 1985. (2 p. 

Ftundai."ntals of rice crop science -S. Yoshida (Chinese 
and Vietnamese editions). 209 p. 

Adoption, spread, and prodtiction impact of modern 
rice varieties in Asia (.Japanese edition). 54 p. 

Research Paper Yeries 
101. 	 [he economics of hybrid rice prodtiction in China, 

by lie Giuting, A. Fe. zhu \xigang, S.1.. -Iravers, 
l.ai xiifang. and R.W. Ilcrdt. 14 p. 

(12. 	 Rice iltooning, by .I.S. (ihailhan. B.S. Vergaa., 
and I:S.S. L.ope/. 19 p. 

1013.(irowh ard dcxhclopment of the decp W%.ater rice 
plant, by B.S. \'ergaia.. 3S p. 

11)4. 1:A RII)I R:a cotinip otc-ass ist ed inst nictiot model 
tor rainfed lowland rice, by RT. Itike. 14 p. 

105. 	 A reading and listening comlrehension test in 
English for rron-iiiiive speakers applying for 
training at IRRI, by !-.1. Cervantes, 1).R. Minnick, 
P.S. (;osLco and R. Nantinita. 13 P. 

106. 	 Rice grassv stit viruis 2: a new strain of rice grassy 
stuit in the Philippines. by '.O. (aitiatall, 
II. Ilibio, I).B. lapis. T. ()mura, and . fsuchi
/mki. 8 p. 

107. 	 Physical losses and quality deterioration in rice 
puistprdieCtion systeris, by Z.F. lTlueru a11d 
B. i)uff. 12 p. 

1)8. Factors that fllcl the coptiblication of IRRI 

lllterials; i 12-cointirl s,,llc, of trnslatols aid 
publishers, by V.1 . (Cabinillaand I.R. Illargrove. 
13 p. 

ItM. 	 Classification tf P~hilippine rainlall patterns, by 
R.A. Morr is and -1M. Iutinihuo; Jr Ii p. 

110. 	 o( triibliors of tll(,i elll rice varileties to 1lttriliOl 
in Asia. b\ I.C. Ilinn and I ... 1 nnexehr. 21 p. 

Ill. 	(hainges ill rice biceding in 10 Vsiall coiuntries: 
1965-84. If)ilision of gteieiic initerials, breeding 
niblctivcs, and cvrioplasin. by IR. Ilaigrov, V.. 
Cabanilla. anid W.R. Colffimrai. 18 p. 

I2. 	 Design paain.cr allcting the perlorliailce of tile 
IR RI designed axial-Il powpiinip, by M..,\Kailn. l0 p. 

113. 	 Boriin :rxicity in rice, by MA.C. Ca 1On. 1 p. 
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114. Energy analysis, riceproduction systems, and rice 
.
research, by.l.C.Flinn and B. l)uff. (0)

115. Production and optimal rates: aIrrisk fcrtilizer 
application of tl Random Coefficicn t Model, byI. 
Smith and G. miali. 13 p. 

116. 	Consumer dg ianl fr rice c'iii quality in Ilailand, 

Indonesia. and the Philippines. b I...
1.Itnnckelr, 
B.. Ituliano, C.M.Pcte/, and .. Mlarciano. 3)1. 

Administration 
(irenland. 1)1. 1984. Rice. lliolouist 3 (4):219-L5. 
Greenland. 1)..I 1985. Ph,,ical aspects of soil Ianige-


teict lg rice1-asd et-ppitg .iles. Iages I-16 1'1 

Soil phy.ics atnd rice. littertnational Rice Research 

Institute, Manliila. Pltilippitles. 


(irecilamid, 1)...1985. Upland rice. ()tlhok on Agricul-
tore 14(11:26-29. IPeiganton iresS, U.K. 

(irelhtilld, ).1 atid S.K. I)c I)Datt. 1985. (Co'titraintS 

to lCCprodutctiot arnd %et!tillSoil chatlctetsiti .
 
Pages 2-1-34) DinWetland S)il":litlacteni,:ttio n. 

clas',ilicttion, .1t1dutlili/atiott. Rice
Inuirtt:ttioltal 

Resea ltch
Institute. \lanila, Philippines. 


Moris, R.A.. I)1. (ficttilatinl.RI!. Iluke. 1984.
aind 

Reitote enisiiNc aind riceiewetteltc.
PiceS 33-4 i 
Applicationro Sett'itg Im lice pioduttioi. 
A. 	l)eeptak atnd K. R. Raoo edA.. I)cepak 
I'luliSltiI!,. latuoto. Vii urit. .,.,. 


Swamnuatliatll. NI.S. 198,1. illd
Nes 	ptmtlllrlctl,electiotn 
criteria inplaint h ccditL. Piqlcs 1-31 in ('op 
breeding. l'.II. \ose aid S . llli/t .l. lcigpionitri
 
Piess. 1:K. 


S%:rninaitllat, M.S. 1985. ,\i'hie irg rsttrtl-iltln liar-

rtgiritiirl ttL- (ituesriolruV ill ll tutel lil. Icefliire.'I 

Sir. 3. InSitute of Rural .\larti u'iitetim. A tlid, 
Giljauii. lIndii. 24 p. 

S\rilltiitiahtlin. \I.S. csiulh train1985. 1RI' Ic's ai liui 
agellndi. Pagus 41- i)iw Iripact ol scicice oil iice. 
Intiiitral RitceReSeiuch Institute .Mti'ila. 
I'ltilippineS. 

Agricultullrall Lc]t'ollnotims 
Fliii, I.C.. ii II. Dull. I9;,'5q Erier imaiiis, rite 

odrilCrOli S,\StIem,nllalc teseItll'ii. IRRI Res. 
ip. Se, II.1, II p. 

Ilinit. .I... till I'. . Sllk.i 198S. \ lohil iollSi Sol 
the aldop iopil iild 1S tit., 01 IClili/it (tt heSiit in 
the Kosi /oileof Nepal. Inliin .1. ,\eiic. I.leoi . 
45H ):52-58. 

Eliil, I.. ainl I.1. 1'nillc\lll. 1985. C(otilrihiliolls ol 
MdeilmeCi ricc \illiehis to rilriitto it, \sia. IRRI 
Res. Pilli.Set. II). 21p). 

Maidac. A.I.. iill I.C.Ililln. )elerlllitnlits of185. 


feitili/ei ise olt riinleld ril intie IBicol Region. 
I'liilippittcs. lhilipp. .1.t,'op Sci. 11 ):123-128. 

Price, E.C., and T.R. Paris. 1985. The economics of 
small and large-scale soybean production in .the 
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I)ilag Ir., R., R.M. Aseron, 1).. Calo, ,r., .. 
Taalog.and (i.1.. l)cnrig. 985. Annual report tithe inltcr-agcticy ricc-based croppin ' sysics prcproduction eva.ltiation programi, 1984-85. Intcrna
tional Rice Research Institute. Manila. Philippines. 

Magistrado. O.N. 1985. IPreparaiion aind tiscolslices forextensioni and teaching. Extension IUpdatc, Vol. 3, 
1985. Ulii,'',sity of the l'hilippins atlIos Haifios, 
Iltgniri, I'hilippi ties. 

J.innick. l).R. 1985. (onlpulers in education: the 

icvolhition. Pages 185- 19( in Iducation for agricul
iakistan.tore. International Rice Research Insttuite, Maiiila. 
Philippines. 

Water Management 
Moya,, 
"f.B. 1985. Ali caloation of water distribution 

within tertiaiy areas of the Philippines' Lower 
Tahtvcra River irrigation system. Pages 28-46 in 
Irrigation mlaiage nLciit research fron Southeast 
Asia. 'I.Wickhan, ed. AgricilituraIl I)cveloprnent 
Council. 

Noya.T.1.,and II. M irray-R fist. 198f. Watcrlmanage
merit issues for deep tubewell irrigation. Philipp. 
Agric. Erig. .1.16(41:14-19. 

Satlar, M.A., and ".1. 3huiyan. 1985. Water titili.'ation 
in a selectcd ttitbew.!: project in aBangladesh. 
Hanglade sli .1.Agric. 1(1):23-33. 

Tapav, N.E.. and A.C. Early. 1985. Structure and 
effectivyeness of Philippinc irrigation organi/iltiin. 
Water Manage. Rev. 1(I):12-13. 
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SEMINARS
 

The seminars held at IRRI during 1985 are grouped as Thursday seminars, Saturday seminars, and special seminars. The 
Saturday seminars report ongoing IRRI research. Unless otherwise stated, the speakers were staff members. 

Thursday seminars 

IRRI: looking ahead. Dr. M.S. Swaininathan. 

Current and future wheat breeding for quality. Prof. 


W. Bushuk, prolessor, Department of Plant 
Science, University of Manitoba, Canada. 

Use 	 of Ti-mediated transformation to study tissue-
specific and light-regulated expression of mnonocot 
and dicot genes. l)r. Nam-Hai Chua., Laboratory of 
Plant Molecular Biology, Rockefeller University, 
USA. 

New 	 directions for Irrigation Water Management 
research. Dr. If. Murray-Rust. 

Rice production in the Caribbean i.Prof. F. Cuevas, 
professor, Instituto Superior de Agricultura, 
)ominican Renublic. 

Malthus, Marx. Meadows, and me. l)r. RI.. Zimdahl, 
visiting scientist, Agronomy l)cpartment. 

Department of Statistics: past, present, and future. Dr. 
K.A.Gomez. 

The cereal chemistry program of IRIRI in perspective. 
l)r. 11.0. Juliano. 

What about the soil organic matter content on tihe IR R 
farm in the year 25(x? l)r. II.J. Nete. 

The I R I copUblication program. Dr. T.R. Iargrove. 
Rice improvement: past, present, and future. lr. G.S. 

Klish. 

Operationaliiing the university extension function: by 

contribution, selling resp1se ,Or pailicipative re-
sponse. Dr. R. Coyino. diirector of extension, 
University of the Philippinesat los Bafios, College, 
Laguna. 

Small creatures (Iobig jobs. Dr. I. Watanabc. 
A semi-continUoUs stirred tank reactor (SCIR) with cell 

sedimentation process for ethanol productionutsing 
a thermotolerant floeculating yeast fits ant. 
Dr. I.M. .Joson, program coordinator, Micio-
biological Research Program, NIST,Manila. 

IRRI's plant pathology research progress atid pro-
spects. Dr. T.W.Mew. 

Agricultural engineering at IRRI: a ietrospection. 
Dr. C.W. Bockhop. 

IRRI 	Plant Physiology )partment: contributions to 
higher crop productivity. l)r. B. S. Vcrgara. 

Rice insect management: a aLi cntury of progress in arter 
the development of control tactics. l)r. I.A. 
Heinrichs. 

The rainfed rice envirolments: technology generation or 
adaptation? Dr.D.P. Garrity. 

Human exposure to herbicides. Dr. T.Lavy, professor, 
Crops and Soils Department, University of 
Arkansas, USA. 

Genetic, epidemiologic, specificity, and histological 
aspLcts of hypersensitivity, partial and mature plant 
resistance in haileyagainst barley leaf rust. Puccinia 
hord,i. l)r. E.J. Parlevliet, head. Institute of Plaht 
Breeding, Wageningen. The Netherlands. 

Philippine potato research. Dr. P.A. Batugal, co
ordinating scientist of SAYFRAD, Philippine 
Council for Agriculture and Resources Research 
and l)evelopment. [.os Ba1ios, Laguna. 

Tailoring for high yield potential in rice. Dr. B. 
Venkateswarlu. senior research fellow, Plant Phy
siology l)epartment. 

Rice blast: gn.,:tic stidies and breeding for resistance. 
Dr. ).J. Mackill. 

IRRI's 25th anniversary symposia: mcsage for the 
future. Dr.M.S. Swaninathan. 

Water and nitrogen relations Lf legume crops. Dr.P.J. 
Gregory, Department of Soil Science, University of 
Reading, I.K. 

Rice straw Ltilization for animal feeds. Dr. L.T.Tnrng, 
assistant professor, Daity Training and Research 
Institute, University of the Philippines at L.os 
Bafos, College, Laguna. 

Irrigation and rice production. I)r. 1). .1.Greenland and 
Dr. II. Murrav-RtLst. 

Pollen analysis: past, present, and prospects in the 
Philippine setting. Dr. P.C. Payawal, assistant 
professor and head, Institute of Biological Sciences, 
University of the Philippines at I.os Baios, College, 
Laguia. 

Coopertive I'l)C/IRRI research oi nitrogen ferti
licrs. I)r. R.J. Burcsi, soil scientist, IFDC Agro
nomy Department. 

Bio-gas production, ttili/ation, and boneits. Dr. Y.tH. 
.kmun, special researchiellow, Agricultural Engi
neering l)epartmnent. 

Wisdon and ililsions about organic matter: current and 
future research of the (;IZ special project on 
organic matter. I)r. II. U. Neue. 

low to become Vour own editor. Dr. L.R. Bostian, 
visiting edito-. Cu i maomnication and Publications 
l)epartment. 

Composition and agronomic significancc of blue-green 
algae. Dr. P.A. Roger, visiting scientist, Soil Micro
biology Department. 
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Overview of NIBAM Program. Dr. W.G. Padolina, 
deputy executive director, National Institute of 
Biotechnology and Applied Microbiology, Uni-
versity of the Philippines at Los Babos, College, 
Laguna. 

Yield stability and modern rice technology. Dr. .IC. 
Flinn. 

Science and technology education in the Republic of the 
Philippines. Dr. E. Q. lavier, director-general. 
National Science an( Technology Authority, 
Taguig, Metro Manila. 

Biocontrol of bacterial wilt in important food crops. Dr. 
R.B. Aspiras, assistant professor, Institute of Biolo-
gical Sciences, University of the Philippines at l.o 
Bahos,College, Laguna. 

Microcomputers at IR RI: today and tomorrow. Dr. 
E.H.Tryon, visiting scientist, Entomology l)epart-
ment. 

Development ofa rice dryer forthe Philippines. Dr.R.E. 
Stickney. 

Audiotutorials and the training process. Dr. B.R. 
Tripathi, visiting scientist, [raining and TI'chnology 
Transfer Department. 

Fertilizer injectors and beyond. I)r. A. U. Khan. 

Water availability and use of crops in arid regions. Dr. 


P.J. Gregory, l)epartment of Soil Science, liriivcr-
sity of Reading, U.K. 

Progress and prospects in plant pathology. Dr. T.W. 
Mew. 

The Multiple Cropping Department. its past and future. 
Dr.R.A. Morris. 

Saturday seminars 
Simulation modeling of agricultural mechaniuzation 

policy decisions i n ... o l 
policydecisn i Thailand. Dr. I. Porigsrrktrl, 

postdoctoral fellow, Agricultural Economics De-

partment. 
Impact of rodern varieties on fertilicr use in Asia. Ms. 

V. nordova. 
Adoption and productivity of improved upl d rice in 

Zarmboanga del Surr. Philippins. Mr. C. Tautho, 
research fellow, Agricultural Economics Depart-
ment. 

Design parameters affecting the performance of the 
IRRI designed axial-flow pump. Mr. M. Alxnn. 

Cropping systems research in two enviroinments: poten-
tials and problems. Dr. R.A. Morris. 

The 	influence of bio-physical variables on the adoption 
of modern rices in the Cagayan Valley. Mr..lae Io 
Kim, research fellow, Multiple Cropping Depart-
ment. 

Field conservation and the value of rice germplasm. Mr. 
I.R. Denton, special research Illlow; Ms. C. Zurti,, 
research assistant, and Dr.T.T. Chang, geneticist, 
International Rice Germplasm Center. 

The 	 impact of mcch:,nization on labor utse in the
 
Philippines, West Java, and South Sulawesi. Mr.
 
A. Markanday, research fellow, Agricultural Engi
necring Department.
 

Comparison of land preparation equipment used on
 
small rice famis in the Philippines. Mr. E.Calilung.
 

T"aonomic and biologicl studies on pyralid moths on
 
azolla (I.epidoptera). Dr. Y. Yoshiyasu, post
doctoral fellow, Entomology Department.
 

Rice root response to water stress in rainfed lowland. Dr.
 
C. Thangaraj, postdoctoral fellow, Agronomy 
Department. 

Growth development of selected upland and lowland
 
varieties grown iii acroponic culture. Ms. C. Zufro,
 

Ms. G. Loresto, Mr. M. Obien, Ms. .1.Godilano,
 
and Dr. T.T.Chang.
 

Factors governing susccptibi,,y and resistance of rice
 
varieties to the whitebacked planthoppcr Sogatella
 
/iiri(#'ra (Ilorvath). Dr.Z.R. Khan, postdoctoral
 
fellow, an(l Dr. R.C. Saxcna, asociate entoriolo
gist, Entomology Department.
 

Genetics of cold tolcrance in rice. Dr.R.N. Kaw, senior 
research fellow, and Dr. G.S. Kliush,plant breeder, 
Plant Breeding Department. 

Breeding for salinity tolerance in rice. Dr. M. Akbar. 
Cytoplasmic male sterility and fcrtility restoration in 

rice. Dr. K. Govinda Raj, postdoctoral fellow; Ms. 
R.D. Dalmacio, s,_,nior research assistant; Mr. C. 

Casal, rescarch aide; and Dr.S. S. Virmani, plant 
breeder, Plant Breeding Department. 

Nitrogen fixation associated with t'e rice plant. Dr.J.K. 
Ladha. 

Standardizttion ofacetylene-red uction activity measure
mnent of photodependent nitrogen-fixing micro
organisms in wetland rice fields (with emphasis on 
blue-green algac). Ms. R.R. Jimcnez- research 
assistant, Dr.P.A. Roger, visiting scientist, and Dr. 
i. Watanabe, soil microbiologist, Soil Microbio
logy Department. 

Soil physical edaphology r,:search in lowland rice-based 
cropping systems. Dr. P.K. Sharnma, postdoctoral 
fellow, Agronomy Department. 

Phosphorus availability in soils and azolla growth. Ms. 
C. Ramirez-

Proper use of the analytical service laboratories. Ms. 
B.E. 	Mandac. 

Growth 	of azolla under rice canopy. Mr. T. Kroeck, 
research fellow, Soil Microbiology Department. 
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The use of azolla for weed suppression in transplanted 
rice.. Mr. .I.D. Janiya. 

Factors affecting elongation of deep water rice under 
submergence. Dr. A.R. Gomosta, research fell-iw, 
Plant Ph)siology Department. 

Influence of cultivars and agionomic management on 
the yield of soybtcan in rice-txised farming systems 
in the Philippine;. Mr. E.A. Harlaai. 

The effect of iatoon rice oin rice insect pest and natural 
eneny ipopul ations. Mr. C.G(. dela Cm/ . 

Biological control of rice insect pests. Mr. G.Arida. 
Sulfur studies in some Philippine wetlIanrid rice soils. M,; 

I.C. Reves. 
Potamcitui nutrition of rice in saline soil. Ms. N. [Jy. 
Chemical induction o1 flowering inmango. I)r. R.. 

Barha, Institute of l ,intBreeding. University of the 
Philippines at l.os hIaios, College. laguna. 

Scrteening for moisture-stress toleiarce i r impr\ed 

Quarantinecertification of riceseedsat IRRI. Mr. D.M. 
Matias. Mr. C.C. -uelna, Mr. S.D. Merca, and 
Dr. T.W. Mev. 

Sink size, quality grain, and yield potentials in rice. Dr. 
B. Venkateswarlu, senior research fellow, Dr. B.S. 
Vergara, plant physiologist; and Mr. I.K. Ahn, 
research fellow, Plant Phl.iology l)epartment. 

Deep placement flrtiliati on at later growl istage of rice 
tnder the tropical environment. Mr. F.T. Parao. 
Ms. V. Corn el, arid IDr. S. Akita. 

Rice research and produCction in the Dcmocratic People's 
Republic of Korea. I)r. M.S. Swarninathan, Dr 
B.S. Vergara. and i)r. G.S. Khusli. 

Special seminars 
Activities at IARC. Okinawa. Dr.T.Gotoh and Mr.I. 

Araki, Tropical Agriculture Rcsearch Center, 
Okina wa Branch, Japan. 

milling q ality. NMs. M.Gi. Ihatxl-o, Ns.C.M.Pere/,
illing... Iiv. n I. ( . hal Water relations of sugarcane., C.NI. re.agronomist, )r. K.T. r',-rin, a;ssociateIliai ian Sigar Planters'Association, 
D~r. 13.0. liiio. aind D~r. (iS. Khlis. 

Isolation of fractions biocidal to brown planthopper 
fron tIR26 rice plnis. Ivs. M .R. N0lo01ongan, I)r.
13.0. ,lu1liano. Ms. ll.P. Rueda. and Dr. R.C. 
Saxer.a. 

Grain yield lossesc,'ot~sed 1w ri-i~cilrsist. Nir. V. Viajante. 
Mr.G.B.Aquino, and )r. IF.A. Ileinrichis. 

The role of the Ixisic Mineral nutrient ratios Oilthe 
growth of rice in saline soilMs.N . I*v. 

"Ioposquenc agrohydrology for upland rice and 
legirUnes. Ms. F. tic San AgUstill and I)r. T. 
Wooidhcad. 

Water allocation and distrihttion rclittirecents for 
viable operation of' a deep ttbeswell irrigation 
system. MIr. 1".1. and I)r. I). Murray-NIovl II. 
Rlist. 

Water allocation options iii drouightv seasons: tie recent 
experience from a large irrigationsystem. Mr.W.C'. 
dela Vina and Dr. S.I. BhtiVari. 

Farmi-levcl effects of irrigatioll svstei design and 
operation problems. Mr. I). Tabhall, I)r. S.I. 
lthuiyan, and Dr. I).I1. Mir ray-Rlst, 

Effects of rice straw decomposition of 'ithodernu, 
species n inocflsieol h ght pathogen NI s.at II gi 
A. Rosales. 

Resistance studies to the ricu lungro virtises. Mr. IR, 
Tiongco and Dr. I I.R. I libino. 

Pathogenic variation inthe rice blast ftirgtis Irritidaria 
orrzac. Ms. . Vergel de )ios. research asistant 
Mr. I.M. Bandong,assistant scientist: Mr. M.M. 
Khin, former rescarch scholar; )r. -..l. Ic, former 
visiting scientist; and I)r. .I.M. Itoniman, associate 
plant pathologist, Plnt Pathology I)epartmnit. 
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AIIA. Hawl~aii.lAHa i.
Statistical tables and diagrams: help or hindrnce? Dr. 

I .. I ilie St 
lg s Statistics Deart-

Pollen nd ltingus: feeding thrips an ecological petspectic. Dr. I.N. Ananthakrislinan director, Fnto
mology IReseirch Institute, I.oyolai College, 
Madras, India. 

Rice and flooding tolerance: preliminary work and plans 
for fttiretisste culItIre experiments. Dr. .1. 
McConm b. seninr leI iology School of Fnvit rer, B3 
romenilIal and Life .c'icncs, NIurdoch UnivensCity, 
Western Alstralia. 

Somatic cell culture and salt toleiance iinrice. Dr. I).S.
 
Itrar. scniorescarch llow. Cult tit
isstCc e Facilits. 

Is there a lit irc for plat chericals incrop protection? 
Prof. I..M. Schoolhoven,Agrictlttral UIniscrsi ty, 
Wa geningen, The Nthcrlitlnds. 

IlIA hybrid maiie for the tropics. Dr.S.K. Kim. IITA 
mai/c breeder, Ibadar, Nigeria. 

I)cvelopmcnt ol'a moleicular genetic system for utinder
stding rthe pathogenicity and host specificity of 
tile rice tiungu! )r. IB.Hast I'ricllariaor ':ac. 

Valent, research scientist, I:..I.
l)it Pont de Nemilurs 
arid Company, Inc.. Central Rescaerch and I)vselop
merit Department. F.xpeinilelial Station, Wil
mington, l)elaware. liSA. 

Symhiont ill tie brown planthopper. I)r. NI. Sigitira. 
Applied Microbliologv. National Institute of Agro-
Biological Resourcces, .Japan. 

Persistence of organochlrine pesticides tinder sub
tropica, cnditions. Dr.H.C.Agarwal, I)epartment 
of Zoology, UInivsersitv of l)lli. I)elhi. India. 



Rural unemployment problem. Prof. R. Sinha, Interna-
tional Exchange Department, Tokyo, Japan. 

A statistical analysis of body measurements of Filipino 
women. Dr.A.I. Gironella, associate professor of 
statistics, Institute of Mathematical Sciences and 
Phsics, College ofArts and Sciences, University of 
the Philippines at I.os Ilatos, College. ILaguna.


CIRAI) 
 What is it'? )r. ..Servant. soil scientist, 
INRA. France. 

Interspccifichyhb ridi/atioli iin !lh'dit'a Qo. I r. 1. McCoy,
Rockefillcr Foundation, New York, lISA. 

Indian industries' role inincrcasing fier iicr use effi-
ciency. pailicularly tsC of urea supcrgranules. Mr. 
V. Kurtlar, chief',Agricultural Scrv'ices, IFF .O,
New )elli, India. 

Pathotoxin and tissue culture: tools fOr selection of 
disease-resistant plants in vitro. I)r. 1'. 

Vidhyasckaran, visiting scientist, PIant Pathology 

l)eparlncint. 


Environmental management ;escarch in .lapan. I)r. K. 

Itraoka, chief. Ilydiosphecric I.nironnmen t Ma-


nagernernl Seclion, National Institute I'm 
 EIn\iron-
rnern Studies, I sukIxl, Japan.

Nitrogen research in nm lhct S3i a.I) . K. Ilarrsen, 
head, Prograln. Agro-Fcollonlii I )i%ision. I nterla-
tional [erlifiie eiolipicint (Centen.)l. M\luistlc 
Shoals. Alabina, USA. 

Applications of renote selnlsing and ,atmllilcilriagcrv in
rice prodtieoni aid \%amir nialiagci elit.I)r. ..IHill 
and Mrn.S. Ici hi t0it, Rt ortSn si ig I abcra t1Or, 
IoLnusia na.tate I Jnivcrsitv ISA. 

F:rihIcr and soilnitrogen: iriprs ing the econornic 
sustainability of NIV rice. I)r. .. Smitlh. visiting 
scientist, Agricultural I.-cononics I)cpainrient. 

Analysis of bibliographical data relating to the interna
tional bibliography of rice research. Ms. K. 
Morooka, IRRI-Japan Library Office. 

Sociolinguistics in the communication process and its 
implications for language teaching. Dr.T.J. Kral, 
regional English teaching officer for ASEAN, 
United States Inlormation Service. 

The potential for adaptibg high technology in no-tillage 
to Asian requirements. )r. C..:. Baker, director, 
Agricultural Machinery Research Center, Massey
Univcrsity, IPalmerston No: Ill, New Zealand. 

Fertilizerscenery in India and role offertilicr industries 
in increasing agricultural production. Mr. S. 
lktithaxi ra,ni.joint manager (agronotniy aid exten
sion ),Southern Pciroclinical Industries Corpora
lion, Ltd., Madras, India. 

Sonie problems ofrice production in the Philippines. l)r.
R. Duniont, pr lesso, Institlte of Agronomy, 
Paris, France. 

Plant breeding Imi straw ruminant feeding quality 
chalacrceristics. I)r. B.S. 'apIiper. Animal Fecd 
SectiOn. Tropical l)evelopincrt and Research 
Institute, London. 

Nondegrec 	training at IRIRI a tine scan. Dr. D).R. 
Minnick. 

Plant breediig fr lthenineties: problernsand opportuni
ties. l)r. P.R. I)ay. Plait Breeding Institute, 
(anibridge, F,ngland. 

I(OSTID research grants prograni. I)r. M. (rcenc
deputy direc tn, Iloard oilScience arid Technology 
for t rnationalrem )evclopnient, National Academy 
of .ciences, USA. 
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Finances
 
Summary of financial support to IRRI core and to special and collaborative projects received in 1985.0 

US$ (thousand) 

Source Cole Special and 
Collaborative Total 

Unrestricted Restricted Projects 

weiai. of.sourov ofstoqqort front grtvut 
I.niiced States Agency for International l)celopnent 7,419 1.599 9,018 

Japanese Government 3.3S4 427 3.811 
International Bank for Reconstrucion and 1)'.elopment 2.500 2,5(X) 
Canadian International l) elopment Agency 1199 1.233 2,432 
United Nations I)celopment Programmc 1.570 352 1,922 
luropean : 1,172 - 1.172Lconotnic Commnoits 
Overeas Des clopmen! Administration. United Kingdom 933 933 
Federal Republic of (Gemany 459 I5) 75 684 
International Deelopicnt Research Centre. Canada 215 359 574 
A ist ralian Go.ernmen 571 --- 571 
Goveri nen! of Italy 145 319 464 
Asian I)veclopmen t Bank -- 421 421 
Go\ernmcnt of Sseden 349 .. 349 
(iovernment oftire Netherlands - 92 232 324 
(Governmen of S dttiArabia 360 -- 300 
International Fund for Agricultural )cvelopnwcnt -. 300 -- 31M) 
(ovrnotent ofIndia 250 25 275 
Government of the Philippines 90 113 203 
Ford Foundation 150 48 198 
Goerninent of Dentar k 172 --- 172 
Government of Belgiut 80 80 1() 
Office of Rural I)eclopment. Korea ... 132 132 
Government of Mexico 132 - 132 
Government of Nor\ay 102 102 
Governmen of China 100 - - 100 
Government of the Islamic Republic of Iran -- ---- 58 58 
Swiss Development Corporation -- 206 55 261 
Rockeliler Fouindation 000 50 50 
(joei-1ment of Spain 25 ..- 25 

Goertincnt of New%Zealandt 13 ..-- 13 
Miscellaneous research grants .. 86 86 

drati'I[ltol.s rt'lmtitrtd tutdr collabo rcvt'ar hprotgrani 
Resources Management International, Indonesia 89 89 
Intertational Food Policy Researchl Institute .... 84 84 
International Institute (tf r'ropical Agriculture - 76 76 
International Ccntre of Insect Physiology and Ecology -- 69 - 69 
International IFttldi,er ID)esIopment Center - 43 43 
International Board for Plat (icnetic Reso rcs -- 42 42 
Food and Agriculture Organi/ation ofthe United Nations ....... 8 8
 
United Nations linsironmental IProgramme - 4 4 

Total 14,989 7,158 6,010 28,157 

aReceipts are accounted lfr on acash basis. Amounts shown i boldface differ from 1985 pledges from grantors in that they may 

reflect 1984 pledges received in1985, or may not reflect the full amount of 1985 pledges, which arcanticipated to be received in 1986. 
The Governments of France (through the research organi/ations ORST(M and IRAT) and the Netherlands provided IRRI the 
services of three resident scientists; the value of their services cannot be quantified. 
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Staff changes 
Jatuar, 
Dr. M. Akbar, National Coordinator (Rice), PARC, 

joined IRRI as plant hreederwith the International 
Rice lesting Program. 

)r. T.. Chang.geneticist an idhead oft he Internati naI 
Rice (ccrmplasm Center. was appointed prin0 ipal 
geneticist. cflfcctisc I Jan. 

l)r. S. I|. M. Zaimain. Iormcr director genciil of 
Bangladesh Rice Rescarch Instittite.jo ined IR RI as 
liaisoli scientist Ior Africa. 

)r. 	 I.hovd T. Ihostiari. prolesscr. )epallincit of*lJor-
iolisni, [niv,,irit ofl \Visciisi-Madisoii .joined 

IRIRI a i it ing editor \it1 tile Cornrunriica ticl 
and Pu blicatiis I)cpainilrnt. 

I)r. Foster F. ('adv. Benchmark Soil Projec't, last-West 
Center, Ilawaii, joined IR RI ais coliltant to help 
alaly/C rice-wcathl rdata arilorgaii/c the handling
of, the data in collaboration withDI)r. I . R. 
Oldeman. 

" r. Noel P. Magor, Iormri g riettinri ftl vig ri i con-
sit aitt . IIl:1, I), Ia iglad csh, jini fed IRRI as a',so 
ciatc agronl it withI tic IRRI BR RI Collabora-
tie Pirojcct in Bangladesh. 

M r. I-rarA Siideler. I'rmer senio r editor[ ifCII'l. joined 
IRRI as contract editor with tile ('ommunication
and Ptilicatiiis )epartment. 

)r. 	Sr ng-Wrri Ali :)rnplctcd a I-yr assignment ais 
visiting as,,ciarc Scientist rmii (IAT with [he 
Plinit Palliigy )epairient. 

'hbuzr 
)r. 	 Sang-Win Ahn. planppa iiath logist, was appinted 

visiting astccialc plant pathcilogist. 

Iurchh 
I)r. 	Robert F. Iluke. I),aiiuth (College. left after 

completing his a,ssigrnment as short-tcri visitinlg 
scientist. 

l)r. l. ()gasxa lel alic cumpleting his assigliit as 
visiting pla nt brecder. 

l)r. I.. R. ()ldelliai, \\o rld Mctccrilothgical Orgalliia-
tiori. left altei Completing hi,, assignmett as \ isiting 
scientist with (lie joint IR RI-W I() studics on rice-
weather rclatiofnhips ill tie M1ultiple r'npping 
I)epartmiert. 

Mr. hl \ctlllgiie, of t1 IUiiiSitv cif orciritoI Press 
arrived to begin a2-yr irsignment ars visiting editor 
with the ('Cmmnication and tublications 
I)eparment. 

Mr. Frank Shideler, former senior editor, CIP, left after 
completing his work as contract editor with the 
Communication and Publications )epartment. 

I)r. Foster F. Cady. Unive rsity of Hawaii, left after 
completing his consultancy assignment with the 
Multiple Cropping I)cpartimcn t. 

I)r. 1. Ritchie Cowan, retired IRRI liaison scientist for 
Indonesia and Mala.sia, a nived to begin another 
6-moo consultancy a.,,,ignment with the Director 
General's Oflice. 

Mr. Makoto Ariyoshi resigned as agrictltUral engineer. 
IDr. Amanda T, loricr IRRI research asociate, left 

after completing a I-pr assignmert as visiting 
associate ag, 'ittral economist. 

.lpril 
l)r. .lennic )cy, FAO, Iclt after completing consultancy 

work on the role of womrien in rice farriiing systems.
I)r. lan F. Grant of Boyce lh .psonInstitute for Plant 

Research, Cornell Unri ersity, left after cornpletirg
his assignien t as visiting asoeiate soil micro
biologist. 

Ma.lr 
Dr. 	T. Ogawa, TARC staff, joined IRRI as plant 

breeder. 
I)r. Jean C. GhiItsmann, IRAT. arrived to begin a 3-yr 

assiigncit its visiting ass ociate scientist with tile 
Plant Breeding Department under the IR RI-IRAT 

lkllenorandtuni of Agreenlerit. 
I)r. G. I. I)enning, isiting as.ociatc field specialist, 

returned after completing his Ph I). 
I )r. Robert I. ZirnidaliI, Coilorado State Uiinirsity. left
 

after completing a I-y assignment irs viit itig
 
scientist with tie Agrorioniv )epartment.
 

Dr. II. I). Calling resigned as IRRI Ceirntrologist, IRRI
 
Cocipciti\c Project ill Ibailand.
 

,Intnc' 
Mr. IFcdlcricm V. Ranos, fIarm supcriitident and head, 

Expcrimcntal Farim )part ment. retired urpon 
reaching age 65. 

I)r. Anwar A. Khan, New York State Agricultural 
Experiment Station. Cornell niversity. arrived to 
begin a I-yr assignment. 

I )r. ILaurian .1. nncvchr, lot ier r carch associate, left 
after completing a I-1 2-yr assignment it5 visiting 
associate agriciltttral colronriist. 
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July 
Dr. Felix N. Ponnamperuma, principalsoil chemist and 

head of the Soil Chemistry Department, retired 
upon reaching age 65. 

Dr. Joyotce Smith. former research associate, left after 
completing her amsigrnient itsvisiting associate 
agricultural economist. 

Dr. Dennis 1M. Wood, visiting scientist with the Inter-
national Rice 'lesting Program, resigned to join 
IS N AR. 

Atugtluv 
Dr. E. A. -leinrichs, entomologist and hied, Entomol-

ogy Deparnmcnt, resigned. 
Dr. Genshichi Wad a. "ARC research coordirator, 

joined IRIRI as plant physiologist. 
l)r. S. I. Bhuioiyan, agrict Itoal eginec r ird head, Water 

Management Department, returined after conmplet-
ing urI-yr sahbatic leavse at Rutgers U.niyersity, 
Depa tiimc t of Agl icoltural Erconomics and Mar-
keting. 

Dr.Keith T.Ingra in. rier associate agrounmist of tile 
IHawaiian Suga rPlaitess ,ciation.jrined IRRI 
as asociate agronomist. 

Dr. .1.Ritchie Cowan, retired IRIRI liaison scientist for 
Indonesia and NIala sia, left after compileting his 

assignment as consrillnt hortie outreach prograis 
and the 25th Anniversary symposiu ii. 

Dr. leo )ale I ams, rice production training specialist 
with IRRI's Rice Research and Training Project in 
Egypt, resigned. 

Seytember 
Dr. Davidl J. Finiey o lthe niie rs ity of Edinburgh left 

afie r coni pleting liis axssigi iieiit as conisLiI tant iii the 
Statistics )eparim nt. 

Dr.Billy .1.Cochran, agricultural engineer with IR RI's 
Cooperative Projects with the Ministry of Agri-
culture and Cooperatives, Thailand, left ilpor 
completion of tie project. 

Dr. 	Venkat R. Reddy, agricultural engineer. IRRI-
DITPRIOI) Indtustrial Extnerion Project,, Jakarta, 
Indonesia, resigned. 

October 
M r. R. Vaidyanathan, manager, Purchase and Supplies 

Division, ICRISAT, arrived to begin a 6-mo 
consultancy assignment with Administration on 
purchasing and supplies management. 

Dr. 	13.Merle Shepard, entomologist, was appointed 
head of ihe Entomology Department, effective 16 
Oct. 

Novemher 
I)r. N1. A. Choudhalry of Masey University arrived to 

begini a 6-mo sabliatie leave with the Agricultural 
Engineering Department. 

)r. Gelia T. Castillo, UITI 13 professor, began . I -yr 
a:sigoment as visitingscictistit ilitlhe Agricultural 
Economics I)epartment. 

I)eemher 
Dr. Lloyd R. Bostian of the University of Wisconsin-

Madison left after completing a I-yr assignment as 
visiting edit or witli the ('onmni nication and Pub
lications Depa eicit. 

Ni s. Yoshiko Yaalmroto. Corncll Univeersity, left after 
completing a constltancy assigniienit, assisting in 
the preparation of the cxhibits of tie rice muserum 
and collecting lowland artifacts to complement tie 
lfogao artiifacts collected hy 1)r. I larold Conklin. 

M r.C. Thomas hrack ncy, rice production specialist on 
the IR RI-BR R I Projcct, resigned. 

Dr. Pedro I. Escuro, plant breeder. IRlRl-lurma 
Cooperativ'e Project, resigned. 

M r. Malcolm M. H amnmond, IR RI teain leader, agri
cultural cngimner on the IRIZR- H13rma Cooperative 
Projcct, resigned. 

NI r. Salvador labiro, mclianiation specialist, returned 
to the Agricultural Engineering I)epartment after 
,:ornpleting a I-yi, nicrit with the IR RI-Egyptassig 
Rice Research and 'rIrining Project. 

)r. Kaung Zian,visitingscientist with tire IRTP,left after 
completing his assignment. 
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Weather summary 

The 1985 annual rainfall totals were 2,144 mm for 
the dryland (upland) site and 2.125 mill for the 
wetland (lowland) site (Table I). The wet season 
lasted from June to l)ceniber. August rainfall was 
abnormally low: 67 mm (Fig. I).June wasexception-
ally wet, with 754 mm rainfall at the drvland site 
and 680 mm at the wetland. IRRI annual rainfall 
total for 1985 was 153 n above the 68-yr normal 
for Los BaiI.N 

Annual solar ra iation fOr both sitts was 445 
mWh ,cm 2 per d. Solar radiation was highest in 
May. with 565 InWh cm2 per d at the dryla nd site 
and 557 rnWh/cic per d at the wetland, and 8.0 11 
of bright sunshine (Fig. 2). Solar radiation was 
lowest in Dcccmber, with 332 mWhi;cm 2 per d at 
the dryland site and 321 rnWhicm 2 per d at the 
wetland, and 4.7 h of bright suinshine. 

Evaporation (mm/KO d) 
150 - ___-

100 
Dryland(uplond) 

0 L % L L. I L 

Roinfoll (mm/r d) 

650

600

550

200 

150

100

50 

1. Rainfall and evaporatin hy 1O-d period. IR I.1, 1985. 

Maximum, minimum, and mean tempcratures 
are in Figure. 3. Maximum temperature averages 
were lowest in January (29.2 IC at the dryland site 
and 27.8 'C at the wetland) and highest in May 
(33.8 0C dryland and 32.1 0C wetland). The 
warmest tempi-tture(36.20C) was registered on 28 
May at the dryland site. Minimum temperature 
averages wec lowest in January (21.3 0C dryland 
and 20.7 'C wetland) and highest in August 
(24.5 'C dryland and 24.4 'C wetland). The 
coldest temperature (16.5 C) was registered on II 
.Ja nua ry at the dryland site. 

Montily means fo' vapor pressure deficit were 
consistently higher throughout the year at the 
dryland site (Fig. 4). 

Windspced measured at 2 m aboveground was 
highest at the d'ryland site in June (2.5 m/s) and at 

I I I 
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the wetland site in February, March, and June 
(1.8 m/s). Wind was variable in most of the 
months. 

Evaporation from the Class A pan was higherat 
the dryland site (Fig. I). The highest monthly 
evaporation (209 mm in May) dropped to III mm 
in November and Decenber at the dryland site. 
The highest evaporation at the wetland site was 

178 mm in May; the lowest was 96 mm in 
November. 

Of 17 tropical disturbances that passcd through 
the Philippine area of responsibility, 2 typhoons in 
June affected the immediate Los Bafios area 
(Typhoon Kuring, 20-24 Jhn; Typhoon Daling, 
25-29 Jun). 

WEATHER SUMMARY 555 


