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Foreword
 

Both the problems and the methodologies have 
changed greatly since research began at IRRI. The 
driving need in 1960 was to increase the yield 
potential of rice; in I970 and 1980, to stabilize yields 
and improve the ability of t'armers to reach yield 
potentials. 

The rice world of the 19,90s iseven more complex 
than it was 30 years ago, at IRRI's founding. The 
further increases in productivity needed to keep up 
with population grov,th and rice demand must be 
linked with imperative concerns about ric-land 
sustainability. That interaction i,, driving research 
direction in the 19t s). 

For IRRI. this sas a .,ar of change. of adaptation 
to new%needs. We took the e.\pericnce gained over 
30 sears of rice research and added nCw insights 
and new techniques to launch the Institute on the 
challenging tasks necessary to meet the demands of 
the next 30,ycars. The Institute'",Work Plan for 1990-
1994 was initiated within a new organi/ational 
structure: interdisciplinary ".ork is carried out in 
rice ecosystem-based progran,,. 

This Program Report for I99(tcox ers work that 
in one way or another-contributes to meeting the 
need for a stable food supply, by people living now 

and by the 3-4 billion more people who will depend 
on rice in 2020. Some of the projects are far up the 
scale of strategic work, some are closer t) applied 
work that national agricultural development 
programs can adapt to their particular sittiations. 

While IRRI is concentrating on more strategic 
research issues, all of its research isclosely linked to 
the necds ot national agricultural research systems. 
Much of the work is dforte in collaboration with 
advanced laboratoiics elscwhere and with the rice 
scientists in national rice research institutions. In 
applied research. almost all the work is done in 
interaction with national agricultural rc,,earch 
systems. 

IRRIIs international progranms facilitate the 
interactions of rice scientists and pa e the xAay for 
the meaningful, producti',e. timel,. and cost
ekecti,.e rice research needed to resolve cumrent 
and anticipated barriers to stable andlsustainable 
rice production. 

We report IRRI .ork through this annual 
Program Report as a pernlianent record, to account to 
the Institute's donors, and to make available to rice 
,cientists ever) where current information about 
the oatcomes of IRRI projects. 

Klaus Lampe 
Director General 
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Bernard Cart p iB 's, i it /'10,a ( . irgm % %crga.evra. /.5 i it-ar, It a, it) 
Ma. Lihlrtt \lniiat IIN ',', il) .idci 

ant 

X~jio Li.e n laati [1". ro. /It ti'itii Gierui A l ~ Ir t . l.5 a, t h t ,,I 'l;&, 

ji/iita,!hh i 1 Ct i c4 )ID, m]1t1%SdlkK utl. t'. 'a 1ij- ' ' Ita a it.; Ca P.S qi S~' II , wart tIn 

i )rlk at af,1P i 

.1Idrkc I),iieIlal b PIrP I,t ' N1C Iji B 
Sdar l f rran. Pit!c(w ait.I) It ei F'.Iiti lent. I BSit iItt i'hn 

xr /tiv 40t 'hl ;ttian.~l IiI'lft i! laiiti 

Ricci lNel,iit litc,I) ii a taideIa/t/niMotrtiiit Juuii,i.BS; ii it, ic 

i 1atId Ih ;i',OI't Jute 1B 1eutilJr ,AHitttitt"i11, it'1010 1~~Kl. ftI? 'V 

R',ikh,t ~~ii;keuL'i-,.j,,l'rniit R U1,101.uBl it \, at ii i 

I plit;i ie)tiI 'hiaan. 5 iti-~tatittPi, v, i -N 'Nrraui,1 GAi S.ti -n 

AL. %S'ap 11' . I'l ) 111itt'' t plat IfdhA ('f4A nai, NI c'rA . I'ru,. Ipli tt I I:t,-a d htairt"it 

MIrntt, NeB"111.11IPti,-le t-itittti/;iii)n 15IN PPtd., I)qv 1)' t ',l ,tHt 

(k S Jrti. oPit.I ) titt-, l I wiititi,: 11/ firoitiKo! . ma Pitt 1)5 ia ttt'at 

I ri a i 'tt ti RIti.laRti .iiiPhSir) n' /. itii ita t hn*Bieitramtirt )ReI,rtl .pitutu 

.'etal c I' 1)a, II,w t ,'s . i aI'S.A. iditra Pil IIapttt 'lie[I I lD jnI,,jsel~ e ' 

M. l Poian t a.I i I cwt it ,itDaitde t NI .h1/ It" atItrtiiAMane tPitvia Itiijt 

A. Btla. h S' ritia- I' aii -,legit, 17,111,1111 Ri I Itt2L -itt/i%IS d 11 11 

'ariit L a Ui . I'lt 1)ci1a-4 itl(ttt't),fait 1 Ireni Q IinColtlia115i sa iI t/C',9 1;4 Wal 

Sutane A' -\ tn'au 1 Nai/i 

EDardl [u 

i in, iiw a111 f d"tti Rmuhe~tU Uhun et ii M. tit\, lt ani , t 

Et. anglrte . Plla 1 S ttan N, i t h i Nai. ~,irir% m. ',iliii. / 15. I'ta i/i i,!,''1 ' 

\ P~da.jl, 1 , 11,11ivit, Ire~ia crcldc ioMc%. W sewf , %afPerasn 
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SOCIAL SCILNCES Hen janiin UCPdi e.]I.. I's'j-iassii

John C. Flinti. P/i I). ilii iiltita ii/ ifiai ira C Iisia C. P-ui ia an. IAs. italijt /Iaili
 

tr-o~'aed io- e ew s %el Roiland' Ii. So, A. tC scar, I I'S %sI%siaji
Cri st na C. D)a\ i, fi 1). a'i itlu,a/ i',,nwlliS anldd 11114 ~ i. Diere~a L. lenorl its , w'anii it on 

headl Iere',ita S BSu~iB , %4i-,n/hsjiin
J. Bart Duft. Af's, a~,-n ijinuills ,, 11niIt 'RiLtsCIls 'I. )IIJI.il .B's. 5lti W il'I/ 

Jamnes SamiuelI Fuji saka. /I'l 1), ai', n jul ni/i- s/ il
 
Lejjjiairdf A. (Jojiiajes. Ph/0I),i r'nui i iiintii 
 SOa1. A-ND WA 11:1 S( II-cITS
Pifabhu L PiiwaI , P/h 1). aii, mii 11411iliiuIt/11al ad Ii'm , Irich Nene Phi1). wd (iheinj aind luvau

lo, 4,rtin lea,-iJ Sadiqa 1.I lihmi aii Ilh I). ip', -ulit s-al ene~inturRtiber, E. fluke. P/i D. iii wnti.%tN(~ Ierefr.LC 'NWNdlix /I 0), I/11M ilElearior I I. fluk. BF-1. ii iwin %iculisi (GuyJmlot Di)an K irk. Pi/t I). an ii lais' wiIt hi/j'iY'iirt) lbjanii. P/i I), tisilji N sisSijniw(a~ij.'ri,~.I/,I.iisljei 

Keji rj ( Ituka. Ph'1), N-Isitmoi%, i us 
 khoda S. ILinfin. AfS. aint an, %(ijis
N iniial F(C. kaii;: keera, Il/ I). 1iiili,' lli 11 Cwiarj~ 
 C, Ouijain(. MlA, i ssiai sI teiv
\iileia (Xsnlsj a. II's. aisw tahl11N, ii'iiisi 
 Dijjrimiiot F. Lilsbal. WtS.asItwlalll "Siii'liiibf 

in 1i. waii %,Abham an aSVi iclitis Maii" ga IS itI/,('I I sltlTrlIfn. lla,uitc. .av ivn, fical, Ii Mss~dilanuelM. AIaiL'caii. VS nsw r.wiat l Iii miintArlnc iau [ - A/. Itai ranwltf ieww 11m silArmniido) Erinui /a 
'ia. Tiere'a ( .Ca ij. Al's. I-e'ii'ilfr, /h iisij.wutUN 1911s,11jisia,i isaislilni Riiilhi Y. Re'ses,.%I'S. srnijif %,at I I%mtiawjRij.irdi) ,, i~,ssIAssenw i-, ,h ja n1Siii jto Is, it B *dunii. B. 1 ~i, hi 1\N!\Iillt 

'sjlaiiI ai~i~-I~tiii~a.Iti's-aji/ias SiiciilMa. ( anrelj,,u k. Alhtrw. Ah.IN.iil,,'r is,. -, /it a.%sjuits
Conihinciia MIaraiiaui. W.IA.Sinw ter i a1 lswalis-it Nitta U. Amoni. Mi.S i'Si'ij, i ai iswiNIlarii~u MIariji, WSA%(wi~a fe~-i"i, iii iuiani 6liir, S. Hiiiaiilav,' Vs. WN,-ni, as itai
picijid "Nln\a. A/A ,,sei cl h asJ,j allt 
 Romneo J. ('ahairiiiiii Bis, iswt'as 11aS Mirdaltf-ireiicia P'all", I/s. %1ji~11101 ,J siiai 11/1aSM snlrj i: R. (', . tanied /,~BAj , , l mit,m iiLtsuiie s\eia',cc. lfS %eni csi-,,, If asllilani Olser I;, ijrii/d. Wf's.j ina,1,,is'isa:i
Iuisa Bilibii. H)sf'SS it 'iihiiil1 
 Alclaiidwi L. C(idsii. B'S. c /it INjlflllCriinna Carlow, B'S /ci-n- i Ilialli La. C, (i iue. WS' of WWI iii 4%I~iaslI
Bettina IDimiaraaiiii US. to wan; It ast,51 Nl~ i\,ll~ A- i idl, AN itS1ii,1, h;I~kuiisli
J)niia E'siudijli %I's , t; is sias, Celeste ( Iio nt Bi.ii.i. w f,/ a w

Lita (iarci . I/'S?sw,.,i It amvatlit 
 \lsra inai~1. RaiiiN. B.'S. iici l Iit a,iiilauFe iajsiiij it'sis'Sswi5, it iIIN1ihli Jil'selii'a I.. siillsja' 'sA u ni ta 's-Wln

ka, nwnti ( i/iagi. I.S. i Now ii ostn 
 Riiheri S. Smsiaiis. %1As Sil /i a' .i stil'si~e Labnnie It'. )c5 ,, /t,amiiat kuvm Laua~n /IS irnal, /u ai,i

Fi-:ltlC \Iarciais B.S. - -ni, it a%-%aa 
 Ma Hlitil \ NI S1,N. B' si-%,-ni, !':at/i

%it'iis~l NMarcifiissA. ewSiat, /h j,\Swwa
 

\delig, aap u B.'slina, itas an CN HAl/I)R S;-\(I 
Rerli paid( \'alIS.lsea/1' as a, NI I.ih iI&AR111W illSitIiiiici i ,isaj '~i Rst F~j 

in,,, isfkini,jis B.). is iai, ,It wai IMivseiic sai.iikIS fi ?/sil~s.hId silbii 
I~i~ian / IisIliIsi,. LiapIpiiiis.l'.s--s fil i. Nls, iiliaindenVSlad.Is 

JIl( sdalun 'Cla No.Pal IinI/t ,li 1 ,11iti,i isi/pois, ,iii 
XlikI (gs~I)ust BS i-,- ;I ',ildc I'ii.a reuck (* Kai,i. WS .1/,i, i t alu~ iilni0,1 hisisi 

D\, 1 U'ipi . I'sD p,itu,w 8% it,, itad Siiih \i// ALs f1 'lh
CC I .,hh ,Ill:Il, n 

I. ,rlkPa a,sicl al I'41./1ui 1 I I~ ilii, ij siiij~/ swsii IS siii SiliiSi 

ss5 i ariahl. 1.1follNt ili%4)ft0 1Bs "Il 'a"151itiia i e > _I1iuile. M 'iisi,IS1ii1/lc 

J'dK.Iftrd, ,lhi %ina/iI) S.si iis I iis it 
 S Fabian I" salalanr. Is iiiiI Ss'ifiisi41Vo 

Pue~~~~Ireen -B Rsd'er I)s5, 501111 Nio,,s,,i,iits: 
Wilburla s/,itjuAlA.la 1). 1eiuuu BS. lot%upniis

S IL/ MflH- Li f i i is) -i Siew) juls .isili i ilSi 1,111 1,i 

AgnesI~ .Pade. I'.ll'sw ripmti iiSaiiilti%I S li . FAlna, Qimjjj wi
PICRnaAi . -'Si iC . BA- i S Jal,;1,li ,haul f t-W h NCS,.Pi1 iili lliitu/s 'i

S iu nSArilaetr.AA ii , /i,s itvllS 
 viti1~Neca /.a olilnnj 

GIi.Li al C -)DAw-'I.. 1Vrei sa iil 'nl Ee'H ;rii.I' s i~i/ S sai 

-I/A a,Ri iarui i'H.5,10i icise/i j sahlCarlio, C. I lue riia. BS. i' ii iiai/de
Grace 11. Niascarifa B.'s is'sti /ia., ssani A rielis P. NMauirai B'S.,' esat /i aideA. jar 

kit~rm:,dfs T. (Ilis em s. M's. ' ewan /1)i as, ijeij 
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PROJECT MANAGEMENT SERVICES AND Emerita P.Cervantes.-M Ed. aA..i tawteditor 
BIOMETRICS Mila ,I Ramos. MIS. asi.ttatit liharian 
Kwanchai A. Gon:+z,. Ph 0. head Milagros ('. Zaniora. MS. atitiantlihraritan 
V.A. Samaranayake, Ph D. visiting itetenti.t Elma 0. lianilho. It., a ntn UMtttttt ti.tan/ 

Grace Redes. 1S.senior ie'ctirch a.ri.%ttan Cannelita S. Austria, Al-S .ewnor Ibhrat)w trvi.or 
Nora Epifania Nano./ BS, senior ,e.arch axsi ant Editha S. |.antican, M., library .te'rviitr 
Ruthie Aguilar. BS, re.,ar h ,atstrh nt Kaiuko Mrnoka. BeA.Iii'ral upert i,, (tinJo/han) 
Viollta Bartolome, H.' itr(e ha.ii.vtant Chika Yohidt, 11S.ine,ir tili,1,tan 
Ros.,en Calinga. BS. re. ','ha It a..tanft Edgardo M. IL'lfino. 11., a't tt/ihttittto .li'rvtxtr 
Victoria Claveria. BS. r.cart /I a..stant Pairicio 0. Manion. BS. grapth/is Au/tri itsm, 
Lanie Criserto. BS. rexeartit a.sistant John B. Figarola.-,'inor dj/otrtt,, 
Anaberla Fabellar. BS. reAearch a.stistiant Angelito G. Bemardo, 11S w'tttor reA.t'ari/h ,iA ttattt 
Priscilla P. Kennedy. BS. rtesearch tA.ts at Victoria L. Cabanilla. MS. s,'ttr re.eari/ha. . isanj 
Dolores Ledesmia, MS. researth assi.tant Wenceslao C. Alirnagno. BS. rt earch aIAaistant 
Julie Mtijica. Si. rt'h a i.tntt Edgardo NI. Mendoza. BS. researt'h ax ti.tltt 
Ester Ulpindo, BS. rese'arh -sisltat Luis L. oorciuncula. BS. rew''ri/h av.istatt 
Junelya Joce Arizala. BS e3earch ,ttde
Angela Ma. ()li'eros,. B "

, 
re.w¢arihItaide' 

Jose MNikhael A. Onega. A[, editorialasssta tt 
Teresita V. Rola. BtS. tdttritl<i.siwa~nt 

Lural vn Ramos. 11S. r seatc Ih atde * Ileraldina R. Salonga. 1S1.hlttabh.t- adntnitrator 
Edt, in C. Lo/ada, BS. ",ntot tilt titant 

A. AL VICA . S ER v LA R T(R IS 
Marieta R. Manza, 1.BSinor auditioaltaA ittant
Antio C. Tunolak, BS. vvt'm.t pro t'ralnit'r 

Ruby U. Castio. MS. f't tl tO'' Crlitna A. Carpii. 11S.anti t povtaranie'r2" 

Bemardita E. Mandac, MS. wn'nutr re'a.trtI aAAtal.Alt Ro Russel M. Romnano, 1.S.anal%I piograinter 
Rene R. Ditkare,. 11S.rett/ia.e It ,inp '.LtAanRlM. o n. I ll\io rniner 
Ma. Ederlinda C. Pascual. B5. ietar(h assivtiant Jeph ". Ahonto. US. t tmpote'r ttora,n,'r 
Adonna NI. R ble,. S ci'atrli aid TRAININ(; CE-NTEiR 

PIIY rOrRON 
Benito S. Vergara. Pit ). paint ph..t oithLtt 
George F. Patefia AS. plait irot/ Jacithttfii (ft'cer 

[)an R. Ninnic D.Ph0, ii t %ptnt tatil and head :Ellis I. hero . Jr.. I'i ). at t t, hetad' 
(OnaN I)rd i/.te . t wnilhant/ ' 
1-ineraLa P ('ene,antes...l I-I.nt,i r raitonk'at i t tant 

Bienendo B. Mantnlin. 11.BSi ,ttl/ tti1t Anita .. I-rio. MS. st',or twiatnn , %svsrttat 

P11(l'li)E R i1sl)1i LA II(:lR..I I)R 
Eneri t ''. [t ulpaISt.tar/lhhtJhItl(tIlf 
()rlando N. .lagistradth. AIS. tinot l altning aAiitant 

Redenrttr A.R. Nati Mad. 1 h.'a., t-,, ut/i a iiliant 
Eliahlth F. Aceth ,'US. iew , I i',tatr 

Lriiettt (i. Pere/',. [i.w.tuot thllinitntta t4).xltlni 
Madeline I. ujalnico. MS. A.tt'it rattun tjx t. tant 
N(riii NI. Yapi,.MS. wtittir lrtmn A aillttnt 

GENETI(" RS(OURCEIS CENTER 
Te-Tzu Chang. Pit 1), pl tm Itil 0nctt I.Atand heild 

Alberta C. Aduia. BS.ltratln, a itatnt I 
Aurora M. Argenle, MS. twunet tit%taniJowe V. del Carmen. WS. vainiiit altIt Itl 

Duncan A. Vaughan. Ph 1), te to hit jitt Joel Ritlilv G. Fltr. -111,traitiva tht'it 
Genos es a C. I .t ,to. MS. I'tt l.thait i( i('1lli.tl 
Adelaida P 1.. ,tt, /S.a. t antRt.itt Osclntara. 

Tonas Clement,. /1, rtictarth tat %iltitat Rosela I. (;entitLli/. 11S. r it 'iin; thilhat 
FloraC( de (ut/rnanl.Mlita C.dJuita, S , /i It ttitasm ilnt jo.seta~t~ L. Gon/tes.Wt

Rebecca II. Patalen, A.A t Inringlltt.tj ivfnt 
Ama. tIat 13. ,Nire. B,at /iittt I t 'msiat Salvador 1.Yabes..MS. ittjtnint, tltint 

Fe A. Anidto. 11BS., it. t't t /i th. tt'tu 
Rialtnt C ores . 11S5.it tar, h O'%,trt Re edios F., llllesfn. AS..ii, eait/CiAhii t 
Renato Reafii. BS. itwatti ttawt 
Veren . it CGina 

Ma. Mlartlha 1.. de Villa. U1S.itjinitnt aidi' 
F. Zar/adias. /I. titnitn, tail/i 

Ma. Sot.orro R. :\lma/an .BS It t.. t( trth' 
M a rg a ri t 1o(1 el B . . r e e a idhPiRt R M 
Nhrna I). ()lisa. B.S. rt,ttarthaide INTERNATI(NAl. PROGRAMISI 'MANAGEMENT 

OFFIC(" 

INFORIATION CENTFER Glenn L. [)enntng. P/i 1). head 

Thornas R. Elarerove. Ph I). eitrorandhe/ad Julian A. Lapiiin. MS. %l.tltthl A tI'ntlil 
Stephen J. Bania. Ed 1). editor Arsenio R. Sanitano. 11.S,ititirIti al sttat 2 

NI. LaRue Pollard. P/ 1. /e(htr Elias V. Sandig. MS, rt'vttair h t ittlit 

Williari H. Smith. BS, edittr Gernan Tria. 11S.itt ttr/hit/Cde'":t 

George C. Krajcsik. Ph I. .twltare t tntlrattr' 
Narinus Cornelis van den Berg. 11S.hardware -oordinatorand RICE FAR.MING SYSIlNIS PROGRAM 

netvorit.ntna.4er Virgilit R. Carangal. P/ I). aq,,rufintinmI aid t ttrdinabor 
Lina M. Vergara. MS. Ith. arian Rolando V. labios. MS.twitl t1'tetart/h a tittal

a 
ll 

Ramiro C. Cabrera, BFA. niana'er Antonio C. Morales. MS. tilntor remtart h aiistatit 
Gloria S. Argosino. MA. ai. .itatt,'ditor Esteban C. GtJilaIo. a,,S.ir 'iri'/I a.r.i'atant 

Personnel xl 



Eleuteio T. Rebanco,,. Jr.- BS, rewa'arch as.sttnt' 
Primitisio L. Tengco. BS. re,earih as..tant 
Efren C..-\mada, B8. te.'I I ideh 

INI-RN.ATION u. WIIW(FOR GENETI('N HK 
E.\+Ltli)N tI U 
V. 	 Sctiu Dur-, a tua, /'I1). planl /1 t','dcr 11, t!bdhl 

i~tllltldlltill#' 

Kri ;hiAlluri. Ph 1), lai ll, ' Stt h I.\,%I( R reit, 
F tiCuet ./41 iP 

1CId 'rit'h I:. C.ue's a P,'rt. 1'h [;. Ii. tCIA t .\uic'tif~ I and l.XGI( :R 
Fedr t , . \ranmterred 

/01hCTL 1,ri1 Inten 
N ,uhmnridUar 1), lnt 'rtcde 

i11 1). plui (eh ,/,,'dueuSan.- Won ln, 
,

F;rank 1 %inl So.houbr- :k, V#V , m,atl 

Vicioria ( Lopet, BSWi. 'i,ii It"It IN it/IAN Wt1it 

Fnristi, MI. , laa .inaCCA.f i iS,' h ,iiti ,ialt 
Imldai F otdlahanaii. i 'i, am\wwCm 

PJul I Ma t rai. 10 , iI'ai Iiiti] j%\motant
Marlw M. M, 1 1-ml~i.WS. ;,'cwi it i,tanut 

f-dilb irlo 1) Rclii-a. %YV eii hiiIi amitamt 
fj. 

R n ci 1-1 :h. it di ilitC la.Ii6,uN 

Left durimi the )ear 

()in tudNlcoi,.CiiralnnCg. 

Joined lettl durinr the %cat. 


'Jointe dunig tih ear. 
('il.perati\ e research stalt. 
'()ti priject appl liCtiCel.r 

'Died during the ',ear 
'Translrred IruMnSoil and Water Sciences io Agricultural 

Engineerine. 
"rran erred trwn .\gricultural F-IngineerCng to (entralied 

Rcearch Farm. 

" era.ticetrt ,\cricuhutuil Lili'ilin it ical IlatCoP 

.Imlerredtrom Social S; iic> to Aerontnn Plant
 

PhNwltoi . ard -gohsx i .
 
Tran',terred trinll V . Plain p
ii ionim Il\ jel toll , aind
 

:, groecc log " .iailliil- .iC ntlerl
 
frimi .\geritint .
Plant lPhiltopltgand 

. .. . 
..\griittw olhmnh toloPI\C roiC.
 

AarCICSPatPs~dg
Plant"Ttanoerred.PhX IrArn .P\/i .)t(li iolop. and 
it)lli 

'Served as a~lini headL, CriiC~lilg~ 1)I ilon. JaClua o
FL-bruaiN . Juil.\ Sc[lienlx.'r. anid No~enltet-Deccnetr 1990l(. 

lratllserred Itoil )in liuiiii to Plant Brectlinion , (Gjenetics. 
inti Idl l C ihistll 

CCrCIi't ii. e! l 
aOeIiC'ei l m

"llnto Hurca I rkllilile Wlilll2% l~pet ~ llIr''l 

i. ,nd Plan iC rs "li"i Pa 

(G nIMllt, anld Btto,.htemi,
 

'Iransferred itrin Seid Hlealth VCi to Il,int Patlitlig\. 
rr"ainsterred trom (ocial Si e'.e tCoIitohnnaliln (e'Chier. 

"rans leireid Criuli Slil and ataer S ilce-t.C Sicial S iwcle',. 

"ranelrrud twi Sii Waii i ooXe lunan 
R',i rc'm I Ic li;liitit il 

+'tI ile trril lrooii hih rili llall (cnlci to Irairlrt (Cencter. 
"'r;iitterrel nl tehiatiiiiil I'roirmii i Mlaiagent ()Ofitice 

tIo.. . Platit silog nd. ,gr(xf4l4hgN.\iAgritliiullN I'lt 

-lttii t 'il
'"Iraitstr l uiti iliioh'i o 'tuti Reset i ih .arnt. 
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Using this report
 

This Proran report for /990 includes capsule 

summaries of research undertaken by tileInqsitule 

during the past year. plus discussions of the interna-

tional programs that interconnect with the research 

program:, It is similar to the Annual r',rt. pub-

lished 1061-19 ,8 in being the primary, definitive 

record of progress made by tle Institute. 
The esearch reported here followks the ecosys-

tem-based organizazion that went into effect on 

I January 1990.All research activities are reported 

under one of the five research programs: Irrigateii 

Rice. Rainfed LovwiandA Rice. Lpland Rice. )eep-

water and Tidal Wetlands Rice. and ('ross-Ecoss-

tenis Research. Other activit is are reported under 

the five international programs: (ernfplasmnConser-

vation and Dissemination. Intorimition and Knov I-

edge Exchange. Neix, orks. Training. and CounMtr\ 

and Regional Projects. 
Not all %,ork done h, tileInstitute in 1990 is 

reported here. The report is limited to activities that 

had reached a reportable slage in, oling analysik. 

interpretation. and Conclusions,. A lex, significant 

interim result, are reported hecause itwas felt the% 

M,ould be usCul to other rice x.orkers. 

The international prograi., are admiistered 

through fie entities. x,hiOch can he contacted for 

further inforniation: 
Genetic Resources Center (GermplasmConser-

vatioin and Dissemination Procrarn) 

Information Center Informatiom and Knok, ledge 

Exchange Progran) 
Deputy Director General for International Pro-

grams Netx (irks) 

Training Center (rraining Programs, 
International Programs Maria ement Office 

(Countr, and Regional Projects) 

Information on the research programs carl be ob-

tained from the program leaders or the research 

divisions noted on the table trfcontents for each 

program (pp. 3-4. 65. 97. 125. 143-144), lollowing 

these abbreviations: 
A E = Agricultural Engineering Division 

APA = Agronom . Ph. siologv. and Agroecol

ogy Di, ision 

E = Entomology Division 

PBGB = Plant Brcedmin,.(;enelics.andBiochen
istrv Division 

PP = Plant 'athohg. D[)iision 

SM = Soil Microhiolog. l)i isio 

SS Social Sciences Dlivisioll 
SWS = Soil and Water Sciences i% isbtn 

The other abbreviations and arion~itn, used ill 

this report are listed on the tllol,,ing pages. In 

;1.ldition. v%ehave spelled out all nanes anId terms on 

first use in each program and lax e used abbrevia

tions thereafter. 
The report use,,te International Sxstcm olUnits 

(SI. kilh a le%% eceptions,. lonetar. units are 

usually in '.S. dollars (S): i not. ec hange rates are 

provided. Control or check norniall, Ieans an un

treated control. Gtram \ ield is calculated as rough 

rice. and protein content as atpercentage of brown 

rice. at 14'; Moisture Content. Yield reers to grain 

,,ield unless othcr,.ise not-d. Fertiliteratliounts are 

vi, en in terms of the elements (N. P. K. Zn. etc.) and 

not in the older conventional (Aide formulations 

0P.O,. K.O.etc.). 
Pedigrees are indicated h, a slant bar ,/)rather 

than by a multiplication sign i,,. For example, 

(CPTB33/IR2(h)IR36 i,,,xrilteri 1IIi33/IR3(O//IR36. 

Fourth and further crosses are designalteCd /4/./5/.and 

so on. Backcrosses are desiciraled tx art asterisk (* 

and it number indicating the dosage oif the recurrent 

parent. The asterisk and the ruiliber are placed 

adjacent to the crossing symbol. x,hich di ides tlhe 

recurrent and donor parents. 

Using this report xll 
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I nless otherwise noted, scoring ofmorphologi-
cal characters and of damage attributed to rice pests 
2nd physiochernical stresses is based on scales *in 
Standard evaluation s.stetm _f/1 rei't" 2td(S[S.), 
edition. 1980.Copies are available from the Inier-
nationnal Netork for Genetic Esaluation of Rice. 
IRRI. 

In tables, a single asterisk (* imeans a difference 
at the 51, leel of significan,_'e, and adouble asterisk 
"* means a significant difference at the P, level: 

nlmeans no significant. Unless otherwist, stated, 
separation ot means in table colutins is by )uncan's 
multiple range tst at tihe 51; Icel. 

This report norritall v tnse cene IlallCs for 
chemicals. U se of a colIIlercial or brand name does 
nlot constitute endorsemcnt. 

A thunb tnde o the hack ios er powides access 
toeach program. l use it. bend the hook slighly and 
fIollov, the inargin indes to the page with blacktile 

edge marker. 
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Abbreviations and acronyms
 

AC = anther culture, amylose content 
ACIAR = Australian Centre for International 

Agricultcal Research 
ADB = Asian Development Bank 
AE = Agricultural Engineering Division 
AG = anastomosis group 
AIRAT = African Irrigated Rice Advanced Trial 
AIRON = African Irrigated Rice Observational 

Nursery 
AIRPSS = African Irrigated Rice Preliminary 

Screening Set 
ALRESS = African Lowland Rice Evaluation and 

Screening Sct 
AD Agricultural Mechanization Department 

APA = Agronomy. Phvsiology. and Agroecology 
Division 

AR = absorption ratio 
ARA = acetylene-reducing activity 
ARBN= African Rice Blast Nursery 
ARFSN = Asian Rice Fanning Svstems Network 
ARI = Agricultural Research Institute 
AURON = African I pland Rice Observational 

Nursery 
AURPSS = African Upland Rice Preliminary 

Screening Sct 

B&I = broadcast and incorporated 
BARC = Bangladesh Agricultural Research 

Council 
BARI = Bangladesh Agricultural Research 

Institute 
BEP = break-even point 
BGA = blue-green algae 
BI = blast 
BPH = brown planthopper 
BR = bypass ratic 
BRRI = Bangladesh Rice Research Institute 
BS = best split. brown spot 
BSFR = broadcast seeded flooded rice 

CA = carbonic anhydrase
 
CFU = colony-forming ufiits
 
CIAT = Centro Internacional de Agricultura
 

Tropical
 
CIDA = Canadian International Development
 

Age!,cy
 
CMC =crit)L.' moisture content
 
CMS = cytoplasmic male sterile. steriliWy
 
CP = cowpea
 
CRIFC =Central Research Institute for Food
 

Crops
 
CRURRS = Central Rainfed Upland Rice
 

Research Station
 

DAH = days ,fter harvest 
DAI = days after inoculation 
DAP days atr planting 
DAS = days after sowing or seeding 
DAT = days after treatment 
DBPI = days before panicle initiation 
DE = days after emergence 
DM = dry matter 
DMP = dry matter production 
DOASL Department of Agriculture. Sri Lanka 
DP = degree of polymerization 
DS = dr season 
DSR = direct seeded rice, dry seeded rice 
DSSAT = Decision Support System for Agro

technology Transfer 
DT = days after transplanting 
DW = dr' weight 
DWP = deepwell pump 
DWR = deepvater rice 

E = Entomology Division 
EC =electrical conductivity 
ELISA = enzyme-linked immunosorbent assay 
EPA = U.S. Environmental Protection Agency 
ESYT = environment-specific yield test 

Abbreviations and acronyms xv 



FDD = farm ditch density 
FOFIFA = National Center for Applied Research 

on Rural Development, Madagascar 

FR = farm resersoir 

FSR = fanning systems research 


GC = gel consistency 

GIS = Geographic Information Systems 

GLH = green leathopper 

GM = green manure 

GT = gelatinization temperature 


HD = high density 

IBSNAT = International Benchmark Sites 
Netwkork for -grotechnology Transfer 

IC = Information (enter 
ICAR = Indian Council for Agricultural Research 
ICLARM = International Center for Living 

Aquatic Resources Management 
IDRC = International Des elopinent Research 

Centre 
IDRON = International I)eepsater Rice 

Observational Nurser, 
IDRYN = International [)ecp.mater Rice Yield 

Nursery 
IFAD lInte-national Fund for Ag'\ricultural 

Des elopment 
IFAS = Institute of Food and Agricultural 

Sciences 
IFDC = International Fertilizer Development 

('enter (Muscle Shoals. Alabamaj 
IFt'RI = International Food Policy Research 

Institute 
IIRON = International Irrigated Rice Observa-

tional Nurser\ 
liRYN-E = International Irrigated Rice Yield 

Nurser.,-Earls 
IIRYN-M = International Irrigated Rice Yield 

Nursery-Medium 
IIRYN-VE = International Irrigated Rice Yield 

Nurserv-Very Earls 
IITA = International ln ,titute of Tropical 

Agriculture 
INGER = International Network for Genetic 

Esaluation of Rice (formerly IRTP) 
INSL RF = International Network on Soil Fertility 

and Sustainable Rice Farming 
IPM = integrated pest management 
IPMN = Integrated Pest Management Network 
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IPMO = International Program Management 
Office 

IR = irrigated rice 
IRALON = International Rice Ai " Lowland Soils 

Cbservational Nursery
 
IRALSN = lnte,-,ational Rice Acid Lowland
 

Scre'm.,gilursery
 
IRAUSN = Intenational Rice Acid Upland
 

Screening Nursery
 
IRBBN = International Rice Bacterial Blight
 

Nursery 
IRBN = laternatinal Rice Blast Nursery 
IRIPHN = International Rice Brown Planthopper 

Nursery 
IRCTN = lnt,'rnational Rice Cold Tolerance 

Nursery 
IRDTN = International Rice Drought Tolerance 

Nursery 
IRGC = International Rice Germplasm Center 
IRLON = International Rainfed Lowland Rice 

Observational Nurser\ 
IRLYN = International Rainfed Lowland Rice 

Yield Nurser\ 
IRLYN-E = Inernaional Rainfed Lowland Rice 

Yield Nurser\- Early 
IRLYN M = International Rainfed L.os land Rice 

Yield Nursers - Medium 
IRON = International Rice Observational Nursery 
IRRSWYN = International Ratinfed Rice Shallow 

Water Yield Nursers 
IRS = internationally recruited staff 
IRSBN = International Rice Stem Bore- Nursery 
IRSTON = International Ri.'e Salinity Tolerance 

Observational Ntunsel s 
IRWBPHN = International Whitebacked Plant

hopper Nursery 
IRYN = International Rice Yield Nursery 
IRYN-F = International Rice Yield Nursery-Early 
IRYN-VE = International Rice Yield Nursery-

Very Early 
ITRON = International Tidal Wetland Rice 

Obervational Nursery 
IURYN = International Upland Rice Yield 

Nursery 

LEW = leaf epicuticular wax 

MARDI = Malaysian Agricultural Research and 
Development Institute 



MAS = Myanmar Agricultural Service 
MB = mungbean 

MBCR = marginal benefit-cost ration
 
MBPS = modified bulk pedigree selection 

MH = major pedological horizon 

MIFS =:MNanmar-IRRI Farming Systems 

MV = modern variety 

MVP = marginal value products 

MW = molecular weight 

MZ = maize 


NARS = national agricultural research system(s) 
NCP = non-capsid protein 
NGOs = ningovernment organizations 
NILS = rear-isogzenic line,, 
NIR = near-infrared reflectance 
NRS = nationally recruited staff 

OM = organic matter 
OTMS = Ottakka "esture Measuring System 
O(YT = observational \ ield test 

PA(;E = polyacry lanide gel electrophoresis 
PBGB Plant Breeding. Geetics. and 

Biochemisry [)is sin 
PB II = broadcast harro\, in'plo, iln,. u,. 

PBIP = payback period 
PGM = phosphogluconnmuase 
PGMS = photosensitive genic male sterile 
PMSB = Project Management. Services and 

Bionmetrics 
PN = peanut 
PP= Plant Patholou. I)irislitn 
PR = phosphate rock 
PS = pedigree selection 
PTR2 = Proserity Through Rice Phase 2 
PU prilled urea 

QE quantum efficiency 
QTL = quantitati',e trait loci 

RFLP = restriction fragment length poly-
morphism 

RLR = rainfed h land rice 
RRTC = Rice Research and Training Center 

(Egpt) 
RSIiT = routine seed health testing 
RTBV = rice tungro bacilliforni virus 
RTD = rice tingri) disease 
RTSV = rict tungro spherical virus 

RVDB = Rice Viruses Data Base 
RYT = replicated yield trial 

SACCAR = Southern Africa Centre fbr Coopera
tion in Agricultural Research 

SADCC = Southern Africa Development 
Coordinating Council 

SAREC = Swedish Agency for Research Coopera
tion with Developing Countries
 

SB = stem borer
 
SDS-PAGE = sodium dodecyl sulfate polyacry

lamide gel electrophoresis 
SEM = scanning electron microscopy 
SFRIS = San Fabian River Irrigation System 
ShB = shcad blight 
SUIL = Seed Health Unit 
SKD shikimate doh%drogenase 
SM = Soil Microbiohouy Division 
SR = siratro 
SS Social Sciences Division 
SSB = striped stem borer 
SWP = shallo\, ",ell pufip 
SWS Soil and Water Sciences Division 

"I'GMS= thennosenitive genic male sterile 
TFR = transplanted rice 
TS = transition Wason 
TSA = turnout scr% ice area 

UAS = ur,*a-animonium sulfate 
UES = urea-elemental sulfur 
UPRIIS = Upper Pampanga River Integrated 

lrrignation System 

UR = upland rice 
USAID = United States Aid for International 

Development 
USG = urea supergranule 
UTRIS = Upper Talavera River Irrigation System 

VIB = vascular bundles 

WARDA = \Vest Africa Rice Development 
Association 

WS = \et season 

Xoo = Xanmholioas (irV.7a pv. o1'rYvc' 

YSB = yellow stem borer 
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irrigated rice ecosystem
 

The irrigated rice progran' has concentrated 
its resources on the dual problems of yield 

stagnation and sustaini:ng productivity gains 
in the irrigated lowlands of Asia. Potentially 
high-payoff research efforts that could 
redress the above problems are 1) shifting 
the yield frontier while maintaining its 
stability (through germplasm improvement 
and crop management); 2) increasing the 
efficiency of input use, especially fertilizers, 
water, labor, and power; 3) promoting the 
judicious use of pesticides; 4)understanding 
the causes of the long-term stagnation or 
decline in irrigated rice productivity; and 5) 
quantifying the environmental impacts of 
intensive rice monoculture (including the 
effects on health and global climate change). 

The irrigated rice program is divided into 
three subprograms: germplasm improve-
merit; crop and resource management; and 
production, environment, and livelihood 
impact. The germplasm improvement 
subprogram attempts to shift the yield 
frontier by changing plant architecture and 
adapting hybrid rice to tropical conditions. 
The crop and resource management subpro-
gram concentrates on generating technolo-
gies that increase input use efficiency. The 
subprogram on production, environment, 
and livelihood impact deals with issues 
related to sustaining productivity and in-
comes of irrigated rice farmers. 

Subprogram I: Germplasm 
improvement 

Integrated germplasm improvement 

Thenmain locusoftthisproject is todevelop improved 
gernuplasm %ith high yield. superior grain quality. 
resistance to niaior diseases and insects, and growth 
duration of I0)-140 d. An equally important 
objective is to share this gernplasm vith national 
programs. 

l)urimg Y19. 404 crosses %%ere made. 218 F, 
populations grown. 67.132 pedigree nurserN roks 
evaluated. and XIII) advancd ceneration line CevalU
ated in replicated yield trials (RYTs). 

In lo land rice Ierl'rfian1lce trials oflthe Rice 
Varietal Improviient Group of the 'hilippine Seed 
Board. 35 elite breeding lines \%ere evaluated at 12 
sites,..\bout 2I(1 elite breeding lines %ere evaluated 
inteniationally in INGIFR nurseries. On the hasis of 
72 seed ':qnests. 3.X86) seed packels kere Supplied 
to national program scientists. Tihus, the impioved 

germplasm v% shared nationalas %%ith nuierous 
programs. 

YII InPuti)\l 
Increasing the \ ield potential of-rice is atop priority 
for IRRI. While various approaches to achieve this 
objecti%eare being explored, top priority is deVelop
ing a ne%% plant type. The fol lo~king characteristics 
are being emphasi/ed. 

Tiller number. Ev'\aluation ofseveral riceculti\ ars 
\kith differences in tillering abilit\ shoved that the 
mainshoot produuced tlie The opt iinufnlargest p;nic le. 


tiller number fr htaining large panicles\ a'a live to
 
eight per plant.
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Grain characteristics. Studies on grain charac- not related to spikelet filling and the distribution 
teristics have suggested ways of increasing yiehi of high-density and heavy grains.
potential. M Low N level resulted in low peduncle number,
" It may be possible to increase the yield of milled small peduncle diameter, and smaller cross-sec

rice by developing varieties with thinner hulls. tional area of the large VB. 
" If varieties in which all grains have optimum • There were more VBs in the peduncle. flag leaf,

weight can be developed, yield can be increased and leaf sheath of the main culn,but their number 
by more than 20% even with the same grain and size decreased in later tillers.
 
number per panicle. a 
 The numberof large VB,in the peduncle i,highly

" Within cultivars, the long wide, and heavy grains correlated with peduncle thickness. wl ich, in 
produce vigorous seedlings. Heavier grains sho w turn, is correlated with the number ofprimary and 
highest germination percentage, tallest seedlings secondary branches on the panicle and the num
with largest leaf area. and highest dry weight. ber of spikelets per panicle.

" High-density grains produce seedlings with a Sink activity. Previous studies have shown the 
high number of vascular bundles and higher dr, fifth spikelets on the primary branches of the panicle
weight. to be high-density grains and the second spikelets to 
Vascular bundle development. A series of be the lightest.

experiments examined the vascular bundles (VB)at U Rice spikelets had strong sink activity at early
different growth stages and the effect of N manage- heading stage, but this declined starting 10 d after 
ment on thie development of VB and possibly its role heading. Spikelets with high density also showed 
in increasing grain yield, the highest activity using C (Fig. I 
a The cultivars tested showed three patterns of vas- Light and drought stress on individual spikelet

cular systems in the panicle. but the patterns were filling. Experiments were conducted to investigate 

14 activity (X 10' dpmi20mg) Grain weight (mgj Anthesis dates 

190a 184 
' 250r 4 1.0 S1.017 181 210 4W 

t 649-.6 0 in 20.9-200 1 7 41 1 1-20 
24.9b <.2))269 20 2 .-. <19.9-190 1.5 <.-2.1-3.0 

.............. 
 . . ,18.9-180 4k 1 0 3.1-4.0 
27,2 a 20.6 A 1.0 

28aq' 19.7b28 Ob 19.6-.. 210.21 3.0 

28.0a .- 18.9 -. >1.7 - 2 

22 2ab 200 2.3 

25.6ab 272 1.8 

164b 20,Oat 18.5 20.7 3.7 2.7 
18.5ab .t 21.3 
 332 

2 
 18.8 
.~~ 3.2 ~ 18.5 k - 4.

23r1a ., 3.2 

I. -Cacti'. u,.grain %heufht.and da ,,toanthesis of individual spikelet, after panicle e,.,enlioninIR30.IRRI phytiirnn. 1990i. 
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the effect of light stress and water stress on spikelet 
filling and high-density grain production in different 
spikelets of a panicle. 
M Reduced light intensity during spikelet filling 

reduced the number of filled spikelets per panicle 

and also single-grain weight. 

In the top, middle, ind lower primary branches, 

the fifth spikelet was the heaviest and least 

affected by light, 


" 	 Light stress did not reduce the spikelet-filling 
period. The period of grain growth most sensitive 
to shading was 7 to 14 d after flowering. 

" 	 Plants under low light intensity bad very high leaf 
chlorophyll content, but poor spikelet filling. 

" 	 The earlier the water stress was imposed. the 
fewer the heavy grains and the higher the number 
of poor grains on a panicle. 
Developing the new plant type. To develop the 

new plant type. 120 crosses were made. F, popula-
tions from 58 crosses were grown. A pedigree nurs-
ery of F, lines was grown and plant types with 
desirable features were selected. Plants with thick 
and sturdv stems (without unproductive tillers), dark 
green anderect leaves, large panicles. thick peduncles. 
and heavy grains were selected. Additional donors 
with appropriate traits were evaluated and will be 

used in the hybridization program. 

GERMPIASM FOR DIRECT SOWING 

The new plant being developed will be more suitable 
for direct sowing, which isgenerally done by broad-
casting pregenninated seeds on puddled. drained 
fields. There are constraints to good stand establish
ment with broadcast sowing: 
* 	 Seeds sprcad on the soil surface are eaten by birds 

and rodents: heavy rains alter broadcasting wash 
away the seeds; strong sunlight ma desic c the 
seeds: it covered with wet soil or sown in standing 
water, the sceds suffer water anoxia and anchor-
age problems. 

* 	 Because the seeds are placed on the soil surface. 

the base of the plant %,hereroots start to grow is 
on top of the soil. making the plants more vulner-
able to lodging, 

M Poor crop stand results in serious weed problems. 
These constraints may be overcome if pregermi-
nated seeds can be dibbled in puddled soil with 
standing water. A study was undertaken to iden-
tify genotypes suitable for dibbling in flooded 
soil. 

The following screening technique was used: 
M A pcegerminated seed (soaked for I d,then incu

bated for another day) was placed at the bottom of 
a compartment (1.0 x 1.0 x 2.5 cm deep) with a 
drainage hole (2-mm diameter) in a 17- x 34-cm 
seedling tray. The tray has 578 compartments. 
The design w-s a randomized complete block 
with four replications. Each variety had 17 seeds 
per replication. 

• 	 The companrtmnts were filled with soil sieved 
with mesh 40. 

a 	The tray was submerged and placed firmly on 
the soil surface in an artificial concrete block (2x 
8 m) in a screenhouse. 

M Plant growth was analyzed 2 wk after seeding. 
Data collected were emergence score (0 = no 
emergence. I = coleoptile emerged on the soil 
surface. 2 = Ist leaf emerged. 3 = 2d leaf 
emerged, ...). plant height, and dry weights of 
seedling (shoo, #-roots) and seed. 
Results of screening 0. sativa and 0. glaber

rimacultivars. Test varietiesofa wide geneticback
ground were obtained from the International Rice 
Germplasm Center. Plant height, emergence score, 
and seedling dry weight were the criteria for deter
mining superiority in stand establishment. About 
10/, of (). saliva varieties showed superiority, but 
none of O. glahcrrimadid (Table I ). 

The results demonstrate rice varieties that can be 
dibbled in flooded soil do exist and can be used as 
parents for developing genotypes for direct seeding 
in puddled flooded soil. 

MODIFIE BU.K |'E-IGRLE iSHI-("rtIJN FOR 

IMPROVING SEI-ECTION h(ICIEN(Y FIR YI.D 

Efficiency and effectiveness of the selection proce
dure affect the genetic advance made to improve a 
quantitative trait in abreeding program. We concep
tuali,:ed the modifiedbulk pedigree selection (MBPS) 
procedure. designated earlier as Direct Selection for 
Yield (Annual report for 1985), to improve selection 
efficiency. The procedure integrates early genera
tion testing, bulk, single seed descent, and pedigree 
selection techniques. 

The procedure was compared with a convention
ally used pedigree selection (PS) on six IR crosses. 
The crosses were separately handled in F, to F, from 
1987 wct season (WS) to 1989 dry season (DS) by 
the two selection procedures. 

Promising F,MBPS-derived and PS-derived lines 
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Table 1. Screening of 0. sativa and 0. glaberrima entries for superiority In crop stand
establishment on wet soil," 

Varieties Selected varietieso (no.)Screening Species tested 
no. (no.) 3criteria 2criteria 1criterion 

1 0. saliva 41 6 0 6
2 O. sativa 45 1 5 23 O. sativa 44 3 1 24 O.sativa 105 3 2 15 0.0 saliva 201 12 5
6 0. glaberrima 13 0 0 

8 
0 

'The criterid for superiority to IR50 are soedling dry weight, submergence score, and plant height. When thevariety is better in3.2, or 1 of the criteria than is IR50. it is classif"4 in the 3, 2, or 1category 'Varieties withpoor germination percentage were excluded. -Testing teprooucit , -f screening system. Varieties used in
screening 1-4 were retested a different time 

were selected from each cross, and evaluated in F 
under 2 N fertility levels (N,, and N,,) during 1989 
and 1990 DS. Elite MBPS- and PS-derived lines, 
selected in F, from two crosses, were evaluated in 
1989 DS and further evaluated for yield in F. at 
similar N levels during 199() DS. Results indicated 
that 
* 	 Mean yields ofhlong-duration MBPS-deaved lines 

'were numerically hi her than those of PS-derived 
lines in all crosses at the two N levels. In several 
cases (IR5479(0 and IR54896 at Nzero level, and 
IR548 19 and IR54896 at N,, level). yield differ-
ences wkere also statistically significant (Table 2). 

[] 	 Mean yields ofshort-duration NI BPS-derived lines 
waere also numerically higher than those of PS-
derived lines in txv o crosses at both N levels. But 
in one cross. IR54792. the mean yield of tile PS-
derived lines %ts significantl, higher at the N,, 
le,,el. 
We also compared the genotypic variance among 

the MBPS-derived F, lines (Table 3) and found that 
MBPS-deried lines had generally higher genotypic
variances than PS-deri cd lines %kith fexx exceptions. 
More nIBPS-derived lines yielded sienificant. 
higher than the best check (Table 4). Similarl\. the 
ieldofthefour bestMBPS-derivedline,,washigher 

than that of the four best PS-derived lines (fable 5). 

Results indicate tha' the MBPS procedure is more 
effecti'.e and efficient in selecting for higher yield 
than is the PS procedure: therefore. NIBPS is recom-
mended in breeding for higheryield potential in rice. 

GRAIN QULM 
In most of the rice-growing countries, a few ricevarieties with high palatability are grown. These 
rices are characterized by intermediate amylose 

content (AC), intermediate gelatinization tempera
ture (GT). soft gel consistency (GC), and pleasant 
aroma. They are in demand and cotmnand higher
prices in the domestic as well as internationai mar
kets. To date, very fekw high-yielding varieties with 
aroma have been developed. Thus. farmers continue 
to grov, tall traditional aromatic rices to meet the 
demand. The low productivity of ,uch rices is offset 
by their higher price. 

Earlier, we gave priority to incorporation of dis
ease and insect resistance and other adaptation traits 
into the improved germpiasm. Efforts in grain qual
itv improvement were directed to development of 

Table 2.Mean yields of short- and long-duration F lines 
selected InMBPS and PS procedures from 6 crosses., 
IRRI, 1989-90. 

Yield, (t'ha) 

Cross No N Optimum N 
MBPS PS Difference MBPS PS Difference 

Long-duration lines 
R54790 3.21 2.94 0.27- 5.80 5.66 0.14

MR54791 2.85 2.70 0.15 5.32 5.19 0.13IR54819 3.41 3.27 0.14 5.37 4.65 0.72"" 
IR54853 3.55 3.54 0.01 5.50 5.12 0.38IR54896 3.53 3.08 0.45" 5.015.83 0.81"IR54942  - -

2.83o2.65 0.18 5.095.04 .05S t5d4ri 
f54Z9J. 1.53 2.70 -0.13 5.50 5.34 0.19 

IR54819 2.28 2.27 0.01 4.29 3.99 0.30 
IR54853 
IR54896 2.07 0.122.19 4.44 4.61 0.17IR54942 1.56 1.54 0.02 2.89 3.75 -0.86" 

MPS = modified bulk pedigree selection, PS = pedigree selection.qhe underlined entries were evaluated in 1989 dry season (DS);others, in1990 DS signific3nt at I%level by Ftest. 
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Table 3. Genotypic variance and ratios of genotypic variances among MBPS and PS 
procedures evaluated in F, IRRI, 1989-90. 

Genotypic variance at 
zero NCross j 

MBPS PS 

JR54790 
IR54791 
IR54819 
IR54853 
IR54896 
IR54942 

0.79 
0.29 
0.99 
0.67 
0.95 

0.13 
0.17 
0.21 
0.13 
0.13 

IR54791 
IR54819 
IR54853 
IR54896 
IR54942 

0.68 
0.80 
0.48 

1.05 
0.75 

0.65 
0.14 
0.94 

0.58 
0.56 

Ratio of 
s2g MBPS/ 

s~g PSI 

Long-duration lines 
6.08' 
1.71 
4.71 
5.15' 
7.13* 

Short-duration lines 
1.05 
5.71 
0.51 

1.81 
1.34 

Genotypic variance at 
optimum N 

MBPS PS Ratio of 
s~g MBPS/ 

s'g PSI 

1.03 0.20 5.15" 
0.45 0.13 3.43 
0.73 1.88 0.39 
0.99 1.32 0.75 
2.20 0.50 4.40" 

0.78 0.44 1.77 
0.92 0.27 3.78" 
1.14 0.53 2.15 

2.28 0.23 9.91 * 
1.08 1.64 0.67 

'The underlined crosses were evaluated in 1989 DS others in 1990 DS. *. = significant at 5%and 1% 
level, respectively, by F test 

germplasm with intermediate AC. intermediate GT, 
and soft GC. In recent years, the use of aromatic 

parents has produced high-yielding lines with 

superior grain quality. Several promising lines 

with aroma and multiple resistance to diseases and 

insects a.e being evaluated in replicated yield trials. 
IR5495(P-1. 1-2-1-2-3, ahigh-vielding aromatic line 

Table 4. Lines in 2maturity groups that yielded higher 
or lower than or equal to check varieties inMBPS and 
PS procedures. IRRI, 1989-90. 

Lines (no.) yielding 
Maturity 
group Procedure Higher than 

check, 
Equal to 
check' 

I.ower than 
check' 

Late MBPS 3 60 17 

PS 1 46 33 
Early MBPS 

PS 
1 
0 

48 
52 

21 
18 

'Best check variety is IR66 for early maturing. IR68 for late maturing 

with intermediate AC. intermediate GT, and soft 
GC is being evaluated in Philippine Seed Board 

newtrials. It is hoped that within the iexi 2-3 yr, 

high-yielding, aromatic varieties Aill replace the 

low yielding ones. This should lead to increased pro

duction and lowering of prices of high quality rices 
and greateraccess oflow-ir. 'imeconsumers tomore 

palatable rice. 

DISEAss- RISISTANCE 
Incorporation of resistance to major diseases in the 

elite gemiplasmn has always received priority. Most 
of the elite breeding lines have multiple resistance to 
b 
blast (B3), bacterial blight (BB), and grass% stunt 

(RGSV) but it has not been possible to incorporate 

high levels of resistance to tugro IRTD) in the elite 
germplasit. 

Donor f)r tungro resistance. Several donors 

vf ih good level of resistance to RTD are divided into 

Table 5. Mean yields of the 4best MBPS and PS derived lines from 2crosses. IRRI, 1990 DS. 

Trial with N 
level 

No N 
N120 

Mean yield, (t/ha) 

Early maturity group Late maturity group 

MBPS PS Difference MBPS PS Dititrence 

2.93 2.90 0.03 3.16 2.56 0.60"" 
5.73 4.86 0.87- 6.54 4.92 1.62* 

"" = significant at 5%and 1%level, respectively. Dy Ftest 
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three gronps. Group Ivarieties (ARC 10343 and Utri 
Merah[Acc. 16 6 801)are resistant to infection by rice 
tungro bacilliform virus (RTBV) and rice tungro
spherical virus (RTSV): group 11 varieties (Pankhari 
203. PI 184675-2, and ARC 11554) are resistant to 
RTSV infection: and group Ill varieties (Seratus hari 
T 36. Tjempo Kijik. and Balimau Putih) show toler-
ance for RTBV. Most of these varieties are suscep-
tible to green leafhopper (GLH). which vectors the 
tungro viruses, 

Inheritance of resistance to tungro. Using those 
donors, studies on inheritance of resistance have 
been initiated. Allelic relation.,hip between resis-
tance genes of different varieties will be studied to 
identify diverse genes for resistance. Genetic analy-
sis is laborious and time-consuming as it is not 
possible to determine the reaction of each F, plant 
with certainty. Een in tilesusceptible varieties, not 
all the seedlings show susceptible reaction, and in 
the resistant varieties. some seedlings succumb to 
disease. Thus. analysis of F,lines is necessary to 
determine the mode of inheritance. 

Development of isogenic lines with different 
genes for tungro resistance. Isogenic lines are 
useful for identifying races or Strains of virus, for 
studying tie mechanism for resistance, and for tag-
ging the resistance genes with restriction Iraginent 
length polv morphism (RFLP markers. Genes for 
resistance from different donors are therefore being 
transferred to the genetic background of TNI and 
IR22. both of v hich are highly susceptible to RTD. 
Three backcrosses have been madIe using TN I and 
IR22 as recurrent parents. Six backcrosses %ill be 
necessary for producing isogenic lines, 

Breeding for tungro resistance. The back-
crossing program using IR1561-228-3-3 as the 
recurrent parent ond Itabiganj DW8. I tri Merah. 

and ARCI 1554 as donors for resistance was contin-

ued. Four backcrosses have been made and F, popu-

lations fron the fiurth backcros \%ill be grown in 

1991. Improved plant type lines with RTD resistance 

will be Selected and used as parents in the crosses to 
combine other desirable traits with RTD resistance, 
Mean"while. a hackcrossing program using IR1561-
228-3-3 as the recurrent parent has been initiated t)
transfer RTD resistance from 0. Ion' tQstamijnta. 

Mutation breeding for tungro resistance. In 
1989. some progenies from mutagenized popula-
tions of IR24 Aere evaluated for RTD resistance, 
These materials had been mutagenized to induce 
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mutations for BB resistance. When about 500 lines 
were exposed to RTD, a few showed little infection 
but the rest were severely infected. The leaves of tihe 
uninfected lines were tested using the enzyme-linked 
immunosorbent assay (ELISA) method to determine 
if those lines had xen infected with either RTBV or 
RTSV or both. The progenies of these lines were 
inoculated using viruliferou-s GIH and evaluated 
for resistance using the ELISA test. Of the three 
mutant lines, one (YM 53) showed resistance to 
RTSV infection and two (IM69AND XM 53)showed 
tolerance for RTBV. These results indicated that 
resistance to RTD can be induced through muta
genesis. 

To explore tilepotential of mutation breeding 
for RTD resistance further. 62 plants of IR22 were 
treated with I mM N-inethyl-N-nitrosourea (MNU) 
at 16- 18 hafter flowering (IIAF). The treated plants 
had 93.7, fertility and 7,893 M Iseeds were oh
tained. The M I seeds had 80.9( germination and 
6.383 N Iplants were obtained. A total of 2.642 M2 
lines with at least I()seedlings/line were planted in 
the field to evaluate for reaction t)RTD. Of these. 
124 M2 were selected f)r further evaluation in tile 
M3. Five plants were harvested individually from 
cachofthe selected lines.To seeds from each ofthe
 
remaining plantsofthe selected lines were harvested
 
and bulked to produce a bulk population for each
 
line. Thus. in tileM3. each fanmily consisted of five 
sister lines from individual plants and one bulked 
line. Of the 107 1M3 families So evaluated, only one 
family sho ,ed resistance to RTD. All six lines ofthis 
family appeared normal: the remaining lines were 
severely infected. Leaf samples of I) plants from 
each of 6 line-, of the resistant family were tested 
using ELISA. The lines are highly tolerant oftungro 
viruses (Table 6).Fifteen other families appeared to 
be heterogeneous for resistance or tolerance for 
tungro in the N43. Tolerant plants from these lines 
kere Selected and will be evaluated in M4. The 
results ",ill be verified in 1991. 

Blast resistance. All the pedigree nursery and 
advanced generation lines \,cre thoroughly screened 
for BI r;esistance in the upland 131nursery. Races of 
the fungus virulent on Carreon. UPI-Ri-5. IR36, 
IR50. and IR72 ,ere maintained in the BI nursery. 
In the pedigree nursery, only tilelines with partial 
resistance were selected for further evaluation. Elite 
lines %kerescreened for partial resistance using an 
upland miniplot technique. 
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Table 6. Results of ELISA test of 10 random samples 
from each mutant line for tungro. 

M3 Plants infected (no.) with, Infection (%)with, 
line 
no. B+S S H B S 

398 4 6 0 40 100 
399 5 4 1 50 90 
400 6 3 1 60 90 
401 6 3 1 60 90 
402 3 4 3 30 70 
3971 2 6 2 20 80 

,B = oacilliform particle, S = spnericai particle. H = healthy. Values 
for the bacilliform particle alone were zero for all rBulk harentries 

vested lines 


Bacterial blight resistance. Pedigree nurser\ 
mnateriak and fixed generation lines grori in the 
obserational and replicated yield trials were evalu-
ated for resistance to 1313race,, I and 2. The propor-
tion of materials ith resistance races in-%% to two 
creased in 199 . indicatingi that many lines ha,.e 
either xa-5 or .a-7 for resistance. Several crosses 
serc made to incorporate .uz-/3 and Xa-21 in the 
elite gcrnnplasm. 

INSt('I RFSI l.ANi 

The pedigree nursery alnd ad an.cd gene~ration breed-
inc line,, \kere caluated for re,,istance to (G.11 and 
the three biotl)e,, of lII. ()tfl those % fIt re,,ts-L l 

tance v.ere ,elected for further c,aluation. 
Breedinc line,, deried front s ide crosses 

involkinc 0. au.traiia'v. is and ) latil4a \k ere 
e_'aluated tor resistance to BPI: re,,istant line, ill 
he uLtili/ed in the brCedin proiarati itcs, lonors. 

EiIt.t tRI-tt)I , I I',I-
..\ total of X(t0elite hreetdint lines s,.re c,aluaLCd for 

grain qualit. diseasc aind iIctl re"ssiauce. aid lo-
erance for soil probleni such as sat and alkalin-nit, 
it% in RYT,,durticg DS iid WS. Se cral lines %%ere 

cxalaiated for \iel d in N response trial,, at IBureau at 

Plant lndutstr\ ,tattuns intle Philippinc. The iit 

promising line- are characteri/Cd here: 
" 1R32809-26-3-3. slender.130 (1duration. LoItul. 

N 	 IR5(400-72-3-2-6. 130 d duration. Long, slen
der. and translucent grains with intermediate AC 

and low GT. Resistance to BI,BB.GLII. three hi

otypes of BPI I;field tolerance for tungro. 

IR5404-57-2-2-3. 105 d duration. Long, slen
der. and translucen grains with high AC and low 
GT.Resistance to BI. G1.1,II. three hiotypes of 
BPII; field tolerance for tutaro. 

* 	 IR53936-60-3-2-3-1. 140 d duration. Excellent 

long, slender, and translucent grains with inter
lediate '\C and GT.Resistance to B1.BB,GLH. 

three biotypes of BPH: field tolerance for tungro. 

N 	 IR56-15)-4-2-2. I11) d duration. Long. slender, 
crains N ith intermediate AC and CT. Resistance 
to BI.131. GIII. ihree bio\pe,, of' BIlIl; field 
toleran.ce for tungro. 

U 	 IR57219X-31-2-2. 115 d duration. Long. slender. 
and translucent graitns ,,ith intermediate AC and 
CT. sc,,i,,tance1313.to 131. LIi. three biotypesof 
BPH: field tolerance for tungro. 

M IR 54950-l,8 -2-1-2-3. I I) d duraltion. IxcelC 
aromatic, long, slender, and lialucent _rains 

kith internit(liate AC and lac ( ;T.R sisItance 1t 
131,GI l.1. three biot, es of BP111I: field tolerance 

for tungro. 

IRRI I 1\,A " \il 1) \RI I I-[S 

In 	1990f. fisc IRRI line,, fron tihe irri.ated breeding 
prograin brought to 211 the numbter of' IRRI lines 

naned -s arieties \%orld%%ide. 
N 	 IRIX34X-36-3-, sas released as IR0a4 in Tamil 

Nadu tiae of Itdia. Earlier thi, higth-\clding 

,ariet silt1the\celleti quaLit been,_,raint had 
relea,,Cd in the I hlilltpinc. htidolit,Sia. Vietnam . 
'aillhodia.Ihulln, atd \ndhra Iradesht. India. 

U 	 lR323fi7- ttY7-3-2-2 as released as IR6fa it ("ant
bodia. This ear1' -inat-itiM line had earlier been 
icleased as ROO ilithe Ihilippines. 

U 	 IR 3'36- 9f(-3-2- 1-2 k a,,releasedi ,I1R72 inCain
bodia. Thi - icldin aiilg earl'. -muaturing line 
had bctn relcaed as IR72 in the Philippine, and 
Indonesia. 

and trandlucett rants itli hic-hiami 	 %as iit.amnd ()AI7-9 inllose tltlcilN IR31,86,-64-2-3-3-3 
(A.-\C and intermediate Lclamitli/ation itepera-
ture i(T. Resi,,ance to 1l. BB1.GILIL. and three 
biot, pes if BBI field tilerance for itUigro. 

* 	 IR41985- 111-3-2. 105I duration. lont,. slender. 
and translucent crais %sith intmenediate AC and 
GT.Resistance ta 131.313. (if-if. three bioatIpes of 
BPH: field tolerance for iuncro. 

Vietnaita. It is aUiearls -iitUritte and ligih- ield
in1htate v ilh ekcCllcnl long. sltitder. and Iranlu
ccint .rain, %a C\Cith internediate alld (l 

M IRI3429-15(0-3-2-1-2 releaive a,, Kri ill'.as 

Canikhd. ihisu earl -i.ttiriaig linteh ,at iclded 

all (ite other carl. -niatlUring lines' iii multilocation 
trials in Cambodia. 

Irrigated rice ecosystem 3.. 

http:toleran.ce


Tok ance for physical stresses 

GERMPLASM WITH TOLERANCE FOR PHYSICAL 

STRESSES 
Research on rice gemiplasm tolerance for low tern-
perature, and mineral deficiencies and toxicities 
associated with soil salinity-alkalinity is undertaken 
in this project. Prebreeding research for the develop-
ment of screening methods, varietal screening. and 
identitication of sources of tolerance is conducted 
and breeding materials are generated at IRRI for use 
by national agricultural research systems -NARS). 

KOREA-IRRI ('OLLAIi )RATi\- PROJECT ON RICE 

COLD TOLEtRANC-
Rice cold tolerance screening nurser,'. This is the 
13th ,ear of the Korea-IRRI Collaborative project 
on rice cold tolerance. Of 1,054 entries subjected to 
a %%atertemperature gradient of 17 to 24 :C, 21 had 
a phenot, pic acceptability score of I or 2 and >70M 
spikelet fertilit, at the inlet (Table 7). Five of the 
outstanding entries are IRRI lines: two are from 
IR25425. from the cross Leng Kwang/ilR36. 

Cold tolerance screening of bulu rices. Btlu 
accessions numbering I.5,'() \kcre subjected con-
tinuousl, to 17 C %katerfrom tillering to laturitv. 
Most of the entries %ere tall. %,ith lone and 1tkned 
panicles. In terms of leaf color, most of tile buls 
%kereresistant to cold v,ater irrigation. Of the entries 
.screened. L)4% had a leaf discoloration score of 2-3. 

Screening for cold tolerance at anthesis. The 79 
entries in the 1990 IntemationvI Rice Cold Toler
ance Nursery and 9 recommended Korean rice varie
ties were grown in small pots to maintain only one 
tiller per hill. The plants were tagged at hea-ding and 
transferred to the greenhouse with an airtemperature 
of IX± 2 C for 10(d. after %hich they were r:turned 
outside for spikelet filling. The best entries (fertility 
>7)t ) were Chucheongbyeo, Oro, Unbongbyeo, 
Quell-Inia, Tep 62. Jinbu 4, Zhong -tua 3. YR-IO, 
Daecheongbyeo, and Barkat. Ba Ren. K39-96-1 -I 
1-2. IR39739-7-4-3-1. Vialone Nano, Xintuan Hei 
Gu. Nagdongbyeo. and Dongjinbveo showed mod
crate tolerance (fertility >504 ). 

Observational yield trial. We grew 16 elite 
selections from the 1989 cold tolerance screening 
nursery under continuously flowing cold water 
(17 C) and normal irrigation kvater. The highest 
yielders at 17 C %%ere SR 14859-6-2. Tella Hamsa, 
IRI8482-PLPI-2B. and IR20897-B-6 (>6.00 tila). 
The ,yield and yield components of all entries are 
show n in Table 8. IR20897-B-6. also one of the 
outstanding lines in the cold tolerance screening 
nursery, ga,\e tile highest yield under normal condi
lions. The source of its cold tolerance is 1IR33 from 
India. 

B)R(o murU 
The International Network for Genetic Evaluation of 
Rice initiated the first meeting to consider the needs 

Table 7. Selected entries from the cold water (17 OC)screening nursery. 

Spikelet Days Culm Spikelets Panicles 
Entry 

Odaebyeo 

Suweon 370 
Suweon 378 
Milyang 107 
Jinbu 10 

SR12190-HB169-20-1 
SR13991-HB295-13 
SR14948-HB307-40 
SR12234-125-3-1-1-2 
HR8338-69-1-2-2 
HB8340-64-2-2-3 
JKAU(K)450-126-2 
IR25425-PLP9-1 
IR20913-B-60 
IR18482-PLP3-1-2-1-1-1 
IR20897-B-6 

,R25425-PLP8-1 

China 988 
Bir-Ze-Goo 
Z-Yah-Tsan 
lR9202-2i-1-3 
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fertility to length ino (no.) 
(1.%;, heading (cml 

78 123 52 92 9.3 
74 123 56 137 11.7 
74 113 59 74 11.7 
81 127 61 114 12.7 
82 113 72 82 10.7 
72 119 66 128 11.7 
75 118 68 102 11.0 
90 123 74 124 10.3 
75 116 69 124 10.0 
76 113 61 138 10.0 
70 113 54 105 8.7 
77 106 56 112 6.7 
85 118 77 192 5.0 
83 129 82 143 7.0 
7G 120 81 165 7.7 
82 120 82 131 6.7 
70 118 85 193 8.7 
94 116 56 102 10.7 
95 117 64 126 9.7 
86 122 69 90 8.7 
88 128 18 158 6.3 

Leaf Panicle Phenotypic 
discoloration exsertion acceptability 

score score score 

3 3 2 
2 5 2 
1 3 1 
1 1 2 
1 1 2 
2 1 1 
2 1 1 
2 1 1 
1 1 2 
2 3 2 
2 3 2 
4 3 2 
2 1 2 
5 5 2 
2 3 2 
3 5 2
 
1 3 2
 
4 5 2 
4 5 2 
4 3 2 
4 1 2 



Table 8. Yield and yield components of entries in the 1990 Observational Yield Trial in Chuncheon, Korea. 

Designation Grain yield (t/ha) Fertility (%) 

170C Norm,I 17°C Normal 

SR14843-19-3 5.42 a-f 5.44 z-c 84 ab 89 a 
SR14859-6-2 6.590 a 5.99 ab 85 ab 94 a 
RGA508-11-2-3-3-2 4.10fg 2.91 e 56f 93a 
HR7891 -B-B-11 5 92 a-e 4.66 b-d 92 a 93 a 
IR18482-PLP1-2B 6.19 a-c 5.69 a-c 82 a-c 85 a 
IR20897-B-6 6.10 ad 6.55 a 80 b-d 88 a 
B3619C-TB-8-1-4 5.34 a-f 5.42 a-c 72 de 74 ab 
HP5247-PLP1-1-2 5.60 a-e 4.65 b-d 66 ef 56 c 
tR25425-PLP8-1 5.91 a-e 4.73 b-d 80 b-d 86 a 
Oro 4.67 d-g 4.54 b-d -6 b-e 86 a 
RP1681-1701-4204 4.60 e-g 3.65 d3 47g 43 c 
Tella Hamsa 6.38 ab 4.28 c-e 73 c-e 54 c 
YunGeng9 3.53g 3.61 de 60f 60bc 
Sangpungbyeo 4.76 c-g 4.93 b-d 80 b-d 75 ab 
Pungangbyeo 5.21 b-i 5.01 b-d 70 de 81 a 
Odnebyeo 5.80 a-e 5.79 a-c 90 a 87 a 

ot boro rice. a skinter irrigated rice crop kith a high 
producti\ ity potential. The informal netw~ork forned 
has generated not onlv interest among the scientists 
but also exchange of ideas and site testing of breed-
ing materials. Ample possibilities for increasing tile 
boro rice area exist provided suitablk varieties and 
matching cultural practices are developed. The oh-
jective of the network is to develop \ arieties with 
tolerance for lok temperature during seedling and 
vegetati'\ e phasees. Screening of varieties and elite 
breeding lines in boro areas began this yearand IRRI 
supplied 20 lines for these tests. In the eastern and 
northeastern Himnala, an areas of India. boro rice is 
grovw n in about 2.5 million ha: the hiehest area of 
550.(10 ha is in West Bengal. The present modem 
varieties, are -susceptibleto lo\. temperature at early 
vegetative stage during the period November :o 
February. Low.temperaturesometimcs kills tie plants 
or prolongs gro,,th duration. As a result of a pro-
longed growth period, varieties normally flo%,er in 
April-May. the summer months, and are often af-
fected b' drought and verv high temperatures at the 
reprodu,:tise phase. Short-duration varieties matur-
ing the latest in mid-April while maintaining higher 
yield potential s%ill require less inputs. particularl,

iriain ktrirrtgation water. 

TOt-.R.ANE FOR P ,ND ZN DEIiIEN(Y 
Adaptability of %arieties to alkaline soils depends 
primarily on their efficiency in P and Zn uptake. 
Therefore. efficient varieties have to be identified for 

1000-grain
Spikelets/panicle weight (g) Panicles (no/mr2 ) 

17°C N,"mal 17 IC Normal 17CC Normal 

56 fg 58 ef 25.3 b 27.2 bc 344 ab 310 a 
60 fg 70 e 22.7 cd 25.8 c-e 328 b-d 307 a 
34g 31 t 22.6cd 27.4bc 390a 312a 
80 ef 69 e 21.2 c-e 22.3 f-f 299 b-e 264 bc 

155 ab 124 bc 17.9 f 20.8 f 272 c-e 240 b-d 
98 de 88 c-e 25.2 b 29.3 ab 264 de 224 d-f 

168 a 166 a 20.4 de 23.6 e-h 190 f 227 et 
123 cd 88 c-e 19.2 ef 26.0 cd 254 e 235 c-e 
114 cd 81 de 21.0 c-e 21.8 g-f 262 e 259 b-d 
66 t 82 de 29.2 a 30.2 a 267 de 195f 

132 bc 111 b-d 23.0 bc 25.8 c-e 280 c-e 267 bc 
114 cd 89 c-e 21.8 cd 23.6 e-g 302 b-e 259 b-d 
124cd 132b 20.6c-e 21.4 hf 248e 222d-f 

79 ef 76 de 22.2 cd 21.6 g-f 334 a-,: 312 a 
114 'd 114 b-d 22.7 cd 94.2 d-f 283 b-e 246 b-d 
77 ,A 90 c-e 25.5 b 25.7 c-e 291 b-e 275 ab 

breeding purposes. In 1990(. 32 modem rices grown 
at 2 P levels (0 and 25 kg/ha) on a P-deficient Aeric 
Tropaquept (pil 4.4, 2.1 Img aailable P/kg) gave 
average yields of 3.1 t/ha in DS and 1.7 I/ha in WS. 
None of the rices responded to added P. IR8 pro
duced 5 t/ha in DS while 5 other lines yielded about 
4 t/ha lTable 9). 

In a Zn-deficient Typic Tropaquept pIl- 7.2,0.18 
ppm available Zn) in Bay, Laguna. the performance 
of' 16 varieies ,%as tested during 1990 DS and WS 
under 2Zn levels (0 and with ZnOdip). There was no 
significan. re-ponse to Zn treatment (Table 10). 

Soil problems do not occur singly. Deficiencies 
of both P and Zn are common problems in soils. 
regardless of p 1.Performance trials conducted during 
the past 6 yr show that varieties IR68 and IR7(0 have 
remarkable efficiency for both P and Zn. These rices 
nia. be used instead ofor v. ith nininial amendments 
unuer moderate soil stresses. 

Table 9. Yield of some rices grown at 2 P levels In a P
deficient farmer's field, 1990. 

Yield (the.) at 
Variety 25kg Pha Moan 

P0 in dr seaonin dry season 

IR68 503 a 4.97 a 5.0 a 
IR28222-9-2-2-2-2 4.37 ab 4.49 ab 4.43 ab 
IR37873-16-2-3-3-3-l 4.29 ab 4.04 ab 4.16 ab 
IR32453-20-3-2-2 3.76 b 4 47 ab 4.12 b 
IR35366-28-3-1-2-2 3.96 b 4.17 ab 4.07 b
IR74 3.91 b 4.09 ab 4.00 ab 
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Table 10. Grain yield of selected varieties cn a Zn-
deficient soil with and withot ZnO dip. 

Yield (t/ha)
Without Zn With Zn Mean 

IR74 2.11 et 2.36 cd 2.24 f9 
IR72 2.50 c-f 2.51 cd 2.51 d-g
IR70 3.14 ab 2.97 a-c 3.05 a-c 
IR68 3.16 ab 3.47 a 3.32 a 
IR66 2.47 c-f 2.66 cd 2.57 d-g
IR60 2.63 b-e 2.49 cd 2.56 d-g
IR58 1.45 g 1.71 e 1.58 i 
IR56 2.17 ef 2.22 de 2.19 gh 
IR54 2.70 b-e 2.91 a-c 2.81 b-d 
IR52 1.93 fg 1.75 e 1.84 hi 
IR42 2.93 a-c 3.31 ab 3.12 ab 
IR33059-26-2-2 3.38 a 3.37 ab 3.38 a 
IR44530-41-1-2 2.62 b-e 2.82 b-d 2.72 b-e 
IR26 2.85 a-d 2.86 bc 2.86 b-d 
IR21567-9-2-2 2.70 b-e 2.57 cd 2.64 c-i 
IR9764-45-2 2.30 d-f 2.45 cd 2.38 e-g 

IMPROVED GIERMPI.ASM FOR SAI.INE-.\LKALINE 

RICELANDS 
Fortv-live advanced oull, populations and lines were 
developed at IRRI for selection on saline-alkaline 
ricelands of India (Karnal. Gudha. and Mudlana)and 
Pakistan (Sadhoke. Pindi Bhattian. and Rakh Dera 
Chal). Though a wide range of salt-tolerant tradi-
tional varieties were used to generate these materi-
als. only the crosses with Nona Bokra and Pokkali 
produced advanced bulks and lines with high adapta-
bility.These included somaclonal variants ofPokkali. 
NARS breeders selected best lines for further tests, 

, -11 R1:I -'s S 
Varieties with tolerance for low temperature at vari-
ous growth stages will continue to be sought to 
identify donors. Efforts to further increase the yield 
of boro rice %killbe expanded and strengthened. and 
exchange of knowledge and germpla.,m promoted. 

Research on Pand Zn efficiency will be directed 
toard identifying high-yielding types and deter-
mining the genetic components of these t\ko traits, 
Breeding materials for use by NARS will continue to 
be generated. Because of the similarity of this re-
search to that for the tidal wetlands ecosystem, it will 
either be linked with or transfened to the tidal 
wetlanlds breedin:g program. 

Durable resistance to pests 

The project aims to characterize and utilize not only 
individual host plant resistance but also the resis-
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tance mechanisms operating at the level of popula
tion that would be compatible with the concept and 
process of integrated pest management (IPM). The
population dynamics of pathogen races and adapta

tion of insect populations in relation to the types and 
levels of host resistance, and other factors affecting 
durability of resistwace in irrigated rice varieties are 
studied. 

RESISTANCE TO RICE TUNGRO DISEASE 
Virus concentration in varieties resistant to or 

tolerant otrice tungro vlruses. Relative amountsof 
RTBV ana RTSV in infected rice plants ofdifferent 
varities v erc examined by ELISA to clarify the 

% 
relationship bt.tween virus conL. ,tralion in plants 
and resistan.e or tolerance. 

We .elected several rice varieties resistant to or 

tolerant of tungro-Balimau Putih (Ace. no. 17204), 
tolerant: Utri Merah (Acc. no. 16680), resistant to 
RTSV and toleraiar: TKM6 (Acc. no. 237), resistant 
to RTSV; and Gain Pai 30-12-15 (Acc. no. 831), 
resistant to the vector. Seven-day-old seedlings of 
the dilferent varieties were planted singly in c!ay 
pots. enclosed in mylar cages, and inoculated by 5 
viruliferous GLH/plant at 21 d after sowii- (DAS). 
One week after inoculation 3-cm leaf samples were 
collected from all expanded leaves, weighed, homo
genized in 0. I M phosphate btffercontaining 0.14 M 
NaCI and 0.051/ Tween 20 (PBS-T) at IOx dilution. 
and subjected to ELISA. Four wells, 2 each for 
RTBV and RTSV were used for each of the 54 
samples per variety. Virus concentration in extracts 
was indicated by absorbance at 4(15 nm. Samples 
with absorbance greater than four times the absor
bance (means from four wells) of the uninoculated 
control were considered infected. 

In anotiier study, relative amounts of RTBV and 
RTSV in different parts of doubly or singly infected 
plants of the test varieties were detected by ELISA 
at I to 4 wk after inoculation. Random samples of 
18 plants per variety were uprooted weekly, soils 
removed, and roots, leaf sheath or culm. and leaf 
blade separated. A sample-about 4cm long-from 
these parts was collected, weighed, and homoge
nized in PBS-T at 1(0 x dilution. 

Although the virus concentration values esti
mated from ELISA fluctuated, the RTBV concentra
tions in Halimau Putih and Utri Merah were consis
tently lowet than those in TKM6 and Gani Pai 30-12
15 (Fig. 2). 
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Weeks after inoculation 
2. Relatise amc nt, of nce tungro bacilliform IRTBV) and rice tungronspherical viruses i RTSVI in doubly infected plants of Baimau 
Putih. Gan Pat 30-12-15. and TN I. and in RTB V-infected plants of TK.M6 and Uml Merah at different %eeks after i noculation as detected 
by ELISA. 

Except in Utri Merah. rice tungro viruses were concentration of RTBV was detected only in leaf 
detected in roots, leaf sheath or culm. and leaf blade blades. In Balimau Putih, RTBV was detected on the 
of the test varieties. Virus concentration was highest roots in the first week after inoculation but none at 
in the leaf blade (Table II . In Utri Merah. low later stages. On the other hand. RTSV was contiau-

Table 11. Relative amounts of RTBV and RTSV In different parts of doubly Infected Ballmau 
Putlh, Gam Pal 30-12-15, and TN1 plants and In RTBV-Infected TKM6 and Utri Merah plants 
at 1 to 4 wk after Inoculation as detccted by ELISA. 

Relative amounts6 
Variety Plant 

part' 1 wk 2 wk 3 wk 4 wk 

RTBV RTSV 	RTBV RTSV RTBV RTSV RBIV RTSV 

TN1 	 R .31 46 15 58 .12 .32 .11 .33 
LS/C .96 .94 .53 1.28 1.17 .63 .79 .43 
LB 1.11 1.63 .68 1.67 1.55 1.10 1.02 .53 

TKM6 	 R .19 0 .13 0 .17 0 0 0 
LS/C .57 0 .19 0 .35 0 .30 0 
LB .68 0 .38 0 .76 0 .53 0 

Utri Merah 	 LB .15 0 .11 0 .20 0 .14 0 

Balimau Putih 	 R .25 .43 0 .44 0 .20 0 .14 
LS'C .10 .19 .05 .32 .05 .15 0 .12 
LB .19 .61 .18 .76 .19 .35 .14 24 

Gain Pal R 0 .47 .22 .35 .17 .15 0 .18 
30-12-15 LS/C .37 .38 .21 .39 .47 .33 .25 .05 

LB .57 .46 .46 .96 1.02 .43 .47 .20 

•R= roots. LS.C = leaf sheath or culm LB =leaf blade. Absorbance at 405 nm Virus was detected only in the 
leaf blade 
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ously detected. RTBV concentration in the leafsheath 
or cuim decreased gradually, and in the 4th week 
after inoculation was detected only in the leaf blade. 

RTD symptoms are induced mainly by RTBV. 
Utri Merah and Balimau Putih do not show visible 
symptoms, even if infected. In susceptible varieties, 
RTBV concentration is high. The low concentration 
of RTBV in these varieties throughout their growth 
stage can be the evidence of tolerance. 

DURABLE RESISTANCE TO BACTERIAL BLIGHT 

Assessment of host diversity in a traditional 
agroecosystem in the Philippines. Host resistance 
is still the most effective and economical means of 
controlling rice BB. However, resistance in cultivars 
can be overcome by virulent races of the pathogen. 
To enhance resistance to existing cultivars. 
gemiplrsm accessions were assessed for new or 
broad-spectrum resistance. This study sought to 
identify new resistancegenesinconservedgenrplasm 
with the use of tester strains identified by DNA 
typing. The information on pathogen diversity as-
sisted as in determining host diversity and will allow 
us to design improved methods of discase manage-
ment. 

Itost divrsit%was assessed using 361 traditional 
cultivars from Banaue. lfugao. Race 5 of Aa,\rtho-
monas or 'v:aepv. orua' (Xoo) is endemic in the 
region and is virulent on most of the cultivars. The 
experiment was conducted in screer.house plots. 
Three single hills percultivar weresowa'nand system-
atically arranged according to accession number in 
20- x 20-cm distance in the plot. Rice plants at late 
maximum tillering stage were inoculated with strains 
PXO80. PXO 112, and PXO 154. representing differ-
ent RFLP types using pJEl 101 analysis from among 
isolates of race 5. 

Different reactions wcre obtained from the 361 
traditional cultivars and even within cultivar ,. About 
32! ertries ,'eremoderately (MS) to highly suscep-
tible (HlS) to the three RFLP types. 21 were resistant 
I R) to moderately resistant (MR) or MS. and tAo 
accessions showed differential reactions (Fig. 3;. 
Entries shoA ing resistance to moderate resistance 
and differential reactions waere further tested using 
16 RFLP types identified by pJEL I)I. pTnX 1.and 
Psd analvses from race 5. In the screenhouse. each 
tiller from a single hill per cultivar was inoculated 
waith multiple strains representing 16 RFLP types. 
Three to five tillers from separa , hills were inocu-
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Entries (no.) 
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Reaction3. Frqec tol react il n oft 3( I tradit ioalI cuttivars to RFIlP 
r)ps trom race 5ot,'tuithottlncs ut'\".e' pv. ,nr'za' in Banaue, 
Philippinc,. R = resistant. MR = nroderlely resistant, MS = 
moderatelysusceptible S=susceptible. [iS =highly "u"ceptible. 

laied witheach RFLP type. Thirteen accessions were 
R to MR to all 16 RFLP types. 5 were MR to all 16 
RFLP types, 5 were MR to MS. Xwere MS to S.and 
2 showed differential reactions to some isolates. 
Seven showed mixtures of R and S genotypes. 

Further tests were done on Acc. 8100, which 
shows differential reaction to the isolates. Fiftecn 
progenies each from six parental plants showing 
differential reactions to RFLP types 22 (PXOO, 
PXO 112), 23 (PXO154), and 24 (PXOI44) by 
pJELI11 and types D (PXOO, PXO1 12; and D-I 
PXO 154, PXO144) by pTnX Ianalysis were tested 

in the greenhouse to confin the reactions. Single 
hills were planted in pots and inoculated with the 
four isolates at late maximum tillering stage. Lesion 
length and percent diseased leaf area were measured 
at 14and 21 d after inoculatioln. Five parental plants 
showed R reaction to PXOX) and PX() 112 anid S 
reaction to PXO 154 and PX() 144 Tahle 12;. These 
results confirmed the differential reaction of Acc. 
8106 to the isolates and the heterogeneity ofdifferent 
line front the same accession as shown by suscepti
bility of i5 progenies from one parental plant (no. 6) 
to the four RFLP types. Ileterogeneity was also indi
cated by diverse appearance of seeds from the origi
nal accession: however, the progenies showing dif
ferential and nondifferential reactions shoeed no 
distinct morphological difference. It seems that this 
accession carries r :sistance gene s possibly uniden
tified and different from those of the set ofdifferen
lial cultivars used to define Xoo races. Likewise, the 
tester strains identified by DNA typing using 



Table 12. Reaction of selected lines from Acc. 8106 
("lfugao Rice") to selected strains of Xanthomonas 
oryzae pv. oryzae. 

Mean lesion length, (cm) 

Parental Progeny 
plant no. tested PXO80 PXO!2 PXO154 PXO144 
(code) (no.) (D/22)" (D-1/22) (E/23) (E/24) 

1 15 7.3 (R) 7.1 (R) 30.6(S) 23.5(S) 
2 15 9.6 (R) 6.8 (R) 30.7 (S) 25.3 (S) 
3 15 7.7 (R) 6.1 (R) 30.8 (i-) 24.0(S) 
4 15 9.1 (R) 8.7 (R) 29.4 (S) 23.9 (S) 
5 4 6.1 (R) 7.3(R) 31.1 (S) 26.1 (S) 
6' 15 23.4(S) 19.6(S) 29.3 (S) 23.3 (S) 

"Mean of lesion length (cm) of 15 progenies, 3-8 leaves per isolate 
per progeny. IRFLP type D as defined by pTnX1 and type 22 
pJEL101 analysis. Genetlic heterogeneity witfin Acc. 8106 mnl-
cated by heterogeneous reaction to Xoo, diverse appearance of 
seeds, and RFLPs detected for 2 out of 25 probes tested using a 
single restriction enzyme. 

pJELIOI. pTnX 1, and Psil analyses revealed dier-
sity among and within traditional cultivars in Ifugao 
Province and thus. appear to be useful in identifying 
unrecognized resistance genes present in conserved 
germplasm. 

Infectiontypesofnear.isogeniclinesfor.antho-
monas orvzae pv. or.zae (Y'oo) races. Infection 
types represent complex genetic interactions be-
tween the host varieties and pathogen races. In rice 
BB. infcs:tion types describe the incompatible re-
sponse of a rice variety possessing specific resis-
tance genes to infection caused by Xoo races with 
specified virulence. In this project, our objectives 
were to I ) define the infection types of rice near-
isogenic lines (NILS) with the different genes for BB 
resistance to incompatible races: and 2) assess if 
infection types of a specific varietN -race interaction 
are influenced by temperature, inoculum density, 
and levels of exogenous N. This study in the IRRI 
phytotron and greenhouse used the pin-prick method 

of inoculation. Thc infection types with the pin-prick 
inoculation were not distinguishable from those with 
the clipping method of inoculation. 

Among the 48 line-race combinations, 3 major 
types of lesions were observed. The typical BB 
lesion with initial water-soaking then turning to 
straw yellow was observed in the compatible combi
nations of variety and race. This kind of lesion would 
coatinue to elongate and. in the course of lesion 
expansion and elongation, might become yellow 
w'ith wavy margin. Necrotic chlorotic. and asymp-

tomatic types of lesion were produced by incompat-
ible combinations (Fig. 4). 

Fr/
4 Four lesion types of bacterial blight on ice inoculated with 
incompatible Xoo races, a) Asyniptomatic type, b) restricted 
chlorolic lesion with greenish ellow color, c) necrotic dark 
brov n lesion, and d) typical chlorotic ,ell;w lesion. 

The necrotic type appeared initially as round to 
irregular spots, or adark brown strip. Lesions of this 
type sometimes showed dark red color or a mixture 
of dark brown with yellow, making this type easily 
distinguishable from others. The chlorolic type was 
a more restricted greenish yellow to a very small 
greenish lesion. The typical yellow lesion might be 
either round or irregular-shaped, or rectangular. The 
asymptomatic type showed only a tin,, spot in the 
court of infection. 

NI[.s carrying the Xa-3 gene when infected with 
races2.3.and4or5 showednecroticlesions(Fig.5). 
NILs with Xu-4 and xa-5 infected with incompatible 
races such as I and 5 for Xa-4, and 1,2, 3, and 5 
for xa-5 showed typical chlorotic yellow lesions 
(Fig. 6). NILs withXa-/0 showed nosymptom when 
infected with an incompatible race. such as races 2 
and 5. 

-ir 

,. 

5. Necrotic dark brown itfection type produced on line with 

Ka-3 at 21 dafter inoculation with in-opatible races 2 (cc.t. 
3 (a). and 4 (b.d). 
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while the DSIs of all the known susceptible cultivat 
are higher than 6.0 (Fig. 7). The frequency of incon 
patible reactions of durably resistant cultivars i 
higher than 60%. These results suggest that th - combination of brmadly effective qualitative resis 
tance controlled by major gene(s) and high level o 
partial resistance would enhance the durability o 
host resistance to rice BI. Some intermediate grou 
of cultivars such as IR20 and IAC47 have beet 
grown in a large area for long periods: however, the, 
gradually became susceptible. It can be conclude( 

6. Typical chlorotic yellow infection type produced on lines with that DSI and frequency of incompatible reaction art 
Xa-4 and xa-5 inoculated with incompatible Xoo races. good indicators of potentially durable resistance t( 

rice BI. 
Lesion size varied as inoculation time was pro

longed, but the infection types varied with plant age. NEXT STEPS 
Lines with Xa-3 and Xa-4 showed typizal suscep- Varieties known to be resistant to RTD will be re
tible lesions when infected 35 DAS. The distinct evaluated to identify donor sources. The reasons foi 
infec:tion necrotic and chlorotic types on lines with low concentration of RTBV in Utri Merah and Bali. 
Xa-3 and Xa-4. respectively, shown at later growth mau Putih will be studied to characterize tolerance 
stages (65 or 85 d) were perhaps related to the type mechanisms. Several methods for screening RTE 
of resistance these genes conferred. The infection resistance will be critically compared. Resistance tc 
type on NILs with va-5 and Xa-7 infected with BB and ShB of improved germplasm as well as local 
incompatible races was less variable than that on varieties in the Philippines and other countries will 
lines with Xa-4 and Xa-3, and became asymptomatic be assessed and characterized. Race distribution and 
after heading. virulence pattern of the BB pathogen in areas of 

High temperature, inoculum density, and level of improved varieties will be monitored. The expres
exogenous N enhanced lesion development and sion of chitinasis and glucanases in selected cultivars 
shortened the incubation period. The infection types 
were generally not affected by these factors but the Frequency of incompatible reaction (%) 

time of their express:'n varied. -----
80- Durabie resistance group 

Di RABILE RESIS'FANCE ' 1 B.AST Irrlgatec rice 
Common features of cultivars with durable blast 70', Upiand rice 
resistance in multilocation tests. Except in a retro
spective way. it is not possible to predict the durabil- 60 1 Nondur: , . * - " ,'.resistance group
ity of BI resistance in the breeding line in question. , . rt o 
Manv rice cultivars. however, are known to possess 50, ,, - ' 

durable BI resistance under 1-prone irrigated eco- . 
systems. We studied the reactions of rice cultivars 4-. 
with or without durable resistance in the Interna

..30 ---- . ......tional Rice Blast Nursery (IRBN). The frequency of 4.5 5.0 5.5 6.0 6.5 7.0 7.5incompatible reaction--4)-3 in Standardevaatin Disease severity index 
system frr rice (SES)-and disease severity index 

7.Reactions to leafblast of rice cu lt ivars %kith aiid without durahle(DSI)-the average score of compatible reaction (4- resistance inthe International Rice Bllast Nursery. 1975-88. I = 
9 in SES) for a cultivar in 1975-88 IRBN trials of 25 Moroberekan. 2 = Dourado Precoce. 3 = OS6. 4= IRATIOj, 5 = 
cuhivars. 17 irrigated rice. and 8 upland rice-were IRATI3.6= IR36.7 =Taebaeg. 8= laegyang. 9 = IAC47, 10 = 
assessed. Partan. II = IR42, 12 = Milyang 42. 13 = Chupung. 14 = Denorado. 15 = Saingang. 16= Milyang 30.17= IR20.18 = IR50.

Most of the durably resistan cultivars in the 19 = Milyang 23. 20 = Yushin. 21 = IRM. 22 = CICA4. 23 
IRBN test showed low DSI value, mostly near 5.0. Yeongpung. 24 = "R24.25 =Nopung. 
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in relation to expression of their resistance to ShB To develop new CMS wke continued theilies,. 

will be studied. search for maintainers of available CINS lines by 

Resistance ofirrigated ricecultivars with low DSI testcrossing these with elite lines a.td arieties of 
in IRBN test will be studied and varietal effect on the different origins. The freqtuenc. of mintainer lines 
fitness ot virulent BI isolates will be monitored, was high aniong elite tite,. oriinating in .Japan. 

Korea. anod the [vor (oaSt usitnViiapolniCa rices) and
 

Hybrid rice in India. Pakistan. Indonesia. alt S1i lanka usin
 
indica rices) (lable 13). 'lile conline, fron II 

The aim of this project is to develop hybrid rice tinued to show Io%trelueic\ of maintaineri liies. 
technology to increase the yield potential of rice in Maintainer frequenc\ \as I.igher for C'MS line 
the tropics and subtropics. As reported last \,ear. a possessing ers-ARC c\topla)s than ('MAS liles 
major constraint to developing comiiiCrcially uls ble possessing cnis-WA cytoplasm. CMS lines V2) A. 
heterotic rice hybrids has been the dearth of suitable IR5X()25 A. and lIt62829 A. \s hich possess the same 
cytoplasmic male sterile (WMS)lilies )characteriued cytloplasm but diffelrent nuclear shlowed\enotvpe. 
bv complete pollen sterility. stability over en ron- differences in tiaintaiiert reCLueic>C (able 14). Thus. 
mentls. adaptabilit\' the target areas. good out- the genetic background of the ('MS lin, influenccd 
crossing potential, and high general combining abil- their maintainine abilit\. 
itmI.During the .car. x e cottinued our search for TO de\ Chp suitable ('IS lies to breed aron0itic 
suitable CMS lines. We identified heterolic h\brids F, rice hybrids. \%e miet 44 lestcrosses to identify 
derived from tlhe available (MS lilies and developed nlaintainers. Five maintaiiner lines-IR42685-C,
'tiidelines for h\ brid scd prOdctiOi. I)33-_-.-..IR52XI 3-'4-2 1 -I- I.1R471-Cl1-257

2 -21 - IR547 IX8-_C2-.77 3,-_-. 4718-('3-152110IR 


SF.\RC FR St r.\uiA C-MS \NtD I-3-3--\%ere identified for (',\IS line IR5,-;25 A (a 
Rt!SIV)RIR tINIS der ative of' Basniai 370)crosse,,s and used in the 
IRRI-bred ('IS lilies IR5 025 .-\ and IR6bX2,) A. conversion progra.in. Sinilarlk, three iniaiiitner 

" developed durillg I99. %%ereeviluated for pollen litic,---IR4345(-SKN-51( -''-3-2 - IR4 )72--17(1-3
sterilit\ .n1d spikelet fcrtilit\ in the Philippines. 

Republic of Korea. India. Egypt. and VietnaMi. 13oth Table 13. Frequency of maintainers among elite lines 
lines %'erenearly stable for male sterilit%. Seed sct (n and varieties of different origins in a testcross nursery. 

IRRI, 1990.
bagged panicle, ws ()-(l).4, . except al the 

Lines Maintainer frequency 
hih-altiItd location of[laratie. Philippines. %here Origin tested 
seed set v.is2.21; in 1R62829 A. We produced bulk (no.) no % 
quantities ,eeds of both lines at IRIRI atid supplied IRRI 550 11 2.0 
them to India. Indonesia. Iala\sia. Philippines. Bangladesh 22 - 0.0 
Vietnam., Republic ot Korea. and Ei_. pt. China 4 0.0 

Taiwan. China 16 1 6.2 
The nes ('MS line IR646)X A. de.eloped b\ CIAT 7 1 14.3 

' converting :1,aMleicanrice cultik ar, ('WC. 'Xfl-X\I(' - Colombia 5 - 0 
SMINA-3CUL-INA-2('(I:-6 in cins-WA cttoplasni. Egypt' 3 0.0 

India, 94 14 14.9
shov, ed complete pollen sierilii\ in tests at IRI a Indonesia' 10 1 10.0 
in Korea and pi. are sttd, in,, Ivory Coast 7 2 28.6pt. We its reaction lo 
biotic and abiotic stresse, and its outcrossiig poten- IITA 1 0.0 

Iran 1 0.0 
tial. Japan' 2 2 100.0The kidlh ,hridi/iliin irgain at IRRI also 

developed a CMS line possessitg 0.wrv''ni (IIRI Korea' 9 4 44.4 

Acc. 104X3) cytoplasm and nuclear .cen it\ pe of ti Nepal 1 0.0 
Pakistan 5 1 20.0

popular rice cultivar 1R64. It appears to be stable for Philippines' 10 0.0 
pollen sterility and ha, been designated tentati el\ Sri Lanka 21 2 9.5 
as IR64 A. Since rice cultivar IR64 is a kiim Thailand' 3 - 0.0 

4 0.0restorer forcmrs-\A cytosterility s sten. its conver- Vietnam 

sion into a CNIS line indicates that the 0.p'reltim Total 775 39 

CMS source is genetically diverse from cnis-WA. 'IRRI does collaborative research on hybrid rice with this country. 
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Table 14. Maintainer frequer.,:y of different CMS lines In the IRRI-Japan Shuttle Research Project initi
among lines originating at IRRI and NARS, ° 1990 wet ated during the year. we introduced the TGMS 
season.
 

- mutant H89-1 or Norm PL 12 for evaluation and
CMS line Cytoplasm tested Origin 	 utilization in the tropics. The mutant was grown in 

(no.) No. 	 %O/ the IRRI phytotron at 3 temperature regimes and at 
IR54755 A cms-ARC 	 16 IRRI 0 0.0 2 locations: Los Bamfios (15 in alhitude) and Banaue 

25 NARS 8 32.0 (950 mi)in the Philippines. In the phytotron, tile 
V20 A cms-WA 	 22 IRRI 0 0.0 mutant was completely male sterile at 31/24 "C but
 

41 NARS 7 17.1 partially fertile at 28/21 "C, 24/18 "('. or 26/15 "C
 
IR58025 A cms-WA 53 IRRI 5 9.4 (Table 15).These results conlonn to those reported


80 NARS 7 8.7 from Japan. Since the mutant is in the genetic back-

IR62829 A cms-WA 172 IRRI 3 1.7 ground of the japonica rice cultivar Reimei. we are
 

9 NARS 0 0 transferring this ins gene into a numberof elite indica 
•National agncultural research systems 	 and indica-japonica derivative lines for utilization in 

hybrid rice breeding programs in the tropics and
 
2-1. IR48552-I-3-3-2-were identified among the subtropics.
 
elite lines developed for rainfed lowland conditions. Becaua.;c PG.v jiie dclor,.d ks iiiiiildhitS ie 

We are also transferrine the cms-WA cytoplasm in available to rice scientists in othercountries. we tried
 
selected lines from crosses involving parents pos- to induce such mutations at IRRI. We treated seeds
 
sessirng wide compatibility genes. Some of the wide of sclected rice cultivars with gamma rays (25 kr) at
 
compatible cultivars (viz.. Moroberekan. Palawan) the Philippine Atomic Energy Agency in Manila. A
 
are tropical japonicas. numberof nis plants showing complete pollen steril-


The frequency of restorer lines among elite lines ity were selected in N1, and multiplied into several
 
developed for irrigated and rainfed lowland condi- plants by vegetative propagation. From naxin1.um
 
tion was 65-751;. Therefore. there is no dearth of tillering stage onwards, clones ofeach ins plant were
 
suitable restorers for developing rice hy,brids. subjected dail' to different day'lengths (I aid 14 hi
 

using the screenhouse dark room facilities of Agron-

ENVIRONME"NT-SENSIIVtE MAI.I- S'rI:Rl.IY only. Plant Physiology. and Agroecology Division
 
IN RICE at IRRI. Pollen and spikelet fertility of individual 
In recent ' ears, cenic male sterilitv inrice. sensitive tillers of each clone were monitored. Clone's (ifsone 
to variations in davleneth and temperature. has been Ils plants of three genotypes sho ed differential 
identified in China and Japan. In China, photo- behav.ior for pollen and spikelet fertility (Table 16). 
period-sensitixc genic male sterile (PGMS) lines These ins mutants appear to be photoperiod-sensi
sho, ed complete pollen sterility .hen daylength tive. Further studies are in progress to confinn these 
vAas longer than 14 11and partial fertility when findings. 
daylength %kas lessIthan 13 h145 min. Japanese 

-
scientists developed a thermosensitive genic imale P[IRF)RM..\N( )I tIlI IHYBtRIDS' RICE 
sterile (TGMS) line--ii89-1 tNorin PL 12)-which During 1991). we tested anumberofelite rice hybrids 
showed complete pollen sterility at a temperature in RYTs at IRRI. Philippines: India: Vietnun: Re
regime of 3 1/24 "Cand partial to complete fertility at Table 15. Spikelet fertility reaction of TGMS mutantlower temperatures (2/21 'C and 25/I8X Ci. Both Norin PL 12 under different temperature regimes In the
 
PGMS and TGMS lines can be multiplied by selfing Philippines.
 
under appropriate environmental conditions, and do Spikelet fertility
 
not require maintainer lines for multiplication: hence. Location Sp f /eet y 4/1
 
hybrids can be developed by using only two lines: 
 3124 C 28.21 'C 24/18°C 
PGMS or TGMS and a pollen parent. Furthemiore. Phytotron, IRRI 0 27.3 10.4 
the pollen parent of the commercial hybrid does not Field 

Los Bahios" 0hae to be a restorer. Using the PGMS system. Banaueo 41.4 
Chinese scientists have already developed some rice 'Temperature during panicle initiation (Pl) to flowerinp (Fl) was 31/ 
hybrids, which are in on-farm testing. 21 c Temperature during Pi to Fi was 26/15 -C. 
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Table 16. Pollen and spikelet fertility of some male 
sterile mutants of rice grcpvn under 2 daylengths, IRRI, 
Oct-Dec 1990. 

Pollen fertility Spikelet
Genotype Plants (%) tera (%)(no.) 

10 h 14 h 10 h 14 h 

IR62829 B 29 3.0 63.6 0.0 8.4 
IR54752 B 18 1.6 53.1 0.0 4.7 

19 21.0 
IR32464-20-1-3-2 10 0 

26 30
26_30 

0.0 5.0 0.0 
4.7 0.0 3.6 
0.0 11.4 0.0
0.0_ 11.4 00_ 

public of Korea: and Egypt. Partial results indicate 
the yield superiority of the hybrid IR461511 over 
tile inbred checks at certain locations in Vietnam. 
Philippine,,. Malasia. and India (Fig. 8). At other 
locations,. some other IRRI-bred h 'brids-

IR646181t. IR646161!. IR6461 IltI-perfomned bet-
ter. IRRI entomiologists and pathologists reporled 

IR6461511 to be resistant to BI 1.(it1I. and noder-
atehv resistant t Striped borers andCstem (SSB) 
yello'. stern borers (YSB I. 

Yield (tha) 

Vietnam 

7 

6 

Malaysia 
5 

India
 
4
 

3 

2

0 

PHYIsOL.O;IcAL. ANALYSIS 0F: IIEThROSIS IN
 
(WAIN .0
 

F1 hybrid IR58025 A/IR54742-22-19-3R showed 
close to the ,silinma ted inaxinium yield potential for 
WS in tile tropics (Table 17). The panicle weight of 
tie FI hybrid kas 8.8 ti/ha. Because thle 2 values came 
from different sample materials. tie vield of i8.0 i/ha 

was cotidered reliable. We are reevaluating this 
hybrid in H-91 DS to reconfirm these findings. 

The high :rain yield of the F, hybrid was attrib
- C uted to both high total dry matter production (DMP) 

and harvest index. The relationship between grain 

yield and I)MP (Table 1) indicated that DMP be
t"ccn heading and 15 d thereafter is most important 
for achieving high grain yield. A significant correla
tion bel ecn relative Lrowh rate and relalive leaf 
gro\%th rate %as observed at 3(1 to 16 d before 
headin (r = 0.978X )and between 15 d after head
ing and naturity ,-=i.785 v).These results indicate 
that high leaf area dc. elopment is important at the 
early gro\kth stage and ,low senescence at tile late 
growth st,,age. 

Philippines 

IR64615H 
Check 

Oman B.L. Cuttack IRRI Nueva Ecija Isabela Cotabato Ililo Mean 
DS WS DS WS 051 DS2 WS DS WS DS WS WS WS DS WS 

8. Yield of h>bridl rice IRO-461511 comnpared kith that of'check varieties in replicated trilal %ri nt locamon ini ietnaml, Ntalassia. 
India. and thle Ph ilippines dlurngti 19901dr'. I DS) and %ei seasoin IWSi 
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INSECT/'DISEASE RESISTANCE OF HYBRIDS 
VS PARENTS 

IRRI entomologists and pathologists evaluated the 

resistance ofa number ofF, rice hybrids and parental 

lines under artificial infestation or incculation for 

BPH, GLI, and BB. Results (Table 19) showed that 

hybrids were resistant if parents were resistant: 

if one parent was susceptible. the hybrids were
 
eitherresistant orsusceptible, depending on whether 

the gene imparting resistance was dominant or 


Table 17. Grain yield of F, rice hybrids, their parental 

lines, and check variety IR72,1990 WS. 

Variety or line Grain yield, (t/ha) 


Expe-riment 1 
IR62829 B 2.8 b 

IR62829 A'lR9761-13-1R 5.8 a 

R9761-19-1R 6.0 a 

R46830 B 0.2 c
 
IR46830 AIR9761 19-1R 4.5 ab 

IR72 4.6 ab 


Experiment 2 
IR58025 B (Damaged b, rats)
IR58025 A'IR9761-19-1 R 5.4 b 
IR9761-19-1 R 4.7 b 
IR58025 A.IR54742-22-19-3 R 8.0 a 

IR54742-22-19-3 R 5.4 b 

IR72 
 4.0b 

Experiment 3 
IR58025 B 4.5 bcd 

IR58025 A IR29723-143-3-2-1 R 5.8 a 

IR29723-143-3-2-1 R 5.7 ab 

IR62829 B 3.7 d
 
IR62829 AIR29723-143-3-2-1 R 4.4 cd
 
IR72 5.0 abc 

'Within an experiment, values having a common letter are no 

statistically different at the 5%level 


Table 18. Correlation between grain yield and dry mat-
ter production In 3 field experiments, 1990 WS. 

Correlation coefficient,
Character 	 A B 

Shoot dry weight 
14 dafter seeding -0.321 ns -0.214 ns 
30 dbefore heading (DBH) 0.589" 0.616" 
16 DBH 0.421 ns 0.438 ns 
Heading 0.635"" 0.665"" 
15 d after heading (DAH) 0.765- 0.861" 
Maturity 0.671 " 0.754"" 

Shoot dry weight increase 
30 DBH -16 DBH -0.305 ns -0.307 ns 
Heading - 15 DAH 0.519' 0.625 °" 
15 DAH - maturity 0.396 ns 0.422 ns 

Panicle-to-shoot dry weight ratio 0.572" 0.038 ns 

'A = includes all values for the correlaton analysis. 6 = excludes
IR46830 Bof Expefimen 1for the analysis 
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recessive. If both parents were susceptible, then the 
F, hybrids were also susceptible. 

A comparison of five CMS lines with their main
tainer lines for reaction to BPH, GI.1. YSB. SS3, 
and BB (race PXO61 ) showed identical reaction to 
indicate that male sterility-inducing cytoplasm did 
not confer any susceptibility to these biotic stresses. 

GUID-LINES FOR tYIRID RI('+ 5[il.) PROD(UTION 
Experiments conducted during 1990 to develop 
guidelines for hybrid rice seed production indicated 
the following: 
E At IRRI. hybrid rice seed production plots flow

ering from late February it) early March 1990 
gave higher seed yields phanplots Ilo%%cring during 
other times of the year (Fig. 9). Luring this period 
the sky was clear. radiation sas I1.2-17.8 MJ/nZ,
max-nin temperature 29/22.5 C. relative humid

it), 50-60W/. and wind velocity during blooming 
hours ' as 3-4 ni/s. 

U 	Among various cultural practice-, (GA, applica
tion. flag lea'clio)ning, and upplementary polli

nation) used to produce hybrid seeds. (;A appli
cation %,%as the nbost effective ti( increase seed 
vield (Fig. 10). 

i 
Seed discoloration, a problem in hybrid rice pro
duction in the tropics,. was higher at Los Bafios 
(Laguna) and Maliga,,at Nueva F-cija) than in San 
Mateo i Cagavan) in the Philippines, Thus, a suit-

Table 19. Parents and hybrids exhibiting specific reac
tion to brown planthopper botype 2, green leafhopper, 
and bacterial blight. IRRI, 1990. 

Hybrids (no.) showing specific reaction 
Parent 
reaction' Susceptible Moderately Resistant 

resistant 

R, R 0 
Brown planthopper 

0 8 

R/S 0 1 3 
S/R 7 5 0 
SIS 7 0 0 

RR 0 
Green leafhopper 

4 6 
R/S 0 1 4 
SiR 2 3 5 
S/S 6 0 0 

8/8 0 
Bacterial blight race PX61 

0 5 
R/S 0 0 4 

S/R 0 0 3 
S/S 3 0 0 
IR= resistant, S= susceptible. 



Seed yield (kg/ha) 
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0 .0 
Wind velocity (m.'s) 
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< 0 z 	 a LL 

Date of flowering 

9. hp,amon , telati .u ir.irlirne pllen,, 

per liter. e.d Se l.ld as atlected h%ine of t~u,n .eed e ,~eiiu 

of CNIS line IR62"2i) A. 

able location w,ould have to be selected to pro-
duce clean hybrid rice seeds. 

* 	 The extent of' s richronization of' lowering of' 
male and female parents in seed production plots 
affected seed yield considerably. 

" 	 The vertical movement of rice pollen grains, 
recorded during I990 WS fit ricefields in full 
bloom at IRRI sho, ed maximun pollen had 
(19.2 airborne pollen per liter) at panicle level. 
This drastically decreased to 01.4 to 2.3 pollen per 
liter of air at 1.5 to 2.0 imheight above the panicle. 
"Therefore, a 2.5-m-tall barrier can provide isola-
tion in seed production p!ots. 

FUTU.RE- R'SI-ARCH 

We will continue the search forcommercially usable 
CMS lines possessing diverse cytoplasmic and/or 
nuclear genetic backgrounds. The role of roots in 
manifestation of heterosis for yield will be studied. 
The heterotic rice hybrids will be tested in additional 

Seed yield (kglha) 

Control=t 323 kg/ha 

600 Significant at 1% 

Significant at 5% 
500 ns=nol significant500.. 

400 

300 

200' 
ns 

100. 

< IL U L U ) U 
0 	 +,+ + + 

0 
(.9	 +

< 

I(. 	Main efectt t il c hi ixnIIeiit ot h brid seedtof 	 pruductiulp~~Iraclice, on wet.d N.ield of IkR6282{, A. I(('() D. 

locations in NARS. To obtait enhanced level of 

heterosis. suitable parental lines among improved 

tropical japonicas would be developed. Guidelines 

IM hybrid sed production technology developed so 
far would be compiled in the form ot a seed growers' 
primer on hybrid rice seed production. Cost of hy
brid rice seed production would be deenmincd. A 
training course on hybrid rice seed production will 
be organized at IRRI. Steps will be taken to organize 
ahybrid rice research consortium/task force involv
ing IRRI and interested NARS toexpedite the devel
opment and use of' hybrid rice technology in the 
interested NARS. 

Subprogram I1: Crop, resource, and 
pest management 

N 	nutrient efficiency 

POTI-NIIAI. of: N,-FIXIN(; IiI.t1I-(RFIEN A.GAE. AS 

H0FERILIZERS IN RIF(1 SOILS: t-1:tCi ()F INOC(U

.LrAo., WITIH AMMONIA-EXC'RIETIN(; Mt'TAN1t AN) 

FORIEIGN STRAINS 

Nitrogen accumulated in N,-fixing blue-green algae 
(BGA) growing in ricefields is usually released 
during the decomposition of the algal biomass, but 
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that release may occur too late during the crop cycle 
for optimum use by the plant. Continuous excretion 
of part of the fixed N,as it occurs in symbiotic BGA. 
would ensure better utilization by tile plant. 

Spontaneous mutants of free-living N,-fixing 
Anabaena variabilis Kutz (ATCC 29413) that ex-
crete a significant part of their fixed N, as NH, have 
been isolated by scientists at Institute of Food and 
Agricultural Sciences (1FAS) (University of Flor-
ida). Pot experiments with rice and the most effec-
tive N,-fixing and NH-1'-e:xcreting strain (SA- 1)have 
shown that under gnotobiotic conditions (rice+SA- I 
crowkn on artificial medium) SA-I could supply 
enough N to the ll to support its growth in a N- 
free medium. We have studied, in collaboration with 
IFAS. the possibilit. of establishing SA- I in various 
soils. The experiments also assessed the efect of 
tertilizers oil indigenous and inoculated BGA pro-
ducti,,ity. and the ratio betmieen P applied and N 
accunuIation. 

Plating the comhinations of v'arions soil dilntions 
with the strain SA- I and four nie(tia shov. ed thaSA-A-
I colonies could he easil identified through their 
morpholog,. Counts decrca sed \% en the qtuanltitf 
soil plated increCased: %%C a strong neati,.efound 
correlation betkcen the percentage OlSA- I coloies 
recovered on apetri d Sh and tie niruber of colon ies 
otherthianSA-I growing on the dish Fig. I1. Mhich 
demonstrates that SA- I is not acoipetiti, e strain. 

Inoculation trials ,kere conducted in trays con-
taining about 4 cn of soil. The first experiment \k ith 
a ricefield soil with low P content studied the effect 
ofJ (0 and 15 kg/ha) and N M))and 31) kg/ha) ofn tile 
establishment ofSA- 1and a ni\ture of 20( strains of 
IRRI's BGA collection inoculated at 6.7 kg dry %t of 
fresh algaeiha. and on the groith of indigcenous 
strains in neninoculated trays. Visual and micro-

Sa-1% recovery 
120 

100 y x. 

80 r2=0.64 
60 
40 , *nicroplots, 

20. 
200. " 

4 60
0 0 40 60 80 100 120 
Colonies of indigenous algae per dish (no.) 

It. Competition k en indigenou. ',oil ,.trains and SA-Ior. 
petr dishes. 
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scopic examinations, and counts plating showed 
that, despite the high level of inoculation. SA- I did 
not establish. SA- I fresh inoculum might Lave been 
consumed by grazers at early stages of tie experi
mient. In trays where N fertilizer was applied. inocu
lation had no effect on grazers because unicellular 
green algae developed immediately and provided 
feed to the ostracods. which were then sustained by 
the indigenous BGA developing because ofP fertili
zation. 

Measurements of N accumulated in algae and 
upper soil layer shoved a statistically significant 
effect of inoculation in trays where a mixture of 
strains was applied but no' il trays inoculated with 
SA- I (Table 20). On the average. N accumulation 
'as about 25 k;ha in 47 d in trays inoculated with 
i mixture of ,train,, and 17 kg/ha ill tile nonimlocu
lated controls. Most of the difference %% Nas title to 
accUnMulatCd on the soil surface. Algal productivity 
and N accumulation %weremostly related to P fCrtili
zation. N acculiation a eraged 30 kg/ha in P
fertilized tra sa l112kg/ha in tras, with no P. Inthe 
tra\s here P as applied. N accumtulation In inocu-
Iated trams %\;as 4 to 9 kg/ha higher than in the 
nOninoculated trays. Mhere 28, kg/ha accumulated. 
The difference was not significant andn l if sigeven 
nificall. otllol jU lift inoculation ill economic 

lerls. 
The second experilent studied the effect of P. N. 

and the ttuantity (f inoculim (7. 13. and 34 k" ash
free dr %wt of fresh algae per ha Ion the establishmen 
of S.\ - I in a Ir.-P soil. e ith increased grazer con
trol. Despite the high lcels of inoculin and effi
cient grazer control. SA- I did not establish. Blooms 
of indigenous algc de\ eloped in)all tie tray swhere 
Pwas applied. SA-I countsrapidly decreased during 
the experinlent. but the strain peristed mle ill trays 
v ith poor algal groktlh, as shovin by a significant
Ip:0.05) negative correlation between SA- I counts 
and I ) loating algal bionla,s, and 2) total Naccuinu
lated. This confirmed the lack of conpetitiveness of 

the strain. 
Blooms of indigenous algae developed in most 

causing an average N accumulation of 
about 20 kg/la in 6 wrk in microplols %%here 15 kg P/ 

ha or 6 kg N/ha v as applied. A Iov.N accumulation 
at the soil surface as compared with the previous 
experiment was probably due to strong control of 
grazers. Large populations of grazers reduce algal 
growth. but some grazing activity is needed to re



Table 20. Effect of Inoculation and fertilizers on Naccumulation Inalgae and the upper soil 
layer., 

N accumulated N accumulated Total 
in floating algae on soil surface accumulated 

Treatments' (kg/ha) (kg/ha) (kgiha) 

Mean SD' Mean SD Mean SD 

SA-1 -N -P 0.0 0.0 12.0 6.5 12.0 6.5 
None -N -P 0.1 0.3 6.8 3.9 6.8 3.9 
Inoc. -N -P 2.3 0.8 14.3 2.7 16.6 2.3 
SA-1 -N +P 21.0 3.1 11.0 5.2 32.1 6.6 
None -N +P 15.1 4.2 13.1 1.1 28.2 4.7 
Inoc. -N +P 17.6 5.7 19.0 5.7 36.6 7.2 
SA-1 +N -P 0.2 0.3 9.1 1.7 9.3 1.9 
None +N -P 0.4 0.1 10.3 4.6 10.8 4.6 
Inoc. +N -P 3.2 0.7 16.2 11.2 19.3 11.1 
SA-1 + N +P 13.7 5.6 15.6 7.3 29.2 6.8 
None +N +P 14.4 7.3 9.5 4.7 23.9 6.8 
Inoc. +N +P 15.1 10.0 12.1 3.0 27.3 9.5 

Factors 
SA-1 8.7 b 11.9 ab 20.7 ab 
None 7.5 b 9.9 b 17.4 b 
Inoc. 9.5 a 15.4 a 24.9 a 

-N -P 0.8 c 11.0 ns 11.8 b0 

-N -P 17.9 a 14.4 32.3 a 
+N -P 1.3 b 11.9 13.1 b 
+N .P 14.4 a 12.4 26.8 a 
-N 9.4 ns 12.7 ns 22.0 ns 
+N 7.8 ns 312.1 20.0 

-P 1.0 b 11.5 ns 12.5 b 
-P 16.1 a 13.4 29.5 a 

ISD (standard deviation) indicated as the interaction between the 3factors was not significant. Inoc = inoculated 
with amixture of 200 strains of the IRRI Culture Collection Sgnificant at p = 0 09 only 

cycle nutrients accumulated in the algal hiomass and 
to avoid the overcrowding of algae. 

The third experiment compared SA- I inoculation 
(13 kg dry wt of fresh BGA/ha) in four soils (pH 5.(-
7.4. 0.088-0.22717 total N, 92-762 ppm total P1) 
receiving 15 kg P/ha where grazers were controlled. 
SA- I decreased from 2.5-5.0 x I0' cm2 soil I d after 
inoculation to less than lP cm 2after I mo. Counts of 
indigenous N,-fixing BGA increased by 9 to 50 
times (average 20) depending on the soil. Algal 
biomass was highest in soils with pl close to neutral-
ity and a high total P content (Pila: 316 kit ash-free 
dry wt/ha; Maahas: 231 kg/ha). Biomass (expressed 
in kg N/ha) was significantly lower in the acidic soil 
of Pangil (84 kg/ha) and the P-deficient soil of 
Pangasinan ( 101 kg/ha) (Table 21 ). Inoculation with 
SA-I had no effect on the biomass of floating algae 
(kg dry wt/ha and kg N/ha and itscomposition ( N. 
%P). Highest N accumulation recorded in a single 
plot was 37 kg/ha in 30 d. 

C()N('I.tsI()Ns 
Strains excreting Ni1. I do not seem suitable for field 
inoculation because of very low competitiveness 
and susceptibility to grazing, which does not allow 
their establishment in situ. )ata also c(nfirm previ
ous observations at IRRI that foreign strains of IXA 
inoculated in rice soil usually do not establish. Most 
ricefields have a rich natural algal flora and it secms 
likely that indigenous strain,, will usually outgrow 
populations derived from laboratory isolates unless 
a simultaneous change in the environment gives 
inoculated strains a competitive advantage. 

Data show that inoculation of foreign strains of 
BGA has limited potential, and that P application 
together with grazer control is usually sufficient to 
allow the development of blooms of indigenous 
algae leading to the accumulation of 4.5-4(1 kg N/ha 
in 3-4 A,,k(Fig. 12). Such values provide an estimate 
of the potential contribution of BGA under opti
mized conditions. 

Irrigated rnce ecosystem 25 



Table 21. Nitrogen accumulation at 30 d after seeding in 5soils. 

Treatment In algae 

Soil Inoculation Mean SD 

N accumulation (kg'ha) 

In 1st cm of soil Total 

Mean SD Mean SD 

13.1 2.1 26.0 64 1.7 
9.7 7.2 26.2 8.1 1.7 

10.0 4.4 13.1 3.9 0.9 
2.1 2.1 9.9 2.3 0.7 
5.3 3.0 9.9 4.1 0.7 
7.3 1.3 11.8 3.3 0.8 
9.4 1.7 20.3 3.4 1.4 
7.1 3.9 23.2 4.5 1 5 

11.4 a 26.1 a 1.7 a 
6.0 b 11.5 b 0.8 b 
6.3 b 10.8 b 0.7 b 
8.3 ab 21.8 a 1.5 a 

9.5 a 17.3 a 1.2 a 
6.6 b 17.8 a 1.2 a 

Wealher. soil proerties. nd crop managenient on N 
I v nan.,ic, Illd crop uIm,,Th processes. One SuI.h 

siultion model i,(IFRIS-RIICF. developed h, 
tle International Ieichnilark Sites Network f'or 
:.iai "lis,,fr. \litihitate I ni,,r.\.roteChiiolo,. e 

s6it, and IFIX'. Ilhe ('lR-.S-RI('LF odel incorpo
rtes osater halice., ,Oil N. l)lant N. tlldcrop 1r1'M IIh 
coilponelits to sirnula rict- ,ro. th and yield il 
response tot vater and N. i, a;'. alidatd ' ithdata 
Iron, preCisS1,, collahorati,.. IRRI-IFIDC field re
search in :he Philippines. 

Since man\ processes. infloods, ater can occur 

rapidly, the floods, ater N transformations are situ
lated ting an horly time step. ipmt data for run-

Counts 
30 

Va lwtsN P C6rjser,'ibo,, 30 
Mnmu" 0 3 Maw+num 3 0 

Rmnge 2 7 Med'at 14 
P.1,an 14 Sland.rd Iror 0 0F8 
Variance0 37 

20 	 S tandarddeviaton 0 61
 

Coe.cieni of vanalon 42 5
 

1 

0 h0 0.333 1.000 1.667 2.333 3.000 

Maahas 

Maahas 
Pangasinan 
Pangasnan 
Pangil 
Pang' 
1-0141= 
Pila 

Maahas 
Pangasinan 
Pangil 
Pila 

All soils 
All soils 

+ 12.9 5.3 
- 16.4 11.4 
+ 3.1 0.7 
- 7.8 1.7 
+ 4.6 1.1 
- 4.5 2.4 
+ 10.9 4.8 
- 16.1 6.7 

all 14.6 a 
all 5.5 b 
all 4.5 b 
.;l 13.5 a 

+ 7.9 a 
- 11.2 a 

The pr lotionn.f pholtodepe deit N .-fiatihn in 
w'lland soil nl,ost often requires P1appli ation. Tle 

NIP ratios recordCd in the e\perimeluts ra .,edftrom 
0.3 to 3.11 and a.era.ed 1.4 Htei+. vhile the13). 
avera e ratio of larmer's pri,;e oltP ttN in 

Countries ',as 2.7') for 198-5-h. This indicates that 
the cost of I,'n inportant f ictort le considered 
ii atronollic practice,, that an to prolote photo-
dep.'endent BNF in riucfields. 

St.lt 	 .I.\G Nl liNl\R IR \\SlRl.\lI\s 
Our understandine of N fertilier in rice-hased crop-
ping n could he enhanced with computer 
simulation models that can predict the ,:'Iects of 

Counts 
30 

Va4~abbO,405. t1a' ,!ons 80 
iP nmur. 4 5 ,ta, ium 44 5 
Rarnqc 40G 20 9 
Mean 21 5 Stinaad (.'or 1 017 
Varance 82 6 

20 Standard de-oaiion 9 1 

Coefficiento!4arialion422 

00 	 5ob 1011020 5 10 15 20 25 30 35 40 45 
N (kgiha) N/P 

12. Historan of Sli N acSlOl %luaion.lus lalgal biomasNs 
upper soil i ihtained in 3 -r lenht.tukperiments. 

+ 13. tli,,Iograii of 
sptrilnent,. 

8I N-lo-1' ,alues ohained in 3 greenhouse 
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ning the model include daily solar radiation, daily application, in which urea was broadcast into stand
maximum and minimum air temperature. daily rain- ing floodwater (Fig. 15). Ammonia loss tended to be 
fall, soil orvanic C. initial soil water content. initial overe stimated frearly Split a )plicationsin which : 
soil bulk den sitV, initial soil almoniturn -N, rate t'N Icat part of the urea w% incorporated, freas basall' 

fertilizer, depth of daily irrigation. and cation ex- quentlv, ithout standing water. Accurate simulation 
change cap:citv of the surface soil layer. Relatively of ammonia trlii b;tal incorporatedos urea re
less available inf'Ornatiort such as diffusion coefti- quires greater understarding of tiledistributioi 0! 

cients. kindspeed, and floodwater p11. temperature. urea in the soil and floodwater foli!owing incorpora
amnoniacal N, and oxygen are not required as tion. and kno\vttdgCof amlllmonia loss from satu
model inputs, 	 rated, puddled .oil without staIrding water. 

'Ihe model s1imulates the rapid disappearance of After the N components of the CERES-RICE 
floodwater urea and the buiildup of floods,,ater model are validated, the modei ,ill be used to predict 
ammoniacal N foflo' ing broadcast application of rice yield gains associated with various management 
urea to I'looded soil (Fig. 14). It uccesst'uliv ,inlu- practices that reduce N loss. and to identify fertilizer 
lates the field observation Ithal m idday loodvsater i11anagenient option, for tariers. 
anilloniacal N after either incorporation, or broad

on cla\ soils seldom eceeds 8r; of soft. 

the applied urea N. Urea h\drol st,is simulated in Tropical lmwland rice soils typically undergo alter

tie toodwater. oxidized soil la, cr. and reduced soil nate saturation and drying. Field research conducted 

layer. The prldict ion of urea h,,drl sis and subsC- in tle Philippinesexamined thee'lect of piait growth 
quelt alluonlh11 loss is particularly influenced by the transition period before WS rice 

casting of t,rL:a 	 C( NS-RVATt(N (I' N 

dutring tlie dr\ -%ssct 
urea h\drol\,sis ri in tloodssatcr relative to o)lnthe soil llitrate dynamics and rice \icld. 

b'.Ldrol\,sis rate in tile soil. arid b\ the depth aiLd Ioll'oi t harvest oflov laid rice oin 31 Jainuiary, 

distribultion of urea Mhn incorporaled ill tile soil. iilrate in tile top 60-ci soil laver increased fron 

Predicte-d .,.ou, N hiNosses Irotil urea s ere cotn- abot I5 ku N/hia on 27 Feb to over 5 i kg N/ha otl24 

pared \k ith total giseoU's lo' ses, e,titnatcd by tlre "N April. In tile absence of plant growth (weed-free 
bl!,anle. technique fo r tratnlsplanlCd irrigated loss laud tallow )soil iiitriatedecreased by 34 kg N/ha front 24 

rice in eight eperiments at three sites. In all cases,. April t)2 July durilg the dry-wet transition period 

the rnoiel predicted appreciable los, ofladded urea N 
bv a,-lnia\olatilization but iegligihle loss ofrN by Predicted NH3 loss (kg N/ha) 
nitri f'-un-denitri ficaiin. s hich isconsistent %sith 50 
tic! inCasaelcltns. The mInodCl closely silulatCs 

A Delayed split A r 1mldel;a,,ed splittle laa211ilttde if a miOlli a loss 
Early split

40 

Urea N (kg N,,ha) Ammoniacal N (kg N/ha) 
30 6 

30 
25 * 	Observed 5 

Predicte A/A 
4

20 
20 	 A 

15 \ 3 	 A 

10 \ 2. 	 10 A A 

5 	 1 

0 - 0 0 10 20 30 40 50 

0 2 4 6 8 10 0 2 4 6 8 10 Observed N loss(kg N/ha) 
Days after N application 15. r tdicted iL trs%from dela)cd 't,plit flilntrniu,i applicatins 

Nanding tloodi:ater.14. Ohbered and predicted N trairlforn;ali)ns niloodea,er. urea it) 
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and the subsequent puddling of the soil for rice 
production. The decrease in nitrate was presumably 
due to N losses by denitrification and leaching. 
Seshania rostrata,a waterlogging-tolerant. N,-fix-
ing green manure, arnd wreeds asisi~nitated soil itrate. 
thereby reducing losses of soil N. 

Prerice treatment strongl\ influenced WS rice 
yield. Yield without applied N fertilizer was 2.3 t/ha 
follos in-, weed-free fallowk ; it increased by 0.6 t/ha 
following weedy fallow arid by 1.3 t/ha followine 
sesbania. At least part of the increase appears due to 
conservation of native soil N. Nitrate N taken up by 
plants before soil wetting and flooding is rec,cled in 
the plant residues incorporated during faild prepara-
tion for rice. Mineralization of these residues pro-
vides N for the rice. 

Research findings suggest that cropping intensity 
and soil managenrent during the dr +-sset transition 
period can influence losses of soil N and N fertilizer 
requirements of rice. Research is continuing to iden-
tify crop. water, and soil management practices to 
effectively utilize native soil fertility and reduce 
emissions of nitrous oxide, a greenhouse gas formed 
durin g nitri fication-den itrification. 

FI.()OI)iis-.
R (IIne IsIR') ('()i RorI i(; NI-1 

VOL A111i.IZ.I\ 

To better understand ho%% agronoinic practices mary 

L-
he manipulated to improve N fertilizerefficiency, we 
developed a detailed computer model of ricefield 
floodwkater chemistry as it affects NII zvolatiliation. 
Dissolsed CO. is an important deterniinant offlood
' ater p1-I (and hence NIt, volatilization, because its 
concentraton iimay he er. high (the underlvin, soil 
being a source of CO,iand very d%narnic (photoynthetic alac removeO, inphotosynthei ard addph tosn

in respiration. ,, to make tie/eAlso. loss tends 
solution more alkaline. hereasN I loss make,, i. 
more acidic. In developing a model, therefore, it is 
necessar, to consider tilesimultaneous transport of 
both NI-, and CO, through tie floodw.ater, their 
coupling through acid-hase reactions, and the trans
port and reaction of acids and bases that move in 
response it)the consequent pl] changes. 

In the m odel, the air-waler interface is pictured as 
two still films--one in the air aind orle in the s atcr-
separating tiletv,o ktllk fluids which are v,ell-mixed 
by turbulence. In the transfer feach as across the 
interface, there are threc potentially rate-limiting 
processes: diffusion acj',s the still air film. diffusion 
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across the still water filn, and chemical reactions in 
the water. The still film thicknesses range from a few 
micronstoafewtenthstanilimter, andvarv with 
factors such as wind vclocit., surface roughnes; 
IespeciallyIllant cover), tiCieperatunre, incident radia
tion. albe,.o, afid wa:ter turbidity. The nodel allows 
for each of tihe potentially ratc-limiling processes. 
Equilibrium hetl',ecu ainmoniacal and carhonate 
species in the water is rapid. but the C() hysdration
dehydration rections are slov and their rates must 
be allowed for. 

The model predicts hos, the gas fluxes and reac
tant concentration profiles in the water film vary 
with five input parameters: the thicknesses of the 
still layers, and the concentrations of alkalinity, 
ammiioniacal species. and carbonate species in the 
floodwater. Figure 16 sho, s loss the predicted Nil, 
flux changes as tileparameter values are changed 
around realistic average values. Clearly. all the para
meters have significant effects. The importance of 
loodwater ('. pressure is well knowv but the 

NH3 flux (kgN ha per h) 
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effect of floodwater temperature, diurnal changes in 
which can be as much as 15 K, is less well studied. 

The extent of the pH gradients across the still-
water film are shown in Figure 17a,b. When the 
equilibrium between CO, species is uncatalyzed. 
acidification resulting from Ni loss dominates 
alkalinization resulting from CO, loss. and the pH at 
the air-water boundary is considerably lower than 
that in the bulk water (Fig. 17a, CA activity = 0). But 
in the natural environment, it is likely that CO, 
hydration-dehydration is catalyzed by the enzyme 
carbonic anhydrase (CA). In these circumstances, 
alkalinization from CO, loss would dominate, and 
the air-water boundary pH may be considerably 
greater than that in the bulk, as Figure 17a shows. 
The importance of this effect obviously varies as the 
CO, pressure varies (Fig. 17b). Figure 17c shows the 
resultant large increases in NI, loss. During intense 
algal activity, the tloodwkater CO. pressure may fall 
below the atmospheric value, causing the water to 
absorb CO, front the atmosphere (i.e.. negative CO, 
flux, Fig. 17d. This would tend to acidify the water 
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17. Predicted pH profiles a at different carbonic anhNdrase (CA) 
activities, with CO, presure = 0.)(3 aim. and hi at different CO. 
pressures Aith C.A ctivit%= I(X): and effects ,ofCA ativ it%oil 

(c) NH. fluxes and (d)CO. fluxes at different CO, pressures. The 

other parameter values are as the standards in Figure 16. The CA 

activity units are arbitrary, 

surface. But at low CO, pressure, floodwater pH is 
highand the rate ofacidity diffusion neutralizing pH 
changes in the wa!er isalso high (Fig. 18I. Thus, the 
effect of CA activity at low CO, pressure is small. 

The large effect of 	 CA raises the interesting 
possibility of artificially inhibiting C.\ as a meansol 
reducing NI, losses. CA inhibition Aould effec
tively enhance the suppression ofNil, volatilization 
brought about by CO, released in organic matter 
decomposition. More work is needed to judge the 
agronomic feasibility of this app.oach. 

The model does not account for all components of 
the ricefield atmosphere-floodwater-soil system. 
Missing components include movement of the reac
tants between the floodwater and soil. CO, produc
tion in the soil. and CO, uptake by algae. Further 
work is being done to incorporate these components. 

N-cycling 

GI-NI-TIC tiNIIANCF MENT OF 

tIiF.RTII.IZR SOtiRCES 

In this project, reducing dependence on chemical 

fertilizer by using farn-grown sources isan ultimate 
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goal. An immediate concern is the improvement of 
biofertilizer germplasm. 

Agronomic trails of azolla can be improved by 
sexual hybridization, selection of Fi, and mulation. 
To achieve this objective, genetic, morphological. 
and physiological characters of strains in IRRI's 
large collection should be recorded. The data Fase of 

Although N,-fixing activities were as active as those 
of A.filcdoihes at 22 C, growth was poor even in 
the presence of combined N. At 33 "C, these strains 
died, while parents azolla and 8006 grew. Strain 
8015 produced male and feimale sporocarps. It was 
concluded that unlike the A. nicrophilla (female)
and A..filieuloid'. combination. postive heterosis 

these characters will be useful for national programs. 
Following the discovery of positive heterosis in 
sexual hybrids. hybridization work has been ex-
panded. 

Hybridization of azolla. That sexual hybridiza-
lion ofazolla is a promising way of improving azolla 
is evidenced by bettergrowth and higher N.-fixation 
of hybrids, of A. microphlyla (female) with,-.jilicu-
firtA,:; conpard with that of the parents. Hlybridiza-
tion work was, therefore, expanded in collaboration 
with the Universit, of the Philippines at Los Bafios 
(UPLB). Because sporulation or sexual organ for-
milation is essential for hybridization, and sporulation 
is more acti'e in cooler regions, azolla plants were 
grokr in Baguio. northern Luzon. the Philippines. 
Putative hybrids were identified by zvmograms 
(electrophoretic pattern of isozymes). Crosses of A. 
fihcllodl.A I felale) with ,1. m i' r)phyla(mlle),i and 
other conbination %kerenade (Table 22). 

By zmograms of shikimate dehydrogenase 
(SKDi and phosphoglucemutase (PGMI) and mor-
phological characters (numberofleaftrichomecellsl. 
eiht strains were identified to be hybrids between .. 
filicid/ ide,%and A microphvlla.Among them, strains 
8()7-(1)12 show ed unique cha, acteristics. At earl, 
stage of sporophyte development, symbiotic algae 
either entered the leaf cavity or got lost (8011 ). 

Table 22. Characteristics of azolla hybrids. 

was not found in tie opposite colbination. 
Zymogramns of some putative hybrid strains ob

tained at UPLB were examined. Among them. only 
Acc. no. 2(024 (20111 * 4001) was confirmed to be 
hybrid and fornikd fertile female and male organs. 
These results confirm that proper combination of 
parent,' is needed to inipro~e azolla by sexual 
hybridization. 

('henioaxonomy' 0l'azolla. Incollaboration with 
W. Zimnmernman. Washington State University. che
motaxoitomy of azolla. particularly Section Azolla 
(primarily New World Azolla). was made. There -.re 
II alleles in SKI) electrophoresis and 33 enzyme 
types were found. Frequencies of these bands are 
sho,,1111 Table 23. Progenies after sexual propaga
tion are not inltidcd. FrcLittencie,, f hands in 
A. f'licidohl.s are different front those of the three 
other species..'-I. inh rophvl.la may be separated from 
A. rif lia'Ua-11CiCt1na by the absence or low 
frequency Of I-1.I. J, K bands. The SKD zymogran 
confirmed previous work. sho w ing distinct differ
ences between A..]iliculoid. and other azolla spe
cies. Most ofA .i/i(ulhidus accessions (f87A) had DI 
bands, and only some of Latin America ,.A./ilicuoi
il.s shared bands fotud in A. 'aroliniana-nwix,.i'ana. 
SKD alleles analysis also supports the idea that 
A. 'aroliniana.A. nui'iWIana, and A. mi'rophylla or 

Band patternAcc. no. Species Cross Anabaena' Leaf trichome 
cells SKDt PGM 

1001 Fl Parent + Single cell DI DEF
4061 M1 Parent + Double cells ACDE ABC
3522 CA Parent + Double cells AK EGI
8003-4 Fl 1001 x 4061 - Single>double ACDI
8006 Fl 1001 x 4061 + Single cell ADI8007,9.10 Fl 1001 x 4061 +(O) Double>single ADEI ABCDEF
8007.11 Fl 1001 x 4061 -(O) Double>single ADEI ABCDEF
8012.18 CA 3522 x 4061 . Double AC ABCEGM
8013.14,15,16 CA 3522 x 4061 + Double AEK ABCEGM8017 CA 3522 x 4061 + Double ADEK ABCEGM 
'.() =Anabaena were present outside the leaf cavities at early stage of F,development, but were inside feat 
cavities later. -(0) Anabaena were outside leaf cavities, and eventually disappeared 'SKD = shikimatedehydrogenase. -PGM =phosphoglucomutase. 
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Table 23. SKD bands frequency Inzymograms of the Azolla section of the genus Azolla. 

Enzyme 
Species, types 

(no.) A B C 

Aca 20 85 10 40 
Amex 9 78 11 33 
Amic 12 83 33 58 
Afil 5 20 0 20 

All 33 73 1S 36 

SAca = Azolla carohniana, Amex = A. mexicana, Amic 

A. carolinianaand A. mne.kicana should be included 
in one species. Monoclonal antibody C16 against 
Anabaena cell, reacted with Anabaena from most 
of A. filiculoides tested and with a small group 
of A. caroliniana, which had G band in SKD 
zymogram. 

Progenies of 4018 (ABC) type segregated into 
AC and AB types, and those of 4061 (ACDE type) 
into ACE, ACD, and DE types. No segregation was 
observed in SKD alleles in the progenies of 
A.filicuoides (DI type). SKD zymograms also iden-
tified misclassification of some azolla, like #1538, 
which is unlikely to be A. filiculoides. 

SKD alleles analysis of A. pinnata and PGM 
alleles of Latin America . I.f'licuhoides is going iji. 

To make data bases and establish meams of identify-
ing species and strains of azolla. cheinotaxonomic 
studies will be continued until we can get finger-
printing of the collection, 

AvAtlAI.LrTY 01: AZOLLA N TO RICE 

The primary goal is to reduce dependence on chemi-
cal N fertilizer by using farm-grown sources. Basic 
knowledge of the use of organic fertilizer is an 
immediate concern. Nitrogen of azolla. a green 
manurecropfrom wetland rice, becomes available to 
rice after mineralization. A survey of field-g.own 
azolla in the Philippines showed a large variation in 
N content (2-6% on dry weight basis). 

The effect of azolla species and their chemical 
compo- ; tion on mineralization of N in azolla was 

SKD bands frequency (%) 
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= A.microphylla, Atil = A. filiculoides. 

studied. As P-enriched azlla strains of A. pinnara 
var. imbricata #5, A. mexicana #2026, A. micro
phylla #4018. A. pinnat var. pinnata #7W01 grew 
in thle field, their P contents decreased. From 12 to 
24 d after inoculation, P deficiency became severe, 
N contents decreased while lignin and fiber contents 
increased. A. pinnata var. pinnata had lower 
N content than other species. Plants with different 
N content were incubated for 4 wk in the laboratory 
under flooded condition to examine N mineraliza
tion. As N contents decreased, q N mineralized 
decreased. Correlation coefficients of %N mineral
ized at 2 wk incubation with N. lignin. and fiber 
contents (Table 24) show that N mineralization was 
proportional to N content, and negatively correlated 
with lignin and fibercontents. A. pinnatavar. imnhri
catahad lower mineralization at the same level of N 
content than other species. Mineralizable N peaked 
at 12 d after inoculation, when azolla started to 
become P deficient. After that, total N increase was 
not accompanied by increase in mineralizable N. for 

N became less mineralizabie because of P deficiency 
and high plant population (Fig. 19). These results 
show that N in azolla deficient in P and. hence, low 
in N. or in A. pinnatavar. pinnato with consistently 
low N content has low mineralization ratios. and 
probably low fertilizer efficiency. 

To examine fertilizer efficiency. N uptake of rice. 
and N balance in various azolla species with differ
ent N content, field experiments were conducted in 
1987 and 1988 WS, using azolla with low and high 

Table 24. Correlation coefficients among mineralization ratios at 2 wk incubation and 

contents of N,fiber, and lignin of azolla. 

Mineralization ratio N % Fiber % Lignin % 

Mineralization ratio 5.5 -0.66 -0.62 
N% 0.95 -0.61 -0.27 
Fiber % -0.69 -0.64 0.85 
Lig, ,n % -0.3 -0.16 0.54 
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19. N biomass and its mineralh/ation for 4 %k(Sep 1986). Api =A ollatpinnaJ var. inhricala. 
Amex = A. nietiana, Anic = A. ,nucrephylla. App = A. puuutua var. piL,,nlw(J. 

N contents. In one experiment, recoveries of azolla these recoveries. Itwas concluded that despite wide
'N in two consecutive rice crops were studied in variation in N contents of various species, azolla is
field microplots ( 1987 WS).A. microphvll gave the an effective N fertilizer to wetland iice. but fertilizer
highest N contents, and .4. pinnata var. pinnata with efficiency was primarily determined by azolla N 
1.8% N gave less than 50, for 8 wk. Field experi- content. 
ments showed that azolla N was effective in increas- In these experiments, higher N fertilizer recover
ing rice grain yield despite the wide range of N ies were calculated with the N difference method 
contents (Table 24). Linear correlation coefficient than with the labelcd N fertilizer method. To reduce
between N content and N recovery by rice (the the difference in total N uptake in rice between 
difference method) was 0.89 (Fig. 2(0). To get rice fertilized plants and nonfertilized ones, a concrete
grain yield increase comparable to those from urea N plot ( 1.5 x 1.5 in with bottom at 30 cm) was divided 
uptake. azolla must have at least 3.211 N. Similar to into two. and N fertilizers were applied in one-half'of
laboratory incubation data, mineralization ofN from the plot. A. microphylla with high N (3.7(/ ) and low
A.pintata var. pinnata was slow in the field, result. N (3.1%). A. pinnata var. pinnata (2.6(/(), and urea
ing in slow rice growth. The "N recoveries by rice were before rice wasapplied 	 transplanted. Grain 
were proportional toazolla N content (R=0.73, 1987 yield and N uptake in high NA. micrplv.la-treated
data): it was higher from azolla high in N content plots were higher than in urea-treated plots. A. pin
than from the same azolla species low in N. Recov- nata var.pinnata gave the lowest yield and Nupta!-e
eries by the second rice of '"Nremaining in soil after (Table 25). Difference in growth due to Ncontent', .)f
the first rice were higher from urea than from azolla; azolla was greater at early rice growth stage than at 
no difference among azolla sources was found in harvest. Difference in N recoveries by rice by the 
NREC non-isotope and isotope methods was small in7.5-	 A. pinnata var. pinnata plots, suggesting that "N in 

7.06.5 y 84available 	 N from slowly decomposing azolla wasy = 84.396-51. less diluted by unlabeled soil N thin was that in fast
6.5 	 5 decomposing. Because this research has clarified the 

6.0 relationship between azolla N content and fertilizer 
5.5 	 efficiency in wetland rice, this activity will be termi
5.0 nated. 

-4.5 , NREC 

4.0 - ", Water and tillage management 
3.03.5

1.6 1.8 	 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 CROPPING IN RICE IRRIGATION SYSTEiMS 
Azolla N (%) In the Philippines. as in many otherAsian countries, 

20. Relationship between azolla Nand N recoverybyrice(NREC), irrigation systems were developed mostly for rice -
1988 field experiment, rice cropping systems. The scarcity of vater supply 

32 IRRI program report for 1990 



Table 25. Effect of azolla and urea on rice yields, N uptake, and N recovery to rice, field 
experiment, 1988 WS. 

Nsource Rice yields (tlha) Applied N Recovery 
N (%) N absorbed (difference) 

Species, N content Grain Straw (kg/ha) (kgiha) (%) 

Control 3.2 2.6 0 56 
Urea 4.0 2.9 45 82 56 
Amic High 3.2 4.1 3.1 46 81 55 
Amic Low 2.49 3.7 3.0 44 73 39 
Api High 2.94 3.9 3.2L, 47 70 45 
Api Low 2.49 3.7 3.1 47 63 32 
App High 2.57 3.8 2.9 47 75 42 
App Low 1.80 3.6 2.6 48 73 36 
Amex High 2.93 3.8 3.2 49 76 41 
Amex Low 2.58 3.8 3.2 49 75 41 
Amic hybrid 3.58 4.2 3.3 45 88 71 

SE 0.1 0.4 13 20 

"Amic =Azolla microphylla, Api = A.pinnata var. imbricata, App = A.pinnata var. pinnata. Amex = A mexicana 

in DS has, however, consistently caused low crop-
ping intensities in these systems, and tail section 
areas of most irrigation systems are deprived of DS 
crops. In recent years. there has been increasing 
concern as to how the low levels of land utilization 
and low incomes from rice production could be 
improved. Growing diversified crops in DS, which 
require less water than rice. may provide a practical 
solution to these problems. Is the rice irrigation 
svsten infrastructure capable of meeting the irriga-
tion needs of nonrice crops'? Can irrigation water be 
i:dequately controlled at the farm for growing non-
rice crops'? How should irrigation water be managed 
to provide fanners the flexibility of crop choice, and 
to improve water use efficiency and land productiv-
ity? These questions and issues constituted the cen- 
tral theme of a collaborative research with the Inter
national Irrigation Management Institute III). 
Research was conducted during 198X-90 in Bangla-
desh, Indonesia. and the Philippines, in partnership 
with concerned NARS. 

IRRIGATION INI-RASTR:(CTIRt- COMIAVFIBILITY 
BET\I-±N RI('- .\Nt NONRICE CROPS 

In general, water control and distribution facilities at 
the main system level of rice irrigation sy,,!ems arc 
sufficiently flexible to support the irrigation needs of 
nonrice crops in DS. Rice irrigation systems are 
amenable to establishment of rotational irrigation 
supply schedules suitable for both rice and nonrice 
crops in DS. 

We found that adequate supply of iigationv ater 
was a necessary, but not sufficient, condition for 

farmers' shift from rice to nonrice crops in DS. In 
areas where the soil was not very heavy and drainage 
was satisfactory, economic incentive was the main 
driving force for this shift. When such incentive 
existed, farmers invested money to develop on-farm 
groundwater to supplement canial supplies for non
rice crops. especially in areas that are at the far ends 
of irrigation canals. Groundwater users achieved 
significantly higher incomes from their farms in DS 
than did nonasers. In general, fanners with access to 
adequate supply of water can best exercise their 
cropping options. Fluctuating and low prices of 
nonrice crops often force small farmers to switch 
back to rice after growing nonrice crops for one or 
more seasons because rice culture provides a more 
stable income. 

ON-FARM INIFRASTRUCtLR- ADAI'TATION 
FOR NONIZICI- CR()PS 
The study was conducted in two selected irrigation 
systems in Central Luzon, Philippines, namely: the 
Upper Talavera River Irrigation System (UTRIS) 
and the San Fabian River Irrigation System (SFRIS).
The farmers in both systems have a long history of 

growing irrigated nonrice crops. mostly onion in 
UTRIS and tobacco in SFRIS, during DS. The study 
area consisted of three turnout service areas (TSA) in 
each of three land use categories: areas growing 
mixed rice and nonrice crops, areas planted entirely 
to nonrice crops, and areas planted entirely to rice. 

Forgrowing nonrice crops on rice paddies during 
DS. certain structural adaptations depencent on the 
crop were required. To grow onion in UTRIS. farm-
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ers divided and reshaped their original rice plots, 
which were larger than 500 m2, into 2 or more 
subplots. About 80% of the plot area was effectively 
used for growing onion and the remainder was used 
as buffer and for the construction of additional 
ditches along the plot or subplot perimeter to inter-
cept seepage front adjacent farm ditches-rice or 
onion plots-and to facilitate irrigation water appli-
cation and the removal of excess water. In contrast. 
the SFRIS farmers who grew tobacco after rice 
maintained the original size and shape of rice plots. 
and no additional or-art sater control structures 
were used. 

Within the TSA. additional internal and supple-
mentary farm ditches were required in DS to convev 
water from the main supply canal and the main farm 
ditch to the farms. In LITRIS. the aserage farm ditch 
density (FDD) during DS increased about 3.5 time,, 
in lands used for mixed rice and nonrice crops. or 
only for nonrice crops compared to the FD) in areas 
where only rice \as gros n in VS or DS. In SFRIS. 
only about 30 more farm ditches w,,ere used for 
irrigating the nonrice crop in DS. These additional 
farm ditches w,\ere seasonal and \,ere erased during 
WS when tihe area ,ztsused for rice culti ation. 
There was no chance in the FIJI) betseen WS and 
DS in the land planted entirely to rice. 

The land area used for the construction of ternpo-
rary farm ditches inDS w% n/ha (or aboutas 315 
3.5% of the TSA) in UTRIS. but only 60 tn-/ha for 
about 0.6%,( )in SFRIS. The difference is due to the 
water application methods for onion and tobacco. 

It cart thus be inferred that tile main faint ditch and 
the essen~al %% control structures such as turnouts,ate 
division boxes, and check drops wwhere necessary). 
wkhich were provided and maintained for rice, are 
suitable for adequately supporting the basic irriga-
tion requirements ofdiversilied cropping inl)5. On-
farm ditches ;nd other s atercontrol facilities needed 
for growing nonrice crops in DS mtut be handled by 
farmers according to their specific needs. 

MA.NA;I(, tiGt w A t: tABLE nOR 
DIVERSIFIED CROPPING 
In parts of rice irrigation systems. especially in 
topographically flat tailend areas, the subsurface 
water table may remain very close to the ground even 
in DS because of continuous percolation and seep-
age from unlined canals ard irrigated ricefields. 
However. nonrice crops can be satisfactorily grown 
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only if the water table is effectively lowered. With 
proper regulation, the water table can be used as tile 
source of irrigation for the crop root zone by the 
capillary rise phenomenon as in subirrigation sys
tens. The prospect of water table lowering and 
regulation to introduce flexibility of crop choice was 
investigated in a farmer's field within the service 
area (TO: MC-14) of the Lower Talavera River 
Irrigation System. Nueva Ecija, in 1990 DS. The 
field, which was adjacent to an unlined irrigation 
canal and surrounded by irrigated ricefields on three 
sides, had a flat topography with a slope of about 
0.251( perpendicularly away from the canal. The 
fai had silty chlav loan soil andihad been planted to 
rice in both seasons. 

The water table control %\.as estahlished by use of 
drainage-curn-interceptor channels in 20- X 10
plots with the following specifications in a random
ized complete block experimental design (R('1BI) 
with four replications: 

TI. Drainage-cturn- intereptor channel, 50 cm
 
deep. constructed around the perimeter ofeach plot.
 

"I'2. lso drainage-cuntn-interceptor channels,
 
31cm deep. constructed at tie tso sides of each plot. 

T3.T2 plus one channel in the middle of the plot. 
T4.No special water table control Up to tie end of 

the vegetative phase and then same as T3. except that 
the channels were 2t0 cni deep. 

T5.No special water table control throughout the 
season. 

Each channel had a nearl\ rectangular cross
section and was 30cm ws"ide. constructed by use ofa 
country plow and shaped manually after completion 
of land preparation. These channels were connected 
to tileexisting drainage ditches of the rice irrigation 
sxstem. Ilybrid \ello% maize (variety: SM(' 305) 
wsas grown on ro%, witlh 16()-40-40 kg NPK/ha. No 
irrigation %raterwas applied for any of tie treatment 
areas. Irrigated rice was growmi on three sides of the 
maize plots. 

The average %satcrtable depths during the vecge
tative phase of the crop were 15, 13. 12. 5. and 5cm 
forTI. T2,"'3.T4,and T5.respectively. In each plot, 
the water table depth was higher in the middle than 
at the sides. and the average plat height at the 
vegetative phase was highest inthe middle and 
gradually reduced toward the sides. This indicated 
that water interception role of' the treatments wsas 
effective and that plants at the sides suffered more 
front lack of aeration due to shallowver water tables. 
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21. Correlation between ,,ater table depth and yield for mai/e 
gro%n in LovwerTalavera River Irrigation System area. Philippines. 

1990 DS. 

For each cm lowering of the water table. there was a 

yield increase of 0.35 t/ha (Fig. 21 ).Treatment TI 
was superior to the others in all respects: lowering of 

water table, plant height, rooting depth. and crop 
yield. T2, T3, T4,and T5 (control) had similareffects 
on the above variables. There was no sign of water 
stress in any crop plot, indicating that the subirriga-
tion phenomenon worked adequately for supply of 

water to the root zone. 
TI yielded a gross margin that was about 45% 

higher than that ofT2 or T3 and more than twice that 
of T4 or T5. TI water table control produced 26c/( 

TILLAGE AND WATER-LIFTING EQUIPMENT FOR 

INCREASING RICELAND PRODUCTrIVITY 

Hydrotillers for wetland preparation. For the past 
2 yr. the IRRI Hydrotiller, a floating power tiller for 
wetland preparation, has seen increasing acceptance 
by manufacturers (9 in the Philippines. I in Indone

2 in Vietnam. and I in India). The original 
machine (I-rn working width and 7.5 kW engine 

size) has proven itself capable of puddling, leveling. 
weed control. and green manure incorporation. In 

well-managed fields, two passes are sufficient for 
irrigated conditions. For very small parcels, terraces. 
or areas of tall levees, and for research trial plots, 

there has been a need for a smaller hydrotiller of 

lighter weight that can be carried by just two people. 
Two smaller hydrotillers mini and micro hydrotillers) 

accordingly designed and developed.They use 
similar power train, with V-belt drive through final 

chain and sprockets to the rotor, as on the regular 
hydrotiller. However. the density of residues or 
green manure that can be incorporated is less. 

Both designs puddle the soil in a similar fashion 
as the I-m hydrotiller does on wetlands and water
logged areas. They have dual and adjuslable pon
toons that leave no trails, thereby saving additional 
leveling costs and other operations. 

The mini and micro hydrotillers have these fea
tures and specifications: 

Mini Micro 
Working width (cm) 80 60 
Weight without engine (kg) 51 48 
Length (cm) 150 145 
Height (cm) 85 75 

LRecommended power, tip 5.0 3.5 

grown in adjacent areas on the same farm (Table 26). (Purchaser advised to select engine with half-

The results indicate the possibility of growing non
ricectu~ighwatri DSon tbleares b us speed drive shaft. e.g. 18010 rpmi camshaft drive.) 

higher gross margin than that from irrigated rice

rice cop, in DS on high water table areas by use ofof Average field capacity for 8-h day: 

temporary drainage-curn-interceptor ditches and of Avrage fiel pat for 8- day: 

achieving higher economic returns than that possible 
Second pass (single pass) 1.69 ha

from rice. 

Table 26. Costs and returns from maize und,.r different levels of water table control as 
compared to rice, LTRIS, Nueva Ecila, Philipp!nes, 1990 DS. 

Yield Channel Total value Total cost of Gross 
Treatment (t/ha) construction of output production margin 

($/ha) ($/ha) ($/ha) ($/ha) 

T1 7.3 40.8 1488 499 948 
T2 5.5 16.3 1106 446 644 
T3 5.6 24.5 1126 449 653 
T4 3.5 1.6 712 391 320 
T5 3.3 - 672 385 287 

Rice 6.2 1256 501 755 
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Field evaluation of IRRI Hydrotiller designs. 
An estimated 3,000 regular Hydrotillers are cur-
rently at work in the Philippines. Design improve-
ments continue and one of the recommendations is 
that manufacturers install the more recently avail-
able engines with half-speed drive shafts forcheaper 
and yet more durable belt-drive configurations. 

To make more precise recommendations, we 
assessed actual power demand using an on-board 
dynamometer and data reduction equipment at dif-
ferent puddling speeds and blade angles of the 
cagewheels. The following are our findings: 

1.The optimum axle speed was 243 rpm. 
2. At lower axle speeds, less power input was 

required but puddling results were less satisfactory, 
and multiple passes were required. 

3. Higheraxle speed required higherhorsepower. 
which was wasteful and did not meet optimum 
puddling quality criteria. 

4. The normal maximum power requirement 
under ideal soil conditions at 243 rpm was 5.06 kW 
for the I-m Hydrotiller: 

5. Power requirement was affected by cagewheel 
blade angle, in which 'Tlatter'" approach angles (<25") 
produced more effective puddling but required higher 
input power. Optimal angle is considered to be 15" 
backward from the radial configuration. 

THE IRRI TWIN-FU:RROW PLOW 

Land preparation with the traditional carabao-plow
 
is time-consuming and laborious-it takes more 

than 65 km of walking behind the draft animal to 

plowv a hectare. 

We built several prototypes. the key feature of 

which is the thin share, moldboard shape, and atten-
tion to depth control, to keep the draft effort within 
reasonable limits and the capacity of a single cara-
bao. 


Field tests were conducted in severol locations to 
evaluate the plow on different soil types and condi-
tions: on clay to clay-loam soils. with short to long 
stubble, and in weedy fields. Results showed that one 
of the prototypes performs well: it is lightweight and 
easy to operate, and produces more uniform depth 
and plowing finish. The average draft requirement is 
67.9 kg, which is about 18/. higher than for the 
traditional single-furrow plow. 

Twin-furrow plow specifications. The twin-
furrow plow is an animal-drawn moldboard plow 
consisting of two 3-mm-thick stainless steel bot-
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toms. The moldboard shape has been modified for 
low draft and the two moldboards are mounted on a 
common beam. A 30-cm tandem spacing was suffi
cient for good trash clearance. Other specifications 
for the plow are 

All-up weight 10 kg
 
of plow
 

Average draft 67.9 kg
 
requirement
 
(typical conditions)
 

Width of cut 32 cm 
Depth of cut 8-10 cm 
Capacity Twice the capacity of 

the traditional plow 
and within the 
comlortable range 
of a single average 
carabao
 

Specific draft 0.27 kg/cm' 

Management of direct seeded rice 

Direct seeded rice (DSR )continues to expand in area 
and importance in South and Southeast Asia. where 
fanners are mostly concerned about lowering the 
cost of rice production through labor-saving tech
nology in a falling rice price scenario. The additional 
knowledge we gained in 1990 may help resolve 
some problems in this production system. 

EFFECT OF SOIt. MANAGEMINT PRA(TICES 
ON'GERMINATION AND S..xNt) ESTAIBtLISIMENT 
INDSR 
A series of greenhouse and phytotron experiments 
was conducted to evaluate some of the production 
practices that affect germination and stand establish
ment of direct seeded flooded rice. 

Varietal screening. Twenty seeds each of indica 
and japonica varieties-0 seeds/box-were sown 
in Maahas clay soil (Andaqueptic Haplaquoll). The 
soil was maintained at saturation. There were dis
tinct varietal differences in the germination percent
age of IR5, IR42. IR47. IR54, IR64. and IR74. which 
had at least 95%4 germination prior to straw incorpo
ration. With straw incorporation, however, germina
tion dropped to 3214 in some varieties. 

Water and straw management. Greenhouse 
and phytotron studies were carried out using ajapon
ica variety Donjin Byeo and indica rice IR42 on the 
main plots. with and without rice straw as subplots, 



at water depths of saturation, and 2.4. and 6 cm as 
sub-subplots. Phytotron studies were carried out at 
21/26 "C night/day temperature. Seedling establish-
ment rate, highest under saturated conditions, de-
creased progressively up to 6-cm woatcr depth. Shoot 
weight, dr'matter, and chlorophyll content decreased 

with increased water depth. 
Straw incorporation into different soils. IR42and 

Dotijin Byeo were grown on three soils: Maahas 

clay. a saline soil. and a red uncultivated soil from 

Caliraya, Philippines. Waterdepths were naintained 

at 4 to 6 cin throughout the experiment. Table 27 

shos s dissolved oxven levels as affected by straw% 

incorporation. Dissolved Oxyg ,ntent and shoot 

weight were inversely correlateo %kith ssater depth. 

L.ND AN) ',AsILR StAN *\( MI:\,t RtA)t IRtAINIS 

SI.I-DI.t
OF l)IR-r RI('i: 

In 1989-90 DS. %%econducted a study in the Upper 

Pampanga River Integrated Irrigation S.v stem 

(UPRIIS . the premier irrigation facilbty in thL rice 

bos Iof the Philifippiles. to determ inc the differential 

h\drologic and land mnanagenient requirements as-

sociated \%ith the shift from transplanted rice ITPR) 

to DSR. and amniers" :easons for that shift. Tne 

survey in\ olved 141 farmers from three areas: arer: 

dominated b, DSR. area htniMinated b TPR, and 

area \%ith a nearl. equai mixture of the tmso. A field 

experiment in the Central Luzon State Unisersits 

Table 27. Change indissolved oxygen (0jconcentra-
tions of the standing water during seedling growth. 

Treatment 0 (ppm) after sowing 

Straw Water level 1wk 2 wk 3 wk 

Japonica DonpI(Byeo 
With Saturation 5.0 6.5 6.2 

20 3.1 59 5.7 
40 29 5.1 5.4 
6.0 2.4 5.2 46 

Without Saturation 51 64 6.1 
2.0 3.0 5.8 5.5 
4.0 2.5 5.5 53 
6.0 2.3 50 50 

Indica IR42 
With Saturation 5.3 6.5 62 

2.0 3.5 5.9 5.6 
4.0 3.0 5.6 4.8 
60 2.6 4.9 4.3 


Without Saturation 4.4 6.7 6.4
 
2.0 3.4 6.3 5.9 
4.0 3.2 5.7 5.1 
6.0 2.E 5.2 4.6 

experimental farn. Mshich is part of LIPRIIS. sought 
to establish a comparative perforniance profile of 

I)SR and TPR trader various 5,ater regitnes. 
Ninety-three percent of farmers considered the 

capacity of the land to control satier as tilemost 

essential prerequisite to successful direct seeded rice 

culture. All airmers cotsidered submlergencC from 

excess wlater at the crop establlishtnent period--

Mhen the seeds are sos n or sshen plants are still ver% 

young-as the tuost acute prohletn to guard against 

in shifting from TPR to DSR. About 80'; used 

additional drainage channels ssithin the farm plots 

to drain excess \later quickl. Undulating and Lin

leveled lands s.erc cOtsidered ulsuitable for DSR 
because such lands trap ssater anld pre%ent the gerti

natioti of seeds . )5' of the lartnersNo .-\tbotlt 

practiced forl)SR an additionl landI lecling opera
tion bcxond the normal for TPR. The, also 2as e 
DSR extra super\ ision in the first 15 d after seeding 

to ensure a subsattirated soil condition for better 

rootitng and to protct the seedlings fron subtier

gence in excess ssater and fromt rats and birds. After 

that period. %kAtr itianagleit practices -,ere prac

ticall, tile TPR arc:s.same for l)SR ani 

All famrners culti\ atinc l)SR bele ed .ields %ere 

higher than those of TPR in conditions of 55ater 

shrlrtCe. 

Dt-iFRE'I\tI \, 'ROI )I 1ill \Nl; I|H.ltAITIII.IY 

Farmers used higher Ic el, of cheniical fertili/er for 

DSR than for FPR. I)SR farms s ieldcd artas eraue 

5.4 t/ha. t/'ha aserace IPRor (.3 higher than the 
_i.-_ - Lab(or f(r each hecttre as eragcd I.nian-d for 
I)SR and 25 man-d liriTI'R. ()n the average a farnter 
practicing I)SR culture a..hies ed an extra net return 

ofthlt gain s'.as fromt savings111/ha. About 55 
in labor cost for tratisplanting: 'thereiaintder sas 
niostls from the \ ield difference. 

of I 

Nt. tIl 5,\tI:tDII-I.REN l Si. RI,;51'(i 

%\l A(iI. lIs I RF(;IO l:S 
A cotpletclk randonited. split-plot experinlent swith 

as conduLcted s% 
nain plots. and 4 s ater reginies insubplots It x 5 I1 
4 replications %% ith DSR and TPR in 

in si/c. The sater nagement regitnes, iaintained 
fron crop estahlishmentito the terminal drainage 
before harvest. ssere Co[ltinuOLus staIditig skater 5-7 

cm deep (W I: saturated soil. sihich required 2-cni 
,,ater applied ever\ other day IW2): water regime 
betsen ,aturation and sshich rec field capacity. 
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quired 2-cm water at 4-d intervals (W3); and reirri- Table 28. Total water-requlred Inthe experimental plots
gation with 5-cmgatinwaterwth w"hen-cmwatecracks appeared in the for direct seededwhn cack and transplanted methods of riceappare inthe cultivation;, 1989-90 DS.
soil, which required water application at 7-d inter
vals (W4). Land preparation was the standard pud- Water requirementb (mm)
 
dling practice, which used 275 mm water. The soil in Wate r
regime Direct Trarisplanied Difference Meanthe crop root zone was silt' clay loam. IR72 rice seededvariety was grown in all plots with 120-60-60 kgt plots Wi 1303 a 1255 a 48"" 1279 a 
NPK/haand standardcropprotectioneasresTPR W2 1068 b 1042 b 26 ns 1055 b 
plots used 31 -d-old seedlings. W3 713 d 725 d -12 ns 719 d 

For all water regimes combined, DSR proctuced a W4 993 c 1015 c -22 ns 1004 c 
significantly higher yield than TPR. but for individ- Mean 1019 1009 10 1014 
ual water regimes the differences were not statisti- 'Includes 275 mm water used in land preparation. In a column. 
call'. sienificant, DSR produced 1.2 t/ha (or 29%Spthe means followed by acommon letter are not significantly different att%level of LSD. significantly different at 1%level by LSD.higher yield) under moderate water-short conditions ns = not significant
 
of regime W3. The yield difference narroved dow,n
 
to 530 kg/ha (or 17(/ ) in the severely vater-short Fluxes of' NiH 
 from BSFR was 0.4 kg/ha per h 
condition of W4. With continuous standing water or 2d alter fetilizer application and remained between
saturated conditions. DSR and TPR yields did not 0.2 and 0.3 kg/ha per h up to 7 d (Fig. 221. With 
significantly differ. randomly TPR, NH, flux of about 0.6 kg/ha per h was

Water regime W4 used more water than did W3, measured 2 d after N fertilizer application and re
because in W4. cracks de',eloped in the soil before mained high up to4 d. With BSFR, highest NH, flux 
each irrigation application. aid thus average perco- was 0.8 kg/ha per h. 3 d after fertilizer application
lation loss ,, is higher. We conclude that the inter- (0.5-0.6 kg/ha per Ihon the first 2 d. 
mittent irriLation practice must prevent soil crack
ine. Both DSR and TPR used about equal amounts of NH3 flux (kg N/ha per h) 
v :r under water regime WI . In W2, DSR had a 
.ater-saving of 18, -and TPR 14r%4 compared with 0.4- Broadcast seeded
 

W I (Table 28). Greater savings could be achieved in
 
W2 if water was applied at I-d intervals to keep the 0.2,
 
soil saturated. 

j- .. . __. _ _. . V - _ ' _ . 

AMMtONIA VOI.ATI.IZATION AS AFFECTED 0.8'- Row seeded
 
BY fPLANTING MtiTIIOD iwith drum seeder
 

Because of labor shortage, direct seeding is more 0.6L
 
likely to be widely practiced. However, weeding is
 
difficult in DSR; hence. IRRI engineers developed a
 
drum seeder to mechanize direct seeding as well as 0.2
 
to provide rows for the mechanical weeder to pass 0
 
through. 

A field experiment in Victoria. Laguna, com
pared the ammonia (NH,) volatilization loss from 0.6 j Randomly transplanted
 

broadcast seeded flooded rice (BSFR). rice row 0.4
seeded with drum seeder, and randomly TPR. The 
mass balance micrometeorological technique was 02' 
used to measure NH, volatilization loss. BSFR hin
ders wind passage because of its scattered architec- .-
ture. This explains the lower NH, volatilization loss 0 1 2 3 4 5 6 7 8 
in BSFR than in TPR when N fertilizer was applied Days after fertilizer application 
21 DAS in BSFR and II d after transplanting (DT) 22. Ammonia fluxes from urea applied to broadcast seeded, drum

sceded, and random planted IR72 in circular plots. Victoria.in TPR. Laguna. Philippines, 1990 DS. 
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3 loss (%)of applied N 	 150 kg N/ha for DSR gave substantially higherCumulative NH
40 r grain yields than the same amount of N applied 

i basally. A total oflI 5(Okg N/ha was variously applied 
in 2,4. and 6 splits to a high tillering cultivar. IR58. 
and a relatively low-tillering line, IR25588-7-3-1, 
direct seeded in rows at the rate of 100 kg seeds/ha. 

Grain yield was highest when one-halt of N was 
applied basally and the other half split into three 

o rslanted applicationsat later stagt.s of gro , Ih(Table 3,). The
10 	 seeded with drum seeder ~il d 

0ro 
-Row 

ad st w 	 advantage from multiple split applicationsseeded 

than I t/ha over all basal or 2 split applications 
0 1i-.more 

7 8 of N-was duie mainly to more spikelets per panicle
03 	 4 5 6 

Days after fertilizer application and higher percentage of filled spikelets. 

Ioss trm urea applied to broadcast seeded. Comparison of 75-0-0-40-25-10 with 25-25-25
23. Cumulatire Nti 
drum ,eeded. and random planted IR72 ncircularplot,.V ictoria, 40-25-10, which differed in N management during 
Laguna. Philippines, 1990 LS. the vegetative stages but not during the reproductive 

stages. indicates that splitting of 75 kg N/ha during 

Cumulative NH, losses from row-seeded rice and the vegetative stages did not result in grain yield 

TPR 138%) were similar and higher than that from increase over the same amount applied basally. 

BSFR (27%) (Fig. 23). Grain yields of randomly Comparison of 75-(-0-40-25-!0 and 75-0-1-25-40-

TPR and BSFR IR72 were also higher than that of 10 indicated that an alternative split N management 

row-seded rice with N fertilizer topdressed at 21 during the reproductive phase did not h.,ve a signifi-

DAS or I I DT (Table 29). However, with 2/3 basal can; effect on grain yield. 
in the previotis experiment. loN-tillcringand incorporated + 1/3 at 7 d before panicle initia- As 

tion. all planting methods gave similar grain yields. IR25588-7-3- I gave higher grain yield than IR58. 
IR58 groin yield was more dependent onwhich weresuperior to thos.e with N topdressed at 21 


DAS or I I DT. panicles/n'. while spikelets per panicle w%
ere more 

Results suggest that randomly TPR play: a role important in IR25588-7-3-1 (Table 30). In low

similar to that of BSFR rice in reducing N loss tllering c'iltivars, grain yield is largely from early' 

through NH, volatilization. BSFR has the added tillers-mostli' primary and some secondary-which 

advantage of labor savings. 	 produce relatively larger and heavier panicles. But in 
high-tillering cultivars, a large number of sccondary 

and tertiary tillers with small panicles contribute toNITROGEN MA\NAGENI-NT ANt) PLANT TYPE 
grain vielJ. Results show that low-tillering cultivarsFOR PUDDI.EI) ROW-SEE-DED RICE 

A field experiment during 1990 DS followed up our and multiple split applications of r, would be more 

initial findings that multiple split applications of appropriate for flooded, row-seeded rice. 

Table 29. Grain yield of IR72 as affected by planting method. Victoria, Laguna, Philippines, 

1990 DS. 

N (kg/ha) timing, 	 Grain yield (tha) 

B&I 21 DAS or 7 DBPI API Broadcast Rice row Randomly Transplanted 
11 DT seeded seeded with transplanted rice 

flooded rice drum seeder rice 

0 0 0 0 4.4 4.3 5.3 4.7 
27 7.2 6.1 7.2 7.053 

53 - 27 8.0 8.2 7.9 7.9 

LSD (0.05) 0.6 
531 27 7.6 6.9 7.4 

•B&I = basal and incorporated insaturated soil. DAS =days after seeding. DT =days after transplanting. DBPI 
= days before panicie initiation, API = after panicle initiation 'in circular plot. 
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Table 30. Main effects of N management and variety on grain yield and yield components.
IRRI, 1990 DS. 

N management
(kg N/ha) at 

different DAS' 

None 
150-0-0-0-0-0 
50-0-0-100-0-0 
75-0-0-75-0-0 
100-0-0-50-0-0 
75-0-0-40-25-10 
75.,0-0-25-40-10 
25-25-25-40-25-10 

SE 

CV (%) 


Variety
IR25588-7-3-1 
IR58 

LSD 

CV (%) 

'Basal- 14-28-42-56 DAS 

Grain Spikelets/
yield ml (x 101) 
(t/ha) 

2.4 e 15.9 c 
5.2 bcd 31.3 b 
5.4 bcd 36.2 ab 
4.9 d 39.4 a 
5.2 cd 36.8 ab 
6.0 ab 37.0 ab 
6.3 a 37.0 ab 
5.7 abc 35.7 ab 

0.3 2.8 
13.1 16.8 

5.4- 33.5 
4.9 33.9 

0.4 ns 

12.0 13.6 

- heading 

GRAIN DENSITY, SEEDLING Qt'AITY, 

AND CROP EST.\ILISIIMENT 


In DSR. seed quality is very important since seedling
selection is not possible. Studies were made on the 
importance of high-density (lID) grains or quality 
grains on DSR crop establishment. 

Ten rice cultivars with kno kn [ID grain index 
were grolped into HD grains (specific gravity of 
1.20 and above) and low-density (LDI grains (spe-
cific gravity I.05 to less than 1.20). 
" H.) grains generallh, had higher gennimation per-

centage and fewer abnormal seedlings than LD 
grains. 

* 	 The electrical conductivity (E) of seed leachate 
in LD grains wa.,. 60(4 higher than in iD grains, 
The low%membrane integrity of LD grains might 
be responsible for the poor vigorand moreabnor-
rmal seedlings developed, 

" Average seed weight was higher in HD grains, 
Leaf area, leaf weight. mean relative growth rate,
and amount of carbohydrate utilization by the 
seedling were higher in IIID than in LD grains in 
all cultivairs, 

* 	 Under field conditions, seedlings from lID grains 
showed better plant growth, 

• 	 By using HD grains, seedling growth can be in-
creased by 25 to 50%( at a reduced seeding rate. 
The practice can increase the chances for better 
crop establishment. 

Spikelets/ Filled 1000
Panicles/m panicle spikelets grain 

(%) wt (g) 

371 b 44 d 89 a 23.4 ab 
533 a 59 c 87 ab 24.1 a 
560 a 66 abc 77 c 22.6 bc 
564 a 71 ab 79 c 22.1 c
564 a 65 bc 80 c 23.0 bc
 
514 a 
 73 a 79 c 22.9 bc 
509 a 73 a 85 b 23.1 b
5110 a 70 ab 84 b 22.5 bc 

31.2 3.2 1.8 0.4 
12.1 10.2 4.5 3.4 

464 71 81 23.4
570- 59 84" 22.5 
45 5 2.4 0.4 
12.6 10.6 5.7 2.4 

NIFROGEN APPI.I(ATIONS .IMIN(G FOR 
CONROt. OF IBRO.AIDCASI SIEDII I.)lO)EI) 
RICE WTTI)S 
During their early growth stage,, rice crops and 
weeds compete for N but because weeds usually 
grow flaster than tie rice crop, they absorb greater 
quantities of available N. To maximize N use effi
ciencv and minimize weed growth, the present ap
proach is to take out weeds and apply N fertilizer. 
Withhc:lding N application untii afterthe weeds have 
flowercd or when N uptake of weed has virtually 
slowed down isalso apromising technique. Delayed 
N 	 fertilizer application is effective in BSFR where 
initial rice plant population is normally high and 
early N application for tillering purposes may not be 
needed. Also, weeds flower much earlier than do 
most rice cultivars. The rice crop could use the N 
applied during late crop growth stage, for example, 
at 	 the onset of panicle initiation (F,) for panicle 
development and spikelet filling. 

Experiments at IRRI in 1990 DS and WS exam
ined the effect of rates and timing of Napplication on 
weed competitiveness, N uptake, and grain yield of 
BSFR. In DS. all of N at 60 or 120 kg/ha was either 
broadcast and incorporated (B&I) before seeding or 
topdressed 5 d before panicle initiation (DBPI) on 
unweeded fields. This treatment was compared with 
a 120 kg N/ha standard split treatment applied 2/3 
B&I + 1/3 at 5 DBPI in weeded fields. Treatments 
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Table 31. Weed density, panicledensity, Nuptake, and 
grainyield of unweeded broaccast seeded flooded IR72 
as affected by rate and timing of N application., IRRI, 
1990 DS. 


N rand eesi'd anity N Gind(kg/ha) and densitys density uptake3 yield 

timingO (no./m ) (no./m- (%) (t/ha) 

No fertilizer N 
60, B&I 

60. 5 DBPI 
120, B&I 
120,5 DBPI 
120, 2/3 B&1 + 

1/3 at 5 DBPI 

64 b 
82 b 

416 c590 ab 0.81 c0.86 c 2.3d3.4 c 

50 ab 622 ab 1.09 b 4.4 ab 
94 b 562 b 0.80 c 3.7 bc 
47 ab 
8 a 

690 a 
611 ab 

1.36 a 
1.08 b 

4.8 a 
4.9 a 

- ~though 

1Av of 4 replications. B&I = broadcast and incorporated, DOPI 
da/s before panicle initiation. -Sampled at harvest. -Sampled 70 d 
after seeding 'Standard treatment, weeded. 

were laid out in arandomized complete block design 
with four replications, 

In WS,a strip block design with four replications 
was used with weeding regime (weeded and un-

weeded) as the vertical factor and N rate (0. 20. 40, 

60 kg/ha applied full dose at 5 DBPI. and 60 N at 

standard 2/3 B&1 +1/3 at 5 DBPI) as the horizontal 
factor. 

Tillage level (one plowing + two rototillings, 
plotsiz (3x 5 cultivar 1lR72).seeding rate) I001), 


kg/ia). N fertiliter (urea). and dominant weeds 
(Scirpis mnaritimus. Fintbrisvli.; miliacea. and 

Echinwihha lahre.scens) were common to both 

experiments. Earthen dikes 30 cm wide separated 
each treatment. Preplarting N %aiibroadcast into 
drained, puddled soil and was incorporated during 

land leveling. On the following day, pregenninated 
rice seeds, soaked in tap water for about 18 h and 

incubated in moist gunny bag fOr around 48 h. were 
broadcast onto plots. Weeding ,as done with preti-

lachlor/fenclorin at 0.3 kg ai/h;t applied with a 

hydraulic knapsack sprayer 3 DAS. Young rice 
seedlings were protected from golden snails Po

inaced cenaliculata by keeping the plots water satu

rated (luring the first 25 DAS. The biological para
meters reported here are those consistently respon

sive to the treatments. 
Although natural weed infestation was only 

moderate. N treatment effects were still evident 

(Table 31). Weed growth inplots with N B&I or 

topdressed at 5DBPL irrespective ofN rate, was les,; 
than or comparable with that ofthe standard N split. 

N application significantly increased panicle density
tile timing of Napplication did not. N uptake 

thug thiigo apiaindd o.Nutk 
of plants that received 120 kg/ha at 5 DBPI was 

significantly higher than that of plants in other treat

ments (Table 3 1). Standard split of N and the 60 N 

applied at 5DBPI gave similar N uptake. which was 

significantly higher than that with zero N and B&I 

treatments. 
Grain yield significantly increased with tining 

but not with rate. Doubling N rate within the same 

application timing did not further increase grain 
yield. However, yield significantly increa;ed when 

N application was delayed within the same N rate. 
Weed growth did not vary with N rate (Table 32); 

ho\ever. the difference in weed biomass betwkeen 

the weeded and unweeded plots at the same N rate 
was highly significant. suggesting that eed control 

xas effective. Although the weeds were already 

somewhere between 10 and 20 d of flowering, and 

were as stunted and yellowish as the crop at 5 DBPI. 
they resumed growth and attained full height as did 
the crop. 

The higher the N rate. the higher was N uptake in 

both weeding regimes The difference in N uptake 
between rates was mose distinct under unweeded 
conditions. 

Table 32. Weed biomass, N uptake, and grain yield of broadcast seeded flooded IR72 as affected by weeding and 

rate of N applied at 5DBPI." IRRI, 1990 WS. 

Grain yield (t/ha)Weed biomassb (g/m.) N uptake (%) 
N rate (kg ha) 

Weeded Unweeded Difference Weeded Unweeded Difference Weeded Unweeded Difference 

0.82 c 0.70 d 0.12" 2.9 c 2.2 b 0.7'No fertilizer N 5 a 164 a 	 -159'" 
" 

20 13 a 146 a 	 -133* 0.88 bc 0.82 c 0.06 ns 3.3 bc 2.7 ab 0.6 ns 
-131 - 0.93 b 0.96 b -0.03 ns 3.8 ab 3.0 a 0.8"40 1 a 132 a 

60 4 a 140 a -136* 1.05 a 1.06 a -0.01 ns 4.1 a 3.1 a 1.0*" 

40 181 +20 at 13a 11A; -105" 0.84bc 0.83c 0.01 ns 3.2c 2.6ab 0.6ns 
5 DBPI' 

split.1Av of 4 replications. +Atharvest. 'At 7.DAS. 'Standard 2/3 +1:3 
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Grain yield markedly varied with N rate in the 
weeded plots. But when the weeds were not re
moved. N rate had no effect on yield. 

Results indicate that applying N fertilizer shortly
before PI of the rice crop can considerably reduce the 
N needed by the crop. However, the weeds were 
apparently still in their active nutrient uptake stage 
when N was applied in IR72 at around 5 DBPI ,50
DAS). hence, the poor weed control. De!ay'ing fur-
ther the prepanicle initiation N application by plant
ing late-maturing cultivars should improve weed 
control. 

CONTINL OL S RICE CROPPING EXPERIMIENT 
The continuous rice cropping experiment initiated 
in 1962 continued up to 1990. It presented an oppor-
tunity to evaluate some of the improved IRRI early-
maturing saricties and genetic lines, and tested the 
capacity of thesoil to%withstandcontinuousone-crop 
cultisation under good management. There were 
some changes in varieties or lines used, but the four 
levels of N and two crop establishment methods 
remained the same as in pre%ious years. 

A I-ha field. Blocks B5-8. of the IRRI farm was 
divided into 4 equal blocks corresponding to 4 rep-
Iications. Each replication consists of"4 blocks. in 
which 4 Nlevels (t). 50, I(XJ. and 150 kg N/hat inthe 
DS and (). 3(). 60. and 90 kg N/hal during the early 
and late WS are assigned. Each block of N lesel is
subdivided into six plots where test virieties or lines 
are ;,',,igned. Each subplot is further subdivided into 
2 l,iots measuring 4 by 12 m for each crop establish-
ment method: transplanted and broadcast setded. 

Nine- to I I -d-old dapog seedlings are used for the 
transplanted plotts. Pregemiinated seeds are broad-

cast seeded at the rate of St- I(H) k ,cads/ha. Two-

third,, of the recommended N. 13 kg P/ha. and 25 kg 

K/ha are applied basally an-I incorporated during the 
final harrow ing. One-dird of .he recommended N is 
topdressed 5-7 DBPI. Weed control, insect control, 
and other cultural practices were itoptimum levels, 
A total of 7 to 10 d is allotted as turnaround time for 
3 crops grown during the year. 

As in the Jan-May crop of previous years. grain 
yields were al1wavs higher in DS than in WS (Fig. 24)
because of favorable climate. sufficient solar radia-
tion. and lower pest incidence. Low yields in earls 
WS OMay-Sep crop) were caused primarily by lodg-
ing: thoe in ihe late WS (Sep-Jan) were due to the 
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high incidence of rai and bird damage and high 
spikelet sterility. 

Numerically. TPR yields were higher than those 
ofbroadcast seededrice, t)ut thediffererces werenot 
sienificant. In places where labor supply is limited 
and expensive, broadcast seeding offers an advan
tage over the more laborious and expensive trans
planting. 

Summary
 

This project focused on critical knowledge gaps in 
different production systems for irrigated rice. Is
sues such as weed control continued to receive high 
priority while attention also focused on germination 
behavior in puddled soil. comparing broadcast seed
ing with random transplanting for reduced N losses. 
and improving N nanagement practices through a 
greater nuniberoffcrtilizerapplicatioin splits. Future 
research will evaluate physiological parameters for 
higher yield potential with crop, nutrient, water, and 
pest management dynamics using breeding lines 
tailored for high yields. 

Pest dynamics and management 
in irrigated rice
 

Pests are serious constraints to yield in irrigated rice. 
For the development of sustainable management 
strategies that will redi! ,e yield losses, knowledge of 
'he pests' dynamics is necessary. 



LARVAL PARASITOIDS OF THE RICE LEAFFOLDER 

In most cases, rice leaffolder (LFI populations are 
kept under natural control. Of more than 130 species 
of parasitoids known to attack rice LF in Asia. the 
larval parasitoids are most important. In Victoria. 
Laguna. Philippines. 17 species were found while in 
Zaragoza. Nueva Ecija, 10 were recorded in 1-)89 
WS. Amongthem. two braconids. Cardiochihsphil-
ippinensis and Maccroccntrusphilippinctsis. were 
predominant. 

Field samples of 20 hills from I m2 were taken at 
regular intervals. Mortality due to larval parasitiza-
tion was expressed as K-value (a measme of killine 
power) by the function, K = log (N/S).where A' is 
total larvae collected and S Ileunparasitiz.ed larvae, 
The relationship between K and larval density fitted 
well the density dependence model 

K = aN" 
where a and 1 are constants. The parameter hdeter-
mines the degree of density dependence. Parasitiza-
tion is directly densit. dependent. and slope, were 
(<b< 1 -Fig. implies that larval parasitoids25). Thi 
cause dampening of the e\ponential grow th of the 
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25. Plo, or lije den,,itr lar. tein Vitoria.K .alue again'+, of t.F 
Laetna. and Zaragoia. \ueva tLcija. Ph itlippine',. The ,,olid line 
o'the he+,t Betllin.+s'nodel: K'=i.\>"fit cur\ e of 

LFpopulations and play an extremely important role 
in regulating the pests' abundance. 

Functional responses of two braconid parasi
toids of rice leaffolder larvae. Parasitiz.ation rates 
are affected by host densities and age. parasitoid age, 
the test arena used, and environmental conditions. 
The parasitoid's response to host density is often 
tenned junctional r'sponse. Using standard condi
tions and varying only the character for investiga
tions. comparisons of the searching behavior were 
made using C'. philippint'nsis and Ml.philippinensis. 

Test arena sizes did not affect the searching 
behavior of the two parasitoids. Both the F-test and 
the nonparametric rank-sums test were not signifi
cant. Both parasitoid:, attacked the third-instar larvae 
efficiently lFig. o i. Differcnces vere due primarily 
to different satiation levels- parasitoids oi ages 3 and 
4 d were most efficient. In paired comparisons of all 
cases, the searching behavior of the two parasitoids 
did not significantly difter. 

Hosts parasitized (no.)
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SPATIAL AND TEMPORAL DYNAMICS OF TUNGRO 
We are using ageographical information system and 
a historical data base from the Department of Agri-
culture to plot the occurrence of tungro (RTD) in the 
Philippines. Sultan Kudarat Province in Region 12, 
where the disease is known to be endemic, was used 
as a pilot s+ite for technique development. 

A total of 354 (65%) RTD observations were 
recorded from 1983 to 1986 in 31 barangays in 6 
municipalities. The major cultivars planted were 
IR36, IR46. IR56, IR60, IR62, IR64 including a 
locally named Index 22. A number of local and 
unknown cultivars were included. RTD incidence 
was observed during the entire period but was lower 
during the 1983-84 DS and 1984 WS croppings,. In 
most cases. relatively high numbers of GLH were 
collected per 10 sweeps in major cultivars like IR36 
and IR64. which also recorded high RTD infection, 
More RTD observations were made during the vege-
tative phase than during the reproductive phase. Few 
infected plants were observed in the ratooned crop. 

BIOLOGICAL CONTROL OF BAKANAE DISEASF 

BY ANTAGONISTIC BACTERIA 

Bakanae or root rot of rice has gained economic 
importance because of the commercial cultivation of 
susceptible varieties. The pathogen Fusarium mo-
niifir-me is seedbome and soilborne. Under favo-
rable conditions, infected plants have the capacity to 
produce numerous conidia that subsequently infect 
proximate healthy plants. The disease can be con-
trolled by chemical seed treatment and use of resis-
tant cultivars. Breeding for resistance is top priority 
among all ,ational rice improvement programs. 
Efforts will have to be made to understand the races 

or strains ofF. moniliforme.There are economic and 
technical constraints in the use of fungicides. As 
bakanae is transmitted prnarily through seedhome 
inoculum, seed treatment wihh antagonistic bacteria 
as an integral part of disease management appears 
feasible. 

Out of441 isolates, 113 inhibited mycelial growth 
inF.monilif rmne.Thebacteriainhibitedtheconidial 
germination of the pathogen. The pli of aerated 
liquid cultures of antagonistic bacteria changed after 
I and 7 d of incubation (Table 33). 

In an experiment to determine the interactions of 
20 Fusariumisolates and 17 isolates of antagonistic 
bacteria. 3 isolates were effective against 5 isolates 
ofFusariun whereas the others were isolate specific 
(Table 34). When the two isolates of bacteria from 
Nueva Ecija were tested against Fusarium isolates 
from different locations, these were effective only 
against Fusarium isolates from Nueva Ecija. Laguna. 
and Leyte (Table 35). Bacterial isolates In-b-714 and 
In-b-715 were effective against 2 of 12 Fusariutn 
isolates from Laguna. 

DISTRIBt.TI(iN AND ('IIARAC'IERISTI(S OF SOILS 

StRI'RISSIVi- TO SIII-ATII IIiJIIT 
Soils from ricetields of IRRI, Cavite. Albay, Cam
arines Sur. Legaspi, Laguna, and six other locations 
in the Philippines were air-dried, powdered, and 
sieved through a 2-m sieve. The method of Ko and 
Ho(1983) was followed in determining the suppres
siveness of the soils. 

Isolates of bacteria from healthy plants (lowland. 
source 4) and rhizosphere of healthy plants (source 
8) afforded higher sheath blight (ShB) protection 
(maximum 75.9 and 76',. respectively) than those 

Table 33. Effect of 1-d and 7-d-old liquid cultures of antagonistic bacteria on conidial 
germination of Fusarium moniliforme and on pH of aerated liquid cultures. 

Conidial germination (0) pH of liquid cultures 
Bacterial isolates 

Id 7d ld 7d 

In-b-714 0 0 6.6 7.7 
In-b-784 1.7 0 6.7 7.3 
In-b-1 78 7.3 0 6.8 7.8 
In-b-722 8.3 2.7 6.6 7.6
In-b-715 9.3 4.4 6.6 7.7 
In-b-150 10.0 0 6.4 7.5 
In-b-17 22.3 0 6.6 8.2 
In-b-33 57.3 0.17 6.6 8.2 
In-b-520 23.3 1.A 6.6 7.6 
In-b-442 11.0 0.9 6.7 7.7 
Check 90 90 6.1 6.1 
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Tabie 34. B'.P..nae incidence in relation to isolates of Fusarlur and Isolates of antagonis
tic bactenia applied as seed treatment. 

Isolates of Bakanae incidence (%)
 
bacteria
 

F-2 F-13 F-27 F-22 


In-b-521 1.7 a 4.0 a 12.7 ab 5.0 ab 2.7 a 
In-b-442 3.0 a 4.7 a 8.3 a 3.7 a 3.0 a 
In-b-527 4.7 a 6.3 a 8.7 a 1.3 a 2.0 a 
In-b-715 18.0 b 18.0 abc 29.7 c 16.7 bcd 18.0 b 
In-b-33 24.3 bc 32.0 cde 64.0 fg 51.3 fgh 50.0 de 
In-b-520 25.3 bc 25.0 b-e 36.7 cd 19.3 cd 28.0 dc 
In-b-714 33.7 cde 19.7 a-d 24.3 bc 10.0 abc 23.3 b 
In-b-178 31.7 cde 35.3 de 60.7 efg 52.3 h 49.3 de 
In-b-837 27.0 bcd 14.7 ab 30.0 c 26.7 de 22.7 b 
Check 30.7 cd 31.7 cde 58.7 ef 40.0 fgh 26.7 bc 

'Fusarium isolates: F-2 -om Cavite, F- 13 from Leyte, F.27 from Nueva Ecija, F-22 from Laguna, and F-19 from 
Bicol. 

Table35. Bakanae Incidence In lR53 Infected with Fusar- from other sources (Table 36). Regression and cor
lum isolates and bacterized with antagonistic bacteria relation analhsis between inhibition zone and per-
Isolated from rice plants in Nueva Ecija. 

cent ShB protection confirmed that isolates from 
Bakanae incidence (%) healthy plants grown in the lowlands gave higher 

Fusariumisolates In-b-714 In-b-715 Check biological control of ShB. 
In a survey to determine the distribution of sup

F-2 (Cavite) 33.67 18.00" 30.67 pressive soils, 45 ); of the 104 soil samples collected 
F-19 (Bicol) 23.33 18.00 26.67 from various localities in the Philippines were sup
F-13 (Leyte) 19.67' 18.00" 31.67 
F-14 (Laguna) 23.33 23.00 32.00 pressive to R. solani (Table 37). The results showed 
F-21 (Bicol) 17.33 12.33 21.67 that suppressive soils are widely distributed in the 
F-22 (Laguna) 10,00"" 16.f,7"" 40.00 Philippines. The linear growth ofR. solani on theF-27 (Nueva Ecija) 24.33"" 29.67"" 58.67 Phlpis.Teinagrwho ?./ mntesuppres,.ive soil was about 50 , or less of that in

'LSD (0.05) = 10.87 "'LSD (0.01) = 14.41 conducive soils (Tahle 39t. About 32.37/ of the 65 

Table 36. Sheath blight protection afforded by 10 promising Isolates from different 
sources., IRRI. 

Protection (%) 
Rank of 
isolates Source Source Source Source Source Source Source Source Source 

1 2 3 4 5 6 7 8 9 

1 42.92" 64.75" 69.23- 75.90 °" 69.57" 64.63" 73.31" 76.07" 50.35" 
2 38.48" 43.37" 58.07"" 49.14- 68.22"" 61.89" 70.02" 56.77" 47.65" 
3 36.98" 39.94"" 36.85"" 39.59"" 40.07"" 60.36" 53.28"' 51.91" 42.26" 
4 34.29"" 36.97"" 30.49" 38.73" 38.20" 57.11"" 43.89"" 43.43" 41.01" 
5 27.65" 36.97" 22.04"" 37.39" 36.97" er.74" 42.69" 41.47"" 39.21' 
6 23.91" 34.78"" 19.07" ° 35.94"" 36.63" 43.78" 42.36*" 41.47" 35.77*
7 19.76" 33.78"" 12.93" 35.76" 32.47"" 43.33" 38.18" 37.98" 34.98' 
8 16.15' 31.36"" 0.77ns 34.65" 27.15" 43.08"" 34.01" 37.75"" 29.94ns 
9 16.01' 30.82'" 0.00ns 33.15' 25.12"" 41.83" 31.88" 37.64*" 29.41ns 

10 14.70' 30.26' 30.21' 24.58"" 39.93"" 30.75"" 37.39"" 29.06ns 
LSD (0.01) 19.18 15.48 11.38 3360 10.93 10.37 17.09 10.67 40.93 
LSD (0.05) 14.47 11.60 8.43 25.37 8.18 7.80 12.83 8.05 30.89 

'Source 1 = paddy water (43 isolates), source 2 = infected plant lowland (24 isolates), source 3 =infected plant
upland (15 isolates), source 4 = healthy plant lowland (45 isolates), source 5=healthy plant upland (22 isolates), 
source 6 = sclerotia lowland (29 isolates), source 7 = sclerotia upland (27 isolates), source 8 = rhizosphere soil
of healthy plant (44 isolates), source 9 = rhizosphere soil of infected plant (44 isolates). 'Significant at the 1% 
(") and 5% ') levels by LSD, ns = not significant. 
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Table 37. Distribution of soils suppressive of and con-
ducive to Rhizoctonlasolani Inthe Philippines. 
Location Total 

(no.) 
Suppressive 

(no.) 
Conducive 

(no.) 
IRRICaviteAlbay 

6586 
215
6 

443
3 

Camarines Sur 6 5 1 
Legaspi City 
Laguna 
Victoria 

2 
3 
3 

2 
1 
2 

0 
2 
1 

Pagsanjan 1 1 0 
Santa Cruz 1 0 1 
Camarines Norte 1 0 1 
Bay
Calauan 
Masiit 

1 
1 
1 

0 
0 
0 

1 
1 
1 

Table 38. Total bacterial population and mycelial
length of Rhizoctonla solani In suppressive and 
conducive soils. -

Soil Soil Bacterial population Mycelial length
origin typc' (CFU x 11/g soil) (mm/d) 

26 S 75.00 2.97 a 
N8 S 6.40 7.10 abc 
36 S 8.60 6.13 ab 
33 S 280.00 6.50 abc 
06 S 25.00 5.77 ab 
18 C 1200.00 21.03 del 
28 C 267.00 22.27 del 
23 C 74.00 20.77 de 
31 C 0.12 13.93 d 
01 C 64.00 64.33 e 

ISc suppressive soil, C = conducive soil 

soil samples at IRRI were suppressive to R.solani. 
At Camarines Sur. five of six samples were suppres-
sive to R.sla,ii. When compared with conducive 
soils at the same inoculum density in pot experi-
ments. suppressive soil was suppressive to rice ShB. 
S'jppressiveness could be nullified by sterilization 
and restored by reinfestation with ")1 4 suppressive 
soils. 

FUTURE Pi.ANS 
Predators. parasitoids. and antagonists are important 
natural resources in irrigated rice ecosystems as they 
keep pest species well below injury levels. A study 
of the ecological and management factors that can 
enhance their roles will lead to the design of elfective 
and sustainable pest management strategies. Re-
search in this area will be pursued with particular 
attention to natural enemy dynamics, movements, 
and the effects of cultivation practices on natural 
balance, 
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Ecological studies of insect vectors of rice virus 
diseases will provide better understanding of the 
distribution, spread, and epidemics of RTD. The 
potentials of antagonistic bacteria for biological 
control of rice diseases will be further investigated. 
The distribution of nematodes and their effects on 
rice yields will also be studied. 

Integrated pest management
 

STRATEGY FOR CONTROl. 01; CtIRONIC INSECTrS 
Insect-resistant rices are targeted against epidemic 

pests such as planthoppers akid leafhoppers that 
vector virus diseases. Chronic stem borer (SB) anddefoliator pests are managed by corrective action 

when their populations reach economic threshold 
levels. In spite of decades ofexperience using insec
ticides in rice, farners find it difficult to master 
chemical control technology. Reasons range from 
failure to diagnose pest incidence, choice of inappro
priate chemicals, and underdosage. Crop cuts over 

three seasons-19X9 WS,1990DS,;ad lg90WS
in Zaragoza. Nueva Ecija. compared the yield from 
15 farmer-managed, insecticide-protected and un

treated plots in the same bunded fields. The farmers' 
plots were sprayed an average of 1.9 ± 1.2 times per 

crop (range (-4 times) and averaged 4.2 t/lia which 
is no different from the yield in I00-112 untreated 

check plots within the same bunded field. Yield loss 
from insect pest damage wa., calculated as 71; or 
0.3 t/ha per crop, averaged over the 3 cropping 
seasons. Faners were unable to prevent this yield 
loss using insecticides. 

A new strategy is emerging based on crop man
agement practices designed to increase crop toler
ance through either preventive or corrective meas
ures. Determining an appropriate maturity class and 
seeding rate are preventive actions whereas applica
tion of supplemental fertilizer when an economic 
threshold is reached is a corrective action. Addi
tional fertilizer to an attacked crop may give timely 
energy to outgrow insect damage. Research is needed 
to determine a suitable blend of crop husbandry 
practices by location and season. 

In Zaragoza. we tested medium-duration (IR74) 
and very early short-duration HIR58) rices at varying 
seeding rates. From earlier work it was hypothesized 
that varieties of longer duration would be able to 
compensate for insect damage. It was also hypothe
sized that ahigher seeding rate (9vs 3 seedlings/hill) 



practiced by farmers in the area would strengthen 
crop tolerance because of greater tiller number. 
Insect pest densities were monitored and yields were 
compared of plots treated with either insecticide or 
20 kg N/ha when the economic threshold level was 
reached. Yield loss was measured as the difference 
between plots protected by a blanket insecticide 
regime and an untreated check. IR74 was planted 
2 wk ahead of IR58 to harvest both varieties under 
the same environmental conditions, 

The crop was heavily danaged by whorl maggot 
(RWM) H'vdrcrlia philippina. which produced 40( 
damaged leaves in IR58 and 29( in IR74. Green 
hairy caterpillar Rivula atiuueta defoliated 8-141" of 
leaves concurrently with RWM. Other insect pests 
were at low levels. SB deadhearts %kere less than I (( 

.and whiteheads reached only 2%. Leaffolder dam-
aged at most 6%( of leaves. 

Yield loss was 0.8 t/ha in IR58 (5.1 vs 4.3 t/hat 
and an insignificant 0.2 t/ha in IR74 (5.2 vs 5.) t/ha). 
indicating greater tolerance of IR74 for vegetative 
phase insect damage. Seedling density had no effect 
on yield. The yields averaged 4.8 and 4.7 t/ha. 
respectively, for 3 and 9 seedlings/hill. 

Triaiophos. sprased once Mhen the economic 
threshold of' I RWM egg was reached, produced 
no yield response in IR58 and %kasunnecessar\ in 
IR74. RWM is difficult to control wAith insecticide, 
particularly in the rainy season. Applyring N in 
response to RWM threshold did not benefit IR58 
and caused IR74 to lodge. Vegetative phase insect 
damage in WS could be tolerated by simply growing 
a medium-duration variety. These results need to be 
verified, 

Long-duration plants have more time to outgrow 
SB damage: on the other hand. they are susceptible 
for a longer time. Deadhearts from YSB were over 
three times as high (22 vs 7', ) in a 130-d variety 
(IR7 ()than in a I10-d variety (R72).The vegetative 
phase is prolonged in long-duration cultivars, and 
stem elongation occurs over a longer period. In a 
I10-d cultivar. the crop was most susceptible 1-3 wk 
after transplanting (WT). whereas in the I30-d cul-
tivar the period was extended 2 more weeks, 
Whiteheads ( II vs 14% I were caused by infestation 
at 8-9 WT in the I IO-d cultivarand 13-14 WT in the 
I30-d cultivar. 

The rice plant is most susceptible to SB during 
tiller elongation and panicle exsertion. The silica in 
the tissues of the tillers becomes concentrated when 

the plant is not elongating and provides protection 
against first-instar SB larvae trying to tunnel their 
way into the plant. A longer period for penetration 
means greater vulnerability to natural enemies. 
During tiller or panicle elongation, silica density 
decreases and more larvae are able to penetrate 
successfully. For the same reason, tall cultivars are 
more susceptible to SB than are short-statured types. 
Deepwater rice. which elongates over the greatest 
period, is the most susceptible to SB. An ideal 
growth duration for irrigated plant types is between 
It10 and 130 d to allow optimal compensation and 

shortest exposure to SB. 

Engineering pest control 

Pest control research along two lines has been under
taken to improve profitability of sustainable rice 
farming systems. 

PIYSIC.L (NONC(III:MICAI+) Pis'r CONTROL 
"r-ClNItQltS 
Passive rodent barriers. Electric fencing has been 
and continues to be tile principal means of control
ling rodents around IRRI trial areas. Despite a sub
stantial work force, however, effectiveness is not 
high. Hence, Agricultural Engineering Division staff 
are in the process of developing low-cost, low-labor 
designs for controlling damage. Passive barrier 
designs are being evaluated, based on initial work 
using a rodent enclosure. The shape and height of 
barriers were evaluated to determine what type of 
passi\ e barrier would keep rodents out of rice with
out requiring human intervention, poison-baiting, or 
electrification. Rodent behavior at night was also 
studied with red light illumination (which caused the 
least distraction) and the use of video recordings. It 
was concluded that the structural integrity of fences 
must be of extremely high standard: otherwise, ro
dents will find ways through or over since they are 
extre..elv adept atjumping and climbing. and chicken 
wire facilitates their movement. 

Field experiments on effectiveness of passive 
barriers. Four passive rat barrier configurations 
were compared with a nonfenced treatment during 
1990 WS at IRRI Field F2. Preliminary analysis of 
the proportion of damaged hills on 511 rice hills 
adjacent to the treatment plots showed > 801/, dam
age alongside fenced plots and 37% alongside non
fenced plots. 
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Evidence suggests that rats preferred the aromatic 
rice (841) inside the plots-95-100c/ damaged-
compared with 37% in nonaromatic IR74 adjacent to 
tie plots. 

There was no variation in tile perfonrance of the 
four rat barriers. Testing will continue during the 
Experimental Farm's "closed season when rat pres-
sure is expected to be high. 

"Active Barrier" rodent exclusion system.This 
system employs a passive fence made of plastic in 
conjunction with mousetraps spaced at regular inter-
vals. The field test installation commenced late in 
1990 WS at IRRI Field 4 and initial indications are 
that the system is promising. Tests continue on tile 
impact on rodents in the vicinity and on crop protec-
tion inside the "Active Barrier" design. 

INIPROVEMI-NTS IN PESTICllE APPLICATION 

TECHtNO).OGY 

The objectives of ',his work are to reduce operator 
hazard, improve manual sprayer designs, reduce 
pesticide usage, and improve target efficiency. 

General concepts for improved safety in the use 
of knapsack sprayers ,were drafted: this includes a 
number of specific features concerning sprayer 
components. including an Australian-design "spray 
management valve" to improve pressure control and 
mixing. and to eliminate dribble, 

Subprogram III: Livelihood and 
production environments 

Systems productivity 

CON.STRAINTS I0"1CROF DIVI.RSIFICATION AND 

INTENSIFIC..ION IN Gt'IIH.,\, Nti;!v,.x EcIJA 
The relationship between gross value of rice pro-
duced and the value of farm implements, labor, draft 
power. and agrochemicals was examined underthree 
water regimes: deep well pump (DWP). shallow well 
pump (SWP). and rainfed. 

Based on mean marginal value products (MVPs), 
which measure increase in output generated by in
crease in input, the following concluions emerg,,d: 
I)ail groups of farms overinvested in implements; .! 
although labor could be profitably increased on
DWP farms, rainfed and SWP farms have driven the 

MVP of labor below the wage rate; 3) investment in 
land preparation can be profitably increased in the 
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three areas, assuming no technical constraints; and 
4)DWP farms used agrochemicalsat less than profit
maximizing levels while SWP and rainfed farns 
applied these at above economic levels (Table 39). 

Physical and environmental factors dominated 
farmer-perceived constraints to diversification and 
intensification of rice production. DWP farms con
sidered typhoons and resulting floods, and insect 
pests as major WS constraints: nearly one-third 
reported that pests reduced yields by almost 25%. 
For DS. 50%4 reported golden snails and 15cl4 men
tioned drought (associated with DWPs and electric 
power interruptions) as problems. Estimated rice 
yield reductions from those factors ranged frol 15 to 
31 (. Drought reportedly affected 8814 of rainfed 
farms (but only 43V4 of SWP farnms) and reduced 
rainfed yields by up to 75 '4. Fourteen percent of 
SWP farms considered drought a DS constraint, 
indicating that SWPs may not be delivering enough 
water in some years. 

New cropping patterns can require higher total 
investments than farner patterns and lo. production 
levels often do not generate surpluses needed to 
finance improved technologies. Credit availabi~ily 
was higher among fanners under DWt and SWP 
areas vwhere over 814 of the farmers borrowed from 
a cooperative, relatives,. friends, and private money
lenders. Only about one-third of rainfed farmers 
borrowed for production purposes. Farners partly 
finance production from previous crop incomes and 
off-farm and nonfarm income. Cash was used for 
land preparation and transplanting. while fertilizers, 
insecticides, and herbicides were distributed accord
ing to amounts requested. 

EVAI A1., (I :E) IR(V ()I'I'IN; I'AIIERNS 

IN GUIMItA. Ni'-VA EcIJA 
The performance of partially irrigated and rainfed 
rice-based farming and the impact on farm house
hold income were determined (Table 401. Income 

Table 39. Marginal value product (MVP) of factors under3 water regimes. Guimba, Nueva Eclja, Philippines,1987-89. 

Factor 
pump 

MVP 
pump 

Labor 2.89 0.73 -4.06 

Draft power 
Agrochemicals 

3.74 
1.76 

3.72 
-0.15 

8.13 
-1.26 



Table 40. Sources of farm household Income by water regime. Guimba, Nueva EcilJa,
Philippines, 1989. 

Source of 
income 

Crops'
Rice (Ist crop) 
Rice (2d crop) 
Other crops 

Other farms" 
Plowing/harrowing 
Transplanting 
Harvesting 
Minithresher operator 
Milking carabao 
Fishing 

Nonfarm 
Tricycle driving 
Buy and sell 
Sari-sari store 
Household helper 
Carpentry 
Factory worker 
Others 
Dressmaking 
Government service 

Deep well pump Shallow well pump Rainfed 

Farmers Income Farmers Income Farmers Income 
N% (P/iyr) N% (P/yr) N% (P/yr) 

100 8,791 100 5,189 81 6,190 
77 8,819 42 7,832 
10 -1,364 20 15,890 16 1,821 

15 5,400 0 0 6 125 
60 648 0 0 12 675 
50 762 0 0 12 612 
15 14,611 0 0 0 0 
5 1,200 0 0 6 300 

10 390 0 0 0 0 

15 5,953 28 3,900 12 12,400 
10 4,515 14 1,680 12 6,580 
10 4,970 14 21,000 6 128 
15 20,400 0 0 6 2,880 
15 1,210 0 0 29 1,612 
5 17,723 0 0 18 10.342 
0 0 14 0 12 2,093 
0 0 0 0 12 4,500 
0 0 0 0 12 19,945 

Sound system operator 0 0 14 37,000 12 19,945 

'Onfarms owned by thu wage earners. 'Farms owned by persons other than the worker or wage earner. 

from rice farming was highest for DWP farms and in material costs. Although laborand powercosts are 
lowest for rainfed. Twenty percent ofSWP and 16'Yt only marginally hb,,her than farmers' practices, the 
of rainfed farms substantially increased incomes by 
growing DS subsidiary crops. 

Transplanting and harvesting were the most 
common sources of income eamed from other farms. 
Less than one-third engaged in nonfarm income-
generating activities. About 15% of DWP SWP, and 
rainfed households were part-time farmers and de-
ived a larger proportion of household income from 
nonagricultural rather than agricultural sources, 

In DWP areas, production increased from 9.3 to 
12.3 t/ha. Net returns increased by 1514 for TPR -
TPR as a result of change in variety (to IR64) and a 
6c/ increase in material inputs. Returns to labor and 
power and to material costs increased by 51 and 
41 c7.respectively. An improved TPR - wet seeded 
rice pattern similarly increased production to 10.4 t/ 
ha. representing net returns of 51% with a 10% 
increase in total variable costs. 

In the rainfed area, dry seeded rice - fallow gave 
the highest increase (387() in net returns over farm-
ers' TPR - fallow. Improvements involved an 11% 
increase in labor and power costs and a39% increase 

required increase in material inputs may be too much 
for rainfed farmers. Dry seeded rice also required 
that land preparation be completed under dry condi
tions, which is difficult under local conditions. 

An improved TPR - tfa~low pattern increased 
production by 20% (0.7 t/ha per yr) with a net gain of 
more than P2000/ha from a 91,4 increase in total 
variable cost. This pattern increased returns to labor 
and power co.its by 1514 and to material costs by 
16'7, and provided a net gain 30% higher than 
farmers' practice. Asesbania+TPR - fallow pattern 
increasedtotalproduction by0.9t/habutgaveslightly 
less net gain than the experimental TPR - fallow 
because of increased labor and power costs (23%) 
and material costs (391,. 

FARMERS' VS I.MPRsOVE) CROPPING PATTiRNS 
Farmers'and improved cropping patterns were stud
ied in both higher (turod) and lower (iungog) land
forms. Treatments were laid out in a RCBD with four 
replications. Cropping patterns were tested in WS 
transition season (TS) - DS 
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1. TPR - TPR - mungbean 
2. TPR - ratoon rice - TPR 
3. TPR - Sesbania rostrata - TPR 
4. TPR - Aeschv,nomene aJralpera - TPR 
5. TPR - fidlow - TPR 
For rice. 80 kg N/ha was applied, with half ap-

plied basally and the rest 5-7 DBPI. For rice after 
green manure (GM). inorganic N applied 5 DBPI 
was the difference between the recommended 80 kg 
N/ha and accumulated N of GM. The rice ratoorn was 
fertilized with 30 kg N/ha. No fertilizer was applied 
to mungbean (MB). Insects and weeds were con-
trolled as the need arose. 

Results. Although agronomic characteristics 
(plant height, number of panicles, number of spike-
lets. percent filled grain. 1,000-grain weight, and 
grain-straw ratio) were recorded. results are summa-
rized here only in terms of yield. Landform produced 
no significant difference in IR72 yield during WS 
(4.2 t/ha in turd and -4.4 t/ha in higog). Yields 
during TS were reduced by about 40% in the tttrod 
and 39% in the lunQog compared with those in WS 
because of harsh weather during eariy development 
stages: however, there was no significant difference 
due to landform. Grain yield of ratooned IR72 was 
0.5 t/ha in turodand 0.6 t/ha in inngog. 

Dry matter yield of S. rostrata was 5W4Jless in 
lungog ( 1.6 t/ha) than in turod (3.6 t/ha) because of 
early wa,.:rlogging. Although A. afrasperawas not 

affected by waterlogging, it consistently produced 
lessdry matterthanS. rostratain both landfbrms( 1.5 
t/ha in turodandi 1.4 t/ha in hngog). Accumulated N 
yield ofS. rostrata was 81kg/ha in turod(equivalent 
to the recommended N) whereas A. afrasper pro
duced only 43 kg N/ha. In hit,,og, both GM crops 
produced less than half the recommended N. 

For late DS, rice yield averaged 4.1 /ha in ttrod 
and 4.3 t/ha in hngog (not a significant difference). 
Rice after S. rostrata in ttrod produced 4.3 t/ha with 
no inorganic N added. This is slightly higher than in 
plots that received 80 kg N/ha. In ilungog. plots with 
GM produced slightly better rice yields than those 
with only inorganic fertilizer. 

MB produced significantly higher yield (I. I t/ha) 
in turod than in lungog (0.6 t/ha). Except for plant 
density and grain weight, all plant characteristics 
were significantly better in turod.Poor MB perform
ance in lungog was due to waterlogging during early 
crop stages. 

Costs awid returns analysis of the designed crop
ping patterns were compared with farmers' rice 
fallow - rice. Rice - rice - MB generated the highest 
rates of return to total variable costs in both land
forms (Table 41). The high yields obtained from WS 
rice and late DS MB contributed largely to the mean 
marginal benefit-cost ratio (MBCR), which was also 
the highest among the patterns. The MBCR of this 
pattern in turod is 4.2 (i.e.. forevery Pl.00 increase 

Table 41. Cost and returns of cropping patterns in 2 landforms in a partially irrigated
environment. Gulmba, Nueva Ec~la, Philippines, CY 1989-90. 

Return (P/ha) 
Yield (tlha)

Cropping pattern, Total Gross 
1st 2d 30 variable 

cost, 

Turod 
Rice rice MB 4.4 2.5 1.1 29.883 52,515 
Rice- ratoon rice 4.2 0.5 4.0 28,385 41,995 
Rice- GM/SR - rice 4.2 - 4.4 27,200 40,926 
Rice- GM/AA - rice 4.0 4.1 26,640 38,775 
Rice- fallow - rice 4.1 - 4.0 26,476 38,245 

Lungog
Rice- rice MB 4.4 2.7 0.6 
Rice- ratoon rice 4.5 0.6 4.2 
Rice- GM/SR - rice 4.1 4.4 
Rice- GM/AA . rice 4.5 4.5 
Rice- fallow rice 4.4 4.0 

'MB = mungbean. GM =green manure, SR =S. rostrata. AA 
irngation costs. 'Gross return - total variable cost (TVC). 

28,776 47,791 
28,996 44,627 
27,821 40,596 
28,037 42.688 
26,612 40,005 

= A. afraspera. IlnclL 

Return above MBCRd 
variable cost, 

22,632 4.2 
13,610 2.0 
13,726 3.7 
12,135 3.2 
11,769 

19,015 3.6 
15,631 1.9 
12,775 0.5 
14,651 1.9 
13,392 

3s labor, pcwer, materialand 

MBCR = (gross return of potential pattern - gross return of prevalent pattern) 
(TVC of potential pattern - TVC of prevalent pattern) 
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Table 42. Effect of transplanting date on yield and agronomic characteristics of 1R72, 
Guimba, Nueva Ecija, Philippines, 1989-90 wet-dry transition season. 

Date ofpiantio 

15 Oct 
30 Oct 
15Nov 

30 Nov 
15 Dec 
30 Dec 
15 Jan 
30 Jan 
15 Fec 

Diffhrence oetween 
treatment means 

CV I>; 

C rn Plant Par cd,;- Sr'-n!slt., FilikrJ Grain 1000 
I,.J r'eiq! ino m oriOpanih) grain', straw grain 

a cm panicile ralio ,it(g) 

30.037>7 Lt 62b 69C. 075c 224 
3 3 e 2et 38 60 72 e 0 77 c 228 
49rj 
" 

65de 46c0 69a 790 079c 227 
21c 0 d 496 oc 70 a 80 c 0 80 bc 225 

55c 69cc 591 bc 69a 81 cd 091ab 22.8 
6 20 71a 524 ab 71 a 82 bc 0.92 a 22.8 
6 9 a 74 a 50 a 70 a 87 a 100 a 226 
6 5 ab 72 a 537 ao 70 a 84 b 0 98 a 22.8 
53 cd 66cd 499oc 69 a 80 cd 0.79c ".2.6 

ns 

6.4 2.8 7.3 4.9 2.3 9.0 1.3 
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experiment, laid out in RCBD with three replica-
tions, followed TPR with minimum tillage. Grain 
crop Sorghum hicolor was intercropped with 3 for-
age legumes (Clitoria ternatea. Desnianthiukvirga-
tits, and Stvlosanthes guianensis) in a 1:1 row pro-
portion. Monocrops of each crop were included as 
check plots. Supplemental irrigation was provided 
three times. 

Fodder was first harv,,'sted 60 DAS for clitoria 
and desmanthus and a 90 d for stylo. and subse-
quently every 4 wk. After harvest, sorghum was 
ratooned 10 cm aboveground. regrown throughout 
DS, and harvested for fodder. The last regrowth of 
forage legumes and of weeds were cut at ground 
level, weighed, chopped, and incorporated in situ as 
GM before land preparation for the following rice 
crop. 

IR74 was the test cultivar. Inorganic N was ap-
plied to all plots at 60-30-30 k, NPK/ha. 

Sorghum grain yields of 1.9-2.6 t/ha were not 
significantly affected by forag-c legume intercrops. 
Sorghum with desmanthus and stylo intercrops pro-
duced a higher grain yield than the monocrop. but 
with clitoria. yield was reduced by 6% (Table 43). 
Fodder DM yield of sorghum was not significantly 
affected by forage legume intercrops: however. yield 
with desmanthus was the highest (261'4 higher than in 
the monocrop). In terms of the ratoon fodder DM 
yield, the sorghum monocrop outyielded all inter-
crop combinations, 

Clitoria produced 2.1 1of intercrop total herbage 
DM/ha. but this did not significantly differ fron that 
of stylo and desmanthus, both of which yielded 
1.3 t/ha. Monocrop total herbage DM yields of 
clitoria (4.2 t/ha), style (2.6 t/ha), and desmanthus 
(4.8 t/ha) were significantly higher than those ofthe 
intercrops. Reductions were 74, 51). and 49'/ for 
intercropped desmanthus, stylo,and clitoria, respec
tively. 

Combined total DM yield of sorghum + forage 
legumes was highest with sorghum + desmanthus 
(7.4t/ha).All intercrops produced significan'ly higher 
DM yield than the respective monocrops. 

The last forage harvest plus weeds weie incorpo
rated as GM for the next rice crop. Desinanthus and 
stylo monocrops produced the highest DM from 
GM: 2.2 and 1.4 t/ha. Weeds in fallow plots pro
duced the highest DM from among the treatments. 
Rice grain yield after intercropping did not differ 
significantly among treatments: 2.7-3.6 t/ha. Grain 
yield was highest in the desmanthus monocrop plot. 
Fallow plot:\ with 30 kg N/ha produced the lowest 
grain yield of 2.7 t/ha. 

Rice - wheat systems 

Research to improve the productivity and sustaina
bility oftropical and subtropical rice -wheat systems 
must be directed to the pertinent constraining 
factors. 

Table 43. Grain and fodder dry matter (DM) yields of sorghum and forage legumes and rice 
grain yield as affected by green manure in a food + forage legumes Intercropping
experiment in apartially irrigatedenvironment, IRRI, 1990. 

Treatment 

Sorghum 
Desmanthus 
Sorghum + desmanthus 
Clitoria 
Sorghum +clitoria 
Stylo 
Stylo 
Sorghum +stylo 
Fallow (30 N) 
Fallow (60 N) 
Fallow (90 N) 

Mean 
CV (%) 
F-test 
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Sorghum (tha) 

Fodder DM 
Grain 

Main Ratoon 

Legume 
DM 
yield
(t/ha) 

Total 
forage 
& DM 
yield 

Total DM (t/ha) 
from incorporated 

green manure 

Forage Weeds 

Rice 
grain 
yield
(t/ha) 

crop crop (t/ha) legumes 

2.0 3.2 1.9 5.1 bc 1.1 a 2.8 
- - 4.8 c 4.8 bc 2.2 c 2.0 a 3.6 

2.6 4.3 7.9 1.3 a 7.4 d 0.9 a 0.9 a 3.1 
4.2 c 4.2 d 0.7 a 2.2 a 3.3 

1.9 2.6 1.6 2.1 ab 6.3 cd 0.4 a 0.6 a 2.8 
2.6 b 2.6 a 1.3 b 2.7 ab 3.0 
2.6 b 2.6 a 1.3 b 2.7 ab 3.0 

2.1 3.3 1.7 1.3 a 6.2 cd 0.8 a 1.2 a 3.2 
- 6.0 c 2.7 

4.4 bc 3.0 
- - 5.8 bc 3.5 

2.2 3.3 1.8 2.7 5.2 1.6 2.7 3.1 
26 20 31 23 16 25 42 14 
ns ns ns ns 



One constraint generally recognized by rice 
wheat researchers and farmers is delayed and subop-
timal wheat establishment in previously puddled
rice soil. The 1989 Progrmi reportdescribed strafe-

gic studies of the postrice soil-structural, tempera-
lure, and moisture conditions that promote effective 
wheat emergence. Research in 199() investigated tile 
rates of wheat emergence. growth, and yield that 
resulted from tillage procedures and soil amend-
mients that create the desired soil-structural condi-
tions, and from seeding technologies that aim to 
exploit them effectively, 

DIAGNOSTIC StRVIYS ()F i 1- RICE - \ , t\heat 

sYS-TF:M IN Tll- IER.\I F INDI \ 

Ri'.e season survey. Adiagnostic surve\ around GB 
Pant University in Uttar Pradesh. India, in the 199( 
wet (rice) and dry (wheat i seasons examined fanner 
practices and perception,. Rice and rice - ,heat 
problems were identified and prioritized, and re-
search needs %keresuggested. 

Results. About 30'; of'snall farmersand 701; of 
larger farmers o ' ned tractors. Man\ nonov%ners 
hired tractors for land preparation and %%heat harvest. 
Lands %%ereirrigated b tube\ ell, gravitv hlow from 
rivers, pumping stations, and artesialn wells: and 
20( of small and 44"( of large farmers had more 
than one source of'ater. 

Small farmers applied 132 kg N/ha. large farmers 
applied 160 kg N/ha. and most applied 12-22 kg P/ 

ha. and Zn. Use ofbutachlor and some hand weeding 
were k idespread, and unsafe application of various 

pesticides was observed. Rice nurseries were sown 
from early May to the end of June, transplanting 
was 30 DAS, and harvest was in mid-October. 
Reported rice yields were 5.5 (small farmers) to 

6.0 (large) t/ha (Table 44). 
Problems and needed research. Problems inthe 

rice crop or those exacerbated by the rice - wheat 
system were identified and prioritized (Table 45), 
Using a simple model. SB and inefficient pesticide 
use had insignificant effects on yield and were, 
therefore, not considered as research issues. Weeds 
were not included as a research problem because 
farmers effectivelv controlled them and the rice 

system did not appear to increase rice weeds. 
Nutrient depletion. Numbers of large animals per 

farm decreased with mechanization. resulting in a 
decrease in farmyard manure ( . EfM-xccpt for 
farmers located near forests, small farmers used 5(0

of their FYNI for fuel: large farmers used 25
50-. Overall, proportions of FYM used as fuel 
increased because of increased demand and Lick of 
alternatives. Planted trees. dainrcha (Se.tania sp.), 
and bineas converters provided limited alternatives. 

FYM \, as applied to fields v here rice - wheat 
yields declined and sugarcane was planted after 
FYNI application. Some farmers applied press mud 
from the sugar mills to their fields. W!r,.re rice 
%%heat ,%as gro\,n wvithout sugarcane, FYM was 
applied more to rice than to wheat. 

751%,( 

Data from 16 yr of long-term trials show, that 

rice-but not wheat-yields declined significantly 
over time but other data indicate that w,heat yields in 

Table 44. Rice crop production, small and large farmers (n = 36). 

Labor inputs 
Animal land preparation (d/ha) 
Tractor land preparation ($/ha) 
Transplanting: family labor (d,ha) 

contract (S!ha) 
Hand weeding (dha) 

($/ha) 
Harvest and threshing (S/ha) 

Material inputs 
Seed (kg/ha) 
Fertilizer N (kgiha) 

P (kg/ha) 
K (kg/ha) 

Yield (t/ha) 

Small 'armers Large farmrrs 

Percent Quantity Percent Quantity 

2.18 2.02 
7.44 8.58 

12.14 4.04 
1.61 7.20 2.30 7.06 

40.49 3,64 35.62 3.64 
3.86 

653 6.90 

- 4.45 3.24 
100 132 100 160 

75 12 94 22 
15 14 56 32 

0.89 0.97 
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Table 45. Scoring and ranking of identified rice and rice - wheat system problems. 

Score,
Prob le m . . .. .. . . . .. . . . .... .. . . . ..-

Frequency Yield Prcporion Large vs Aggregate Rank 
of problem loss of farms small score 
(0%of yr) reporting 

Nutrient depletion 3 1 23 9 1 
Rats 3 1 2 2 8 1 

Brown planthopper 2 1 2 2 7 If
Inefficient fertilizer use 3 1 2 1 7 II 
Bacterial blight 1 2 21 6 II 

Delayed rice transplanting 2 1 1 1 5 Il1 

Yellow stern borer 3 0 3 2 0 
Inefficient pesticide use 3 0 2 2 0 

Sheath blighl 1 ? ? 1! ? ? 
Waterloggqing 2 ? 2 ? ? 
Nematodes- 3 ? 23 ? ? 

'Criteria to scoring 

Score Years Yield Farms Size 

0 0-10% 0-5% 0-55% 
1 10-40°. 5-15-. 5-15% Large
2 40-80% 15-50% 15-50"o Both largi-it and small 
3 0 .50% .50% Small 

Coulr,c r).,.n-s-v- ',( a.S n'.sutT,citnt cata 

cxlpcriincntai pIl~l ", iii >C~,l~iI ,tILCclc~ I 5( I ill ,itlljii , ir iC cericd aint appliC rasv Co,
 
if) vr. R c.-aclicsif,ih'ti,_,lt ihil i cc i iric t'M to
lc *lccintlite Sli. Ylk d lsl, IP1 I ss;is due 10 ,u',,.cc)
;wlc duc to ncincaseN. in ',,il p1l 17.1 hl ;7ihlC Mii- ciltisais cliiied soib th N niiormlal
. \'. iuse. 

borne rJilie~cii, dCL iilC'i . Ii (A l Ioid dC-iICLJ L INil-
 1l1;1till--! da'le fur ll uraljl U aItcrudiii uilti aiL. 
ph. 'icila eliCs. ( )s c the dar .ti{i2,',thai ihi 1-1IC 411 i fot %n i . in Cicle IisC.i [rall. ijjriir. i \i 
Sicc - hc'at ",\ ,lCli I'. no(t .tr lailiiblc. i Of ll(lCrIdN,12C. [< -cai Lh iNiiCCC-tl I1 1tic" Cl)iliCiiI 

\ mi lI liirlt ier undi id'lniI,. jtrrilc i iiinudcd i)frCiNlai 5l ictic.. iii.i cil h)%Cc ,lllic ,(I '.tlld,
 
Lt'llt lt Lll.i L i tCIIdC..AIiI1C' dliii i lti lilji- of arltlal clilli,, (fs 1,li
lCklt 10 i c ,.
 
ill, falnIners' fic'ld- I i.e.. l and m lilaUllhi/l1t i 0,i t 1 S ill ticic'acr.licl , Illi lt that
 
liv\tretck and FY"I pllr<tOductioll. 
 \ iAd .()\l. II t- 1JILilcr It- I N %ssi,icltlitiii liii Ihc',c rcasi i: 
antIl ii ro itricltNl, il l if S Ill, ,ttti'll rs did1) [it Iaasal N. , illit fiile,, lastdeptht . [ill ji ll, aiid it ll\ 
o, e'r thC 1o1t ICrIll. RCCcaroh tlp %t pparc,,,w)plcliin Sl C'c falt'., i.Ni ic c 5 a', lNralli'p illted 
\ iuld C,llill I I Iltoilrllil C . L lull-0 il1 cej1 ,irii iit,i iit ',it1 fl lliC , lkliCCi CN'.i N. ICI'll

la ,crN thiouLh t tl.i s 1 rCdtic 
al.lC. A .l.and dC 

tif dr,, ,CC'II ... ,. ct - till- kniv. ii it.io.ii hum . d rC '.uitl.,,,tO lrii
rI )- lojJ ill,_,: 2 kai\N t illlCi,,e -'li,.. 'uCmCSlcd iCCI chil llcliii(ILiit cor. arion of' 

ON or 0\ ctficiciic : aiid 3 iiilpro t it r- tallii . Om- .. il I- rC',,Clichcr ,,illilitiiisiill.Irinlr,' leld,. 
Od,. ic tcrtili/tCr Iailall i lllt. \Wourl, (il il i soCk:d ii ilitoitir i) N IO,,C,,,. all ! ICS CS. of S.ik Oil 
O.MiT ialaCiilell l lil V. iltiild C.\ hilIC (iN!. ,lhCs litilt)I l (al Ci / N. N x 51 ;IIa .Il ,ciItt. anidI IIas2 
auroloreirs ':,,arh.Crltlp-C,(IdIC liitiii2Clilhclil, hlulccd NIFK iC. 
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lnicronutrents., alld Le of 'cillIC mill residues. iN.a dj.,,sCa 0I ,,( aC ,iid ,iIti lla\
ilt.u.1h 'Aheal. iFalx 


BriownplaithiI p'i. Farnim r,,app lied it 5CC ticide 
 tbc it Se5rious lblli ill lihit utir. To C)ntrl 131B,
for BPI. SB. and ricebugs. the mios-,t seriou, pests. III flarmers (trained lilds. rc(Iltced N. 11lit ,pra\Cd hac
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Among tillage and seeding methods, the percentage 
was lowest (28%) for PBH because plowing under 
wet conditions induced large clods. The prototype 
slit seeder achioved 72 ± 5% emergence in gypsum-
treated soil rotoulled between stubbles, and 85 ± 5% 
in nontilled gypsum-treated soil. However, there 
was some unevenness in seed delivery into wet soil 
and hence in plant spacing along rows. Conditions 
were suitable for mechanized seeding 7-14 DAH, 
and too dry after 14 DAS, but emergence measure-
ments were confi unded by rain at 19 DAH. 

Seedrate forTlM andPBH was 129 kg/ha: forthe 
prototype slit seeder, severe mechanical vibration 
caused a seed rate (200 kg/ha) substantially higher 
than the intended 120 kg/ha. Comparisons of seed-
ir.- population densities must therefore be made 
separately from thoseofpercentageemergence: from 
the first sowing, PBH achieved 1.4 million plants/ha 
(Mp/ha). T IM 2.9 Mp/ha, and the seeder 4.1 Mp/ha 
(acceptably high for farm practice) whether into 
tilled or nontilled soil. Population densities from the 
second and third sowings were appreciably higher 
because of rain. and correspondingly indicated the 
benefits from postseeding seed zone irrigation. 

Irrigation commenced at 26 DAH. Soil dried 
between irrigations, and soil resistance to cone pene-
tration(andtorootextension)consequentlyincreased. 

Immediate!y prior to scheduled irrigation, soil resis-
tance late in the growing season achieved values in 
excess of 3.0 MPa at 15-50 cm depth and probably 
prevented root extension: for all seeding dates, roots 
reached 85 ± 5 cm maximum depth at 60 DAS. Root-
length density wasenhanced by tillage in the O-1Ocm 
depth. 

Growth and yield of wheat depend on tillering, 
culm population density at harvest (CPU), fertile 
grains per culm. and mean grain mass. The CPi 
depends on the population density of culms at maxi-
mum tillering (CPM) and hence on the emerged 
seedling density (PPE). which is responsive to the 
tillage and seeding methods investigated here. 

At maximum tillering, there were 5-8 million 
culms/ha (Mc/ha) for seeding delay 1.and 5-11 Mc/ 
ha for delays 2 and 3.CPM res.,onded to rainfall and 
interplant competition: thus at delay 1,CPM was 7.8 
Mc/ha for PBH (notwithstanding only 1.4 Mp/ha at 
emergence) and 5.6 Mc/ha for other seeding and 
tillage methods, which had PPE of 2.9-4.1 Mp/ha. 
This is consistent with stronger competition among 
closely adjacent plants (I cm separation) along seeded 
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rows. For delays 2 and 3, PBH achieved CPM of 
10.4 Me/ha. 

Interplant competition also affected the survival 
of culrns to harvest. Figure 27 shows the relation of 
CPH to PPE for each tillage and seeding method and 
averaged over seeding delays and gypsum treat
ments. Provided PPE > 2 Mp/ha, CPH was essen
tially constant, at 5 Mc/ha for PBH and 4 Mc/ha for 
other methods. The ratios CPH/PPE and CPH/CPM 
(the latter quantifying culm survival after maximum 
tillering) are shown in Figures 28. 29, and are repre
sented by the equations: 

CPH/PPE = 0.25 + 3.0/PPE. 
1-2 = 0.83**" n = 120 

CPIIICPM = 0. 18 + 2.8/CPM, 
r-2 = 0.51' n = 120 

Grain yield (GY. in t/ha) was higher from tilled 
than from nontilled soil, but differences were slight: 
PBH and TI M each produced 2.3 t/ha; TI S, 2.1 t/ha; 
and IOS, 2.0 t/ha. Yield was not affected by seeding 
delay or gypsum. G Y/CPH (grain yield per har
vested culm) reveals an inverse dependence on CPH 
(in Mc/ha). with distinct relations fbr tilled and 
nontilled soil and for data aggregated across seeding 
delays and gypsum treatments,. The yield advantage 
from tillage (for CPH < 6 Mc/ha) was associated 
vith more grains per spike. We list the respective 
relations: 

Tilled soil: GY/CPH = 0.97 - 0.102 (CPH)
 
1"= 0.53"", n = 90
 
riontilled soil: GYiCPtl = (.76 - 0.067 (CPl)
 
i = 0.35", n = 30
 

which, respectively, translates into these relations:
 
Tilled soil: GY = 0.97 (CP!) - 0. 102 (CPH)2
 

Nontilled soi!: GY = (.76 (CPtl - 0.067 (CPH)2
 

These equations imply a maximum GY of 2.30 t/ha 
from CPH ot"4.7 Mc/ha in tilled soil, and of"2.18 t/ha 
from 5.7 Mc/ha in the nontilled. Correspondingly, 
GY > 2.0 t/ha can be achieved using 3.0-6.4 Mc/ha 
in tilled soil, and 4.0-7.4 Mc/ha in nintilled. In 
tropical conditions (14 "N), irrigated wheat can gen
erally yield 2.0 t/ha from >4.0 Mha at harvest. 
which corresponds (Fig. 27.28) to a requirement that 
emerged population (PPE) also should exceed 4.0 
Mp/ha. This minimum population is high compared 
with those; recommended for semil'opical environ
ments: it reflects the shortness and hizh temperature 
(c the tropli::l wheat-growing season, and the corre
sponding need for dense popuiations to intercept 
efficiently the season's solar irradiance. 
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harrow IPBt- j.b betvween-stubbles rototillage; manual seeding iT IM). c)Ietseen.stubbles rototillage. 
prototype seeder iTI S). d)no tillage, protot.,pe seeder (TOSi. IRRI. 1990 DS. 

NEXT STEPS system will be addressed. Findings will be shared 
During 1991, coordinated research into rice - wheat through the consortium mechanism. 
systems will be undertaken by eminent national 
system group- in collaboration with CIMMYT and Global climate change and rice 
IRRI at key locations in Bangladesh. India, Nepal. 
and Pakistan. Diagnostic farm-constraint surveys Although it has been clearly established that atmos
for both rice and wheat seasons will be conducted at pheric CO,concentrations are rising and that the 
locations not yet surveyed, and key features of the stratospheric ozone layer has been partly degraded, 
biological and physical constraints to the productiv- how these anthropogenic factors will cau': global 
ity. profitability, and sustainability of the rice - wheat climatic changes is still unknown. Nonetheless, we 
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28. The ratio CPH/PPE of sheat-culm population density at 29. Wheat-culm survival ratio (defined as culm-population 
harvest to plant-population density at emergence in relation to the density at harvest/population density at maximum tillering. CPH/ 
density of emergence. Aggregated for various seeding dela)s. CPM) in relation to the density at maximum tillering. Aggregated 
tillage and seeding methods, and with or without g)psum. IRRI forvarious seeding delays. tillage and ,eeding methods, and with 
1990 DS. or Aithout gypsum. IRRI. 1990 DS. 
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have begun research to allow rice farmers to main-
tain food production should the threatened global 
climate changes occur. 

In October 1990, we initiated ajoint 5-yr project 
funded by the U.S. Environmental Protection Agency 
(EPA) vith its Environmental Resources Laboratory
in Corvallis, Oregon (ERL-C). This $1 million/vr 
project will emphasize the effects ofpossible climate 
changeon rice production, but it will alsoaddress the 
question of how rice cultivation may affect global 
climate. 

RESPONSE OF RICI 10 [Nit.\NEl) 

UV-B R.,AtITION 
Ambient ultraviolet-B) (UV-13 flux in the tropics, the 
major rice-Lrowing area, is anong the highest oti the 
earth's surface because the stratospheric ozone later 
is naturally thinner and because solar anldes are 
higher neatr the equator than aithigher latitudes. With 
the depletion of stratospheric ozone caused hy chlo-
rofluorocarbons, increased UV-B3 flux may adverselv 
aflect rice productivity. Therelore. phylotron re-
search I)assessed ph siolooical and biochenmical 
responses to enhanced IJV-B3 for o ic,% se!ected 
cultisars. and 2) creened rice gerlipf:!amll from di-
verseeco'sv'stclm I'IIrtheirrilph)ological ald physio-
logical responses to ULW-B radiation. 

Physiological and biochemical responses. Rice 
seedlings were grown illpots and subjected to LV-
B radiation treatments beginning at 10 I)AS. using a 
split-plot design with three replications. Main plots 
were radiation treatments inposed with Q Panel UV 
313 sunlaips filteed sith either cellulhse acetate 
for the UV-B t'catient or with iylar filn Ior the 

control treatment. Plants Ce ir:ilialcd for 61hdaily 
for 4 wk. Subpluts were rice cil'ivars 1130. IR45. 
IR64, and IR74: the chamnces are sumt arized in 
Table 4c:. 

Chloroiphyll content. The 4-wk UV-B treatment 
significantly increased total chlorphv 11content of 
fresh leaves (if1R3(0 and 1104. ltldid lnot signifi
cantly affect that of IR45 ofr1174. Prc\ toin studies 
showed thal IR3(1 aid II<04 %%erc inore tolerant of 
UV-B than are IR45 and IR74. 'lie chloohryllia/h 
ratio wis not significantl, aflected b i\'-B: ;is. 
UV-13 affected hoth chloroph 1,,cquall. 

Flavonoid conlent. IV-li treatnent increased 
tileIlavonoid ctentilllaI\ in all Ctlli\ikars. FIa
viiniiid plltuctiill is a C0liiilioii respniis of' pl.iiits 
exposed to {.V-H1. liavonoids absorb INV- radia
tion;i urealer Cit1t llla sllhieldhence fiavonoid 
inner tissues frnt1 direct dania c from I V-I. 

Root oidizingaclivify.Root nltabolic acti\vity. 
as lasullCd b oxidationu of alpha-iitphthvlalile, 

Table 46. Physiological and biochemical response- of 4 rice cultivars to 4 wk of enhanced 
UV-B irradiation. IRRI phytotron, 1990. 

Variable 

Chlorophyll fmg g fresh wt)
Total 
Ratio chlorophyll a and b 

Flavoncid (absorbance at 
280 nm)

Root oxidizing activty 
(mg;h per g dry wt)

Stomatal aperture (score) 
Stomata frequency (no., mm-)

Adaxial 
Abaxial 

Ion leakage from leaves 
(mS/12 h)

Total ion content in leaves (mS) 

Soluble protein (mg/g)

Total nucleic acid (pg/g)

Silica (mg'g) 


(rngicm-) 
Leaf area (cm )
Leaf length (cm)
Leaf width (cm) 

Change, (%) 

IR30 IR64 IR45 IR74 

15.86' 15.18" 2.47 902 
0.03 -4.15 1.34 -3.17 

34.53" 35.17" 16.50' 25.57" 

-15.26* -12.12' -16.22' -13.55' 

-13.16* -8.11' -16.67' -22.22" 

-22.70" 
-18.18" 

-6.53 
-5.34 

-20.72"" 
-18.50" 

-23.61" 
- 21.71" 

49.7" 6.3 28.3" '33.0" 

-19.2' -6.4 -19.3' -15.9" 
-30.01 " -11.93' -15.76"" -26.75" 

-6.59 -5.55 -15.66 -1 1.73' 
4.0 -7.3 9.8 17.6 

-3.1 -6.1 158 28.1 
-1.9 
-4.0 

2.1 

-4.5 
-8.8 

4.6 

-21.5 
-10 7 
12.2 

-14.9 
-9.7 
-6.1 

•Change (%)= [(UV-8 - control)Jcontril] 100 
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was siitnificant1N' reduced bN LV- H treatment. even 
in tolerant cuIiVar'S ilkJ-Ie 46). ;\pparentlN. tAV-Il 

damacey to shoots waIS I:ansm,1':tl1Cd to thle I'oot 1Asteil. 
MIM ki hielded horn11 1A\-B raldiation. mIii-rS directC 

rect root daiiaiu-c h\ LN -H3 rim~\ reduIce rooLi iIlltM 


ariO inrineral upiake. 


Stouigatal aperture. l,.:-l treatmreilt deceaed 

StolIrt'll aperturIc LOnthe alha\ial ditlltdkC 01i jIeCroni-


mlate hixcspandcd le 1n1eeii(Tab~ 461r. 

stornaltta apjerturc \%ia, reduced Ilnure ill A'\ er 
tixe than) Ill toflnt clhi'-an'. A11thon1-lr tilc rrwClraI 
[11511 oft L\-B impa~ct oin ,toidutn Iperitrk , rIl) 

certain. it appear, that ['-l Causk' lilt L01llijie, (it 
LILt.Iri Lir hntlif'oinll IN .V, st1iil~l JI)CItaeIx1, 

1ietxxeeII I V-13 oMud1112-eLL i)etedts OHi11,Ci. 

S110111111itiib,(i tril . Ih1L' ritiiiiherl (d xtIhrIita 
pe~r unit arci )it hith c.0iilic e \\a,,i~h~it\ 

reCLLIilt 111 IA\ -Bi rloI, uentCIlin ll] ciari%;IV exLCept 

IRO-1. ILhe CC xi i' ere~iter IM the Adixial Ul1pli'r) 

than thk: ixiai 'tIrtJCe ( I a1b lei. t VB alipieatetl 
to Iinhib-it olamtmr (lpilitit ianlidc xtiihlrl~ 
rice cdlimie' arnd imLS citiise inIiiactiiin, it Ii i,-c 

r' cin tI(i Chli)iiL i n (l ) lcx el. 

foil bal~ance t \ II, triiei sicutit irtxIII 
Lrcitccl ionl Iakac iuii it cx ti Al itiii 

C-L:.Cpi lR04- 11(11 461i. i li Cli 'ii t1hu1 

NvrIat I~u ( bru L21ItIHeICch tl it a ilIx~r HIMt Mi11 

toII te oicrihr-anc C "Cl iuit I I dat itxx Utr~ %c ~I 
shoiix. i. I\'-3 tiliicit'.iiiLhtI titL Litll 

I i thi~c 40ii l'1W, IC ih iCCtl i tirit I \ -Bi Liin-

irle' loll uptaikc tii 1tiuirihuir. ant ii-relx 5'tile 

iub crsitiiii that I \ -1: ici ii t omdmiiiii 

aiIx its 

Solublhe pilicilnditincleic aid~s. I % BI titct 

rrie;)t -i tiiitIuiit~Ixj)IeI iii.OiiiiIIi i Illit i IL ifiii 

iii.1" 111 iit rL iLC 

Lciuntl ( cunx t uiNiC 
I oiL i Mld 1 1ii! -'- L(iii [e~L ]i 

r 111"-uL-pii) 

01,t MI'IiCiL. ill-I 1 hi l l-ittrcltL LiiICItjiit L1.111%11 hau 

stIahilitie' Mxin irradijatetix. ii I %-B. v. hiercai thet 

~th~xof (dLuh1C priiteirilid] wit dither .int' i1h1i211 

ciltiix a. A hetict Cxpaiiir it til: (littcr'itI lINut 

he lCliittLi to, their dIL 'h :tiit Ill ihIxI)II' iii . 'Ltil 

Alul thliiulitteiCHii.C' Ill tileililits (it t iix nut itI 

pruitect thle tnlccules. 

F.~ a.ie h Iar riiricialicanii rie cc r itr 

017,0 IIOiISi- oh Icat stllirhceiiCx t thatl\ -B 

treattnwnll Increased wax content. but intraspeci tic 
dricjCI'ICeN %l 1c0c Clo i\ delir~ateti (datat not 
shom% 11). 

SiliCa. (NV-13 trernrietitll inrese iitl eat'l Silica 
coLilitlltn i\lheil 1114 ill 0ILIiIrIt LUilS. AS 
catl irci. icrictir. andl %rdlil dcleaxet ill Seisilive 

cuti is.I eii xitil 're Itr tI~IeIsCI inl lcit 

Sii cC' cciirerrt. 

Siiuinar%. C(ni'II diilteriI ll xt\t to 

IA\ -1l, Mulch I,, Lichidlei (Ictrnrteid to rice. InI 
-cncral, hiiicht.-it-dcand plixsiiluiicai variahles 

ore scimmlltxe it) L\V than %%cre ernimt.th 
xrililex1C' e12itirteul earier1. IllIilaticl.alr. Cloriophyll. 

115%lidi~. ititi !lIICIL ALild iMICIWiit diNCr~irrtiiiated 

xiI. It 11 Mille ct'iMuiieIt 10i HIil"(11 2iixllsaC 

aie i I' I \l-B iL~\. hilt Ithill IL~LiilItC\ 

le LJisie ~itx 

\ I'If I \1 (R I \I,-(. 

I ilrt\ 5 ;ite'xecIeILT%iceI l itl 'cdlirreL staicl 
hut thieii )LIiia ii e~iiieriiiirpIhileclit 


toi L11IilILL1 I \i iitui v111 1) 11 Ii imhitrrr 
tjit illho .2 %%.i 

Sic-Itiiait tltt1CCII.C txci hu%c'I iCI \dCIl I)INI 

hCLIlt. Wi-LIt ICHICI1i. it'i IIi.. ICAl (!I\ 'i leafLl 

xhi~ti'h. 'Iii tutuI 'hl it pot ritlii. arid ,pe-~ 

x1 It1~i2 it ith Ct, a It.I ilLIt oI tI j I Iit LIIk IIjI it-,I I a Itit Itca. StI 

dir\ xxciiliht iild ILilt area liii tileLIV'Ilext 1,1112C III 

CII 1iti51 it L I\ thu'. tliLSL iriilhlc arepL s 

IllLiiiill LitxiiLL.5IliCIC 5'.I .kiLrul)iilCLi 

MIiiLI 1, V-l-hIrL LOniiiliiiis. h\ iri the r;IlItiOfi 

I \ -Il (Lu I)itIIIl 40 he iit Ssilic ti (11CC \itiahbic 

Ilh ut \ Hi tuulii s ictleics u)S4 anldImI \xCie 
liiaik' 5. '1Lheiiii, I V HI'iii C \ ;tiItC, %kCere 

1< anid 11<44 %xithi ., andl -'I' iL~itiM il ill xiiuiii 

til.% i hbs\ V-l ticitillicrit. it-'petiI cl\ 

liiii !iI \11i1? " 1 lo Itt I I I ' (ImIi 

Fild~Iic(Al itl 11M1<Lhlr.Kter"i/Ci tkt ethect Ot 

ICIlCicrttL Lii 4111 l. il cIICiIcI.2115 th'io and 
lrLduiui-i it% t-ilL1W iii~ite be1ld~ tuii heI(\ld 

itktl !(iit ilibrat it Lill! ', lrilt]ilit](irm iinuici 

'I l ilipis Ldihtclrcitiai. tit~tL~litiitin 55C LIW 

'I'lltitti(C'i2i %klh tIIL2L [IiliIiiiL! ulatC' as rliait 
plots .1;11. 1 chb. anti'4 \lari. W\nhiti plarliiic 
dltex. tratiirt l %\evsIllui (%Ihil(11 otipcri-tippel 
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chambers about 1.50 m high. having clear plastic 
walls to give an additional temperature variation and 
four cultivars (1R20. IR46, IR52. and N22j having 
diverse tolerance for abiotic stresses in factorial 
combination. At a given developmental stage. can-
opy temperatures as measured b, infrared themiome-
ter were about I "C greater for successively later 
planting dates. On clear days, canopy temperatures 
were about I C greater inside than outside the open-
topped chambers. 

There were significant cultivar x planting date x 
chamber interactions tor most harvest variables 
(Table 47). Only the data for panicle weight at 
harvest are given here. Later planting datle higher 
temperature)dccreased yieldsof all culti\ ars. Effects 
of chamber treatment, v;,re not consistent. probahl% 
because chambers aftected pest attack in addition to 
increasing ternperatures. Forthe latest planting. N22. 
the cultivar considered to be most tolerant of high 
temperature. had panicle ,,\ eight of'0.8X6 L in the first 
planting compared to 0.60 for lR20 (susceptible to 
wxater deficit). 0.45 for IR52 (susceptible to \kater 
deficit and high temperature), and 0.43 for IR46 
(tolerant of water deficit). Althoug'h N22 A.as most 
tolerant of high temperature on arelative basis, it har 
los. oserall panicle %keight. Oin the basis of \icld 
potential. IR20) and IR4, %%ere the mrost tolerant of 
high temperature. 

FtT1 RE RLSEAR('II 
Future research on LV-B effects \k ill emphasiie 
germplasn screening in the phytotron and effects on 
yield. Research on high temperature effects k'ill 
investigate the physiological bases for high tempera-
ture tolerance and the interactions between increased 

Table 47. Paniclo weight of 4 rice genotypes In re-
sponse to high temperatures Induceei by late planting 
and open-topped chambers. IRRI, 1990 DS. 

Cutlivar 15 Jan 8 Feb 4 Mar 

Without chamber 
N22 176 c 164 d 159 b 
IR20 370 b 379 a 244 a 
IR52 404 b 229 c 182 b 
IR46 553 a 334 b 233 a 

With chamber 
N22 
IR20 

173 d 
445 b 

147 c 
315 a 

142 b 
242 a 

IR52 370 c 231 b 163 b 
IR46 501 a 346 a 219 a 

CO, and temperature. A multidisciplinary approach 
will be used to investigate the effects of UV-B 
radiation on rice disease and pests, the effects of 
increased CO, and teniperature on rice yields and 
rice pests, modeling of plant responses to climate 
changes, and emission of climate-changing gases 
fron rice soils. 

Technology-environment interactions 

PE-STttI: USt AND t\RM-R t11-A.111 
.\N) PIHi)I)t'UTVIY 
Concern., about tle effects of pesticide use on human 
health and the environment have been expressed lor 
nore than a decade, but fe%, studies have sv'stemati
cally quantified the effects. The multidisciplinary 
stud initiated in ianuar, I '-)X ex an ined on a sample 
of*lanns in Laguna and l.uchan the impact of pesti
tide use in rice production. 

Thirt -t\oo farm households in Laguna have been 
uonitored lor 3 \r. All farm inputs and practices 
hae been recorded, particularl\ pest inanagenlent 
practicesand methodsof haildling pesticides.'k, entv
tMo random l. selected pesticide applicators who 
\.'.orked in the area verc added to the sample to make 
a total of 56 farmers representing the group exposed 
to pesticides. A group consisting ofl4) farmers from 
Lucban %%ho ha'. e never used pesticides,'A as the 

control group. 
Extensive andi intensive sampling of' biotic and 

abiotic variables such as soil. padd\ \%ater. well 
wrater. groundh.ater, algae. /ooplanktons. aquatic 
insects, fish. frogs, rice plant. and rice grains ere 
conducted on the 32 ILaguna farmns and 40 Lucban 
f'arns. Detailed medical assessments such as physi
cal examination. lahorator\ tcsts--'BC. blood 
chemistr,,. lG. X-ray. ain( cholinesterase test
%kerCdone oti the 56 Laguna farmers and pesticide 

applicators and 4Df Lucban farmuers to measure the 
acute and chronic etfects of pesticide use. 

Acute health effects., . hich predotninate over the 
environmental effects of pesticide use were mani
tested in the cholinesterase It'eels. \. hile chronic 
effects were manifested in the cardiovascular. herna

tologic. and neurologic systens. In the first and 
second monitoring periods. 56 anti 611,' of the farm

ers. respectively, suffered i depressin their cho
linesterase levels. Fif tl-four peru-m:nt in the exposed 
group had cardiovascular ahnomualities compared 
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with 7/r of the control group. Compared with 25% in 
the exposed group. only 5%in the control group had 
lower than normal hemoglobin levels. Three poly-
neuropathy cases were found in the exposed group 
and none in the control despite the fact that there 
were more drinkers in the control group. These three 
farmers had nornal blood sugar levels (Table 48). 

A cost function model quantified the impact of 
pesticides on farm productiv ityand on human health. 
When health effects are explicitly included in the 
model. the net impact of pesticides on farm income 
is negative. 

We also simulated the effects of different govern-
mental policies on pesticide use and human health. 
The model predicted that a ta\ on pesticide pur-
chases wvould lead to reduced use ani impro\ed 
health. With a tax higher than 51('. the effects on 
improved health " ould more than offset reduced 
yield. 

This implies a need to reassess return on research 
investment. When health effects are not considered, 
the rate of return on general rice research isoveres-
timated. and the rate of return on research that 
reduces pesticide use underestimated, 

AciRO(cIIEMI'.\I IMIA~t'.\s C\ s;I)I. AND '-\TER 

IN's t:RTIRA[I-S AN) N,-ixN .\ILi.t 

Research has sho\s n that. at the lekels of inorganic 
fertilizer applied in ricefields. most N absorbed b 
the plant originates from the soil. Soil N i , released 
by the turno%er of a microbial biomass that repre-
sents only a fe's percent of total soil N. Crop resi-

Table 48. Physical examination and laboratory results 
of the 56 exposed (Laguna) and thq 40 unexposed 
(Lucban) farmers. 
Item Exposed Unexposed Ztest 

( ) -

Physical examination 
Cardiovascular system 54 7 
Polyneuropathy 5 0 
Hyporeflexia 25 15 ns 
Eye 55 80 
Lungs 19 ns 
Skin 15 20 ns 

Laboratory
Low hemoglobin 25 5 
Abnormal ECG 41 40 ns 
Positive albumin 16 18 ns 
Cholnesterase 5 2 ns 
ibaseline below norma!)

Average health cost 61 1 323 

dues. algae, and aquatic plants contribute nutri
ents-including biologically fixed N,-that allow 
the replenishment of the microbial biomass. The 
recycling of nutrients accumulating in algae and 
aquatic plants is ensured by /ooplankton and their 
translocation into the deeper soil by the soil fauna, 
mainlY aquatic oligochaetes. Soil and water inverte
brates are therefore kev components of the ricefield 
ferfility and it is important to understand how factors 
ofcrop intensification, especially agrochemical use, 
affect their ecology. 

An experiment %%ith 65 plots !16 m each. 5 
replications) w.as used to stud\ the combined effects 
of N fertilizer and \,idel, used pesticides--car
bofuran and butachlor-on major populations of 
aquatic and soil invertebrates, and on N -fixing BGA. 
We used one unplanted unfertilized plot as control 
and 12 selected combinations of"5 N treatments and 
4 pesticide leels: 
M no N.55and I 1kg N/ha broadcast split. 55kg N/ 

ha deep placed. and a/olla incorporated before 
transplanting: 

M one application of carbofuran at 0.1 kg active 
ingredient ai i/ha. 2applications of0.3 kg each. 3 
applications of 0.5 kg each. and 5applications of 
(.5 kg each. The 3 treatments v,ith 2 arid 5 
carbofuran applications also recei\ ed 0.375 kg ai 
butachlor/ha. 
In,ertebrates recorded are iisted in Table 49. The 

d\namics of their population,, follov, ed a similar 
pattern in most plots (Fig. 3I0),,ith a peak of chi
ronomid arid mosquito larvae at 12 DT and of ostra
cods, the most abundant organists. at 4(1 DI. Popu
lations of ostracods. and chironomid and mosquito 
larvae vkere much more abundant in the plots receiv
mg the large.t quantit. of agrochcmicals than in 
fallov plots.

The comparison of treatments, %.ith different lev
e' fNfriizro ei'd d~.e akdefc 
elsofN ferilierorpesticidesho'edamarkedeffect 
of N fertilizer on algi~orous aquatic arthropods 
bostracods and chironomid and mosquito lar-.ae. 

(Fig. 31) but no significant effect of pesticides. 
Neither N fertilizer nor pesticides significantly 

affected the populations of copepods and cladocer
ans. v hich de,.eloped late in the crop c.cle. 

Pesticide application inhibited the development 

of aquatic oligochaete populations. A ciear negati, e 
correlation between BCGA gro, th and the level of 

( sos) (t-test)applied fertilizer wkas observed. Deep placement 
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Table 49. Effect of Nfertilizer and carbofuran on aquatic Invertebrates and Nt-fixing BGA 
populations., IRRI, 1990 DS. 

Rice N fertilizer Carbofuran 
Organisms fallow vs .. . . . . .. .... ..

planted Deep Increasing At 4 levels At 2 Ic. ~lsWith 2 levels 
placement level 110 N 55 N azolla 

Ostracods 0 0 0 
Copepods 0 0 0 0 0 0 
Cladocerans + 0 - 0 
Chironomid larvae ... ... 0 0 0 
Mosquito larvae + +4-+ 0 0 0 
Aquatic oligochaetes nd nd , .-. nd nd 
Snails nd nd 0 nd 0 nd 
N -fixing BGA -- + *-" +++ 0 
Dissolved 0. (0-20 dl --- -- +.- 0 0 0 

'0 no effect 	 or --- not veiy marked, possibly nclen!al. posive or negative Weffecd...or - ip€ear positive 
or n-ga!,ve effect, no = no data 

markedi decreased the inhibitor. effect of N fertil-
izer on B(.A ,romith I Fi . 32). Soie ,tiiiuhaitin 
effect oIpeticide applicatit as ob1)ser%ed onIB(A 
ahundance and ol photo,,nthetic activitv in the 
flotdsater. 

lhI, \lerililCnt. ondLctedLat rates of agrocheni-
c~d' 0urrICn1 iksed in farnliers' fields. shoss%sasuit-
iltor\ elecl of \ fertilii/er otit .ila islIrlus aquatlic 

arhrlopods associated %%iiIincreased pritlarN pro 
duMlis il ni lloo(dkialcr. Pesticides had io iarked 
ettlfc (in these orii.tismi at the crop ccl. leel. 

Populat!o" tno m" 

20 000 
-- Cor*Poas 

15000 / ....-- ClacoceransCnronomos 
0Mosuounualsiii 

5000 

0 
- of maxi-nurn population 
120 

0 

60 

40 

0 

10
0 20 	 30 40 50 60 70 80 90 100 
Days after transplanting 

30. t)nr11c 	 'IN [sptlluiiloi J crop ckj.Ppl)nktin dUuuin 
IRRI tarni. llIDt)S \%kcrjicI rcalliinl uifh 5rc-phacaiin 

AnloLltes.tcd ins ertebr;.les only aquatic (,i
ochaetes ,,ere sweficalt,, inhibited h. pest'lcide 

applicatiton. This indicates that pettcide use ilight 
reduce the translocatii into i deeplr ,il t0f rect:ci.ed 
nutrient, 1ccI-1n1uhitn at thef ,ii'eter interface. 
Mnd thu redu c the'ir' a.,\ a1lilll', to rlic Ihlnts. 

iroadcastigii N inhibited the ,iiss III ill \ -fi \111 

l .\ fis the i If cik;illsltic il';.B and )rcd ro-l 
ut awrochcniical I)liuse did not miaikLdile j1'1uLC 

ilar. pioduction Ihi foiodslater. , Liorii, aleiso
rous alu ialic artlhroplods. it also laswiretl iutrient 
rec 5cliii e. 

_' N( I.I sli(I
The cottlilion theme lalt ,eller 7es through this report 

is the Increasing c of tie eli frtelll'c;'il -/,,,ClUillLi'Sil, til" n ironmentruncn o 

prtlducti it\ gros\ tl ill irri'atell ricC. This 
increased coinpleit is, particularl. llanifested in 

the ieed to Uinproi : t"eii i;lli2eClieint aIlld Clf iciCIc%' 
((f use If scuc eoUilCs ulii/ed in rice triduiictiui. 
,.A sinificant shlii t ill th icld Ironltci aid imore 
efficient input uiili/afiiit could Ilad to a Imiore ra
tiotial e\phlitati oi of thle apricultural resource base. 

Prospects for shitltig the eld frontier tlrolugh 
changes Ii plait architecltur are ii-h \%ithin the 7- to 

)-r horizoni. Il\ rid rice, for tropicail conditions 

should he alaulahle \\ itlin tile tiest 5 sr. Wilh hoth 
t'ChIlU(ohLls. \iC ilIlelltCnls of 25'r ciuld De 

epeced. Inlput elflicicnc\ plns can he e\pected 

thrluh better fertli/er I)l;aciicitn and ic ,rpora
ti-. I[eCsrtlcd pc[ inlaulieineti. the s-,kitch front 

transplaniting To direct Setdin'. and tiole tudicioUs 
ssaler use. Thellncrease in prIoducti\ it\ aid iiconics 
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Rainfed lowland rice 
ecosystem 

Considerable increases in rice production in Subprogram I: Sustainable resource
 
recent years have come from the rainfed management
 
lowland area. In many countries in South
 
and Southeast Asia, ;ainfed lowland rice is a Determinants of ;,.,w prodtictivity
 
priority area for rice production. India's in the rainfed lowlands
 
eighth five-year plan has designated rainfed 
rice areas, which cover most of northeast R p i \!"\ I 1,.'/ \1It', fi 
India, as priority areas. Relative to other I,"\\\,1I0 ,\l 
ecosystems, the proportion of rainfed RApil 'frI I hc rfit,1111 IIIc\', (1 cil.IhiiiicnI flil 
lowland areas will increase with shrinkage in Ihllpin.,. Th,,I;,i. I-J 1,(( <M .li,.di, andIli ll 
some ecologies and less expansion of Ncparl c o i to hlo I C, .el tI.tlicicil kctC ) iIiIhtll .i\ll 
irrigated rice areas. Hence, there is an urgent iu tr "ih llkli[W .1d ilic , ilrcul t ,-. 1lic raIIIIIVl 
need to develop better technologies for h( . rl k.)lrlll[* ,ar ll I ir,klallo,i A.i and Ilc i 'llt.d 
rainfed lowland rice. ipritltkri\[ t\ 2.'A I.ind iic. .,,.Ilr.lu. Input. 

L'01i,0orrL l.,1ti '.A ICL i[I't.,ul 
on priority areas of activities. A decision was ,trincr l. C',cIIi,,.'IIIl tc.hn, rl kn(M Il-

In 1990, seven research projects focused 'd )tltcr Cick tICtailCk; 
r,.. ,c-d 


made to consolidate two projects in sUbpro- cd'2c rilnirlril \%.ix .4h1iiliCL.. (SCIMcl l iililn> 
gram II into one unified, clearly delineated tr il. ',tIlC_\ d 111.1 111i, 01iI tcl . 
project. Consolidation took place in January Rc', .lmie flccp tirirrr ,Plllc,,N,,-i,dLti linic l 
1991. knt..Icdgc ci.rrriiic hi 

Funding fron ADB will augment core U tlrc i, .ji0liii. ,rodpIcirirl. 'wl rli 
furds and help inimplementing IRRI's to lniltlnn,. ,.11'cIc,,.. . &IIrrIc\ 
strategy of decentralizing research effor t:, I,,li I;.rl,1p,'. 

1.rnI Atand solving problems of the ecosystems UII1C ic', .lC Il l hi .'I, ',\ , 

concerned by drawing on the respective I0, ric.p diiir, r1,r11;1cc ll t",. 
strengths of the members. In 1990, eight key (' lrari le , i .nI 4 ld-N .q lit i [I. mil \pe. 
sites viere chosen in six countries for the h',llk, . ,,IIilld ilLI.hl rrkdIn IIIIdhc I.d ucl 
(ainfed lowland rice consortium. Selection of adid prhlk.ir11V crc dcciilcd .ilII.hcl'. n1,ik Id tI 
sites was based on specific constraints that hidrt.hIim ' l c.i',,lilhio ,.Ii .l 1illcrclniatcdItur 

they represented within the rarnfed lowland uIp dund liv, wn 1c lcd [m().ccii irlmld Id. mlr\ 
rice ecosystem. lrnd IiLC M.lC&, 1It11 lIItIM. i ill IM\.CIll'. 111dml tl.i-

From 1991 through 1994 and perhaps kiLLcN. .1lII nII11Mhculatcri, c ri Ih'. ic it.illi'l 

beyond, greater efforts are contemplated I I I I, II :l;l' hirm%c m1alln',.capC'. IhluC 1hlitl. 
for eight key sites and, if necessary, for addi- in Icicrrc 1 rl'l ,: "111I'lr I .t.im 1,rKc. dIlI 1',V.l . 
tional satellite sites. upper arid Iimi .riciial " crc .,i III2i f filc kct 

v,,' n r\ISWS arid (.5 t) 2.(0inIn ilice di '-cl,)l IDI , 
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Table 1. Some farmer categories for lower, middle, and upper raInfed lowland terraces or 

environments. 

Lower Middle Upper 

Cambodia 
sre-kraum (lower rice) kandal (middle plair) sre leu (upper rice)
 
trapeang (rice pond)
 
chumrau (high bunded)
 

Southern Laos and NE Thailand, 
din lum (lower) tommada (normal) non (highest)
 
kan (intermediate) pon (upper)
 
don (upper)
 

The Terai of Nepal 
khala (!ower) madhaym (middle) danda (upper)
 
jadahaniya (quality rice) parsahawa (easy to drain)
 
itahawa (water all season) osahaniya (easy to drain)
 
samtal (difficult to drain)
 

'People ofNE Thailand and Laos speak tie same language. Isai 

In the unfa"'M rable rainted lok lands, Upper fields environments. modern high-vrielding irrigated varie
were associated ,,ith hich drought risk. lo% produc- ties dohm1inatC traditional varieties in terms ol yield 
tiv'itN, and ,he use otshorter duration, more drought- and income. It is onl in ilnc drought- and submer
tolerant rice culhivars. Fanners described lo efields gelce-prone en viromelnte Ihal tralit itmal varieties 
as poork drained and prone to fltooding, but priduc- are dominaint and colllillle it) be preferred. 
tive itriot llcod danaged. l.woer terraces wkere (enerallv. there is consistencv aciro locations 
nonnaill planted to long-lduration. more submer- ithill and across countries in lerml,\k acoutitr ofthe 
,ence-tIlerant. phiot)lperi ad .ns iti tradilional rice le\ els of purchased inputs and labor ,usedfor rainfed 
cultivars and then IalIowed. In the tfa% )rahle rainfed rice cultintion and rice yields ('I'able 2). Less than 

Table 2. Input i,.-for rainfed lowland rice production in Southeast Asia. 

Chemical Labor Rice 
fertilizer 
N (kglha) 

Manure 
(kg hal Land Trans- Weeding Harvesting Post-

-
Total 

yield 
(t/ha) 

preparation planting harvest 

Philippines 
Upperpaddy 
Lower paddy 

57.00 
56.00 

12.25 
11.00 

16.75 
15.00 

27.00 
27.00 

15.70 
15.70 

11.40 
11.40 

83.00 
80.00 

2.4 
3.1 

Thailand 
South 
Upper paddy 
Lower paddy 23.10 1.90 18.75 10.44 30.19 61.28 1.9 

Central 
Upper paddy 20.00 2.60 37.50 18.75 28.12 - 86.97 1.9 
Lower paddy 0.90 18.75 - 14.06 12 45.71 2.4 

Northeast 
Upper paddy 
Lower paddy 

17.50 1187.50 
1100.00 

13.50 
7.1 

54.50 
28.25 

16.10 
6.63 

56.56 
27.13 

8?5 
7,37 

148.91 
76.98 

1.3 
1.7 

Cambodia 
Upperpaddy 35.00 2300 14.00 50.00 19.00 37.00 17.00 137.00 1.6 
Lower paddy 22.00 2600 13.00 50.00 27.00 41.00 19.00 150.00 1.8 

India 
Faizbad 
Paddy 40.3 3000 116 1.4 

Bahraich 
Paddy 27.8 4500 83 1.6 
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30kg ofN issupplied through chemical fertilizer; the 
amount is lower in the less favorable rainfed areas. 
There is sonic augnmentation of nutrient supplies 
through the addition of farnyard manure (FYNAI. 
especially in Northeast Thailand. Cambodia. an1d 
East India. Nutrients are usually applied to the upper 
terraces, with lower terraces benefiting from the 
runoff. Yields are Lenerall) similar across tie unfa-
vorable rainfed lowlands: upper terrace icids range 
from 1.3 to 1.9 t/ha. %%hi le loss er terrace sields raince 
from 1.6 to 2.4 t/ha. Yields in tilefavorable rainfed 
low"lands of the Philippin.:s. %%here modern '.riet\ 
use is 5.idespread. are substantially higher-about 
2.4 t/ha far the upper terraces and 3.1 t/ha for the 
lower terraces. 

FLtki I)IkttR-(htNS 
Parlicipat ion offarers in on-farm research is essen-
tial to efforts seeking sustainable productis it\ Ii the 
rainfed los. lands. gi,.en tiledvnanic ctinple\it. if 

the auroeco stem and the poert\ of nost if its 
fariers. Researc'h in each area should include the 

collection of Iraditional culli ars. tariner iniers es'ss 

about crop lnanag-ienwnt. and niinitirng ti priduc 
tion IIidifferent ens\ rmnlelln. l-:tbestlcollblla-
(ions ofcullvar. ens ironient. aid anallgeentllll can 
then be tested illf,riners* fielsCL. Purelrine ,Selections 
nia, he appropriate in OiI cass. 

Research addressinl hort- tIt lediUii-eril SOl-

related prohleis oct tin 

sown without soil on concrete, plastic, or banana 
leaves) to address the difficulties associated with 
com1pacted sand' soil conditions. Generally. taller 
traditional varieties ('Vs) k cre grown on lower 
and middle terraces s hile traditional and im
proved or specialty rices w.ere gross n on the 
riskier, drought-prone upper terraces. 
For tihe slit r teri. pIss and diseases ;ffcctiIg the 

rice crop nust be plositis el) identified, and Yield 
isses and the etfficacy ,tffarner inanagement meth

ods need to be assessed. For wveeds. colpetilive rice 
plant types. hand ss eders, herbicides, row, direct 
seeded rice for Upper terraces and wa,,s to reduce 
%ecd seed in FYM need to be tested. For the niedium 

to :ong tern, ci'mntrN- and agroccosystein-relevant 
integrated pest inianagemient (I11M) programs are 
needed. Programs ssould tonsider farmers' current 
loss-input strategic,, and their use of other paddy 
organisms (e.g.. fish and frocs. 

Perhaps less than 20f of tilerainted rice area 
gros platils other ihan single rice crop per year.
Techiicall . double cring of rice in the fitrable 

rainted loss land areas is po sihle 55it earl\-iatur
in1g sarlctieN. I lossc%er. ile real poteiitial foir increas
ingU cruppinng intensities lies illnioinrice crop pro
ducniion. .\mon01 supply side constraints ti croptile 


intensificatini in the riinfed loss lands. the tillos, ing 
deser e special attention: I ) better crop establish
ninlt practices for the prerice and ptistrice crops. 
2) better qualiiati e uanersidineI ofhe cilialpeli-

M further stUdo tnlan-er anaentell. use. Jilld ion or labor bets. cen crop and ilncrop activities 
knos\ ledge ctincernlg tirganic and inorganic ter-
tliihcrs, leading to the des elthpinent of apprtipri
ale research fir impr,\sed t.raner inanaetnteni 
and use: 

0 bui!ding ultln pasISuse tf ( "/,,iiJihd <,.Ii'aulli. 

on-farin s,stems testig fit grCe IlManure I(iMl 
suitedtile cessatrle ...t , r,,stl,1t,1and 

,eihi*wifllcm tlat' aI %lrp'iw iw)or it)i sater SC'llt 
Uhditlierh[tI f,If'ia In tilepostricc I)S: 

ith harners test 
use efficientc (e.g.. managenient. sttrage. appli-
cation tinmn,,. combining s rinl 

* sorking %% it, sa,, to raise FYM 

it inti lertili/-
ers and liore fuel-efficient stos 1.,C 

M complementing and iipro in te sust1.lalhl, 

if farners' use otf FYM. tin-larmi s sl-ls te tn 
of multipurpose trees fir fodder. fuel. an t t-'-',i-

izter. and sS sters ir their use b local lariers; 

• testing improved animal-dra kn tillage inple-
ments. direct seeding and daiog seedbedsseedhed 
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during the nonrice gross il! seatin. 

A.-\ Ill() ifi)R I \IR \t11il\I IM, k( 1<\II-) 

(1RITi'' ; N')'l Hillt\IS I \\D It'ill. 
Identifitiin (ifthe estrapilatin dimailins tor new 

I echnlthog\ is i cructial stage Il the acricultural 
des eltipment pricess. btlit has receICd little atten

tnon. Hence. there Isan urgeat need for simplified 
methods that can assist researchers and extensionists 

iti specif. rele, ant e\trapotlation domain,,. .\ major 
issue is Ilo% t ,assenbleand display spatial inforna
lin \s,.ays that are hoth practical and convenient 
tr e\lenisiol speciaiil Ists ll Iin larin-leselcUdi 
olecisinlillikilig. 

We initia.tLed a project If,etile a setitt practical 
procedt.lurC it) niercge tilea ilable geographic and 
crop technoluic inlirlilion. and iake it asailable 

the\tension specialistslln a praclical and convenient 
firmat. 



__ 

The project focused on aset of five municipalities 
in Cagayan, Philippines: Solana, luguegarao, 
Arnulcag. Enrile, and Iguig. A set ofrecent 1:25,000 
scale topographic maps was used as the principal 
base maps. The areas occupied b ricelands \%ere 
determined from recent Department of Ariculhure 
soil maps. ,hich also supplied area co, erage of the 
soil types (series) with information on surface tex
ture. diainage class, and slope class. Tile irrigated 
areas wkere distinguished fron the rainfed by the 
irrigation iap ofthe National Irrigation Adininistra-
tion. Solana office. L:ndforms \ ere identified troinv 

the map of Bruce and Morris I 198 11 .v 
Dati and mapping ulnit ho71iundaries frolin the f-

mallrI onto the topographicinl., \,ere tiansferred 
base uzaps. The niapping scale- ile niap-to-groiund-
distance raiti %aried. lherefo e. the iap entities 

(point,,. lines rmm the respecti e maps \%ere trans
ferrCd, usin,_' a Iechanical pantograph. The result 

conrposiie nIapeoniair .asIdlllillistiati\ C Ullils. 

still tinits. and aid us, use ii rit\,pes. lanldtoru 
-,ated and rai ted ridlani ,,. 

A set of ,i\ rainiftd land tpe, v crc defined b\ 

correlatin the huldform, ,oi s, r and crops olog, 
adaplato I forniatioll fll 12 reseirch sites illtile 
tud\ are.r. The\. \%ere dci2lMCed o1 the bIsi of 

oerall hydrlog , I Collt(itlonlS. and \,ere arra tl-,ed 

itstollo k s 

I. Fa.wrable rainfed 
II. Submerrence-prone 
Ill. lDriincht-prorie 
IV. Drought- and submergence-prone 
V. subntlicrencc- and drought-prone 

se'. submrerience-prone 
The nature ofthe drolht aInd submereence threat. 

leneth (fln.drohloctial scar. swils. arid represenat. e 

locationstor each riilfed land t\ pe s'crc specilicd. 
The current cropping pattrni. , ecrc determined for 
each lan type anid a set it sugcsted .rpilrms 

pattern, %kt'sspectlicd. 
Figure I ,ho'. s tileb:raria rap for Blwaan 

West. Solana. It conrain, fis.e mapping units ctre-
sponding to mis)rainfed land ;,.pcs. lie in,.ic 

VI. Waterlogged ,,elel', 

irthib 

portions of the baranea,\ are unshaded. \1osi titie 
nonricC cropland in the Fis erunicipalits, as planted 

o) Ilar/c. 

The ricC ,Cer.raphIL data hase had 2Hi attributes. 
entered in sep;rate colu!,n,,. Th section fOr Bauan 
West. correspi ndirg to the map iII Figure 1.is shok,n 

inTable 3. 

N To Dassun 
/ 

/ Bauan Wet 
To Iraga / 

.N 
21: "!
 

2a
 
Small v•
Sall T 

irrigation pump TO______ 
i Bauan 

* __ East .
 
/ * "----v_ 

/ ai * 
__30__'_" 

-anping unit 
' Rarifed land 

121 41,00," 

Paiii,_, I . p111,11 t.I inc landiii i1'%1,:. ,,I-,iaC1 

( . Ilhppiii-

The finall producl of the prohlit 'ka-, a series I 
field Ianuals, coiiLpoMel for C\tCIsiriII spe)cralists. 
For each hararga,. iraps itthe ritCd land \p', 
and lie geograpll data base crc printed (illurn..cig 

pges. [he te't Included Ilstitloll nl, (illl toto ise 

tie inhornation itor itnims pmipi) s,. iIIltilhri ad. ice 

to tarriers (oni thdirct ,,ns ill M ich croppin pat
terns call be Intensified. 

'lie ullllilte sut.cess g glaphic Iinorira-Itile .

,i lterv.il till inndepend Itslustlittoial/iat 

'.'. Ilil tle cNt\I s" Mil.t ,l d tile tlinua.l till
pro\ eic nttit tile tllt\ aid oquatity 01 its,I LortCns.
 
[his ettort %.il require acurtdiiator responsible 1o.
 

aslenainti nnc ad idLmicrolldc'. lopCh0iMcit. 
c riputers (ldeilictd t this task at the pros iricial an 
re,_ioal lcels. 

Crop establishment 

The first probleni laced b\ tanners t'rainfed loss 

land rice is the estabhlishnent (4 it,od cr ip ,land 
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Table 3. Rice geographic data base for barangay Bauan West, Solana, Cagayan, Philip

pines. 

Bauan West (856 ha total land area) 

Mapping uni 
Culture type
Rainfed land type 
Rice area (ha) 
Landform 
Soil type 
Soil texture 
Soil drainage 
Slope class 
pH 
OM (%) 
P 
K 
Soil fertili'y 
Fertilizer ecommend-

ation (kg NPK/ha)
Variety 

Yield (t/ha) 

Present cropp,.,. 


pattern
Suggested cropping 

pattern 
Remarks 

la lb 1c 2a 2b 
RFE 
VI 

RFE 
V 

RFE 
V 

RFE 
V 

RFE 
IV 

225.6 
AT 

85.6 
AT 

76.3 
AT 

11.9 
AT 

81.9 
AT 

192 
F 
P 

192 
F 
P 

192 
F 
P 

903 
M 
P 

9)3 
M 
P 

A 
8.3 

A 
8.3 

A 
8.3 

A 
6.2 

A 
6.2 

2.3 
28.7 

2.3 
28.7 

2.3 
28.7 

1.6 
29.3 

1.6 
29.3 

420 420 420 500 500 
VH VH VH H H 

55-20-0 55-20-0 55-20-0 70-20-0 70-20-0 

LV 
2.0 

F- TPR -F 

LV 
2.0 

F-TPR -F 

LV 
2.0 

F-TPR -F 

LV 
2.0 

F-TPR -F 

LV 
2.0 

F -TPR -F 

TPR(LV) or WSS (Sesb) - WSS (Sesb) - WSS (Sesb) - Mg (rp) 
DSR(LV) - F TPR (IC) TPR (IC) TPR (IC) TPR (IC)- F 

10 small water irrigation pumps in the barangay 

'Mapping unit refers to Fig. 1 Cuiture type RFE =rainfed, IRR =irrigated I.arnform type: AT = alluvial terrace.
Rainfed land type: IV = drought- and submergence-prone V = submergence- and drought-prone. VI = 
waterlogged, severely sutmergence-prone. Soil type 192 =Brgaa clay, 901 = Quingua silty clay loam. 903 = Tagulod clay loam. So, texture: F = fine. M=medium. Drainage: P=poor, W= well. Slope class: A=0 0to 1.0%,
flat or level land. pH: So-I acidity index = >7.5 alkaline 6.5-7.5 neutral, <6.5 acidic. OM = organic matter content.P =available phosphorus i PO,) level (ppm).K=exchangeable potassium (K,O.ppm). Soil fertility level: H =high,
VH = v ry high. Variety dominant: LV = local variety. photoperiod sensitive; MV = modern variety. Present
cropping pattern TPR =transplanted rice, F = fallow. Suggested cropping pattern: OSR = direct seeded rice;WSS =wet seeded sesbania green manure: IC= improved rice cultivar. intermediate height, medium maturity:
Mg(rp) = mungbean ridge planting). 

without which they cannot justify use of inputs 
needed for increasing productivity. Results of re-
search on asystem ofdry secded rice (DSR) mahage-
ment in eastern India. on the effect of establishment 
method ott root growth and ()nt weed ecology it 
rainfed lowland rice are reported in this section. 

B sANI 
Farmers of rainfed lowland rice in eastern india 
fol.aw a unique crop establishment practice called 
beusani (also biyasi, bidahant). The farmers dry seed 
rice before the onset of monsoon rains, then plow tile 
fields 30-50 d after seedlings have emerged (DE) 
when there is standing water in the field. After 
plowing through the seedlings, farmers laJder or 
plank the field and redistribute seedlings to ill gaps. 
Yields of beusani rice tend to be very low. 

Experiment 1.Field experiments wereconducted 
with IR64 in 1989 DS and IR72 in 1990 DS to 
evaluate the effects of different beusani operations 
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on rice, wceds. and soils. Wcusedasplit-plotdesign 
with five replications. Main plot treatments were 3 
establishment methods: I I broadcast DSR (BDSR); 
2)row-seeded DSR with 25 cot between rows on dry 
soil (RDSR); and 3)transplanted rice (TPR) at 25
x 25-cm hill spacing in puddled soil. To synchronize 
maturity of all main plot treatments, DSR wkas estab
lished 7 d after sowing the seedbed for TPR, and 
20-d-old seedlings were used forTPR. Subplot treat
ments employed4 Lrop management practices: 1)no 
additional treatment (control), 2) wet plowing through 
seec, lings at 45 DE (plow). 3) P plus laddering 
(betsani), and 4) chemical plus hand weeding 
(weeded). Belore puddling plots for TPR. the DSR 
plots were sprinkler-irrigated to genninate seeds. 
After puddling for TPR, all plots were flood-irri
gated. 

Although RDSR had greater root length density 
than BDSR or TPR 4 d after plow and beusani 
treatments (Table 4), there were no significant ef



_________________________ 

Table 4.Root length density of IR72 at4 d after beusani. ration at 38 DAS: 3)urea: paired row DSR with weed 
IRRI, 1990 dry season (DS). incorporation at 38 DAS: and 4) trampling: paired 

Root length density' (km/m3) row DSR with weed incorporation and additional 
Establishment trampling by toot to apply pressure to the soil similar 

method, 0-5 cm 5-10 cm 10-20 cm 20-40 cm to GM incorporation. [ r all treatments except GM, 

Row seeded DSR 48.4 a 164 a 5.51 a 0.995 30kg urea N/ha was incorporated before sowing and 
Broadcast DSR 28.3 b 10.4 b 3.10 b 0.680 20 kg urea N/ha was incorporated during beusani or 
TPR 24.3 b 11.2 b 3.84 b 0.868 weeding at 38 DAS. 

'DSR = dry seeded rice. TPR = transplanted nro. 'Ina column, Initial plant population was greater than 250 
means followed by acommon letter are not significantly different at 
the 5% level by LSD. 	 seedlings/m for all treatments (Table 6). usually 

more than adequate for rice. But however great the 

fects on root length at any soil layer 16 d later. Nor seedling population, beusani plots still had large 

did crop establishmient or management treatments gaps. At harvest, there were greater numbers of 

have significant effects on soil penetration resis- tillers in the GM treatment than in all other treat

tance. Apparently, as long as the clay soil of the ments. In this experiment GM incorporation and 

experimental area . ept flooded, soil Uenetration trampling reduced water infiltration compared to 

resistance and root grov "hare independent ofestab- that in the beusani and urea treatm,:nts. This result 

lishment and tillage. differs from what was reported by scientists in east

L.5:-iblishment method had no significant effect ern India. This may indicate that we were not ade

on IR64 yield in 1989. but the weeded treatments quately simulating beusani operations as perfornied 

yielded tuore 1.75 t/ha) tlan all other management by farmers. The high yield in the GM Freatment 

practices (P<0.(5). In 19Y,.asignificant interaction indicates good potential for this practice in areas 

between establishment mid management treatmeints where beusani is pfacticed. (irain yields were also 

resulted from unifornmo high yields in all TPR treat- higher in the GM and trampling ticatments than in 

ments and all weeded treamnients (Table 5). the beusani and urea treatments (Table 61. suggest-

Experiment 2.Low yieldsof beusani rice may be log that excessive water infiltration reduced yields. 

partly attributed to poor soil fertility and mijninal use Diagnostic survey. To better understand the 

of fertilizers by farmers. As rapid onset of monsoons rationale for beusani and to establish needs for future 

precludes opportunities for a prerice green manure research. weconductedadiagnostic strvey inOrissa, 

(GM) crop. a field experiment was conducted at India. during July 199'. We found that farmers 

IRRI to evaluate' the potentia! for intercropping GM prefer TPR. but practice beusani when there is inade

with I)SR. Fc.tr establishment and GNI treatments quate water control ,orconstraints of time or labor 

werc tested: I I heusati: broadcast DSR with plow- availability during critical periods forTIPR. Farmers 

ing. cross plowing.,and planking at 38 d after sowing 	 practice I)SR with beusani because it is the fastest 

(DAS): 2) GM: )aired row DSR (7 and 33 Lill method of planting the largest area. 

between rice rows) and .,. ch'nohinctn'c ta.jrpira 

grown as GM in the 33-cm intnrrow s until incorpo- Table 6. Effects of rice establishment, nutrition, and 
post-emergence tillage on stand density, water Infiltra
tion rate, and grain yield. IRRI, 1990 wet season (WS)."

Table 5. Grr.in yield of IR72 in response to crop estab-
lishment and management treatments. IRRI, 1990 DS. Seedling Tillers Water Grain 

Treatment density. at infiltration yield 
Grain yield" (t'ha 14 DAS ha'vest 38 DAS (tha)

Marnagement 	 ino.'m2) (no./m21 (mim/d) 

pr.:ctice Direct, dry seeded 
a Transpianted Paired row. GMI 302 428 7 3.7 

Paired row, urea 278 345 13 2.6 

b 0.67 b 3.11 a Paired row, urea and 260 345 7 2.9
Cuntrol 0.56 

2.60 a tramplingPlowed 1.03 b 1.05 b 
2.59 a Broadcast, beusani 283 343 19 2.1 

Beusani 1.26 b 1.Ci b 
Pooled standardWeeded 2.68 b 2.73 a 2.48 a 

error of mean 22 15 2 .14 
'Mear.s followed by a common letter are not significantly different at 

the 5% level by LSD. OAS = days after seeding. 'Green manure. 
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The results suggest that research is needed to thanTPR. 'Fle fact that lRL decreased from panicle
make more efficient use of resources in DSR. Addi- initiation until after panicle emergence may help totioaal characterization oftthe tarmincgsysten isneeded explain observations that rice is nost susceptible toincluding survey s to establish baseline.i, to measure yield reduction by water defic.it during panicle
changes in DSR and TPR y~eld,,and areas over time. emergence.
and to relate DSR and TPR to h.ydrology and weed Among caltivars, Binato showed the greatest
population dynamics. Indeclining priority, research TII. from panicle initiation of the main crop untilmust focus on: I )reducing labor requirement for panicle emergence of [tie ratoon crop (Fig. 3). Al
"eed control in DSR. e.g.. by improving local farm though TRL of 'Icultivars followed a similar patimplements: 2) improving crop stands with DSR: 3) tern, TRI.of Binato and IR46 declined at a faster rate
reducing soil compaction in DSR: and 4)improving after panic:le initiation and increased faster in the
cultivars for DSR. ratoon c;op than did that of IR20 and IR72. 

Root (iRowri WEEI) DYN.\MICS IN RAINE-D t.)W.AND

In cooperation with the University ofArkansas, field 
 Rtl('l-I)s IN N(RIII-AST TLn\It.AND
experiments v,ere conducted at IRRI to investigate Without floodwater control in rain!ed lowland rice,
ieeffects of'crop esiablishment method oil iice roe: weeds often make land preparation time-consuming

systems using a minirhizotron system to observe and difficult. As aresult, rice stand establishment isroots. A split-plot design with live replications was suboptimal. Understanding weed d,, nanhics and weed 
used. Main plot treatments were wet sowing and succession will helpindevelopirgappropriatestrate
transplanting, both with 20- x 20-cm hill soacing. gies for integrated weed manigement.

Both establishment methods \%ere done on the same 
 Weeds were surveyed in 15 lowland ricefields in 
da, in a puddled continuous, %ell-wkatered field. Ban Khu Khat. Ban Nonyai. and Ubonratchathani
Subplot treatments wkere l'hurculti, ars,: Binato. IR20, Rice Research Center (URRCI during the 1990 WS.
IR46. and IR72. After harvest, all plots \%ere ra- The fields covered five hydrological transects and
to(coned a I observ alims continued. tIree landscappc sitions (tnppcr. iniddle, and lower).

Total root length 'I'RL %kssignificantl,, at- Weeds vere sampled 3 times: immediately before 
fet'cted b'. establishment meth.ad and culhivar. but transplanting, and I and 2 no after tritnsplanting.
there \%erc no significant interactions betm een the Before transplanting, the dominant weeds in upper
t\% tactor,,. Seasonal patterns of root gro\+th and tield,ofBan Khu Khat were grasses suc'h as,ISc.
de', elopment ShoM\ Cid!ha %%et Seeded rice (WSR ) 

/h1M 
divi,/umw and 'mcdon tdacyim tollowed by broad

had grcater root lengLh 
 ihan TPR froln c.lhml elong.l, leaf \k'eeds. such as Ih,,eiw',i.\ hi'lcal hi-ij' and
tion o ard 'ie,2). This re,,nh eplains previous, II. difth.w. antd sone sed.c uchais (C/I/ tsl,ph/a 
obsetr\til, IllaitWSR a iimore drought resistant c'rriunt and i,/'riqVli t.i In middle fields.(Ili.\. 


TRL4cmi 
 TRL (cm)
 
40
 

Plant -Wtcrop 
R,.ed'*46 
IR20


30 
*R7 

cfoo 30 
 Binalo20 25,~ 
 /A . . . 
20' 

20...
15 

F U1 F 10 

10 30 50 70 90 i0 130 150 170 0..
 

Days after seeding 10 30 50 70 90 110 130 150 110 
2.Total r ;t thiIlen . ii AetletdC ,:Itt transplancted rile.A.. Days atter seedingOf 4 LtcUiar. t't = paniie ccit itiq)!. F = tllccerrg. It= hareN. 3. Total rot length "rRI. Of4 rice cutcvar . 
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P. distichum dominated, but in the south transect 
broadleaf weeds such as tt. tetrangulariswere ob-
served. In lower fields, the major weeds were 
P. distichlm, Digitaria Iongi7lora.and //. dijfilsa. 

Upper fields of Bn Nonvai, which has more 
fertile soils than Ban Khu Khat. were dominated by 
grasses such as I). ehntngata. NIiddle fields had more 
broadleaf weeds such as Glinus oppositifidius and 
Coldeniaprocunhens. 

The URRC study site had the greatest weed 
density. with upper fields dom.nated by H)Ptis sua-
veolens. middle fields by Eragroshis spp.. and lower 
fields by grasses such as D. Iongifiora. 

FUTURE REStIARCII 
We will continue research on DSR methods used by 
rainfed lowland rice faners :n drought-prone 
areas-including follow-up research on beusani nd 
new research on gogo rancah practiced in Indone-

sia-and wet seeding method, for more favorable 
areas. Contin~ued research on wkeed ecology will 
evaluate the relationships among weed succession. 
and establishment method for different landscape 
positions. Finally. we will initiate research in col-
laboration with the germplasn improvement project 
to identify plant traits needed lfr different crop 
establishment methods. 

Technologies for crop intensification 

Cropping intensification in rainfed lowland rice farms 
usually requires improvement in the availability of 
water in a drought-prone environment or drainage 
improvements in submergen,.e-prone areas in order 
to extend the crop growing season. In many situ-
ations. even some marginal impromclnients in the 
water status can present opportuniiities for an addi-

tional crop and increased farmher inct tc. Ralv.s.atcr 
collected in on-fan reservoirs is ii ec lmiiical I 

viable means to alleviate drought prioblems in rain-
fed lowland rice farms. Since the aiount of aa:, 
able water in the reservoir as w.ella,,other resources 
of the farmer to grow a second crop alter rice are 
limited, allocation of resource,, iscritical for genera-
tion of hih incomes. The main objectives of the 

research reported here wAere to I )develop a decision 

tree model for farmers with on-far'm reservoirs to 

optimize economic returns, and 2)charat:erize the 

research sites ineastern India for designing intensi-
fled cropping systems. 

THE FARM RESERVOIR OPTIMIZATION MODEI. 
The farm reservoir optiniz.itien model consists of 
three submodels: I) watersupply' relialilitysubnmodel. 
2) reservoir operation simulation submodel, aiud 3) 
crop-area allocation submodel (Fig. 4). Iritially, 
seasonal waterstpply isestimated based on a desired 
probability, which isthen allocated todifflerent crops 
using submodel 3.Based on this allocation, reservoir 
operation is simulated using submodel 2.consider
ing rainfall effectivity. Seasonal water supply is then 
adjusted and reallocated using submodel 3 to achieve 
the minimum water deficit or surplus status. Water 
supply reliability, which describes the chance of 
attaining an estimated seasonal witer supply and 
expected return, are computed as follows: 

-
RL = V0/1+(I,'- t+)u/W*P 

ER = RL*(TR) + I -RL I((-IC+TR)/2) 
where 

RL = water supply reliability (betwecti 0 and 
I ). 

'O = initial reservoir storage (il'). 
IV = total seasonal water Supply. 

= VO pil expected rainfall during season 
(m).
 

P = rainfall probability (fraction). 
ER = expected return ($), 
TR = total return (s). and 

TC = total cost (S). 

From the definition of water supply reliability. W 
is composed of initial re ervoir storage I0. which is 
1001 ( assured, and expected rainfall amounts during 
thescaon %hose reliability isdescribed by aproba
bihtv distribution. Fore\ cry Irobabilit. %.alue speci
lied. there are cnrrsponding !'R and RI. v'alues. 
Ihesc \alues ill he the inpt, to subnodel I to 

detrinlnlc i l_ICe IchII illbeCl of I' at sit 

cIllllatcd to mIiii ii/c LR. 

Water supply reliahilit%sul)iodel. This is a 
dc iscison tree suhnlOdel to determine the appropriate 
,aluC Of/P for estimating seasonal %ltelr'upply. In 
this subnodel, compu ted RL values and 
corresponding LR are evaluated. The cumulative 
rainfall probability value, which corrcsponds to a 

computed RL vtlue that %ill give the highest ER.will 

be selected for estinating ssater stply that will be 

used in the subsequCnt ,,ubmiidels. 

Reservoir operation simulation submodel. 
Reservoir operation issimulated u.sing the crop-area 
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Returns have associated reliability values that (Fig. 5b). Even when capital was limited to$143, the 
describe the chance of attaining them. A higher whole farm was used: tile exception was FR4, which 
reliability value would be due toa higher proportion has a large service area of 2.77 ha (Fig. 6h). For all 
of initial reservoir storage in relatio'! to the total 
expected water supply for the season. Area (a) 

Model application and evaluation. U eValuate 1.20 
the model's applicability, it was used for tcu: farm 1.00, a Peanut 

reservoirs in Tarlac. Philippines, %,, siith kno%%.:;)h 
cal characteristics. 'r entv-one year>of rainfall data 0.80 . Soybean
 

were used to estina:e rainfall anounts at difterent 0.60.
 
probabilities and 17 yr of evaporation records ,.,ere
 
used for glenerating a.%erace eNaporation rates. [our
 

crops. which i earlier research %%ere found most 0 20 .
 

suitable for the area. w,ere considered: so%'",ean. 0.00 .• .
 

peanut. munr.,hean. and rice. The model as run 20 40 60 80 100 120 140 160 180
 
under different comhinations, o) lilintine itutiOns Capital ($)
 
such .s imposing a llinill'Uin are-a for rice. limited Area (ha)
 

capital. and limited water Sippl\ . 0.9
 
0.8 bResults sllo ed that wkith no constraints on avail- Peanut 

able capital. soybean, with the highest C(st and 0.7 
return per hectare amrong the crops considered. kas 6. 
the onlI crop chosen byI tle model for all farm 0 5 
reservoirs (FRs) tested (ITahle7). When capital , 0.4kkas Rice 

limited to about S145. so\yean and peanut %,ere 0.3 .} * , •* i•e 
chosen h theino del. the prt)lr,i', of so bean area 0.2 

increasing as mvailable capita increased IFig. 5). 0.1 
When capital was not limiting,. soyhean %%tile - ..as 0 00 ..... 

- 0 100 150 200 250 300only crop chosen aler tile minimum rice area was Capital 
satisfied (Fie. 5.6l. When capital %kasvery limited 

5. Crop-i . alloc',tion for FR I at diff,,rent mou til L'apital:
(e.g.. w heni capital for FR I is onlI about S (M). a .ith not,liihinurn rice area c mitrait h) Ai h miinmun rice 
peaom and rice i for the mlinimul area I %cre selected area con.,irahat 

Table 7. Optimum crop-area allocation for 4 farm reservoirs when capital was not limiting, 
with and without minimum rice area constraint. 

With minimum rice area With no mininium rice area 
Farm Initial Farm . . . . . . . . . . . . . . . 
reser-
voir 
no. 

storage 
(%of 

capacity 

size 
(ha) 

Area (ha) 

Rice Soybean 

Return 
i)...$ 

Reha-
bility 

Area for 
soybean 

(ha) 

Return 
1$) 

Reia
bility 

1 5C 1.15 0.25 0.69 328 0.56 114 496 056 
80 0.25 0.77 362 0.58 1 15 497 0.58 
100 025 0.82 384 060 1.15 497 0.60 

2 50 1.08 0.25 064 308 0.57 1.08 466 0.57 
80 
100 

0.25 
0.25 

0.73 
0 79 

346 
371 

0,60 
0.62 

1.08 
1 08 

466 
466 

0 60 
0.62 

3 50 0.75 0.25 0.50 245 0.68 0.75 324 0 63 
80 

100 
0.25 
0.25 

0.50 
050 

245 
245 

0 73 
0.76 

0 75 
0 75 

324 
324 

0.73 
0.S8 

4 50 
80 

2.77 0.25 
0.25 

2.50 
2.52 

1112 
:112 

0,59 
0.62 

2.77 
2.77 

1197 
1197 

0.59 
6.62 

100 0.25 2.52 1112 0.65 2.77 1197 0.65 
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Area (ha) 
3.00 -- . . . . ... 

2.501 Farm size 
Soybean 


2.00- Rice
 

1.50. 

1.00 
0.50 i ~A

* i I I~E 
0.00 

F FR2 FR3 FR4
RL=0.60 RL=0.62 RL=0.76 RL=0.65 

Area (ha) 
3.00 

2.50 M Farm size
Soybean 

I Rice2.00. Peanut 
1.50. 

.00 Mto 

0..o 

000 i ii : 
FRl FR2 FR3 FR4 

RL=0 60 RL -0 62 RL=O 76 RL=0.65 

6. Crop-atrea alho.tiln hO crai,-" .'rii '(iioicditionrc l rainfall. 
a, ".i ii inmumin ~c arca i,!!).2 ." ha icld atitt itraiit )ncCapJt.ct. 
and hi chlicn capital ilnied I(i S143 and riLe area%aN, ciinilUn 
,.%a. 6..5 ha, FR = ftrin rier {i;,. Rl. = '.awcr supplk reltiailit.. 

sites, soybean replaced peanut when capital con-
straint was progressively relaxed, as exemplified by 
FRI (Fig. 5h;. 

I imitation ff v,ater supply afft.cied the extent of 
the aiea planted ,) achosccn crop. not the choice o'the 
crop itself. This is because the crop v,ith i e highest 
return per hectare was autoaicalls chosen inl thle 
model. Ifa minimum rice area was cor,,idercd. the 
waterrequirement of rice x,% be satisfied first andoul 
the rest of the cropped area would be allotted to 
soybean (Table 7 1 the e\tent ,fv, hich %xoulddepend 
on the available ,. ater supply. This x a, especial 3 
true for FRi atnd FR2. in ,.,hich ihieher initial fRk 
stora .ahue,, pro)d'ced hit'her returns. fTh area- " 
allotted t o,,oybean (lid n't xvary v, ith initial ,,toraL..St, i 

for FR3 and FR4 becatu.,e cxen at lowter initial 

tforage values of these FRs. there Axas enouh water 


to meet tile refuirements the entire fan-, for thew 

crop, ".z mool was found sensitive to climatic 
parameters and resource availability constraints that 

influenced cropping decisions for small farms in 
rainfed areas. It promises to be ausefuldecisionak

ing tool for optimal economic returns frot such 
farms, 

LA!.!) ('ARA("IFRIZAl(^ I(OR I)FSI1NIN[i 

WI 1St 

studv conducted in collaboratio:, wkith the Naren
dra Dev I .:tversitv of Aariculture and Technology, 
Uttar Pra,sh. india, identified and analyzed physi
cal factors constraining crop intensification in rain-

IVfINS IFtIE CROPI'NG Y 

fed lowlands. Surface and subsurface hydrology, 

climatic data, landscape position of the fields, soil 
type, length of,'-.op growing season. majorcrops and 
their methods ot establi'hment. and crop manage
nment practices were monitored from Ociober 1989 

to December 1990 in 18 selected rainted villages 
covering about I.900 ha in 4 village cl'isters. Fre
quency and duration of drought and fooL in relation 

landscape Position of' IlL Id anld crop calendars 
with rc:,xwt to :he rainfall pattern wkere analyzed. A 
summary of the hydroh uical parailnletcrs , these 

,ites is cien in Tab e . 
Ax ailable 5-\,r records indicate thee es have a'ite, 

total average annual rnIlfall Ot 1,107 mm. with a 
highly erratic distribution pattern. About 85(,, ofthe 
total rain isreceived bet sCen Juine and September, 

but during tile period drought spells lasting 2 con
secutive weeks may occur. On the other hand. rain
fall intensity ofas high as 151) mm/d for 2-3 consecu
tive days is also cotitmon. During dry spells, soils 
crack in the upper paddies. but hlie lower portions 
remain moist. Thus when high rainfall occurs fol
lowing drought -pelI1,the upper paddies cannot hold 

Tble 8. Summaty of hydrlogical parameters for so
lectedrairfed lowland rice areas InUttar Pradesh, India. 

Annual total rainfa:l (mm) 1000-1200 
Water 1Fib!e depth (mi

Wet season 1.2-2.7
Dry season 1.8-5.7 

Surface water depth (cm) 
Upper paddies 10-15 
Mid-paddies 30-40
Lower paddies 50-60 

No. of drought spells season 1-2 
Duration d)of drought at each occurrence 15-20 
Percent of total area classified as 

Drought prone 35
Drought and submergence prone 48 
Suomergonce prone 17 
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water well and the lower paddies, where drainage 
outlets are limited. quickly accumulate water, 

About 35 (%of the whole area is drought-prone. 
48% drought- and submergence-prone. aixi he 
remaining 171" lsuhtiergence-prone. i)rought-prone 
areas generall. suffer two drought spells. xhile 
drou,,ht- and subnergence-prone areas Sutfer one 
drought spell in WS. 

At the Sites in %'ungeshpur and Masodha ,illage 
clusters, the first drought usuallk occur,,duringc late 
August to early September and the second one in 
mid-October to earl\ November. Farners reported 
that normal droughts last up to 2 %k..hut 'ne in 
ab,ut 7 yr.a severe drought lasting more than I nio 
occurs. Drought is less severe in Chandpur and 
Sarivaxan illac clusters. hich are in the lower 
landscapes. fioxeker. these Sites suffer 'rom flood 
damage in WS and dela illplanting D)S crop,. 

On the basis of the resultS., Mle Site and sexeral 
larner cooperators e rc Identified for each of the 
filoxini: studies ained at increasing croppinu in-
tensit' and land productivitx: I lrainxxatercolcclion 
arid use at Mungeshpur. 2) utili/atioi of slall( 
groundxater through low lift punipine dcxices at 
Nlasodha. 3)floo ddamrage allex ioInnthroughdraii-
aice of excess x,ater arid using it hor irrigating upper 
'ie~lds, at Chanidpur. arid 4 a~siient of cr1)p plant-

inc Schedules. and use oi Suitable crop xarieties and 
inlproxed tillage practices at Sarisa an. Field cx-
periments addressing items (21 and 14) ha'.e been 
established in 199l9()1I DS.Other studies %xillbe 
corIducted beginning 191 WS. 

.N'i-X itI'- 'ii tI1Vi iP 

On- coin g actixities xkiiln the pro ject continue to 
focus ol dc% clopin Stratci,,s and methods for in-
crea,,ing crtl)ppiiit, irteitr alld Irliolrie ol'farrrers iln 
rainfed lim land rice ellx irornients. These include 
* 	 allex illg drotIghl h better comservat ion of rain-

,A ater. and dc elopinga sirSmple procedure for use 
of the optinal decision model h\ larners and 
technicians for ilocatiron (if resources: 

* 	 ,tudx of the effect,, of crop estahlishient noth-
ods. cropping pattern,,, and xxeed control meas-
ures on xxeed growth and crop performance. and 
of the effects oftillage and xxeeding on rice on the
,ucLcedin2 lume crops: 

" 	 field-testin, of selected stra!egies to improve 
land use in eastern India sites; and 

U 	 understanding the role of hydrology and soil
water regime in farncrs decisio iaking for 
WS rice management practices. and in their 
choice of prericc and p()Itrice croppig beginnirg 

199 1 W S. 

Legume/BNF in rice-based cropping 
system
 

Farmers arc reluctant to use purchased inputs for 
rainfed lossland rice-based cropping svstet s be
cause climatic adsersities often lead to low ield or 
crop failtrie. ( ,onsequntlnl.larnpro)ducikit ofthis 
cropping s stern remains consistentl\ lo\ and often 
erratic. The overall hlective (fthil proect isto find 
x a\s to increase pr tdctilit\ through the efficient 
use (filegulles/biological nitroenrfstlion and 
soil N. 

e u'.Ik(N)Ri-i. Ii I Ii s r 1i %N) Ri)(Ii 

%(III. IN NIII<'xAi."N IX \1()N ()I kvRlA'll" 

It i'. uftti prCSuniCd that stern 1iodulation Isa better 
N:-fxinc S\,,cii t!an i,roo r idulatiloi. particu
larl\' Under Submergence. Ilo%% cr. the rclativxe N, 
ixatiton of root and,,ten n)(dule,,and hioxtlleaffect 

one another i,not kno, n. 

The ohijctix e of the Stud was to 
U 	 assess the contribution (of N. fixation by Stern 

nodules in the presence arid absence of root nod
ules in S'l~ainia rorata (SR): arid 

U 	 compare N, fixation of re double-nodulating 
sstem S. ru(ratu x ith that oflsingle-nodulating 
s5stern uiJatin(i/)lI. 

.,)ix experiment,,. tx o each inthe ph. totrin. green
house. arid field. xxerc conducted irunder subrmerged 
condition-,. Singleanddual nodulatior wereachieved 
h inoculatin either root or stern, or both. Nodule 
dry xxeight (IW).plant I)W. nitrogenase activit) 
lacet\lene-reduciig activity [ARAI). and percent 
contribution from N, fixation ('N dilutin. Ndfa) 
xxere measured at regular intervals. In the green
house experinmen. the effect (fL drCachilll alread\ 
forried Stern nodules onirestoration of ro)t nodules 
arid nitrogenase actix its was examined. The field ex
perinient compared S.0',strat and S.cannabina. 

Total nodule I)W. ARA. arid Ndfat increased xxith aue. Fift days after planting MAP) h11tlule V 

rangedfrom 13! to6(iOnigplant or22-43 tng (n per
gram plant DW basis. ARA peaked at 30 DAP in the 
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Root 
inoculation 

Root + stem 
inoculation 

Root 4 2 stem 
inoculations 

Root + 3 stem 
inoculations 

S60'1 
~ 50-~ . .:.i Stem nodule . 

~.40, 
Root nodule 

Z
E 

30. 
20. 

Er 10-

CO 100
P. 

~300 

01 500,
S00 

60 20 3040 50 20 3040 50 20 30 4050 20 3040 50 

Days after planting 
7. Ettect ot root J1id roft 'Wcill Ito0,ulatioii on iioduile dro, %eieiit t)Wi)arid ARA ol root and steini noiJule, of S terii gro%% in1 tile 

phytotron and at 45-55 DAP in thie greenhtouse and Acetylene- reducing activity iiimOl C2H4fplant p~r h) 
field. Ndl'a increased from 651 ( at 25 DAP to 85'; at 50 4 
51) DAP fin rte greenhouse in WVS. Nodule DW, *..upper stem Root - ,,lm 

ARA. and Ndf'a did tiot differ significantly amnong 40 Lower stem >2 inoculation 

treatments %kwit root inoiculationr alone or %ith ro~ot MRoot 3 
pusigeor inlilstemn inoculation. Stmmc-36 .pls inl mltpl te ioC- 30 Root -stem 

lation decreased the Foot nodule UW and ARA sig- j: inoculation and 

niticantk (Fige. 7.8) At 501 DAP. the contrihution of 2 Root inoculation 20detachied 

root nodule DW and ARA in stem-inoculated treat- 22 32 4654 37 

ments ssis less than 20'.t. The root nodule I)W 
increased fronm X2 to 361 mig/plant and root nodule 10 3 
ARA from 2to 29 p.niol CA.iplant per h)v"ithin 0 1 111

,5 dof detachmient (lit erial stemt nodules. I losseser. 
the DW and ARA of notdule,, )n submet.rged stem,, in 1 
t)root inoculation, hi root plus stenm inoculation, and 1 

c) root plus stemn inoculation and aerial stem tnodule 
detachment were unchanged (Fig. 8i. In thle field. 20 
stern nodules '.kere readils formed and suppressed 
root nodulivion. thus accounting for motre th.in 7511 30 
of total nitrouenase acti vity. S. rovt -lsowed 

higher AR than S. wianahina: it kas sigtiicant at 40 
55 and 65 DAP 5i in WS ii. 9i. 20P35 40 45 50 35 40 45 50 35a 40b45c50 dDS and 55 

Dr% %keiehIits "ere hi-her \kith stem nodulated Days after planting 
root nodulatiot 1.2. Efecti o110K1,1fl,0 l 'lhdUteplants than those % tlh 7.8 vs a r toot au

1 
rotl+ stemt an1d ein 

15.7 vs 2(.7. and I i.0 vs 15.1 g/plant at 50 DAP in detaJiyienie ri root nodule ARA and sein nodule (upper and 

3experimnents. respectivecly) inthe phy totron znd the lo~er) ARA ol .Srmttata grovIi ii the greenhouse. Nuniber%on 
tile ,t) ti bars are ii ual iriot +i~ ti nodule) AR A 1P iii (1C.1/

greenhouse. In the field, increase in DW %kasmore pla( per Ili, a. h. c. o represent 0. 5. 10, and 15 f alter the 

rapid inS. roxrrara than inS. cah'ita. At 55 DAP. detacmnert of upper stem nodules. reOpec -telm
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ARA (pmol C2H4 /plant per h) 
-

Dry season Wet season 
i!i Stem1 I !: StemRoot jS ro.5trata Root 1j S rostrata 

S"-*S. cannabina S cannabtna 

(a) (b) 

56r 

42-i.t 

28 

14 

E ' +i 


0 .- . I ,., 
25 35 45 55 65 25 35 45 55 65 

Days after planting 

9. ARA ofirout andistemti notldule otSml Iraha loot1 mxilc 
of .5 ,annahm, gro~n i the f-cild in dr\ waso i DS)oand +%t 
season WVS)* = IiVin tjcant dItteren. it [lie, 5 II cI 

the dry weights of S. 'i.-UJtiJw %kere significantl\ 
higher than those of 5. arwnainia (20.1 \ s26.3 and 
16.8 vs 30.9 ,Vplant at 55 DAP in DS and WS. 
respecti,,ely). 

When root-nodulating, . HItI tdeveloped sten 
nodules by inoculation, root nodule DW ani A-\ 
sharply decliried. root nodule and AR.\ %ere re-
stored vhen stet nodules were remved. The con-
trol mechanism is prohahly the stein nodules pro\-
imity to the photosynthetic apparatus wrhichlermits 
them to control the suppl\ of photosynthate to root 
nodules. The beuergro.sth of stem-nodulating plants 

may be due to an '0,-sparing" effec(t of stem nod
ules. i.e.. stem nodulation reduces tie plant's de
niand for 0,. This iiaN tv more itportatnt when the 
plant's ability t0 suppl) 0, is ilipaitred 1 aging. 

INIFR( O')I NI S I.StANI.\ ;RI., \l \0 RI. Ill%%I 

N1UN(;nt*AN A.51 I I-lttI-NtMRO\% 1 (S MAT11 

ti i1 
Fas[-.,rowting and short-duration grain leguites irna 
prerice rainfed condition pro ides additional income 

fr (he faner and legune residues as source of 
organic N. A field trial %%;Is conducted to detennine
h, productk;it', of' intercr.. r p , ,,¢shania %%ith 

i 
inuingtean (NI I Var Pag- asa I at ,rious t ratios,1% 

in the rainlfed rice en%irotinetit. MIB a! ;t scdin rate 
of* 25 kg/lia alld sesha.itaNeeds at 31 kL/lt;i \ker" 
hand-drilled in furro1 , s 501cttl alpart anild c i , cred %kit5 
soil. Seshania ssas clipped as Ilodder 15 )AP it) 
lessen coiiipetltlioi th the lB c'rop at ilisS ering 
st'ige. 

The ilcairiteil,, s..cr rallldiiil, allhlt.catd in three 
replications Ii Los Baiis aid him reptlittos in 
(;uimha. Nue\ a Kcaja. lhreeiteatiricts .iej{lI!. 45. 
and 9(0 kg NVia applied Ii) the rifc crop: ither 
treatnient-, \ere intercropprngfit tnitlatoin il 

seshania arid NIB alltfi\e differt ro%% pr pirtIitils: 
is. olhers eresile MIand sole se,,hna itTable i). 

At Los lBatos, sole seshantia signilticantl. \ ilded 
higher dry matter herhage 18.3 ,, 4.4 t/ha). with 
corresponding N accumulatiiin of I(1 vs 66 kg N/ha. 

Tabls 9. Grain, total dry matter yields, and Nuptake of rice as influenced by application of 
urea and green manure N under rainfed conditions. IRRI, Los Banos, and Gulmba, Nueva 
Eclja, Philippines, 1&89 WS. 

IRRI. Los Bahos Guimba Nueva Ecila 
Treatment ' Grain Total N Grain Total N 

yield 
(tha) 

dry 
matter 
(t_ha) 

uptake 
(kg.ha) 

yield 
(t ha) 

dry 
matter 
(tha) 

uptake 
kg ha) 

Fallow, 0kg N/hi 
Fallow, 45 kg :q/ha 

1.97 
2.41 

3.90 
4.60 

31 
43 

1 32 
2.09 

4.98 
6.45 

27 
52 

Fallow. 90 kg N'ha 
1 MB: I SR 

2.88 
2.63 

5.67 
5.90 

64 
50 

2.55 
1.51 

8.00 
5.63 

64 
36 

2 MB: 1 SR 2.44 5.53 45 1.51 483 34 
4 MB: 1SR 2.14 4.27 39 1.61 5.38 40 
2 MB: 2 SR 2.37 5.17 43 166 453 38 
4 MB: 2SR 2.18 5.10 37 1.28 4.90 36 
Sole mungbean 1.84 4.43 36 1.31 4.85 33 
Sole sesbania 2.16 5.63 43 1.97 6.63 45 

Mezan 
SE 

2.30 
0.25 

5.02 
0.72 

43 
4,2 

1.68 
0.17 

5.62 
0.64 

40 
3.5 

CV(%) 14 18 12 15 12 12 
"MB - mungbean, SR - Sesbania rostrata. 
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than did the rest of the treatments. Within intercrop- are sho%n in Table ).N clelne , utili/atiol ,and 
pingtreatments.4MB: ISRrow'comhinationyielded recoverN responses using regressionl model arc 
significantl\ toher dry matter and lo%er N accumu- illustrated in Figure 10. N elf ic nc.\ %%as I1:1 at 
lation (42 kL'/hal than I. 2:1. and .IB:SR (;uiniba and 5:1 in) I.ficis. %ith .urr.espoldiinc2:2 Loos 
combinations. This sue2ests that the latter three ro\k uptake latis (tOl: I and 31]i:N..Althlmiuch the;11A 
arra ements \%ere ideal fir higher (,I-N produc- ipparcnt N rc0,% er\ AtI.1, BafiiISs hiicrII than at 
lion. W ith N icld otl10 and I I k, N ha. ,cshLimia (;Ju1icia. tle,,,.i 110,1tIlh'Ltd III elther CN lIi
%%astihLbetier su)rce 4li ranic \ than \11 rc LJidus. LICIc\ or N tlll/'Icin ftespiP uscs 

At (titilha. the se!Sha'lla l 10oc'rcip lelded -IL
rliticantl I <.1 ) hihertr\ i allterand N \ ieitlit) P I ,I pk d 1I(i) st I.%Isis RI iti) I ( k \ ift s 

LcN/hal iat tli "h lhee t Ol .h lroiilinellts. nccnericetiae icile lreltnient.T Inlltlcist I .tltted hc.latI olll 
inllt'roppiull s shaniLci %kilh\IB ' drie t . hith ispossil t c%er. -tinrespei.t .' tin a %i Ilcc the plantilli 
tic hs0..adiin. N,Unlehe'. d v. redue d '1rld.1i ,11'1\h-iidl,..'_ .rcr keke \lH .-ai h atiit rilC 
26i kgha,. respecie.ei 1. liacN,, .iid (hillitbha hdr,. ,thas c'rceid v l.ctqai c\ttei har"est
h1 t ,'iuieo th e,lf i .ll vr_ q I ic hcichcr ',.eld 1iL th cIvulic I xl h" I.icd is Itll1,111Miidh.11 

la II ,jM tllnli /i cl I,.-t,..kliles i o tin d at I.i, ,i,.i r.ti,. be...tr uIhti ,..la, im m w i fl h %tii 
inherent scit! Iertilit,. c fctc\ Iilll h.I,,t l',I,st.ld.,ddltt r, teed. ilciba 

N ujt.ike ,ct liLc bll k r C(I tie ,C111 Mici ,lliGrain.i 1,itadr. Matter. and the i 11C l r.tl edl, 1 hk' r rilt+ 
.'fp is h\ irca N *ppIlL itlN iI l ile.' .t (hlhiti ' Ia cinl]uenced (Al aid ll I rtc r c( .\l ih [IC if i , clL 

N etficincy N utihzaton N rc(c.i+ry 

Grain yield (kg na Grain yiecd kg hai Njuptilk ikg haj 

y2-24 4ONA -+'68 35 51NA NU - 30 f8 . 0 Y 'IA 
55, , ) 394 3 13 00888 

0 001'!NA,S 23 
0 000562 

3000 3500 * ryg.- 70 

70 
06 

200 *2500 50 
* 2000: 40 

15001500 30 
0 40 80 120 30 40 50 60 70 0 40 80 120 

N applied (kg hai N uptake ikg ha, N applied ckg hal 

IRRI Los Banios 

N efficiency N utilization N recovery 
Grain yield (kg ha, Grain yield (kg ha) N uptake (kg ha) 

y 1155- 10 72NA y86 63.39 21NU NU- 28 42.0 249NA 

132, ,2365, t 2, 265 3 12 i f00560) 
3000 -'1o36 3000 R- 8r R?034 

2500 2500 Z 60 

.2000 40 
1500 5,. -1 

1000 - 20 
0 20 40 60 80 2 30 40 50 60 70 0 20 40 60 80 

N applied kg ha; tN !ta e tkg ha, N applied 1kgha 

Guirma. Nueva Ecila 
10. N fii.!cnL. Utli,/.ri c. ,rid .. it r il cint rl illlmaaitir.o H,,rji%|. IrazcspkiLuCr. i .ipplc.i .t ziii ure urea N inrairiled fields. 
IRRI and Guimha. ,u,. Iijt., l.,xiPhilippiri,. WS 
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dependence on chemical tCrlilizer for rice produc- 

tion. 


A erain legtunie + loragoe leg ume intrcropping 
'was teted inl .t, Parrashiau.('aIr isn S;ntI Bar~baIra. 

in tanners' fields to idenlif% beNt 'rop coIbinations. 

The soil is iautior silt loan %\litp1l 6.45. and .IX' 

organic nlitaer. K/I(I Md 0.55 ppmlI.9 11Cq n. 

a' ailable ( )lse.n I Pt(),. -h ea t,alri as pnted t)rice 

durin. WS to deteritiL he posih.le etflect of intfer-

cropping on the succeedIi. rice crop. ('lC t inln lIII 

intercroppirng scrc %III Farv ,ia rTn )Mid Cl pea 
(CPr IT X21)-SS') mian and sitatro aidas o,,ps 


tL uitc. Iotli ,uid
('whC ,'rr1iti trd as,hrc t'ill. c.ram 
forageI c uirucs pia si IIIverc h'ied hilt'iIOit 

alternltell rimt spatf .lrlpIO",IIIIIIclL 2 ,i apr. 

Duritie NIB and( est. aI'hlir,all thc todder or residue, 

skere liars Csted aitd ted t) als I-trac leenie, 
.sre liar\ cstCd tIrith cli pin tantre. lerstlhirbaL.c 

re roti ths as I lc'rptrla. 'd in the plols iii msit2 ,k 
heth re tranp[IarrirriL rise 111Mtc.. ir..,tltihel,.tl-


kr, sh th' rice 

hasal. I (3 01 3-0 Itnpdtirec I 

rate .)100-3(-30 ,.t,aPK plicd tit 

, lld Li '(I-i)-() 

vCts thait iInter-

cropping slrlrro srgilica kitllIn caseL. tile 
First-sear results I I(- N- I ,ji%% 

k i Ofl 

NIB arid ('I' %% in .rscil tire IcliILitthue Littialaria s, 

NIB thus . "fle onibrination NIi - iratrt \ i dtic 

(. 65 tia rd(P -,ctittairua l01Ionti lir. relails, 
hlss s, ,el,,ltt( ru be attributed t, i idl'l t:th dIcert 

caused by the fiast-growing crotalaria intercrop and 

its rapid regrosth rate. 
At an aerage of 4.X /,h;, [he ineirrolp Ita 

rherba icIdN Ol+e.'otalaia .illdfSIi 1o diddr. Illtte 

nor differ oignilicanil.. lDiring the last clipping of 

illtlercrops. no h , r.'tos slhcollected 1rom1rgc Mi s;.as 

crota laria because.1 "e cr,c'. tC IteI' ,CL.ondA dIt'h 
clippin, of crotMalaria au-,C'd the 1op it d. 

li the scCodLI sear I It)(O-N'")( li and ( P srhlds 

\ued her becasev of athlr aItthe siel.u'riler etter 
eiCL, \IB 11.2 Ilt/h 

t,'hal s.ilh siratrointercrop kcre sightl higher than 

their itt,0hrip r,.Is I .I t IIrh; arid (.7 t 

Iititage iclId \%.its higoist Ili + ciotalari.. \%ith 

I beIC 1I,. The ot ard (I M.86 

('11 

a dr2, la.ternhld( N it (. t.'hw: it ss;as statistililt\ lI 

calls highcr than hen coaLi, s,as i.teicritped 

s.ith Nl IF, t l)N/hra arid sole p t l).M/hla.rt1.') 
YiIds tit sratro did iii dirtte Ni ili'antl, arittn 

c0 rhiliatllolrI tas Ot I.l) .hiial 

]irlac.' II . .leric1,Ili. lt rbc i os,O t ilt' IL'rItire 

\s as',111 ICriruiel bCeu-,.i)l1lhdirLg bettre aid 
pIneparttitltM ttt. tire tthlltv III ' C LIP. 

Ric' il s h t lttl's %s s'c .. itlnv,a% 1..-Ci III ith 

Of 1.i.ttctla a , . I ttriIIllit aildl 2 .1 insl iaV 

thdllis i, lit, N,.itt (II --sCtato t1i t,11 te rId 
.7 1 stta.slihi, Yield , as (,,,itsest Ini Ili,- tallisi. rhts. 

,.silhli k ).I) 'rilll/lra. the . tirei ()lI as.erac trie 

s,eld, ,.k (\I tit, ollbillationtilt srrtii IcrIlle, 

Table 10. Performance of grain legume, forage legume, and yield of 1he following rice crop 
in grain legume + forage i'itercrcpping. Santa Barbara, Pangasinan, Philippines. 1989-90. 

Treatment ...-.. 

Mungbeanmono-
crop 

Mungbean. sratro 
Mungbean .crota-

laria 
Cowpea monocrop 
Cowpea+-stratro 
Cowpea - crota 

laria 
Siralro monocrop 
Crotalaria monocrop 
Fallow 

Mean 

Grain itgume yield Total forage yield 

Grain Fodder 1000 
tha it ha) seed wi 

(g) 


1 12a 090a 60 

122a 0 74 a 57 
070 b 040 t 55 

0 74 1)0 44 b 135 
086 o051 b 137 
050 cO 32 b 130 

087 0 55 
CV (':t 121 21.6 

F-test 

fMug+r ,an coipea IT 82D 889, s Tawar greern 
iu,cea Rce &.IR74 

-------.... ...
 

Dry Cippings 
matter (no 
ithal 

550 c 4 

815ab 6 


4.89 c 4 
10.87 a 6 

5 64 c 4 
6.87 o 6 

791 

Rico yif-d 

Grair Straw 1000 
it ha) ,that grain 

wtl)
 

4 32 ac 3 09 de 27 

465abc 356 de 30 
516ab 373 cd 28 

3 83 bc 2 89 e 23 
539ab 375 cd 28 
4 78 ab 3 70 cd 25 

4 60 aix: 4 55 ab 25 
5 61 a 5 7 a 27 
304 c 4 37 bc 25 

4 60 3 87 26
 
191 192 108 1"6 

ns 

siratro Mactoptilufritropurpufutirrr (o!r ar'; Crot ,iaria 
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were 4.88 t grain and 3.9 t straw/ha. With crotalaria 
GM,yields were 5.2 tgrain and 4.2 t straw/ha. 

In this study, incorporating forage legume with 
early-maturing food legume crops significantly in-
creased the yield of the tood crops besides providing 
a continuous supply of feed to livesto.k The plant-
ing of leguminous crops increased tie yield oflthe 
succeeding rice crop. 

CONCLUDING DI.SCt SSI(N AND 

FtUTt:RE RESI-ARHit 

Short-duration GM .Sesllxharostrataand food or 
GM mungbean are suitable before WS rice when 
land experiences short-tern waterlogging. Long-
duration tood and forage or GM leguie has potential 
after rice Mhen the moisture may be limiting. Be-
cause of steIl nodulatlon traits. S.notrala has a 
comparati e ads.antage oxer traditional S'.xhan0,a 
under submerged condition. The data suggest that 
production can be increased bx a judicious combina-
tion of' tod. GM. and forage or GM legumes. 
How"scr. there is need o quanltify the total inputs 
and outputs, part icularl\ N. to assess the sustainabil-
itk of tilesNstem,. 

Integrated nutrient management 

Integrated nutrient management research for irri-
gated rice ecosystem xas, continuedjointly " fith the 
Rainfed Lo. land Rice Ecos stem Program. 

The project activities xAere designed for greater 
understanding of the nutrient transformation proc-
esses. nutrient balance, and integrated nutrient 
management practice,, that %ill mniniz,. depend-
ence oni urchased Iput, in rainfed loxxland rice. 

NIL-.xSt RLNIl'N )FA.mEN(NI. \V([.Al 1 I/,ION 

f-OLL.OWINi RI'NCR.\i 10N f& IRiA. S/'x' xrI' 

ROIWIAI4. AND AL S( liM %Otl/,l -i/-R+I!':R IN 

Fl.OI)it I RANSI'L.ANI tl) IR72 
Rationale. To further reduce reliance on purchased 
chemicals and intecrate nutrient management using 
rene, able resources for ecological reasons remains 
a significant challenge. The objectixe is to reduce 
fanner" ''ependence on inorganic l'crtilitcr by 75%. 
without loss of yield. through a combination of' 
improved recoveryr rates of applied N and using N 
from organic sources ,uch as nitrogen-fixing organ-
isms. Green manure offers considerable potential in 
harnessing atmospheric N and as a partial substitute 
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to chemical fertilizers in agricultural production. 
Among the siem-nodulating legunes, S. ro.sirata 
and A. afra/spe'ra have received particular attention 
because of" their .xtensive nodulation. 

Other obpccti%es of this study are to assess N[1, 
volatili/at ion tolhwing incorporation of urea. 
S.r.%n'ata, and A. uI/ra,rpeia in I'PR under irrigated 
and rainfed conditions and to measure Nil, volatili
zation losses throughout the rice-growing period. 

Methodology. Field experiments wercconducted 
on an irrigated fann in Central Luzon State Univer
sity, Nueva Ecija. in 1989 )Sand under a totally 
rainfed condition in a field in Calauan. L.aguna. 
Philippines. in] I989 WS. 

The field (2.5-3.5 ha) %%as plowked, flLoed with 
irrigation ,ater in OlS xxith rainxater in WV'S. andiand 


harrox ed to puddle and level the soil. Alter the last 
harros in., two 25-i-radius circular plot., for DS 
and three for WS xxcre installed in the lain field b 
constructing a levee 0).2 in high and reinforcing if 
w%ith plastic sheets to eliminate lateral seepage. The 
circular fields. constructed ahng a line perpendicu
lar to the x ind directlion. crc uVscdt nlCasure Nil, 
|]lxes with full prlilc mass halanc." micrometeorol
ogical techniques. Anmonia lhi.vs \%ere meastled 
0 times Iday front 080ff to I8)) f tor I1)d for both 

heights of* 0.03. ,). ff8.seasons at I. f0.4. 1.4. and 
3.0 in. tloriontal .xindspecdforeacti run xxas,.,Ineas
ured xxith cup anemontmeters placed at the ,,ame 
height as tileacid traps for N I,fluxes. Background 
Nilflux wa,measured at 0n.2. (t. and 2.2 i. In WS, 
Ni I flu\ measurements xxerc continued up to crop 
harvest but sampl ing xxas done at (H(0 f and 1(N) h 
from 5 d after fertili/er applicatton. 

S.ro.r.trta and 87 kg urea/ha inr1)5. 6()kg urea/ha. 
S. r0,tral(. and A,alrapi'ain WS x,ere basall.s 
applied and incorporated by powx er xxceder or h,
drotiller in the circular plot, at soil-saturated condi

ton. A floodxater depth of 0.0.1 maintainedin. 
I -1ffd after fertili/er incorpcration. x%as increased to 
f.05 m after Nil, flux measurements in DS. In WS. 
flood\&ater depths xkerc monitored. 

P (a.. single superphosphatei al2ff kg/ia in )S 
and 9 kg/ha in WS. and K (as muriate of potashi at 37 
kgha in )S and 17 kg/ha in WS kerc incorporated 
before transplanting IR72 rice seedlings at 0.2- x 
f.2-in 'pacing. Zn (a s /inc sulfate) at I1fkgha w.as 
applied in DS and seedlings xxcre soaked in 2%,{ZnO 
solution in WS to correct Zn deficiency. Insect and 
weed control was optimum. 



Results and discussion. Incorporation 0 urea in Cumulative N loss (%i 
saturated iliuSing a po er %%cederprosided an 50 
acceptable range of N Il Inl . %% ihest tII [ - Pr ,laureaith tile 1 

0.3 kg/ha per hat I and 3d after ter I i/erappi catloll 40 - - - Sesania tostrata 

in D S (Fig. I II. Fhl es ol Nil Ieaiai ni-d hi l ghilpto hitraspitv .. Atrsc"'''or U 

4 d after urea applicalioi. decreased lo negliible 30 
'alIeCS up to 7 d. but increased aaii to 1.3 kg/ha 

per Ihon the eighth da\ \ lien peed 20%\inds it incrcased 
from 4 to 7 ft/s. 

N i l !oatili/ atioa l oss Iot IIIt S \\ ith 10 
S . 0 0 1r 1111 ir CtI O'ora1tela III , lt.te b \ - r the ttli ,il . - . 

po ~er% t.ec tr.Nla ltrrtl Ni liars 'A, I ~kit/ia 0 21 40 60 80 100 
perhat Iand i. 1arlI Days after fertilizer applicationi ghU tI I\ f']l\ (Ml If,\ A.U tht' c iifltlae ot'r 

PoatatioI of S /r'%l I III fil still. \AIII[IIIH,;iIts 1%., prilla. [11c. ll alvl,l Ia, .1h111 I , .I' i11", , 
CauiIIIlltrlea d \ htn Cut (GM .t' sp-!cai. e e\CII ,, h ,\ . r \\ 

be lre lilt of prl 1. AtrlrlrOrraI Irltdsied .tthlorlr lttW s 
4 IIIdLIdL ate11c titrl titral air cc toNil rcai lt ai. ri Ilrllrt ic, h ut dcci rtt11),s i rllllc leC. lCb\ 
\ ol aitlll/t il l , ,,ss. reluclntI \11. ls. \'era late tile rIatiati lp le

lN l Vs as ltatre ) d heInn\l S. Culrllltti 1A..-l lasilt ( \ lort r rs tt I and \I1. cnu an area 
thra. .tha h1-0 'lli .r lh Iit' ,N\ ia If)',s st l NfI,1i .t il r1.tr l d. :\ 

tor iU dlia . 12I\r t Il lIrrtC,IsIrC lt ,t,,I l\\k \11\ I I \ 1! 14u1 i/ill<
 

cOIliilat.I u1) latluirt\ h,tr\ ,.li\ (i llltire Irrtet' I rtth/ceIM)cs jularc
10 CrIO) i; ti i C c,, IRRI ,,rtItlc .cii l 
1dh t llkrt ti V. li 1,scaIllrNi I.ctHtlt.a tCr C ,lllt erl211-4l daridtl hcil (C1lClrtlr'iCdlc 10 t lririitatC h 

, 50-11 alt c r N applicti onlttW ( ir hIl rgrL)' talli/ s IrI IM de lc ha pill rrari1(1 d e tcI i ,lloir V ctararrt ilt ol 

reprrductisc statg . ('Ulnlnia N\il lMss ti lc prati cs t ItIC \ eissliIL', V. h(N lrlttw tarhLc) rI cIC 
species aried froan 7 to 12 ' . c i rt'i ire1Cd k,itli 41', nr i"2 ll 0\ lal d IL . 
xkltlh u rea. Cd, RC cr D elta hcr tIn tire i of ,ilii i \ icr a i . IV.aa 

Further stuhdies to Inea deri fii(lIl sa ,tl t' ic ,.'.1IrC tr atiialll rc r td. rlhC ie criaps are l I 
needed 1ta 1, r 2 ch, (aon h s . .pirrsIesCrarl.ldoter irr r inc other .:l rsa\ t nliL sMahi ,ir ear al ll ,ris i ti g o 
N ra1a\ C Irr [ S ka , pl c ,l ( ( ) I [ i +e li l Ce L'IM lh 0 1 t C I o llha t . It % l ll d trat alr .l l.a nII 
pr d.luctran rtl ,cIihairced ltlddutiatl Iriks ire Ciirrirrtc,i1ii1tiesi Isa\ 'A ]ItIle a straiied b. Ihleiltares, , ,ntl l 

Ij ul\ Ia ( )c r Ilrer I Li .i rld tI tiC \\ S \hicn I\ -
NH3 flux (kg N ha pe r r pi taarri cI t .;id , ,IL' t ' . ,sl.lI l 

04 N ",Crrl1 ats hut ltrial IIe ir IC lr aaC Stil cArltl 

;'Is M It'lCrt l a trail.i 1i I. hillPriir.c ereai'ihll . n Ilitish '11. t ' 
11ha ; '1,rr,l uen l' , ,a kedl t r t ,r0 3. . . . . . . . . . . . . . . . . . . . . S aieaa ',os rata Ilti attrrtI rllITI/L-lplallloll. \ll.. e lCnIII ,t: sllcli I ,l-,lihJIu\ 1 111,111111 

02 li~i I' ,a -b i [ii. 131. lire iwt 'hip II lib ,Is'riat lruar\ rttr 
lrrer ',Usbl I L'I'C t l l yllslairetici,, pr lhti da IrC h er hri 

icrst'It, l Il r lhsjl c illrrar t l lllllTMath I t sairr l 
01 sea.'Ilr . thallt I ICheat 'r,irieaitlcrrci e ,s 

,C.l r s rIn, rIcil shlt aithisi ,rhilSbsa dalllaI rtc, 

0 1 2 3 4 5 6 7 0 9 10 r 

Days afler fertilizer application prali c treIntI erma ion ' tcli tl ii\h I, ,1satlr 

,II. Sararl~iia all, t I ' i ,,-li :, ihdr li i llis~i arrrrlrrlaal.,I1N k .,IrartitirII l. he i l l hartii,!er
 
applil-- i anI'td i o,lhraa l lditi l J, i1 iis1Ua ;
 
nracraiicra.,ricii,tlliiui qui aar~illtu /min lunit ,'o. ltenllertllle III fotsa illtei IItatich
( l atnd lui sartilrtCr 

a Si highcr I saliiier turn sNues ala il~i.Inhlpil Ic.It Ii rri,i,irc di eatn pNI In ratsp 2. .' g-
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Days after N Ppp'caton 

13. Wxt ro in,. ca-ii on fh'rpiopeicn at 1404) h 
tolh,,Int, 1ANI aophl!, o Lurca to tranplanted 10A.11d riC. 
Hllo.r lt~k',:mnrn,lSXu-ni, 


gesting a high potential for ammonia \olatilization 
IllNtmtltc,r. 

IllSUtl111er, [lie pNl v,as inlHuen'ed by tietho.d, 
of' basal urea incorporation and flod;karer depth 
during lncorporation IFig. 14). lrre,,pccti, eof",ater 
depth, the mo ,e lent of- traftspIant,.rs through the 
field did not reduce pNl, .iarro" ing ad transplan-
ter nolmnit.ni through the field elfectivei reduced 
pNH, only in the absence of standing A.Later. How-

pNH 3 (Pa) 

1.0- a a 

,,,.
t 

0.8. V. Summer0.8- '\, 

a
0 .6 _abel b \ ,a. 

ab 
a 

-a, bSummer 

0.2- " 

0 2 4 6 8 

ever. this reduction and presunably N fertilizer loss 
did not correspond to i,'creased rice yield. Incorpo
r' ,Ol of bha.l urea v ithout standing ',ater might be 
an unattractive technology in the lummnier because 
drainage or llood%%ater could be difficul with the 
typically high rain in this season. Furthermore, the 
beneficial effects of airtl\ almia1111)lli~ireducine loss 

and mixing urea into ,oil inav be neated bv climatic 

conditions, such as los% soiar radiation and I.phoons. 
that linlit rice yield. Future collaboralike research 
will focus on examining alternative timings of urvi 
application. integratea use of urea with farmyard 

manure, and clirmatic and soils constraints to eftec
tive use of'N fertmlier. 

In the Mekong l)elta otfsouthcrn Vietnam, rice i, 
typically brcadcast seeded and not constrained by 
cold temperatures and tphoons. Rice \iclds on 

alluvial soils tend to be higher in the Nlekon2 than :.n 
the Red Ri\ er Delta. Researchwrs at Cantho Univer
sit\ Comlnpared tM~o tilllills, !tiasal incorporation vs 
broadejsiat l()d ailter so% iin [ S I)for the first of 

3 urea applications to broadca,t ceded rice at 4 sites 
oit allu ial soils. Rice iclds k.ilh urea application at 
1(0 [).AS eflsistentlv matched 0r eceeCded those 

s\iih basal urea incorpofratit. (aseous loss ofiap
plicd tlma itone sittC (Thapto-l listic-.Siultic Flva
luenIt m.as delcrmined hv 'N balance te:hniqLCs. 
" as 53'(' for 50 kil Uiirca/ha hr fade.astLiatI DA 25s 
for 5( kg urea/ha broadcast at 20 DAS. and 121 for 
51) kg urea/h, broadcast at 45 DAS. Total losses for 
150 kg urea/ha were 291, of the applied N on a 

, 

Incorporation
method 

Water depth 
0c . 

mh
Harrow and 

0cm 5zm 
transplanters 
Transplanters 

... 

.•,
 

0 2 4 6 8 

Days afterN apphcaton 
14. Etteci ot urea ircorporation method and %,,iferdeptftturl g incorporaion on partial 
pressure of am-:'nia (pNH,,. at141)Mh folloA.ing ba,al urea application to transplanted 
Iok land rice. 
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Thapto-Histic-Sulfic Fluvaquentand 17' on aTvpic 

Tropaquept. 
Future collaborative research will examine the 

effect ofcrop management (forexample. plant popu-
lation) and soil type on N fertilizer efficiency and 
identify factors affecting N fertilizer losses,. 

DIL(t ilON 01 P)I(.J",PHAI : RIY. ANi) 

PARTIALLY -\IDt I ATII) PtOSPIIATE ROCK 

Ft-R[It.IZERS IN .t('IDI(LO\ILAND RICE SOI.S 

P inacid soils is the kek t)Maintaining available 
obtaining hig-h rice yields on millions of hectare,, in 
South and Southeast Asia. 
To laborator%e\perimenlt, e\,alunatCI theextCi 

oldissolution and relati e eftectiver'ess in maintain-
intc water-siluble P leels ofsonic ,paringl. soluble 
phosphate rock (PR) and partial. ciduLited PR 
P-\PR )sources at different reaction periods itt sonie 

low laId acidic rice soils 1(-2(cm)ill India. Indo1e-
sla. the Philippine,. Thailand. and Vietnan. Satipics 
werC air-driCd.crUtcd to pa,Ss through a 2-1t1iti scC 

,oil sampes. and their properties
to (on1 the initial 

measured (Tablc I I. 
A reac ti e PR from Morocco \llPRI and Two 

partiall iacidulated productsiron J( rdan PR IPAPR) 

at 15 and 30)racidulation were compared wlith TSP. 
Table 12 ,hos soome of the properties of the P 
sources used, 

Kinetics of dissolution of sparingly soluble P 
seurces in soil. Ten-gram samples of a soil were 
mixed wkith appropriate amounts of PR. PAPR,and 
TSP to gi e 160) ppmn P in the soil iII 50-rnl centri-
fuge tubes. The soil-tertilizer mixtures wvere next 
shaken \with 30-ml distilled water continuously for 

Table 11. Some characteristics of soils used. 

pH Organ,c Clay 
Soil (1:1 wtvol 

inwater) 
C 

(%) 
(%) 

Sentre. 3.46 2.95 54 
Vietnam 
Pathumthani, 4.44 0.67 54 
Thailand
Sukamandi. 4.96 0.89 41 

Indonesia 
Pangasinan, 5.40 2.14 29 
Philippines 
Quezon, 
Philippines 

4.32 2.90 59 

Port Blair, 3.92 1.76 46 
India 

Table 12. Some characteristics of P sources. 

Total Water- Citrate- CO;, 
Psource P soluble soluble PO, 

(%1) P (% P (%) 

Morocco phosphate 14.5 nil 2. 0098 
rock (MPF, 

Jordan PAPR (15%) 123 1.1 3.1 0.197, 
Jordan PAPR 30%w) 12.0 3.1 2.7 0.197,
Triple superphosphate 21 2 17.7 3.5 

(TSP) 

'Values refer to Jordan PR 

0.5. I.3,5. 8.16.24.48. 72, 120. and 168 I in a water 
bath shaker at 35 -( .\t the end of each period. 
appropriate saitples wcrc centrifuged. and tilecon
centration of P in the filtrat-e was determined b\ the 
ascorbic acid method. 

Data were fitted to the inodified l'lovich equation 
which reads. 

( - Inl B--+ I-In t (I 

where ( and C,are tie soluble P1concentrations at 
the initial time and at any arbitrary tite Ill, (Land 13 
are constants for a giveil sorption process. 13was 
utbained from the negative iuiierse of the slope of the 
plot of'( 'against Int. To obtain (tfrom the intercept, 
a knoss ledge of( \%as necessarx. ( was estimated 
by plotting CL,against t.and extrapolating to zero 
time. 

An inserse relationship betseei: C" (and hence 
the dissolution rate ofPR) and./ was apparent (Table 
13). tile corresponding simple linear correlation 
coetticients hein -(.725 for MPR ,-0.,35* forPAPR 

Exchangeable Bray Olsen LAMPb 
Ca (cmoi (.)/ 2 P P, (tag P/g) 

kg) (ppm) (ppm) 

2.45 10.7 n.d. 1013 

9.13 4.60 1.80 1434 

6.09 14.6 14.7 895 

12.9 2.61 n.d. 1934 

13.9 048 1.91 1882 

9.56 10.4 5.90 1818 

*n.d. =not delectable Langmuir adsorption maximum for plospnate. 
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Table 13. Dissolution parameters for various P sources in different acidic soils. 

C Jo

Suil P source (ppm P) 

Bentre, MFR 4.52 
Vietnam PAPR 15% 6.73 

PAPR 30% 29.3 

Pathumihani, MPR 2.85 
Thailand PAPR 15% 4.91 

PAPR 30% 41.3 

Sukamandi. MFR 2.63 
Indonesia PAPR 15% 2.79 

PAPR 30% 42.5 

Pangasinan. MPR 1.43 
Philippines PAPR 15% 1.53 

PAPR 30% 15.9 

Quezon, MPR 0.375 
Philippines PAPR 15% 0.855 

PAPR30% 5.08 

Port Blair, MPR 5.65 
India PAPR 15% 548 

PAPR 30% 24.9 

LSD (0.05) .1 
(0.01) 1.63 

CV(%1 5 

15%. and -0.887* for PAPR 30,. This is inagree-
ment with tne requirements of Eq. (II. 

At an intermediate P-fixing capacity, the soluble 
P concentrations in soils after 3 d reached a maxi-
mum IFi-,.15). This may be attributed to the fact that 
a high P-fixing capacity of soil is necessary to 
encourage the initial dissolution of a PR inan acidic 
soil. A too high P-fixing capacity may. however, 
leave a low concentration of soluble P in soil on 
continued reaction. 

By considering C values and soluble Pconcen-
trations ,tdifferent time periods, effectiveness of the 
P sources in maintaining soluble Pin soil was found 
to be in the following order: TSP > PAPR 3014 > 
PAPR 15% > MPR. 

The better performance of PAPR 30 than of 
PAPR 15% or MPR may be explained in terms of a 
higher inherent reactiv itv of Jordan PR for the two 
PAPR sources than with MPR and a partial aciduka-
tion of Jordan PR forming some amount of water-
soluble monocalcium phosphate component, espe-
cially in the PAPR 30% product. 
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Mean dis-

P r solution (%)


(ppm P/h) (ppm P) at 2000 jig
 
Ca/g soil rate
 

36.7 2.42 33.5 
22.2 1.54 37.6 
77.5 0.299 43.4 

2.62 3.96 22.6 
1.75 3.51 24.7 

30.5 0.177 32.9 

1.68 2.74 21.0 
0.746 2.31 22.5 

33.6 0.154 29.9 

5.94 4.70 13.6 
48.7 6.42 14.8
 

144 0.549 24.7
 

1.60 21.7 8.77 
6.27 10.7 17.2 
5.13 1.36 27.7 

30.0 1.78 23.3 
5.51 1.37 24.6 

51.8 0.311 33.5 

18.9 0.396 4.4 
25.9 0.544 6.0
 
32 5 8
 

The performance of MPR, relative to TSP, in 
maintaining soluble P in soil improved with the 
reaction period. PAPR 15% and PAPR 30% behaved 
similarly. In soils with high exchangeable Ca and 
high P-fixing capacity (e.g., Quezon and Pangasinan 
soils: see Table II), ther,. is usuallv not much differ
ence in the relative soluble Pconcentrations at shorter 
or longer periods of reaction. But in soils having 
relatively low exchangeable Ca,and an intermediate 
P-fixing ability (e.g.. Bentre soil), there is an im
provemeat at the longer period. 

Incubation study. Twenty-gram samples of a 
soil were mixed withi different amounts of the PR 
and two PAPR sources to give additions of 500 and 
2.0(X) uig Ca/g soil. Subsamples of 2 , were weighed 
into 50-ml centrifuge tubes. After adding 0.5 ml 
water, the tibes were stored in darkness at 33 "Cfor 
0. I -,,5,20, and 31 d.At the end ofeach time period, 
the corresponding samples were extracted with 2 M 
BaCI, buffered at pH 8.1 with triethanolarnine for 
I h to determin,, the increase in extractable Ca due to 
dissolution of the P source. After centrifuging, Ca in 



P concentration (opm) inwater 
extract after 3 d of reaction 
12

10/-

PPR 30% 

8-


6. 


Figure 16 illustrates the important role of ex
changeable Ca in soils in governing the dissoluaon 

of the given sparingly soluble P sources. 
Correlatinswith field ohservations. Using TSP 

as astandard equal to arelative agronomfic ettective
ness (RAE) of I1(g),', tle 6iven sources were as
sessed. and the correspondingi RAF.valucs are 
recorded in Table 14. Note that in Bentre soil, ,',PR 
and the two PAPR sources were more effective than 
the soluble P source. 

Results suggest that ihemaximum benefits of 
using the given sparingly soluble F sources may be 
expected in acid soils A ith lo, exchangeable Ca 

and an 	 intermediate P-lixing caipacity. In these 
soils, PAPR sources may perforni better than PRJmaterials. 

4-


PAPR 15% 

2.-


_ 


0 	 .. 
500 1000 1500 2000 

Langmuir adsorption maximum for phosphate (l.g Pig soil) 

15. Water-soluble Pconcentrationof3 sparingl. soluble P,ource,, 
after3 d of reaction as affected b.the P-fixing capaclt. ot soils 
(Langrnuir adsorption niaximum forphosphate). 

the filtrate %%as determined by atomic absorption 
spectrophotometry. 

Maximum dissolution of Psources (Table 13) for 
the higher rate of applicatien occurred within the 
first day of incubatioit. arid SLIh initial rapid disso-
lution was followed by slow er dissolution at longer 
periods. The mean dissolution after 31 d w&as much 
higher at the lower level of PR and PAPR applica-
tion. although the absolute amounts dissolved were 
greater at the higher rate. Percent dissolution of the 
three sparingly soluble P sources was generally in 
the following order: PAPR 301h > PAPR 15"4 > 
MPR. which confirms the trend observed in the 
kinetic study. 

For a given source, the order of dissolution per-
centages in different soils at 2,000 jig Ca/g soil are 
given in Table 13, 

SULLFLR IN IhI)ODI:) S)IL.
 
Sulfur deficiencies in rice soils have increased as a
 
result of increased use of high analysis, S-free fril
izers. Since the quantities of S required by rice are
 
small in relation to N requirements, it might be
 
desirable to apply S with N in multinutrient fertiiz
ers.Two means of applying Sand N flrtilizers are in
 
combined uiea-ammonium sulfate and urea-elemen
tal S mixtures. Because elemental S must be oxi
dized to sul f ate before the S is available to rice, it can
 
have the advantage otless susceptibility to leaching
 

loss an'J the disadvantage of less availability to the 
rice crop. Field experiments were conducted in the 

Mean dissolution (%) 

60 
Appicaion rate 2000 pg Cag sod 

50 

40 

30 
LSD, >O,

20 
. PAPR 30/o, r=-O 875' 

10 " 	PAPR 15%. r=-0887" 
MPR. =-0.892 

00 , 6 8 10 12 14 16 
Exchangable Ca content (cmol (+)ikg soil) 

I(.Mean percent dissolution 'f3sparinglysoluble Psource over 
several incubation periods insoils having varying exchangeable 
Ca contents. 
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Table 14. Relative agronomic effectiveness (RAE) of Psources in different acidic soils. 

RAE, (%)insoilsP source 
Bentre Pathumthani Sukamandil Pangasinan Port Blair 

MPR 137 75 99 38 61 
PAPR 15% 180 96 87 63 96 
PAPR 30% 159 60 88 75 68 
RAE for TSP - 100%. Yield data refer to no-fertilizer control. 

Philippines toobtain Sbalances forurea-ammonium 
sulfate(UAS)and urea-elemental S(UES)mixture., 

UAS and UES at 20kg S/ha were basal incorpo-
rated to 10-cm depth in 80- x 80-cm microplots 
surrounded by 30-cm-high metal frames pushed 
15cmintothesoil. Microplotswereadditionallysur-
founded by levees to isolate the experimental area. 
On this puddled soil, basal fertilizer incorporation 
without standing water followed by irrigation to 
4-cm depth at 2dafter incorportion did not prevent 
substantial release of added sulfate S to the floodv a-
ter. At 5 d after S incorporation. 24(/ of the added 
sulfate S %as in the floodwvater, whereas the recovery 
in floodNater of added S from elemental S neiver 
exceeded 3.3% (Fig. 17). Heavy rains 6 d after S 
incorporation resulted in loss of floodwater and S 
over the 15-cm microplot border. S from added UAS 
unrecovered in the plant and soil to 30-cm depth at 

Recovery of added S in floodwater (%) 
25 

20 


Urea-ammonium sulfate 

15 

10-

Rain 

.Urea-elemental S 

-10o70 20 3o ,.o 

0 10 20 30 40 
Days after S incorp,)ration 

17. Effect offS fentili/er ,ource it percentage of added S in 
flcKlv,ater follo, iny basal incorporation of the fentili/er. San 
Juan, Batangas. Philippines. 

42 d represented 21 ","of tie added S,which corre
sponded closely to the decrease in floodwater S 
(22% of applied S) between 5 and 7 d after S 
incorporation. No S was lost from added UES. 

The results suggest that sulfate S may be lost 
through runoff even wht:nt ba,,ally incorporated 
without standing water. Such loss can be prevented 
by using elemental S rather than sulfa.e. or by 
deep placement of the sulfate-containing fertilizer 
(Fig. 18). In flood-prone rainfed environments, the 
deep placement of sulfate with urea can have the 
added benefit of preventing S losses by runoff aswell 
as preventing runoff and gaseous losses of N. 

Ft'rLtR- fStREAR('H 
In 1990, research '%as initiated to generate knowl
edge on transfomration processes in GM species. 

Recovery of added S in floodwater (%) 

25-

R Incorporated urea-a'nrnonium sulfate 

20 Incorporated urea-elemental S 

Deep-placed urea-arnmonium sulfate 

15, 

1o

o " - - -___ _-.

0 10 20 30 40 
Days after S application 

1,1. seiurc, ard pl.R. ientit the percentageEffect uif Sliertili, 
of added S in floodvater. San i.an. Batanigas. Philippines. 
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Quantitative field measurements were made to de-
termine. %kiththe use of nicronieteorological tech-
niques. the extent of ammonia volatilization losses 

from GM incorporated in lowland ricefields. 

Collaboration with Vietnam resulted in knowl-

edge that sho\xed promise in urea fertilizer manage-

ment practices inlflooded ricefields. 
Strategic research %as initiated in the laboratorv 

and greenhouse to relate tileindings to field trials in 

India. Indonesia. the Philippines. Thailand. and 

Vietnam in identift jug lo -cost P sources for acid 

hmxland rice soils. 
Future research on N from GM %killintegrate 

ammonia xolatili,ation %%ith N,and N,() flux inca-

urements. ('0 ineasurement be made front tile.xill 


ron rice canop\ 

in Gi- and urea-amended ricefields. Future col-

laboraix e research v.ill focus on alternate tinrings of 

tloodx, atcr aiid soil s sten and tile 

ure;, application kiih intelgralted use of urea xitlh 
farrux ard manure. Stratecic research on P dis,,il-

tion rate %ill loenerate irfOrmation that should make 

,paringl. soluble PIsources desirable in acid lo\ land 

rice Soils. 

Germplasm 
improvement 
Subprogram I1: 

Physiology, genetics, and screening 
methods 

The tbje-tix.eif this project is to understand tie 

ph S1iolog\ aind genetics ofrice adaptation to ads erse 

ater regirie,. and tor dex elop appropriate screening 
,

elhods flotrait conferring ada.ptatiion. Our prex r-
()Us report ein1711hi'ed ph l-" 01ld 2MnellCS olf 

- rd 

University. LISA. vke identified i restriction frag
ment length polymorphisin RIIP) narker that is 
closely linked with IS;. 

DNA x,as extracted fron F,line, front a cross 

segregating frphotoperiod,,enitlvit\,digestedwith 
restriction eny ies, and run on agarose gels. After 

transfer lo IIlon filters b Soutlrein botling, it as 

probed esIth clonesmnapping to chroosom e 0. The 

gecnmic clone RG64 S,1ox ed cry tight linkage to 

phoioperiod sensitiv itx. It has already been con

firmed that RGi4 and PIi-2 are looselh linked. The 

RFI..P probe RG64 %%ill be used to monitor segrega

tion of pholtoperid sensitivitx and for transferring 

this trait to high-xielding cultixars. 

Characterizing late-lfhloerirng cultivars. 

Whereas photoperiod-sensitixe culivars oi the rain

fed km.land rice belt extending fr, eastern India torm 

Northeast Thailand flo\ser in October or earl\ 

N, enber, those from more southern location, in 
Sri I.anka, Thadiand. ('ainbdia. ialax sia. and the 

Philippines flow.er lalt'r.PrSoie il iil)pr)\ing Ihese 

late-flowering culix ars has heen hillited. To better 

characteri.' late-loe, rices ,ps2) genl', were 

gros n at fix e locations x.ith dilferen seeding dates 

(Table 15). 
At higher latitudes, lime Ioflow.ering %as %er 

lon %%earls southith sceding. Most varietlies from 

ern Iolatiriis took IXI d or longer ti) flower ,,then 

sCeded on 31 Mav at 'hmrurah..At loxxer atitludes. 

growlh duration xxas nuch shorter and there " as less 

difference ii da\,s to tloering heteen diferent 

planting dates within t locat,. but photoperiod

sensitive gerrot. pes still had longer duralion than 

Table 15. Sites and seeding dates for characterization 
of photoperiod-sensitive cultivars or breeding lines 
duringI 1989-90. 

resistance to drought: :lrlillal research itthis--------. .. ..Mean .Mean 
topic is reported here. I lll~operiodisir is air itinpor- Site Latitude Seeding date flowering days to 

twtt llmechaI.llrisi lr escaping siress inraitnfed lox%%- date flowering 

land rice: therei re, research ott pht operiod sensi

i.it'. ik entphasi/ed here. 

Pitl))oIF(t<tIt St. sMnnxrn ~Phatihalung
Phto id sRI gene taggedYwithitt 

Photoperiod sensitivity gene tagged with RFIP 

marker. Strong photuperirid sensitivity' is usull,, 

controlled h\ a major dominant getle (I.S(;) oin 

chronio,,onCe 6. The i,,,,'yme gene P,,-2 can be ised 
to monitor segregation of' PS(;. but efficiency of 

uch nonitoring is low because Pnti-2 and the P. G 

are only loosel) linked. In collaboration with Cornell 

Crinsurah 
(India) 

20 N 30 May 11 Nov 165 

Chinsurah 11 Jul 14 Nov 126 
8 N 10 Aug 21 Dec 133 

,Thailand) 
Pnahalung 15 Oct 18 Feb 126 
Batalagoda 7 N 30 Jul 10 Der 133 

Sri LanKa) 
Batalagoda
Prey Phdau 12 N 

30 Aug
16 May 

31 Dec 
15 Nov 

123 
183 

(Cambodia) 
Solana 18 N 17 Jul 10 Dec 146 
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would be observed for mnodern ,arieties. Although Grain Ield(I as directly related to YE'l s/ XE'c in 
daylength response wa less at Iower laritudes, pho- experiment 3 (Fi. 19)andt XTs/X icinexperiment 
toperiod sensitivit. is still considered important for 4 Fie. 20)1.Thus either ET or T nia be used in the 
local adaptation. stress index, linear reiressions x.ere strotnLer tor 

IR64 than for KPiaat:i laton r Salinlpikit. 
iitDROt(;HI RFSISI.\N(C'I+ RCsllts for IR64 arc cwsistet %% those of preyi

,Drought stress index lor rice. Because of differ- oils cxpcrimnnts. ('ontlar to xx at x%e bscrvcd 
enes in tim ing and severity of drought it is difficult earlier. boe e tr, gros i stage had no appirent el
to compare results of rainfed trials conducted ill f+ectol the relationship hetx ecn sless ilodeX and 
different loications. To declop a phenolog.,-based vieldofS'Salumpiikitlor Kinandang patong. That stress 
index that relates rice productio it\to \ , aer deficit, index x,as independent ofgross th stag:e is confirned 
x'e conducted four greenhuse, e perilitcnts to quan- h\ reeressions betx een shoot dry matter and \ ield 
tify the effects of dif:erent tittti;ts aild seerities of ' g. 21). Although a lcv,points with floering stage 
,,ater deficit ot rice transpiration and \iCld. Results stress desviated from tileregressions, merali there 
of' eperiment I and 2 %Ncre reported pre'iousl, x,as little effect of xtaler deficit oilthe regreslis 
1IRRI A\nnuai reports for 1987 -lld 198X. aitld s4g- and there!ore ol har\est index. 
gested that the ratio of cumulalix e trianspiration in The ilext phase of this research xillaltenpl to use 
stress to iranspiration in coivrol treatments ILfs/ thee drouight stress indices to compare result., of, 
'Tc l(max be i-ed as anlmdctoquanifs stC', es Of screenile trials front difterent locations. 

different tintings and durations. Inheritance (-.I*leaF epicuticular .%ax. Lcaf 'p-
In c\periment 3 usiit IR64 and KinandanIPa- Ictilclar xx\ aI-\W lincrcases cuticlc resistance 

tone. xatCr deficit xxas ilposed at dillcicn rosi th trau-,piiatillt; the anirut of I LW has beein eilated 
stacs the first sIres- sxas at I I dlld tolti'L1: ltsisia.lic n las hiss)AS slhseqtittl IlCsCxil crops. Rice 
stress xais .it7-d ilttrx'l it, tilteCiltio CilmtlaM IT" lllp;iikd to ,hill c'isidll L t- thercrp.I- ItCe ar 
I\e e .apltoranspiratitlt inlstress 'o e\apotrn.tnpira- crable diffC'rcnlCes :l1110112 kiwtes*i Toiit\ 
ion It Loiirol nOts (lF's! 1'lc (huini lile str cs \hctlicr this trail can ie illlroed through plant 

period reached abotL 105. Stress duration xas 20-3.3 reeding. inlhcrilaice Of1.V1% INas sudiedl a diallelill 
d for \ OULnger plants and X,25 d for older plants. lit crOss 1into01e iliit di\ crse rice genot\ pes. 
e\perimnent 4 Usinl IR64 and Sl unpik it. xk as ahilitx effects ere higlhlyater %% (jeneral comnhiliig 
Y.ithheld f'or 7 or 14 d beginning at 31 DAS and at 7- sienificant x,hilt secific cttbiniite ability effects 
d iiterv!s thereafter. %%crc not. indicating a predottinance 01 additivC 

Grain yield Ig plant) 
50 

, Stress 0Stress 
Contro Control 

40 AStress at PI ,4062 DAS AStress at Pl.47.67 DASStress at F 61 83 DAS Stress at F.68 33 DAS 

30 * - * . Kinandang Patong 

Y=1 22.26 14r 
0 r=073"
 

20 R64 n =!3 0 

10 - * Yz j 15-41 34,r 

r 0O92
n 13 

0 
0.4 0.5 0.6 07 08 09 10 04 0,5 0.6 0.7 0.8 0.9 1.0 

LE Is .ETc
19. R'l.itlwulhip bc k.elClullutliat , htnpitl I ,! H'/Xt'.Ftrait nit- lolIR04i ii1 
and Ki/ iiithal,. Pl'ii iltsp.. rtinl t . IRRI. It hi cfc d h r dllhletl'l:ili N i duraiiinls 
i dii retl c itki = criig. PI-= l lic iailin. IJ S = da, afuter s dtiig.r qatzc's. I; Ilhi 

90 IRRI program report for 1990 



Grain yield (g/plant) 

a Stress * Stress 
Control Control 

40- Stress at PI,51-65 DAS * 'Stress at P1,58-72 DAS 
-Stress at F 72-86 DAS * I.Stress at F,7293 DAS 

* Salumpikit 
30--


Y= 6.39.25 36x 
-

r=083 * 
20 

n=7 

Y= 4.22.45 06x IR64-0 

10, r=0.85""
 

n =17 . 

0
 
0.4 0.5 0.6 0.7 08 0.9 1.0 04 0"5 0.6 0.7 0.8 0.9 1.0 

!Ts,,!Tc 
20). R,.liliiq p nt Lu lluld~it\ L"r{r~iinpra . ichl lR 4 aiit) Saluirpkitm{.'],,/t. aui' 1 
i e...rniient 4. IRRI. I)Mt9t.i'lait,%%ere ,tre-,.cdfor7 or 14 d at dittfrenrt ,r ,Ath sttge. 
F = tlt%croirl. l lkiL l,ltijilun. I)..\S de t t ccdillete 


genetic variation. it. anl F p pUlati ,hri ad-sense A,,observ ed x% depthfill a minir-hiiotron to a i+oil 
heritahilit\ xa l+ and ex erecorulhinatnts matchine of 7(0 cm, ,ater deficit significantlv reduced total
the parents ,erv ohtamid (lie. 22). This result rqt trox, t 35,42. and49IlT [:ie.23.Bx,56 DT. 

implies ptil genic inherttance..As [.'\V isdifficult to ltlo,,ever.onl, I %%kaltterreflto<.ding.total root grov, th 
tnea',ure ilrile, it isuntlike, tha ititcM he used ill ini%,ell-irrigatedamid .tre,,cd ilots vas not signil'i
selcction unfle.s uecs ctottterrim., hieh 1I.\V call he carntlN ditferent. Si21nilicant dillcetce .lln11ligcil
tagCd xIth m1olCcular markers. I.ars %%cre (1hNCu'ed helorc 121 I ) and during 

Rootl.,ro%%th under isater deficit. icld researh stress f42 and -1) DT: Fiv. 231. Ahh1uh there %ere 
aN c0ndtuctcd to tnleasutre the effect of ",ater dCticit nt),ignilicatnt intcractions hetxxeen culi\ arand ",ater 

on ro: erovxkth of rice transplanted in lpudd!ed Iield regime it aM single oher,'ation late, cultixars 
under simnul.±ted rainfed It'txx land conditio)h. .- Itox ed di.,titctl\ differett responscs to watcr defi\split-
plot design x a,used ,,ith 2 main plot treatmlerts: cit. Before stress. N22. the most drmght-tolerant 
%xell-x\ atered and not irrigated. from 26 to 48 d alter ultix ar in the experiment. had tileereatest total root 
transplanting iTlYT. Suhplot treatments ,ere four length. During siress, hox, exver. its root length de
cultix ars: IR20. IR40. IR72. and N22. creased carl,, (alter 35 1)T. x,'hereas that of the other 

Grain yield (gpiant) 
70 

Expt i. IRS4 A Ex. : 3 IP64 / 0 Expt 2.Knandang Pl:ong * Expt 2.Salumpikit 
60 * Expt 2,IR64 Expt 4. IR64 / . Expt 3,Knandang Patong Exp 4. Salumpikil 

Y.=-8054 - 0 495) y= -9127 0.387A y= -10.145 * 0.318x 
50 r 092- / r=086" r= 0 71 

n 58 n,n20 n 24 

41), 

30
 

40 • ... ..
20 1 

10 V 55 /0) .. . i68 93 , 053,731 ( 63,73) 
F 'F F 0 F 

0 -
0 25 50 75 100 125 150 0 25 50 75 100 125 150 0 25 50 75 100 125 150 

Shoot dry weight (gplant)
 
,htx)t ard grai Miid Irom 

experiments %&erepx)led. 
21. Relationship Net een dr. .,eight .ai har,.'esl ) eld of I144. Kinandany Pt ng'. SalutnpilkL. l)alia 2 or 4 
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Plants (no.) 
25 . 

P2 	 Pi 

AC 25'Salumpikit 

15. 

10. 

0 . . . 

160 180 200 220 240 260 280 300 320 

LEW content (peak area) 

22. Distrihtdion ot leaf ,picuticular %&ax(LEW) comtr in the F , 
lpipulition (itIAC25/Saiwnpki ran,.., dot .adtiand the mean 
SE of tile all. LEW content of1, [1 arid F ,flw 11|c.kI 	 ,cre 
16.5. 5.9). nd 10v r' ni/. rveprtiel .1 

cultivars increased until 42 DT. Total root length in 
N22 anti IR46 (another drought-tolerant cultivar) 
increased more rapidlh after relief ot stress than did 

root length in IR20 and IR71.Thus, one characteris-
tic ofdrought-tolerant cultivars .;eems to he that their 
roots respond quickl. to changing ,oil water stai.. 

Ft I'RE Ri"i'.\R(ii 

In addition to ftllo, ing up tileresults reported in the 
preceding sections. future research in tis project 
.,illimnestigate submergence and heat tolerance, 

Breeding and evaluation 

The objectike,, of this project are to develop ita-
proved germplasm for aderse rainfed Iobland 
conditions, with partictlar emphasis on adaptation 
to ,,:rter deficit and e,,ce.ss,, ard to Mdet iflapprpri-.


Lte hreedin methods for these environments. 
In 1990. 326 F, popula.ns, 30X I-and ear. 

generation bulk populations, and 32.129 pedigree 
rovs ,.ere gromi,n. In DS and WSs. 1.149 unrepli-
cated observation plots ,,ere grovn, andIlX)entries 
wereevaluated in replicated .iel Itrials. I-ordrought-
prone nurseris. 583 and L()entries veer.-e\ ,luated in 
observational IOYTI and replicatl \ield trials 
iRYTi. respectivel . For medium-deep trials. 1)1) 
and 40 entries \,,ere evaluated in OYT and RYT. 

Farly generation Lind advanced breeding lines 

were screened fu(r resistance to drought. subtner
gene. disea,e and insect pests. and for grain quality 
traits. Several lines with excellent drought resistance 
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Total root length (cm) 
30 
2 IR20 '

20 IR72 -' 

-'.
15 

10 

V 4ll-watered 

0 
Total root length (cm) 
30
 

20
 

10 
5 Stressed 

Wate0 ce__of 

0 21 28 35 42 49 56 

Days after trnspiarling 

of rice, ,% .tl+,.+cd , Roo)ligro%%th ,mdt v.ell alndairmghtl,.ts,ed
 

under upland screening and other desirable charac
teristics were idcentified lable 16). Sever-l new 
lines with consistent submergence tolerance and 
good phenotpic acceptabilit. ,%ere identified: 

IR5340lI-24-3-1-1-2 	 IR . 99-2- ;3, 
IR435.-t, V!-) 

IR54143-3(0- - 1-2-3 S .r,,ke~lR3.I 4w)-1,33.I-/ 
IR207600-27- I-,-2- I 

IR57463-2-2-1-2 In-la--la./l1425,-4X-I-
I -3//IR4355i 1-57-3-3-0 

IR5747X-2-3-2 IRI't3,5.42-3-3-2/1R43559. 
132-.3 /!IR37$)r-5- 1-3-3 

IR575 12-6-1-2-3-3 IR4356.-7-3-2- I/IR43559
132- 3-/R435r,- 13-3-2-2 

IR57512-6-3- I-3-3 IR43565-7.3-2 ./1R43.3559.
 
-3,IR4 56X.13-3-2-2 

1R5755 1-9-1-3-1-1 	 B425,-4- I - I-3/IR42207-65
2-3/11R4 ;581 -57-3-1-6/ 

1355)- 1313 

The sources of' strong 	submergence tolerance are 
underlined.
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Table 16. Ralnfed lowland breeding lines with drought resistance. IRRI, 1990. 

Designation 
Drought score, 

-

-10 bar Recovery 

Dura-
lion 
(d) 

Height 
(cm) AC 

Grain 

L S Cik 

Resist
ance, 

IR41431-16-2-2-2 
IR43506-UB',-520-1-3-1-1 
IR43552-80-3-1-3 
IR46274-53-32-3-3-; 
IR46288-20-1-1-3 
IR46331-PMt-29-2-1-1 
IR47959-9-3-3-3 
IR54082-CPA-1-B-2-1 

BI BB1
 

2 1 140 120 26 3 1 1 5 1 
1 1 Sen 120 0 3 1 W 3 7 
2 1 Sen 120 25 3 1 1 7 1 
2 1 135 120 26 3 1 3 7 1 
2 1 135 130 25 3 1 0 e 1 
3 1 130 140 26 1 1 9 8 1 
3 1 125 140 23 5 5 1 1 1 
3 1 125 140 0 3 1 W 1 1 

'Scores for drought resistance at -10 bar soil water potcrtial and recovery afterrelief of stress follow the Standard 
avaluation for rice scale (SES1 scale. The resistant cnecks generally score 3-4 at -10 bar rGrain characterist.cs 
include amylose content (AC %), length IL), shape (S),and chalkiness (CIkI. Scoring by SES. Resistance toblast 
(81)and bacteial blight race 1 (BBI scored by SES 

Breeding lines ,,ere screened l'-r resis!ance to 
brown planthopper (BPH) and green lkafhopper 
(GUH).Of more than 26.50 lines screened, 86c, 
were resistant to BPH biotype I: of 4.X0) entries, 
71 % were resistant to BPH biotype 2: of 4.70(1 
entries. 7_5%; were resistant to BPH biotype 3. of 
20.80(0 breeding lines screened, 46c',were resistant 
to GLH. 

S,-family recurrent selection .vas evaluated in the 
rainfed lowland composite cro,,,,CPI 103 IR3,49'9,) 

segreg, ing for genetic male sterility. S -derivcdi S 
and S, lines homozygous for tiale fertility ,.er'euscd 
to assess the effectiveness of selection in the S 
generation. As S,seed is harvested from individual 
S, plants. the amount is limited, and segregation for 
male sterility further complicates the ,election for 
a.".ronornic traits including ield. There were highl\ 
significant correlations betw een S,and the derived 
S,and S.lines for plant height, bro\, n rice length. 
browa rice shape.gelatinization tetnprature. spikelet 
number per panicle. number of panicles per hill. .,nd 
IIW)-grain weight. indicating that the-e traits could 
be accurately selected in tileS,. Adjusted grain , icld 
shoAed a nonsignificant correlation in WS. and a 
significant (r= 0.47) correlation in DS. 

EV-\IAL:.ATIO.N OJF .i\VAtII) IHRtI:I)IN(G I.INtS 
In the medium-deep RYT at IRRI, lines were grown 
at a favorable site with stagnant flooding ot30- to 
40-cnt waterdepth. and at an unfavorable site, which 
experienced submergence stress. The highest yield-
ing entry IR48 120-49-5-3-2 yielded 2.9 i/ha in the 
more favorable medium-deep trial, and 1.4:/ha in the 
unfa'.orable loeation.This line. from ihe cross Pankaj/ 
IR56/ iR,0992-7-2-2-2-2-3. has been highlighted in 

previous reptorts for its ad;iptation to stagnanl flood
ing. It oxas also one of the highest vielders in the 
shallow, RYT at IRRI. It is 120 cm tall and has a 
duration of 145 d. 

Advaiced breeding lineIrn,,rt tltelhii.IRRI col
laboraxive breeding programl %erce aluated h staff 
at six station, in Northeait o lftiland."l" a\. lies 
gave an overall yield similar to that oi the \\axN 
check varietirs 'l'able 17). IR430 70 -I.TN -5i)1-2- I -

I -Ii,, . filt intertwdiateaphotoperiod-sensiti. e line 
plant height and moderate resistance to [iI. Several 
nion0uhltinous lines vielded higher th;ttt lte checks. 
IR46331-PMI-32-2-1-1 i,,photoleriodsen,ti.evith 
intermediate pl:nt height, and lts ,hown good 
drought resistance in screening at IRRI. IR43-5(
SKN-506-2-2- I-I is insensitive to photoperiod and 
has aromatic grains. 

Elite line,,are Ultilmatel\ subtitted to tileInterna
tional Netm, ork for Genetic Evaltnation of Rice 
IINGER fbr evaluation in the Itcrtational Rainfed 
Lo,,land Observatiotal Nursery IIRI()N . The 
hreeding line IR43559-25-5-3-2. '.'ith strotg sub
mergence tolerance deri, ed liotn the traditional 
calti, ar FR43B. performed wsell at man\ sites. Sev
eral breeding lines from thecross IR37096(CR 1()9/ 

IR4568-"6-1-3-2) received high ratings for pheno
typic acceptability, and IR37096-52-3- I has consis
tntl, shown moderate levels of submergence toler
ance in screening at IRRI. 

It.Ql!"E 
i.o',.'ix\% RI(I-

Data from INGFR and! unifonnity trials were ana-
Ivzed to determine itvariation in rainfed lowland 
ricefields is larger than that in irrigated rice. Prelimi-

FiE.t) PI. I ( .S FV)R R.INFI-I) 
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Table 17. Highest yielding breeding lines and check cultivars in the Thai-IRRI Interstation 
yielW trial, Northeast Thailand, 1989.' 

Designation 

Glutinous 
IR43070-UBN-501-2-1-1-1 
IR43070-UBN-507-1-2-2-
RD6 (check) 
RD10 (check) 

Nonglutinous 
IR46331-PMI-32-2-1-1 
IR49738-SRN-16-B-1-2 
IR46375-CPA-8-2-1-3 
IR46329-SRN-31-3-2-1 
IR43450-SKN-506-2-2-1-1 
KDML 105 (check) 
RDI(check) 

'Yield. maturity, and height d t' 

Maturity (d) Grain Resistance, 
Yield Rank or flowering Heigh: length Amylose 
(r/ha) date0 (cm) (mm) (/) BI BB 

4.1 1 17Oct 119 7.41 0 MR MR 
4.0 3 140 116 7.38 0 R MR 
4.1 1 25 Oct 153 7.18 0 HS M 
3.9 4 131 114 7.66 0 HS MS 

4.2 1 23 Oct 115 7.65 27 R MS 
4.2 1 17 Oct 126 7.49 28 MS MR 
4.0 3 21 Oct 139 7.54 27 MR MR 
3.9 4 14 Oct 110 8.17 25 HR MR 
3.8 9 128 134 7.78 28 MS MR 
3.8 8 23 Oct 145 7.56 14 HS MR 
3.3 12 134 108 7.22 23 HS MS 

are averaged over 6 sites Alldata were collected by Thai Rice Institute staff. 

moderately susceptible, S = susceptible 

nary results from analysis of INGER data (IlRYN. 
IRLRYN, and IRRSWYN) indicate a tendency for 
the experimental error of varietal trials conducted 
under rainfed low,land conditions to be higher than 
that from irrigated trials, consistently so for all 
countries. Results from uniformity trials, on the 
other hand, sho ed that the difference in the levels 
of inherent field variation betw,.;en irriga!ed and 
ainted lo, land conditions may not be that distinct, 

The pattern of relationship between the variance and 
plotsize is also not greatly different between the two 
rice systems, implying the possibility for haN ing 
similar optiinum plot sizes fcr both irrigated and 
rainfed lo%, land conditions, 

Analysis of existing experim,-ntal data is being 
continued to obtain information nceded for the de-
velopment of appropriate field p!ot techniques for 
rainfed lowland rice. 

VARi[TAL ADAT-,rATION TO DROUG(;r-
AND)SIIttjRENC-RONE RAINI-tiD LOWL.AND 
CONDITIONS 

Research w;'s conducted in a rainfed lowland rice 
area in Soiana. Cagayan, Philippines. to identify rice 
cultivars adapted to er.vironments with severe hydro-
logical stresses. The predominant cultivars grown 
are photoperiod sensitiveand have tall stature, drougit 
and submergence tolerance, and very late maturity. 
Hundreds of entries were tested in three strata of a 
toposequence whose characteristics represented three 
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'Flowering date given forphotoperiod-sensitive entries. R = resistant. MR = moderately resistant. MS 

major classes of unfavorable rainfed lowland rice: 
drought prone (stratum I) drought and submergence 
prone (stratum I1. and submergenc,., prone (stratum 
111). Breeding lines from atdrought-prone RYT were 
evaluated for yield on two strata under rainfed low
land conditions (Table 18).Two lR48781 (IR 13146
45-2-3/5287) lines were the highest yielders. Three 
IR48725 lines (BRIO/IR21567-9-2-2-2-1-2-2-2) 
have performed well in several trials. with IR48725-
B-B- 129-1 being the highest yielding entry in the 
shallow RYT at IRRI in 1990. The line IR43526
523-1 - 1 -1 isan improved pholoperiod-sensitive line 
Iflowering on 23 Oct when seeded in June) which 
yielded well compared to the irrigated checks. 

Table 18. Highest yielding breeding lines In a rainfad 
lowland replicated yield trial In Solana, Cagayan, 
Philippines, 1989-90. 

Days to Height Yield, Rank 
Designation flowering (cm) (t/ha) 
IR48781-17-1-2-2 104 103 3.6 1 
IR48781-3-1-2-3 106 94 3.6 2 
IR48725-B-B-38-1 103 103 3.5 3 
IR48725-B-B-129.1 111 107 3.5 4IR48725-B-B-88-3 104 103 3.4 5 
IR43326-523-1 -1-1 117 101 3.2 12 
IR68 (check) 100 95 2.8 33 
IR72 (check) 99 73 2.6 41 

Mean 283 
LSD (0.05) 0.57
 

'Values are means for2 replications nstratum Iand two instratum II. 



Table 19. Grain yield, days to flowering, and plant Environment-specific vield trials (FSYT'). coli
holght of entries In Environment-Specific Yield Trials 
(ESYT). Stratum I, Solana, Cagayan, Philippines, CY posd o" promising inpros e .'ultivar, froin the 
1989-90. diflerent rice adaptation trials. were grown on all 

Grain Daysto Plant strata oer 2 yr. CY 1988-89 .'as a dry Near in 
Cultivar yield floweiing' height stralum 1.The amount of rainflall in Auvu it) Octo

(Lha) (DASj (cm) ber, a period normaillv with sutficicnt rains or crop 

IR74 4.7 131 85 estahlishment. s' as too los for plantii operations.
IR19319-1-2-1-1-2 4.6 112 94 In 1989. rains came sufficientIl earl, tl plant 23-d
IR1943:-72-2 4.4 100 102 
IR28526-44-1-1 4.3 110 116 old seedlimi,, in nfid-Auiust. 
IR19319?-5-3-3-3 4.2 103 104 F'or the duration of the impro\ed cultisars, ,oil 
BR236 10-2-2-1 4.1 110 105 moisture was Leerall, favorable. The cessation of 
IR13149-43-2-P1 4.0 107 91 
IR38499 CO-350-1-2-2 3.9 112 88 rainfiall caused the water table to decline from mid-
Peta 3.7 103 126 NotMtrt iiiid-Dcember. Th,. liti-diuratitn local
 
IR46 3 7 110 79 cullivars suffered seere termi trial drouhr Ntress.
 
IR42241-76-2-3-3 36 100 98
 
IR32453-20-3-2-2 3.6 110 89 startinig sh(rtl., before flhs.cric stae-,. IR74.
 
!R41111-13-1 1-2 3.5 110 99 IR19.319-1-2- -1-2. and IR19431-72-2 allaiied 
IR48 3.5 110 90 ,ields ceeding 4 t/ha. more than 21 hir than tle 
IR36974-13-3-3-3 3.4 102 94 c 
IR24705-11-3-2-3-3 3.1 117 84 local varieties (Table 19). 
IR43520-93-3-3-3 3.0 128 96 lIn stratum II. crop establishmtent in I98 ,as
Wagwag Saigon 2.3 140 128 dela'ed hecau e rainfall %%as isufficient Ir earl,
 
Wagwag Tawataw 2.0 140 102
 
Wagwag Faire 1.3 142 124 land preparati n and transplanting. Older , ,edlilis
 
Wagwag Rams: 1.3 142 116 (70(1 d) %ere transplanted in mid-()cti her. lhe dela\
 

LSD (0 05) 1.0 fa,,ored productiton Of' the loca3l ctJlti,,t,. lheh,st 
CV l°0 13.7 yields sereattained h. Wacsac Saici nd IR247(15-

DAS cays after eeong II-3-2-3 3 ssith 2.3 t/h.a each (Table 211l1. 

Table 20. Grain yield, days to flowering, and plant height of entries In ESYT. Stratum II, 
Solana, Cagayan, Philippines, CY 1988-89. 

CY 1988-89 CY 1989-90 

Cultivar Grain Days to Plant Grain Days to Plant Mean 
yield 
t ha) 

flowering ht (cm) yield 
it hal 

flowering ht (cmi 

IR19319-1-2-1-1-2 19 110 66 27 128 74 229 
IR19431-72.2 1.7 102 72 2.8 124 84 2.21 
IR48 1 7 115 68 2.4 135 72 206 
IR46 1 3 92 62 28 124 73 204 
IR30974-1-3-3-3 
IR19319-5-3-3-2-1 

1 7 
1 4 

115 
112 

69 
62 

24 
2.6 

124 
135 

84 
80 

203 
1 95 

IR13149.43-2-P1 1 6 118 62 2 1 136 76 182 
IR28526-44-1-1 12 116 76 24 135 96 1 80 
IR24705-11-3-2-3-3 2 3 128 61 1 3 149 62 1 76 
BR236-10-2-2-1 1.2 103 69 22 135 90 1.72 
IR43520-93-3-3-3 2.0 126 80 09 152 71 1.44 
Wagwa. Tawataw 
Wagwag Saigon 

2.2 
2.3 

141 
150 

99 
116 

0.6 
0.5 

148 
158 

100 
105 

1.42 
1.41 

IR33238-25.2-3-2 2.1 116 76 -
Peta - - 3.0 121 106 
IR42241-76-2-3-3-3 3.0 124 88 
IR74 2.7 137 70 
IR32453-20-3-2-2 2.6 131 74 
IR41111-13.1-1-2 2.4 128 84 
IR38499-CO-350-1-2-2 1.1 131 64 
Wagwag Faire 0.6 148 100 
Wagwag Ramsi 0.6 155 85 

LSD (0.05) 0.5 0.7 
CV (%) 13.0 17.2 

Rainfed lowland rice ecosystem 95 



In 1989. 34-d-old seedlings were transplanted in 
late August. About 2 wk after transplanting, the area 
was flooded to subject the plants t) 2 d total subner-

gence. An early decline of the water table caused a 
severe drought effect on later maturing local culti-

var. The earlier naturing ul,..,'ars (121-128 d) 
IR19319-1-2-1-1-2. Peta. and IR42241-76-2-3-3-3 
yielded about 3 t/ha. The later maturing Wagwag 
cultivars ( 148- 158 d) had low yields 0(1.5to 0.6 t/ha). 
IR19319-1-2-1-1-2. IR19431-72-2, and IR48 had 
the highest 2 yrs average ,ield. These cultiv.ars to-
vether witi IR 193 I-5-3-3-2- 1and IR28526-44- I - 1 

were consistently Superior across prc\ iou.N year, of 
testiing at the sitc. 

Ii stratum Ill. CY I X8-89) was a favorable year 
brearl, cropeslbsl,Imr-nt. [iuhteen-da\ -old sed-
lings cre transplanted on 27 AUgUst. The %.ka~er 

table stated belov. the s il surface for about 2 . k. 

IR24715- I1-3-2-3- IR2.X526-44- I-I and IR 19319-
I-2- 1-1-2 obtained the highet icld,. The)1l0%%in1 

\.ear tie crop ,.s ,e\erel\ lhooded for I ( d inimedi-

atel after transplanting: no plants ur\i",ied the 

prolonged total subiergence. 

Future research. Improved submergence
tolerant lines will be characterii:'i l'Or yield potential 
and adaptation to flood-proie areas. Photoperiod
sensitive lines with various flowering dates and high 
yield poteNtial v ill be developed l'or both drcuglit

and lood-pr ne environments. Drought lesIstance 

from diverse 'source,, "ill be ircorporated into 
impro\ed breedi;ig line,,. 

FUti RIF PLANS FOR RAIM-FI) L(I.AND 

RICE: PRO6RAM 
Rainfed lowland rice research has be,_n partly decen

tralized in 1990. With tile identification ofeight key 
site., ill six countries in March 1I99 . research will 
further he decentrali/ed. I lovcvcr. in,-alk-ion of 
experinents at ke\ sitC, v,Ille calriedlout J.il a tev. 

ke\ sites ill a tliel. Boili strategic and applied 
re-earch w,ill be carried out. .ith greater cniplhasi,, 

on strategic research. All site research \%ill be il oc
cordance with hw activutie stifulate. in the 5-yr 

wkork plan and will be fitted in v.ith tile exising 
project oi kith appro\c d change, ii the project. 

96 IRRI program repon for 199( 
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Upland rice ecosystem
 

Rice is and will remain an important compo-
nent of the upland global production system 
in Asia. The upland rice ecosystem is charac-
terized by extreme diversity of soils and 
topography. Hene, the objectives of this 
program are to design a range of rice pro-
duction practices that will hetp rehabilitate 
the uplands and transform them into sus-
tainable agroecosystems, and to develop 
techniques and technologies for increasing 
and stabilizing rice yields. The research 
therefore focuses on: 
" Factorb that determine ecosystem produc-

tivity, stability, and sustainability, which 
can be broadly divided into three global 
sets: physical environment, with climate 
and soils; biological environment, which 
includes diseases and pests; and socio-
economic environment, taking into 
account resources of and potential 
income for the farmers. Interactions 
between those factors are complex, 
numerous, and specific to sub-ecosys
tems or even smaller units. The program 
addresses these issues in selected sub-
ecosystems that are representative of the 
range of conditions that prevail in South 
and Southeast Asian uplands. 

" 	 Improved methods for on-farm research 
in upland rice cropping systems to suit 
the diversity and variability of the factors 
cited. Some standardization is necessary 
to interrelate the iniormation from site to 
site. It is also necessary to improve data-
gathering methods for greater accuracy 
and "eliability, especially under risky and 
changing environmental conditions. 

98 IRRI program report or 1990 

M Sustainable upland rice farm manage
ment systems to ensure 1) land sustaina
bility under short- and long-term condi
tions, and 2) access to improved returns 
and income for larmers. Sustainability is 
an extremely poweiful motivation in the 
uplands becduse of the unreliability of 
production in this ecosystem, and 
because of problems such as erosion, soil 
depletion, weeds. and other pests. 

0 	 Improved germplasm and crop manage
ment in relation to pests, drought, and 
crop nutrition. This can be significantly 
achieved by improving yield response to 
low moderate cash inputs, developing 
varieties with greater tolerance for 
adverse climatic and soil constraints, and 
resistance to major diseases and pests. 
The program focuses on phosphorus 
uptake and dynamics, blast resistance, 
drought resistance, and, more recently, 
on losses caused by nernatodes. 

Subprogram I: Sustainable land and 
r':source management 

Factors determining upland rice 
farming systems productivity 

AurmvrrLls IN 1990 
Work was conducted oi three of five activities in 
I)90: 
I. 	Identification ihrou-h diagnostic surve s of the 

causes of low and v-ariable ;evels of productivity 
at key, representative upland Site' in Asia. 

2. Characterization, analysis, and mapping of pro
ductis.ity variations in eastern India. 



Identification and quantification of the contribu-
tion of rice pests to low and variable levels of 
productivity at key, representative upland sites in 

Asia. 

C()NTINtI-) I)IAtiNOS It RISIAR(II ON S11111 N; 

(U.TI\?ATION IN N)RIIIRN A..\oS 

A second diagnostic survey Was conducted 23 Oct 
9 Nov 1990 by researchers from IRRI and the Lao 

Ministrv of Agricullure and Food in Luang Prabang 
and Oudonsay provinces in northern L.aos to under-
stand the practice of shifting cultivation from both 
fartncrs" and scientists' perspectix es. observe fields. 
and identif\ and prioriti/e problems and necessarN 
research. 

Shiftinu culivation illLua.ng Prahang and Onl-
domsav " as characlerized h Cutting. drving. and 
burnin secondar, fore,,t and falloks ,,etation: 

largelk rice nmotocroppirig: field falh\loino: and 
rotation to other lands. Farn communilies or coop-
erati\ c 'orkgroupsde,.cided. hen toshift toa fallv. 
area forthe ne\t season s cuht'ation: and mtotellenl 
wkas to another part of'a large area held--via tradi 

tional use rights---'. th, \ille (i.e.. ,,hif'in, as to 

fallo,.ed lands. While 'illalCes remained edelntar', . 
Within ne,.sareas. ea:1h Ltlil' rlturned to particular 
parcels over \hich it held traditional use rihts. 

Each farmer planted Lip to four ;Ian I rice culti
vars: as lany as 16 cullivars %%ere gL,An in each 
area. Rice cultivars wsere tostylv glutnoi,., f I(It)-
I8ldduration lnlstlv phtoperiod sensitive I. Yie:ds 

ranged frotm (1.4 to I.0 t/la for first cropping afler the 

lanl had been falo\k il PAha.Iluane I-r, In OldomlI
say, it declined to 1. 1 and 0l.0 0/ha in the second and 

third years, averaging 1.01 t/ha. 
With continued cropping aissoil Ilrtilit\ declined 

and more weeds invatled tIleland. -ice yields 

declined. Farmers also mentioned unfilled grain. 

poolr panicle development. \\hile grubs, and "tired.

"hot." and "dr soils t,Con1,eqLlinces of'continued 
cropping. Cropping ittensi,\ vas g, atcler inLuang 

Praban '.2 Ce'0r for\here fart Ilers genCra I ped rice 
2 \r and fallosed lands for 3. ()udonsav farnters 

lallox\ed fields f ran a\.erage ofl. r after Cropping 
onl once. Overall. farmers reported th.at the,. fal
lo%.cd fields in resprmse to ,.or,,eting s prob%cd 
leIs and declining feitilit . \\ediug requiired 
X0l-2001 dha ad represented ahut 55'; of rice 

cropping labor Table I . Worsi '.'.ects ,.'etc.I t'n

1tn ( ,:o, dcs. ( 'hr,ll/ohtinI'od,la .I?,tiohol 
,pp., and unidCnlified specie,'S. 

Farmers described plant succession in tallos.ed 
fields anid identified larce 15-5(II lldlrinttic frees 

and a less indicator species,. good soils. and art 

Table 1. Rice crop management inputs and outputs. Luang Prabang and Oudomsay 

Provinces, Laos, 1990. 

Item Luang Prabarig Oudomsay 

Farmers (no.) 12 20 
Parcel area (kg seed'. 60 (30-100) 85 (55-135) 

range of means per 
village) 

Years cropped.years 23 1.6 
fallow 

Cropping operations 
(d/ha. range, %) 
Slash 38 (10-60, 15% 49 (01-186) 13 
Burn and clean 3 (1-9) 1 17 (1-98) 5 
Dibble and seed 30 (9-62) 12 23 (10-60) 6 
Weeding 144 (2-4 x 20-80) 57 198 (2-8 x 24-200) 34 
Harvest and 

threshing 36 (14-50) 14 78 (12-120) 21 
Total labor days 251 100% 365 100 

Seed (no.hill) 12 (15-19) 20 

Yield (t/ha) 1.6 1stcropping 1.0 
1.1 2d cropping 
0.6 3d cropping 

Rice self-sufficiency 9 (2-12) 10 (2-12)
(mO) 

'Parcel areas were expressed :nseed quanlites. Quarities gven rep,,sent approximately 1ha. 
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absence of crop weeds (and of Imperata 'vindric,, 
in 	Luang Prabang) as desirable in newly opened 
fields. Desirable soils were black or black-yellow 
rather than red, not stony. "hard"--i.e.. clayey or 
silt, rather than ,and,-and "fresh," "'cold." and 
"cooked" after burning. Farmers burned fields to 
reduce \, ecds in the crop. to "'cook* ie sol; and to 
obtain fertilizer from ash. 

Farmers' rankin, of the causes of reduced yields 
show ed %,eeds as the major problem in both places 
(Table 2). Researchers recommended that weeds be 
controlled and fallows ilnlpios ed before permanent 
cultivation (agovernment goal) isencouraged. The 
approach assumes that I) although fertilizer (Pand 
litie) may be needed periodically. maintaining con-
tinuous ground cover is the key to weed (and soil 
erosion) control: and 2)suitable innovations in plant 
species and cultivation techniques can help restore 
soil fertility faster than natural fallow. Live mulches 
such as I)exsnMdittm od aiimo utiliscan 
be tested to control waeeds. hold soil moisture, dei'y 
spread of perennial grasses, and maximize time of 
plant cover on cropped land. Studies suggest that 
vine leg:imes such as Pnieraria phaseohoides, Cen-
tru o'ntwtlpUheAC. nd C'ahl~op,'onitnmunoid.A 
planted before or at the start of field abandonment 
improve long- tern nutrient cycling and help sop-
press ,,ceds such is I. ''lindrtia or Chromolaena 
o,lhwta. Legume trees and perennial cash crops can 
be tested as fallo\, components rather than as imme-
diate rice cropping substitutes, 

Research recommendations for upland agroeco-
systems featuring scruhland were aimed at increas-
ing population and cropping ititensity. decreasing 
fallo,. lengths, ad expanding crop diversity. 

Table 2. Ranking of problems in (rice-based) shifting
cultivation in Luang Prabang and Oudomsay, Laos, 
1990. 

Problem' Priority' 
Luang Prabang Oudomsay 

1. 	 Weeds 1 1 

Rats 2or 3 2 or 3 

Insects 3 or 2 3or 2
 
Drought 3 3 


11.Low and declining soil fertility 1 2or 3 
Increasing cropping intensity 1 2or 3 
Soil erosion ? ? 
Unsuitable ? ? 

-Group Iproblems were dentified by farmers, group itproblems, by 
reearchers 'Ouaitative rankings by tme survey team. 9 =data from 
the survey were insufficient for ranking the problem. 
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Figure I contrasts overlapping sets of research 
appropriate to different types of upland agroeco
systems. 

Low AND VARIABII- PRODUCriViT IN 

FIASTIRN IN)I.\ 
A collaborative sltudy was conducted with the Cen
tral Rainfed Upland Rice Research Station of the 
Indian Council of Agricultural Research to deter
mine reasons for divergence in rice profductivity and 
constraints in the uplands of the Chhota Nagpur 
plateau in Bihar. India. Four sites (Meru. Hario, 
Gora. and lazaribagh) were surveyed iti the 1990 
dry season. Var;--us techniques (e.g., agroecosys
tens analysis, rapid rural appraisal) were employed 
to characterize sites and diagnose problems. Crop
cut samples from randomly selected farmers' fields 
were taken during the 1990 wet season to confirm 
yields reT-)ed by farmers. 

Arable land was locally classified as upper (tanr) 
or lower (don), and further subclassified into catego
ries 1.11, or ill based en productivity, proximity to the 
village. :oil type and depth, soil moisture, and land
scape p'isition. 

Upland rice productivity in all villages varied 
according to land type, available moisture, and va
rieties planted. Though variation in yields in upper, 
middle, and lower fields was small across study sites 
(Table 3), rice yields were lower in upper than in 
lower fields. In i.ormal rainfall years, yields ranged 
between 0.6 to 1.1 t/ha in upper fields (tanr I!, Ii), 
0.7 to 1.5 t/ha in middle fields (don 1l, lli), and L.O to 
1.6 t/ha in lower fields (don I). 

Farmers grew traditional varieties on tanm" (Gora, 
Chandragrahi, Jonga, Nardha, and Dhusra), don II 
(Bhenda, Kabar, and Kalamdani), and do 1Iand III 
(Dudh-Kandra and Kalamdani) lands. Commonly
planted improved varieties were Kalinga III on ail 

land types and Ratana, Saket, and Sujata on tanr I 
and don I lands. Yields from improved varieties were 
higher than those from traditional varieties. But in 
drought years, yields of both types were reduced,
sometimes to the point of crop failure. Drought was 

reported to be severe once every 4 yr, us;ually in 
September. 

Drought (or lack of drought-tolerant rice varie
ties), blast, brown spot, and weeds caused low yields 
across sites and land types within sitei. Drought 
stress resulted from low water-holding capacity, soil 

erosion, erratic rains with long dry spells, inadequate 



SYSTEM SYST DIST: SYST DIST. SYST DIST: 
DISTURBANCE: diverse low crop higher

logging and intercropping, diversity, population,
pioneer shifting low population, higher popu lation, permanent plow

cult long fallows short fallows agriculture 

ECOSYSTEM ECOSYSTEM ECOSYSTEM EOYT 

- Primary Secondary Scrubland or Upland
 
forest forest grassland agriculture
 

* RESEARCH RRESEAR C SARH RESEARCH 

- Forestry - - Shifting . - Fallows, weed Rice-based , 
cultivatir, management, etc agroforestry 

Natural Understand Effects of land Farmers 
succession shiftlng use intensification agroforestry

cultivationsyem 

Forest resource Plant succession Vining legumes Alley cropping 
management and soil fertility in. and muitipurpose and silvipastoral 

utilization I fallowedfields trees n fallow systems 

Effecs on Condour 
forest propagules w hedgerow soil 

over tme management erosion control 

Green manures 
and alternative Pnnal cash 

crop rotations c s 

Screen multipurpose 
trees and Iastura 

legumos 

I. Research appropriate to different states of the ecosystem, given the level of system disturbance. 

Table 3. Rice yields In different villages of Hazarlbagh uplands, Chhota Nagpur plateau, 

Bihar, India, 1990. 

Rice yield (tiha) 

Village Upper fields Middle fields Lower fields 
(tanr11& I) (don IIl & 11) (don I) 

Traditional Improved Traditional Improved Traditional Improved 

Meru 0.3-0.7 0.5-1.4 0.3-0.8 0.5-1.6 0.4-1.0 0.5-1.6 
Hario 0.3-0.6 0.5-1.3 0.3-0.6 0.5-1.8 0.4-1.0 0.5-1.6 
Gora 0.3-0.5 0.4-0.9 0.3-06 0.5-1.4 
Hazaribagh 0.3-0.6 0.4-0.9 0.3-0.7 0.5-1.4 

Mean 0.3-0.6 0.5-1.1 0.3-0.7 0.5-1.5 0.4-1.0 0.5-1.6 

Upland rice ecosystem £01. 



groundwater, and weeds. Other causes of low yields 
varied by site and land type. Low soil fertility coupled 
with shallow soils, high runoff, and soil erosion were 
serious problems at Meru and Hario. Sand) soils and 
consequent low water-holding capacity led to poor 
plant stand at Gora and ftazaribagh (Table 4). 

Poor soil fertility, soil erosion, and cattle grazing 
were the main problems in tantr I11.Low soil fertility, 
seedling damage by termites (Triiervitermus heini), 
blast and brown spot, and weeds were problems in 
tanr Iand If. Weeds and blast were ihe main causes 
of low yields in don If and I11.[)on I lands had the 
fewest problems and the smallest area among land 
types. 

Socioeconomi,: factors contributing to low yields 
included land fragmentation (due to high population 
and traditional inheritance patterns), and inadequate 
cash or credit. Villagers were poor and generally 

could not dig wells or consiruct water tanks because 
deep water tables and hard rock a' shallow depths 
increased the costs of developing water rusourxes. 
Undulating topography and traditional wrater-use 
rights precluded the use of' channels to connect 
unirrigated areas to wells owned by higher caste 
families. At Haio, farmers constructed 8water tanks 
and about 35 wells using credit L'xtCndtcd by mission
aty NGOs and comntttLity labor. Such action was 
possible because all village families except one 
belonged to the same tribal group and prayticed the 
same religion. 

Ntixotws 
A survey in 199)0 identified plant-parasitic ,eillta
lodes associated with upland rice mithe Philippines. 
Eleven genera of plan-parasitic tten at(odes wNere 
associated with upland rice (Table 5). The most 

Blhar, India, 1990.1 

Cause UpperCauseSites 

Table 4. Causes of low rice yields at ditferent sites and land types In Hazaribagh uplands, 

Moisture stress 
Lack of suitable varieties 
Blast 
Brown spot 
Weeds 
Low soil fertility 
Shallow soil 
Water run off 
Soil erosion 
Sandy soil 
Low water-holding capacity 
Termites 

tanr Ill tanrlll 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
- x 
- x 
x x 

Middle Lower 

donll, l/ donl 
x x all 
x x all 
x x all 
x - all 
x - all 
- - Meru. Ha o 
- - Meru. Hario 
- - Meru. Hario 
- - Meru. Hario 
x - Gora, Hazaribagh 
x -- Gora. Hazaribagh 
- - Gora. Hazaribagh 

'An (xi indicates presence of 'he cause: a dasn -) absence of the cause 

Table 5. Occurrence and abundance of plant parasitic nematodes associated with upland 

rice In the Philippines, 1990.1 

Maximum tillering 

Genus Soil at preseeding Soil Root 

Infested fields Density Infested fields Density Infested fields Density 

Pratylenchus zeae 

Rotylenchulus 
Helicotylenchus 
Tylenchurhynchus 
Rotylenchus 
X'phinema 
hoplolaimus 
Hemicriconemoides 
Criconemella 
Hemicycliophora 
Meloidogyne 

N 1%) (1%) 

100 812 92 123 100 174 
87 260 28 20 -
98 22 89 26 
60 33 28 52 
43 20 -
64 4 53 15 
30 3 29 6 

2 3 15 22 
38 2 41 8 
21 6 19 131 

0 0 35 3 
*Density = average population per liter of soil or gram of root in infested fields. 

102 IRRI program report for 1990 



prevalent species. Prwtv'lm hrs :eae. had very high 
above the minimumpopulation densitics ai ays 

threshold le\el in all fields. The nernatode is -imajor 

pathogen of upland rice in the Philippines bull 
plii ra J ,t'l dr'tiiAh'h idd w i'' slip . a n d II ' ,ic ' y h 

may be important in sore l(caltions. 
E.\perinents were conduc . d to detlllille the 

e ields. naturalc-ts ofP _-(W on -.- \ter n r100 
pOiltio0Il, were .ntrolled. each test plant w.as 

inocula'ted at tile rate of 250-50(XI nematodes in tIle 

gleenhouIse. and 33-l,1)1),0 P. -('-,' in the field. 

ReductLionI vield (2()-7()' 1. number of palicles. 

anti root wkei'ht were si,2ilicant at all ir.ocultimn 
" 

lel, in hoth '\p.'rim+nts TableL".. 

UTIA.\oI 1((1 w!Illi) 

,wgt season . \perfllt't A a\ cldcedi during ,I 


IOS 18. I0,1). and 1990 in tw% il a ces in Cla\ o 

cra. Miri, Orient al. Philippines. to detelninle the 

elfect of crlp ltertsiitii.tin on , Ccid growth. Twvo 

crop,, we orow i in ,iltujerIc' in fielids that \were 

preiou,l. p)i , to()olie crop per .ar. The se-

iuncnI'C. startit , i thle' ionset of the rains ilt 19s7. 

's uplailn, r'ce - Ili/e w%.Ili a1turniaroundl tinr tof 

,-12 d hctw n crops.\ftlr tile mai/c har\CS. the 

A wIs kepn as a ecu-fr.Ia lowh\ hr tillace. 1Mid 

prepiatiln for rice consistedl of three plow igs and 

three hartiw I nts at the i,'t ot ralirs. Rice s,,cd. 

,.crc drilled at SI) kgha in lthtj,,--contiruteld fur-

apart. For maie. land prepara-row's'paced .3 1) cm 
tion citirsistd of oIte pfliiw.nu and one harrov iig. 

ekre sowri 25 crn apart in 6f-ci t.ur-Mai/e ectis 

rOw%,,rmadet' \w ith a rrrildhoillid plow. 

Results I blth (laes were similar: the,,c for 

One-' arc' prescnitul. \ ced',tincreised acrioiss -,eors 

rc',arull s ot w,,cotlconir ireatinetw I abhle ,i tile\ 

Table6. Effectof P. zeae inoculum level on rice (UPLRi-
5)yield. panicle number, root weight, and plant height 
inagreenhouse experiment, 1990.1 

Initial Yield Panicles Root Plant 
,noculum (g plant) no.) weight height 

(noI lgj (cfI 

0 12 7a 8 a 8 a 98 a 
250 2 7 Oc 2.3 bc 39 ab 87 b 
500 31 be 2.5 bc 3.4 b 88 b 

2.7 bc 3.6 b 85 b1000 2 6 oc 
2500 4 1 0 3.7 b 3.3 b 88 b 
5000 2 c 2 bc 2.9 o 88 b 

-Mean of 6 rephcatlons Means followed by trfe same ;erter are not 

s:gnifican:ly different at ftle 5%evel by r-test. 

Table 7. Effect of P. zeae on plant growth in a field 
lnoculation experiment, 1990. ° 

Inoculum Panicles Yield Yield 
(no. of nematodes) (no.) (g) reduction 

(.1_-

With fertilizer 
0 13 2 a 9 1 a 

38.53Ri- 8.8 b 5.6 ab 
4.4 bc 39 b 57.1 

500 72 bc 4.6 b 49.4 
1000 6.4 bc 2 9 b 68.1 

Without fertilizer 
0 8.8 b 6.4 ab 

33 8,2 bc 6.4 ab 0 
100 6.8 bc 4.3 b 33 
500 4,4 bc 2.5 b 61 

1000 36 c 1.8 b 71 
- --.... ....... - .-..-..-...--..... 

u row rean Orb rpli..atrons In a 
Pancles and yieid per 50 crn 

column. means followed by Ine same letter are not sigr,.fcan!y 
different at the 51,. level by t"e lann Wrirey test 

\kcleed more irt rice thall i llnrai/e. Control tended 

to be lietter %khell hand \ceilin, was In luded il the 

,hirrI inlteriiw% .ulti\atiort ortrettltlt aitl piool 

hierbicidle,, \ cre u,,cI. 

Rice ICIds dcrea-&ICl r tire ..\ ptIl [abIel1l 

9 ) partly lbcaLse of wc'd huihldup. Suhstsrrial \iLI 

declines (>5'F;) ,.ere obsr\ id een i t.ie %ell

\ecidd plots despite adlition of flrtilier iSf-l I kg 
- h \ \ 

N 1Plba ltocach crop. lai.e rields wcr o atldid 

trot declinec acr'ss \,cars tbecause (it wc.ds or other 

factors. Irrespective of rear or crop. ,ielhls %,ere 

higher ill plots that had belen had wl.dCiCd. 

Sice \%eef pro)lemb.alnI twC%,orseacross \ars.
 

there is ucel.d to dcxchip alternti.e wkeed conrltrol
 

strateties to achie\ c sustainahl productuor. .\ mal

rcr of much coricerrl is tire lecline in rice et(d e\e1 

Ocitn wecudcorrtrol was utood: tile reasonrs for dcclin

ig produoit\,. pa ticularIIIre cttrihuiiur soil 
truricnt,s. riced to be inestialCl tht,ihl.. 

Ut't \, Rtd]- t\,l-(" 

hnsecfect of* insect drniage oin upland rice was 
measured in Claveria 1 W-9f). Trials replicated on 
four to nine fanters fields each year produced a 

trealtnetnt that protected the crop against a wkide array 
of insect pests. Soil pests. pririmaril white gruhs and 

rnole crickets. were.controlled h lindane granules 

applied ill the seed fLurrows. Seedling pests. tnainl\ 
seedlin, niag ot and root aphid. \eree liminated h\ 

Stern borers. leaffolcarhusulfar se-d treatment. 
ers. and arnywomis wNere controlled b, carhol'uran 
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Table S. Weed weight Inrice (45 DE) and maize (50 DE) as affected by time and method of 
weed control. Patroclnlo, Clavera; Misamls Oriental, Philippines, 1988-90. 

Weed weight (gm2) 

Weed control treatments Rice Maize 

Year 1 Year 2 Year 3 Year 1 Year 2 Year 3 

HW at 14, 28, 42 DE 9 a 6 a 20 a 3 a 2a 10 ab
HW at 14, 28 DE 10a 7a 40a 4a 4ab 9ab 
IRC + HW at 14, ?3,,42 DE 16 a 18a 58 a 5ab 4ab 13 abIRC + HWat 14,28 DE 9a 20a 47a 3a 3a 16ab 
IRC at14, 28 DE 239 400b b 613 c 41 c 22 c 87 b
HOEW + HW at 14, 28, 42 DE 10a 28a 41 a 5ab 4ab 9ab
HOEW +HW at 14, 28 DE 59 a 13 a 32 a 6 ab 7 ab 15 ab
Pendimethalin (1.0) PE 3 a 3a 10a 3a 4ab 6 a 

+ HW at 28 DE
 
Pendimethalin (1.0) PE 21 a 13a 234 b 
 9 b 18 bc 39 b 

+ 2,4-D (0.05) at 28 DE
No weeding 362 c 430 b 629 c 9 c 82 d 176 c 

HW - hand weeding, DE - days after emergence, IRC - interrow cultivation, HOEW =hoe weeding, PE = 
preemergence. 

Table 9. Rice and maize ylelds as affected by time and method of weed control. Patrocinlo, 

Claverla, Mlsamis Oriental, Philippines, 1988, 1989, 1990. 

Yield (t/ha) 

Weed control treatment Rice Maize 

Year 1 Year 2 Year 3 Year 1 Year 2 Year 3 

HW at 14, 28, 42 DE 5.3a 4.7a 2.5ab 1.9ab 1.9 bc 2.6a 
HW at 14, 28 DE 5.3a 3.3ab 1.0 de 2.2ab 2.1 abc 1.9 abc 
IRC + HW at 14, 28, 42 DE 5.1 a 4.1 ao 1.9 bc 2.0 ab 2.1 abc 2.5 ab
IRC + HW at 14,28 DE 5.1 a 2.7 b 0.9 de 2.0 ab 1.9 bc 1.7 abc 
IRC at14,28 DE 0.8 c 0.3 c 0.0 f 1.0 cd 1.4 cd 1.5 bc 
HOEW , HW at 14, 28, 42 DE 5.4a 4.3ab 3.1 a 1.5 bc 2.0 bc 2.8a 
HOEW + HW at 14,28 DE 4.3 b 2.8 b 1.0 de 2.3 a 2.4 ab 2.2 ab
Pendimethalin (1.0) PE . 5.8 a 3.7 ab 1.4 cd 1.7 ab 2.8 a 2.5 ab 

HW at 28 DE
 
Pendimethalin (1.0) PE -, 5.1 a 3.7 ab 0.2 
 ef 1.9 ab 1.9 bc 1.0 c 

2,4-D (0.05) at 28 DE 
No weeding 0.4 c 0.2 c 0.0 1 0.5 d 0.9 d 0.9 c 

granules banded under the soil at the beginning of the measured from well-managed crops (UPLRi-5 in
late vegetative and reproductive stages. Seed bugs 1985-89 and IR30716 in 1990) with adequate fertili
were sprayed three times with delhamethrin. Com- zation, weed control, and high seeding rate. Losses
pared with the yield of this set of treatments, the would be much higher if the crop were under stress: 
average loss for un:reated plots was 0.80 t/ha or 28% in 1990. drought stress in the late vegetative period
"erthe 6-yrperiod (Table 10). Annual losses ranged resulted in a crop loss of 20%7, although insect abun

from 7 to 58%. dance was not abnormally high. Although losses are
Variation in crop losswas due to changes in insect substantial, little other than insecticides can be of

pest prevalence. Losses were evenly distributed fered to control upland rice pests. Because insecti
among the soil, seedling, late vegetative and repro- cide costs are prohibitive for most upland farmers,
ductive pest groups in 1985. In 1988, however, all good crop management and early planting for insect 
yield loss was traced to soil pests. Losses were control could be recommended. 
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Table 10. Yield loss from Insects from upland rice InClaveria, Misamis Oriental, Philippines. 

1985-90. 

Yield (,ha) 

Year Compiete Untreated Soil 
control pests 

1990 1.8 1.2 0 
1989 3.2 2.9 0 
1988 3.2 2.5 22 
1987 2.4 1.9 6 
1986 4.0 2.7 9 
1985 2.6 1.1 15 

Mean 2.9 2.1 9 

NTL-+R('RI i'tN(, I 1 IN I.()\\ IHit \ItS -INPt 
1P:lNA) RI('l-+ \'st)SYSIIrS.I 
There i.,much current interest in the potential role ol 
:e2Imes in uStainable upland cropping s\ stet.s. An 
experiment olna nioderate1. productis e IRRI upland 
field dinIId to de%,lop a low,,-input ,stemn appropri-
ate for upland en\ irinents that are poor in N. The 

soil isa Jll- clay Tvpic Tropudalltpll 5.8. 1.371; 
or.nlic C. (.12'" total N. 42 ppm available 1. 1.04 
mcq L.changeable K/l(lll . ( 2"8.(0neq/l (0g. 

Sio croppin, pattens \crcte,,ted bct,,.een I984 
and 19,N9 Pie. 2). "The initial crop,, sere rainfed 
upland rice UtR) and c.s pea i(P) ,rok litsinter-
crops or ilInoaIocUltne ssiihtladditional N. Teai-
ient k.crc niodified in 1985 -86 bs addin,, siratro 
.L1h,,puumauni fIvpu cumn. I drought-loleraltL ; 

r;ic h.leuC. a a soir'e of fodder and green 
inaliure I(;N i 10r IR. In tihe 19X')7 s et ,cason, each 
croppln pirn .CIs to generate three1 asisbd!\ ided 
le ek oil ( Nl and in raiiic \ inianaclienl. I)urin7 
the 198.7 and 1NN crop \,-ar,. the forage le2umes 
Al tlfIuIPl1o<0outa.iand /.lb/u b purpolpl ii . s hihcl 
had been eslablisllcd in tlhe rice crop in 1986 and 
1987. vs2ec al lo2ed to F'ri,thri uighout the dry 
easn)l and Until (lie onset of rains. The hi ina,, slas 

then cut. chopped, and ploss ed under at 2 to 3 %sk 
bCtire sset season seedicw. 'I so strate,-ics ".ere 
tested tl niianage tile intercropped arid relae d forag 
lelg1unisC: I i the ce:etative growth ssas clipped 
seseral tines to pre et clompetitin %itll UR.and 
2 the biotnas' produced du:ine the dr ssas 
incorporated at the onet oil the \set season before UR 
seedin2 ii Ml(i or June. 

Figure 3 presents at comparison of the year-tio-
)ear variahlit% ofI upland rice yield (UPiLRi-5 in 
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Yield loss (%) 

Seedling Late Reproductive Total 
pests vegetative stage 

stage pests pests 

9 20 2 31
 
2 ? 2 7
 
0 0 0 22
 
6 5 3 2U
 
8 11 5 33
 

10 17 16 58
 

6 9 5 29 

984-6 and 1988-89, alld UPLRi.Ri-7 in 1987) aiong 
treatments frmn I84 to 1989. Yields varied greatly 
across sears: in .eneral. the\- increased from 1984 to 
1987. and declined in 1988 and 1989. Los. silds 
\%ere due to drought during the reproductive stage of 
rice inI985 and to 1.phoonsat the samne stage in 1988 
and 198 .Motiocrop rice vielsl in I986. although 

los.. \\ecre higher with intercropped ('IT.Tlreatment 
differences in rice \ ield sere not signiticati in 1IM5 
and 19X6. But in 1987. intercroppine %%.ith forae 
legums resulte2d in sield i,..hh case , s IItluch as 
2.1 t/l. 

Tahle II preseints tile estiniated N added to 
upland rice b\ the legUlle interc rop,,. L. purpurcuIs 
cointributed itsmtich is119 kg N/ha in 1987. a high 
2(09 kg in 1988. and 174 kg in 1989. 11, wltpnir
piu'unin supplied 86 kg N/ia it.1987 a',nd102 kg ill 
1989. These addition represent the N content tront 
clippine, done 2-3 liels,, during ie rice cropping 
,eason. and bioina, incorporalcd b plo, before 
rice seeding. I-ciure 4showkschanges in tihche nical 
priperties of ftie surface soi I after -1yr t crolpping. 

Grain yield (tha) 
2.5 
2.0 cP:
 

1.5 P
 

. . o° 


0.5-. .a 
0 
1984 1985 1986 1987 1988 1989 
.V.ri;bilhi. ol upland ricc.\ ds iii 1icrtoppin pittci.s cro,, 

teur, d IRRI. l')4- '. 

5 



Table 11. N added by lablab and siratro In different Exchangeable K
 
cropping patterns. IRRI, 1987-89 wet season. (meq!100g) CEC (meq/100g)
 

1.2 
N added (Kg./ha) 34 

Cropping pattern' 	 10 32
 
Clipping Plowe'l Total 0.8 30
 

281987 wet season 	 0.6 
UR +SR 	 86.5 04 I I 6 
UR + MBLL 0.0 24
 
UR-,LL 119.2 02
UR + LL 	 I104I.21 9 

UR - fallow 0.0 0 20
 
UR + LL 115.1 Total N (%) Available P (ppm)
 

0 16 	 35
1988 wet season 

UR,-SR 6.3 119.2 125.5 0 15 	 3 
UR + MBLL 0.0 0.0 0.0 "
 
UR +LL 6.6 152.7 159.3 014
 
UR+LL 6.9 184.1 191.0 013
 
UR -fallow 0.0 0.0 0.0 20
 
UR ,LL 63 203.5 209.4 0.12
 

0.11 
1989 wet season 

UR + SR 3.7 98.2 101.9 010 1t 
UR + MB LL 3.7 170.1 173.8 
UR + LL 3.3 1308 134.1 pH Organic crbon %) 
UR - LL 2.5 109.0 11.5 60 20 
UR -fallow 0.0 0.0 00 5.8 118 
UR LL 5.2 106.9 112 

UR upland rce, SR = slratro. MB - mungbean LL lablan) 5 6 	 16 

54 	 1A 

-
Ixcept for exchange'ahh: K. all o~ther chemical prop 52 	 1! 

erlies depreciated rcgardle, of cropping pattern. 5 	 0 

Soil-'herical propertic, anon,, cropping patterns 1 2 3 4 5 6 'E 1 2 3 4 5 6 

did not \ar\ ere:tl\. The increase in the alnI}.t of 

hta\ dle lo tile Co6Iil111.- alpropcrtics. IRRI. 

ous application of crop residues,,. especiall\ forag- Ie54 , I I R + SR. 2 hR + MItII.. R $ I....1 = UR 
I R 1_t_ 

eXCllalICahle K Illa C hee,1 	 4. Elhcto t ' ppm v paicnsm, in" ilchm .ii 

Iegumes,. \%ifh KpurrIped from deeper soil avers. ,.\ 1.1.. 

flon'., ropofil UkRa e the least increae ila,,e
,able K. ate the iunediate and cunlulatik ceffecls ofdifferent 

Results ,,tSeesllthat the stCstarl abilirt of UR cro p rotation,s ()ncrop pr ducti\ it,. 

iields in an N-poor upland crvironIrrctl can he Rice ranm and dr-, matier vieds did not respond 
enhanced h\ the use of grain or forage legeumes to app.liLaiiOn of 50 kg N/ha as urea. I Io\ever. rice 
intereropped ilth planted after ('11. and after cleanor rela\ ed into UR.But the posi- after peanut (1PN). 
tivceffect of' these on-far nutrient source,, Ina\, fallm a ehie, .\ields than rice oftk: maize (IZ). 
frequentl. he masked h\ an excess otdeficit of afterslyho r/ow. eed, fallow.fuyafl('.li..orafter 
water. and h,hih winds duri ,-the crop c\ tie. Yields from NI following ('P \ere higher than from 

MZ foillo ie NIZ. 'hese results implk a strong crop 
EFt "IAof .\{l:Rt>l: .\N t.t([1mF-I.\Si.D rotation effect. with tile Illostdeleterious effects 

RolTON L sNtIR N ID ( I'I...\ND (ANII )l.NS experienced when a cereal crop (rice or MZ) is 
Two experimenis initiated in 1989 at two sites it fo(llowked I' a,cereal. 
Claveria. Misamis Oriental. had the following Increased yieldsdur2ng rice and NZ planting may 
objecti,,es: I )to e,alurate and identifixcrop rotations ha\ e been associated with higher soil nitrate content 
that could better sustain productivity in cereal-based derived frotm the incorporated crop legutre residues. 
and legunre-based cropping , stems, and 2) tocvalu- Furthermore. there was high P nfflake and less P in-
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corporated into the soil by NIZ compared with CP 
and PN. High Pofftake in MZ may be disadvanta-
geous to the SUcceting rice or NIZ crop in acid 
upland soils %here P dciciencN is amajor problem. 

UPL..\ND RI('It>5i-V ) (ROlP Rt..'.III INS 
W]1 II.t(it MI.S 
Crop calendars in the uplands it India are deter-
mined b rainfall pattern, land type. tetuperature. 
and daylenth. I rice-lri 'inc areas, a comnmon 
crop rotation is craim le,2utnlC - Upland rice - millet 
falloss, \k itlh each cr)p g-io\ ionce in 4 r. Crops are 
,,%kn in .1Line after initial rains, millet har ,ested in 
earlk S"eptenmber. and legumeI, Mid rice ill 111i.-

September tocarl. Octhber. lieldsare fallkoed after 

har.est until the Ie\t Vel seasoit. Si1llll 11110.of 
heat and 5x iter se,.ctble,,are cros I trmx.x [)eceil

ber to March Micre irrigatit is posible. usualh 
near the iilnllcstead . 

Studies illcfllaborttin xxjill the (Central Rainfed 
Lpland Rice Rcscatrch Siation i (RtRRS i of WA.R 
at [Ia/aribaeh. Biar. India. wcrc conducted during 
tileL)Q() i delenniine the. etfect, ofI.,.et sea1 

legumes ill ritationid lonL x ith riceoi0ai the pro-
ductivits If the acid uplatids. MIuntbeati I l,i 
Ptiaw,ll ,ra',,,. hlack ,trani li(;) /\I' i Ml-
n.AI..PN . lidi(hii, I /,)1i l, h Itit'bcall (]'/%( M1l1, 


and CP I Ienu111/1niMl I %kele C aualed as
i(Ih/ "ole 
crops and as i ttcrcrop, \%ith tR in rii,rati is ot 2-3 
ross 5 trice ti I rum ifIt' un,. Rice ,ile cro ps 
ere\ n a:21-cn- ri i iciti.C hilIoleliccute 

crops x er, .isxn at 4 5 -Li ri i ,pacinig. Rice 
recci%ed 001k, Nl1a and lecUiime, 211 k, N/ha. In the 
rice + legume intercrop,. NIK sxerc applied hasallk. 
N rates %kercadiuted accaRdni,_, to the russ ratios. P 
vas at 17.6 kujia and K it I().0 k.,. 

Yield irice as a tde crop xxa,hiL,,cst I 2.5 l/ha . 
Yield %% Iter-as affected to ditecrtnt de1rCecs h the 
crops I'lahle 12 i. hlihelt rice 1cetIs heiltli rex.itdCd 
itl ross s fitll B; and PN at :1. ..\Aiig Ilgunes. a 
CP sode cr p piroduced the hiighc1t5 i\l(1,2 I/ha1. 
folh,%xed h B(; i1.55 tiha . Uos pea,,.ields xerealsto 
highest as an intercrop %xith rice in hi ilh r(ss ratios. 

F.Rmi< (iRR.-\R( itR RIRol \i) 
('RPij'lI\G [Psi] .i:" ii'I{FS 

A-\n understatndiiicgf farers" sstems sxith an C ali-
ation of farmer tcchnohigi. and adaptation ma\ be 
more effectise than tesearcher-designed. farmer-
implemented cripping pattern trials. Betmeen 1987 
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Table 12. Grain yield of rize and legume Intercrops at 
Hazaribagh, Bihar, India, 1990. 

Row Yield, (,ha) Land 
Intercrop ratio equivalent 

Rice Legumes ratio 

Rice + mungbean 2 1 1 57 0.23 1.52 
Rice + mungbean 3 1 149 0.18 1 30 
Rice , black gram 21 2.10 0.26 1.33 
Rice +black gram 3:1 1.80 0.19 1.10Rice +peanut 2 1 2.10 029 1.62 
Rice +peanut 3:1 1.84 0.27 1.54 
Rice +soybean 2 1 1.96 0.37 1.72 
Rice -soybean 3:1 1.86 0.32 1.55
Rice - cowpea 2:1 1.63 0.38 1.27 
Rice ,cowpea 3:1 1.43 0.32 1.08 
cGran yield ofsole crop rice was 2 46 tha. mungbean, 0 36 tha, 
oiaCK gram. 055 1ha pearu 034 t n3 soybean 040 tha. and 
cowpea 062t ha 

and 199). a Stud\ x as conducted in Claveria to 
deterniine tile appro priatettess of ot-lai research. 

:iltx selected Cla\ eriaraidoitnl farmers from 
\erc iter\ icetl regarding their reasons for crop. 
aietal. attnd cropping pattern cltiices. In I988 and 

]989.tfarit-rs %e rc-reinlervtes, ed lcalculate costs 
and return,s lilt itllain 55et seasiiti crops: rice yields 
%ere determined front crolF-cut satmples and farmer 

eslimiates \xere used Iodetertinie ,ields of other 
criop". 

larticr-lll.lll.taged t loppillg patllern trial,, were 
conducledttm 4(1 tarn ,iromi 986to I989. For 1987-
XX and 19MX-89. trials featured tx,o I.()XI-m2 plots/ 
ta11t representing loss 25 kg N/ha and oithand 
v5-edin atidnmi derate S(1-l1-()kgNPK/haandone 
band xcedinig ) cash lecels. Cropping patterns 
initialk included rice plus ('P with MZ relayed into 
rice after ('P: P\. CP. or NIB as a third crop: and 

arious UP" cereal - leutlne sequences. It 1X9 and 
I 1s), rsearcheirs tt-ied nire attention to rice - MZ, 
MZ -MZ.rice- lecnic. rice +cassav a.and CP - rice. 
Rice culti\ ars kcre c aluated in %arious trials, and 
b 1988. iore tlhan I .((lentries had been tested and 
L)promlising sclectiMis identified. These were tested 
in 1988- 49 %kith farmers* traditional and modem 
(UPI.Ri-5i \aricties as checks. 

litters icss s fillarilier-coi)pcrators revealed that 
in the 1988 %selseason. tanners in the lower. more 
drouglit-prone area 4"los er Claveria") grewx rice, 
Ni. and cassasa: farmers in upper Claveria grew 
niostlx %IZ and lomlato. Rice provided highest 
returns per single crop though it involved about 
tsice the labor for and slightly higher material costs 



than for traditional MZ, and the same amount of 
labor but much lower material costs than for hybrid 
MZ. However, such high returns from rice can he 
achieved only with adequate rainfall at crop estab-

lishment and at tile reproductive stage, provision of 
adequate and timely labor for weeding (30)-5(4 of 
the moderate labor needed for rice, and minimal 
pest damage (Table 13). Fallow after rice was con-
mon in lower Claveria because rainldl could not be 
counted on to support a second crop. Overall, farmer 
crop and cropping preferences in descending order 
were: 
a Hybrid MZ in the fir.st season hlflowed h\ tradi-

tional MZ where rainfall was adequate and if 
credit or land pre\,iousl\ planted to tonmato wkas 
available: 

N Tomatoes-if finaucine by a middleman was 

available: 
[ Traditional NIZ in the first seasontll lowed b\ 

traditional NZ where rainfall w.as adequate: 
* 	 Modern rices in the tirst Season if sece and labor 

for %eedin. were available hiut rainfall was inade 
quate for tw.o crops: 

* 	 Traditional rices-if'soils %erepoor but labor for 
weeding was available: 

* 	 Cassava---where soils were poor and if labor was 
unavailable, 
Aw areness of fanner perception,, about experi-

mental Goals. results, and technologies are inpor-
tant. Farmers onl% partly shared researchers' ideas 
about low and medium cash tlow, levels, and did Iot 

share a concept of cropping pattern trials. Twenty
one of the 25 respondents view ed tile low and me
dium cash levels as 'ertilizer level trials: 10 of'the 25 
saw benefits of txe higher level. which tie then saw 

as a recommendation. Conversely. fanners consid
ered the lower yield of the low cash level as ground 
for 	rejection. About hall of the co perators men
tioned that tihe no hand weedin olitile low%cash flow 
was senseless sice cropping rice meant controlling 
keeds. 

Farmers evaluated trial components and manage
utelt option,, ratherthan cropping patterns. Only 9of 
tile 25 cooperators in 1987 and 6 in I989 claimed 
tle\ could adopt it least one rice \ariety at tested 
Input le eh,. Evaluation ot supcrimposcd rice trials 
was hindered Ibecause farmers did not conider side
h\ -,ide testing of varieties of' different iaturation 
dates practical in vic\ of losses it) birds and in
creased insect populations. Although tanners learned 
about managenent pracices- --drilling rice seed. 
fertilizer lse. tinlirLt of' irternw(M cultiation, and 
plant and ro\ spacing, - o one reported learning ol' 
a nlewIcropping pattern. 

Like researchers, fariner,, s ulight rice \arieties 
with high and stable vyields and w.hich werc acid 
tolerant, drought tolerant, and resistant to pelsts and 
dieases. L;nlike researchers, farmer,, had little inter
est in legumes as they reporled no soil nutrient 
benef-ts even after biona,,s ilncorporatiom. Research
ers' es idence trom C'laveria that N is not limiting 
supported farmer obser\ atiotns and led to a reduction 

Table 13. Costs and returns by crop at Claveria, Philippines, 1988 wet season. 

Farmers (no.) 

Total labor (d) 

Total labor cost ($/ha) 

Material costs (Siha) 


Total variable costs ($iha) 


Yield (tha 

Value of yield ($,ha) 


Returns above variable costs 
(S.ha)

Returns to labor (S/ha)

Returns to material costs (S!ha) 


'Dried Mos. 

R;ce Maize 

Traditional Modern Modern Traditional Hybrid Cassava Tomato 
varieties varieties varieties + varieties varieties 

fertilizer 

12 12 6 8 21 15 20 
120 129 114 76 115 144 419 
193 208 !85 124 145 206 394 

13 12 33 7 105 0 678 

206 220 218 131 250 206 1072 

1.9 2.8 3.2 1.3 3.5 5.51 13.1 
321 464 531 143 424 340 781 

115 244 313 12 174 134 -291 

1.6 
9.8 

2.2 
21.3 

2.7 
10.4 

1.1 
2.7 

2.2 
2.7 

1.7 0.3 
0.6 
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of work on grain legumes at the site. Farmers with 
legume trials were unhappy that better insect and 
disease control w.'as not provided. They found rice 
plus CPdifficki lt to manage and rejected MZ relayed 
into rice after CP because rice shadld out MZ seed-
lings. They also rejected cassa\a relased i..to rice 
because cassava competed too strongl for soil 
nutrients, alld birds later perched onl the caa\ LIato 

feed on the rice. Famiers,deseloped their os, n crop-
ping patterns. Seven of the 25 relaed caL,,,,SS%, into 
MZ and reported no intercrop competition for ,oil 
nutrients in this case. 

Increasing attention to larmners' rice - ,IZ crop-
ping pattern led to research seeking shorter duration 
rice varieties and testing in the rice - NIZ paltern. It 
was found that 1R3(17 10-B-I-B-1-2 had higher yields 
anda 20-d shorterduration than ITPIRi-5. In the rice 

- MZ sequence. MIZ ields increased aiid rice ields 
decreased somess hat %ith decreasing rice duration. 
Prcoductis it\ of rice - MZ Icrudel', based )ll gross 
cash %alue ofrice and NIZ \ ieldts \%as higher \%ith the 
ness rather than the falrllers' traditiOlli allnd lliodrll 
rice arieries ''able 14). ltosseser. e\cii s ilti a 
shorter duration rice. it is uliccrtain i hther rie -
NZ call be adopted: farmers nia\ iot achic c file 
2)-d turn.ratUtd time bcausc Ilicdo0 i )1ppl)\ the 
tested f'rlili/er rates to rice if tlte\ cOuld ;l )[)l\ lhc 
amount to less risks h\ brid \l!. 

,-\lthough farmers participated in on-tari trials, it 
.s ilecessar thalt a researcher-tarnier partnership 
feature I ) an ulldrstandinL if rirller"s and,,tes 

choiceS, 2) research addressing ke\ problemit pioints 
in such N\ NttIS,, atld 3t icsin Ltid adiplation Ctin-
bined ssith inieracti\e cominutlicatioli that build,
Iponth skills aid inputsof each part. 

F' \RItit .\l'(Wnlti\ f) tiN lilt i llRi sI,, , 

Claseria faimiers hs;\e doptCd COntiiLur hcdgross
technologies iser the past 4 r. .'\trer triinng. adtdll-

crs deelIOiped sa s to reduce ihe lior iedcd for 

establishment and sotught specie., that did ilo ciil-

Table 14. Mean gross productivity of rice -
Claveria, Philippines, 1989-90. 

pete \%ith the crop such as pin'apple or nmulberr with 
possible direct cash returns. Nonadoptcrs had off- or 
nonfarin opportunities arrd/oi sorbsmati al propor
lions iil flatter lands. A...houh far r-to-Iariner 
techu i transfer nuciliods are being de cloped. il 
is clear that sorkioc \%iti Lfaurtrs,, %IO need thc 
tchnolo s in ; ke'. 1,t. 

.Initial stuies Irtdtftted I ilhic:ited that 

flrlIniers \%ith shlpm- Itult,, ,.,. ',l. cOrlCCr:led 
about soil erosion. 'liv'. kl, oft se,¢cral %% to,a 
coscr\e soil,,. had tried a te.' u;SircS oil thir 
tailn',. and k%crc knoss CLU'dce iboutl oil nuitrielt 
llanagl/ellte alteiias 

labor colstrailts. 
('ort.ur ditches anid 

frame (ia simple Ixaiutit 

, but the\ faccd :aIS] id 

buds ct;blihld bs A
desicce cnsisting otfa 

plmh line. tso 2-in leus,. and elter-calibiatcd 
croSSpicce--- fKrtinn a,l tciter ""I iadl)laiitcd to 
hedg,erows sceictied potcutiall\ appropriate for soil 
erosion control. The Iechnoloe\ harnesses crosise 

forces toirorm tenac,s bets' tco planted strips and is 
appropriate lot areas s.ill ,Imii 1,lnd. PCmanllntll 
pIoss agriculturC. illteiliC iltill. ald idL iL, lcil\. 
Wolld NeCtihiors. an \( () .uIklkll-' %ih uplaild 
taritier, iii ('ebu CLollibiCI ilic' IccliWIO'. %kilh 
fanler participation and toop illolli. IllI sotlis to 

a reL'uii h\ IRRI. ('chit iiitodicedfirrieis from0i1 
cotlmiu failni t I irr l ifron (laCrikra: "hands-
Otn" Ir'rillin in1eslhtab lilllet ill Coitiilr build, 
dihes. aid he.cri\sn ( lobdder gr;iSes.- -napicr 
P 'inAll.%'llt/ p il aind ICtleIrice s such asUI ee 
(;Iiro oha 'ei.,i -ia pri i tld 

The first ear. Vk orkin,-. , i c opereal i¢e groulp 
before the IQ,7 %et.,ca-ott. fairmers established 
altist 7.1110 n of l le Oil I1)parcels ssthunro% 

Inllhl si/eof 0.8 hj. Iabor per li is ;'iic2') d ha 
sit"h 5 ' for shioCli1t \'.iricutl: ihe(i7 It 1.555 
iti/Ir \aritiolli shtpc ;id LIliaircesreflctied ill 

beisser¢ n iis .
 

lCcauSC of' difltrcc in soil COllpacltiol arId 

grouiclcoer. platted strips of 17-57 in/person-d 

maize for different types of rice cultivars, 

Mean Mean valu. Sha, 
Type of rice cultvar duration ...... ... .. Total 

fd) Rice Maize (Sha) 

Newly tested modern varieties 109 604 499 1103 
Farmers' modern variety (UPLRi-5) 130 607 296 903 
Farmers' traditional varieties 140 434 272 706 

1.10 IRRI program report for 1990 



were e',iabli,,hed. 1:anners teld comhiinatiolls of 

hedgero%% peeNC. HIC gI > CAi till! 
IIA/vI 1111Htr it) ' o w\a .\])('€I lli ), cal'; lI ). sI'UIoC 

pecrnlim .,, (o ff.ee. 'a,.ao . l'itu ili. oild -,Uill] , r 

tift114111lohiiA 1,Inn. anid ,%Ced, IItld lcl rlwliVstL 

PC ,r, if) 1t.4h U'U h ,'I,'([11,1 I X/),/ l/l I i 'UU , l l ). 

1-aririerN noticed that (I ,cl/ito Ilth d, i,,hope i i 
the hit!lnd ,tllldled ttilrrl C0tiii)Cttitiil %kitl nalpiCr 
.!;'d'.,\ aho', .... A arme,.r ie',t ii ttree. ahot . and uunds, e.l~ I," 

belo% pro\ idcd a hottr alteiai c. 

Farr,er, tried dil'te iit'i \ \ I l(diimi , '-

piono COMi., ti1,. proh e, -0I,L'rliIltN and poor 
rttltll hccaiii..e apija;eia. Siiic cI:. Cll, i in 

aftecteit. Liii cl'. .ii~ in e~r i, ' iil " .ilil r r1 
er, lo *-uphl'. .itn Ii.I (, i' 'Iand ( ;Ilri/i 
Ne,.'dhne. 

-'lvr Iriijr ato.l, I I i i,,l i ir.miijed 
,ilitl[ .. I-; laillr,: . Ili!l i ', - Ii cl I . LIJoill,: 

,a\LI,LCe. lk.I '.70itclIl ha. cMtirhli',heti 
' tiWl,.i i, i0,du "1. I i1d uiC' Ili (I()I lahofr 

lpc.r ha. \h'C ,,, . , il lt,ldi, -,.aI, , . B IJIMt|'( 

the (ill(OLII hd.ii.: h, 1 I iul ,'i..i eliliilk i it,'l 
a'. era-Lli; -41 .in. hi,.Ih '. _ i hcei ,A,Ki' i- Iicti, 

(i..' plan.u t oI ii( ijc I': tr ot' IIiee 

criklall dr, ' ltlhi a tI i. I-LTi_'!h oil '_al 

alld l)t,,i pc'i liIr liiia' d ,1 iohptNiciillii:l\ ' 


rncrz',.,c.- 1 ,,c c. i i e in
hi rciurii, tcrraill, cr 
al.', , I ll ucl, erihiiu,:itl.tl~iritca tli. 
incrc-a~c'l .t lt- ii. reLae ti. nIcrratli\\a', rapid. 

lilt "4 ; ,i ;(,~i t , lc illankilc l h hiiin d I hc!c-mi, til e 

I'irll t,ir l'hl .t hiiuil ,l, ii;: 

tkf'erc':r,, A., lih 122i:cicI.Iz.'i
11, Ilicie 
L'c11 iii1%.it 

A-d( )Jllci, ,,, b ltI:!- Wl 11t, ,, 'dI~ c 4)l 

C!"t11101 :iii ' i 1 It. Iit ,i I tiil i ,1 he 

tW u.e ii.li h; eI. II C i 1 i/cll t l' IM thileh hit1ic 

,. ,. t t',IrIc h ii ' '.- iiih1. l k'iiiltt. !1111. 

'\ltiiiii~ch~ 111lcri , ri l eilcl il er~li i il nt 

[ii ti~c I ui, it1A,, t ii li , t i\i '.%ilii Ihel 1(41 
a11,e r 'eIiriigll IIIu- hu-r 'reerp. I-i iclA'. t ih,_need't 


uttLh iN ( i, ii ilt. conlili ci their Neacrch lo. i )lher 


hedcLer+ ,_,ra. fltl .C', i ihante,, e cid'. iail) i 

that 1 t Id pli() 'ti i inc miei . Flie. \ e iA cr 

poii cabItl II llhcrr M iehena Nik'Airi pitijec! 

'A as rc'tarled in ihe arca. 
Techn11ogr adaptatiiu tml\\ ia thelile trikinc' in 

[he dewelopirient if ,lr:a lcN It) rduc. t:ledelueri i i 

.,,iabliihnen labor. [ariner', idleveiltped A a it ) 
reduce labor/l() linear ii ofi ticdgcro% trorm 14 t in 

Table 15. Observations by 64 farmer-adopters regard
ing contour hedgerows, Claverla, Misamis Oriental, 
Philippines, 1990. 
. . . . . . . . . . . . . . . .. . .. . . . ... . .. 

Observation n 0. .... ... . ... . . ...... . . . . . . . . . .
 

Hedgerows con!rol soil erosion 50 42 
Fertilizer can be applied and will not be lost 16 13 

downslope 

Alleys have been flattened and bunds have 15 13 
been strerig:heneo. 

Soil and water are evenly dstributed along 13 11 
bunds.Gully formation was minimizel. 10 8 

Miscellaneous 15 13 

Total 119 100 

'X7vand I9XK to I() h in I)X) alld ih in I19)(I. 1h1I1 
trategieN de\clopcd o cr limei 1'lahle I(i. plo'inri, 
n', reduced. ,,ho. el itrk \ias laIgel eliminatIaed. 

treolr c raN.eN ratlrthan conii1atittiN 'A re]lit 
aid L llllh lr ie1, 'A CI.' staked out. ii',uail, btiiii d. 

ard the[i iLI to he ioered h\ natit C 
" 'lIh l-a,.l'., IIi i i. nll pti.i '.tA , .Irecn i) Ctiii

de.llatl,l hui lah.ihr ,il n ll l parcekl, anldtoim,h~ off' 

a ltil ld lit. iriliiie.andikLa K ol lahortir 
dri~f Ilale I'7..:\linhti'2h a te'\ iiie'iiiioiiel telnant 

.'arnerparliipalor teclhnuIl)o.t transfer. The 

iN ti, dedte lop Iniieltlo I+ r u'se h\ naittnal 
airicultural priqranN Ihil facilititc adoption. The 

IRRI teall o ICtLfor the partilcilp lion of fariers 
c~i.rcerred ahout t i oi riv,,., ariter-o-flarrier 

irainilnt . al! laritier participatronii in lechiolire 
112ttcral loll. 

ItipCtctittirhitippe rN hat Iair -tn-iru- iircu ir.!iiio 'lf 
t''electedaiieri N iltarci Mlio eeck trainilnt. or 

ati I t ir cirithrir hr.'e t11,C liiltIlliri : e'licCi\C 
l t he're I-, al o.1ilic l ia, ', of adol l"u . I .il'ely 

Ad ple'i, artC' I i 0i10W ' iliiiiit i l ItIit i llt er lands, 

.ii. t11hLhat i10i1re or ti) rCallk ter r uinClie Wca r1it i I 

lilthlcii oii ,iil C'rti iln. and 2 ) iioc %o. "tiNuithitiu 

taimail t ariil %ik opptnrtunilc,. 
.\lh uch 4S kin if hC'eticrr\k till 50 hia h\ 7 

ariit.er inia\ '1aie"lhe l iii (iaserir. tlr ginal 
i' tio dc''clop litetlhtd h\ w hich lariirs aIl lnatlonal 

reearlchier, call oIiltk adapt and e\Iend appropriate 
icchnloi ies. In ('laieia aod simliilar upland Civi

li tllellt,. rite x lliclended It;-.ire',;c techntltg\ 
ciritlr aImuLt. optional ritihllig. arlier-edCICOM 
cirrihinitiin' idrnati', e rave'. plantedgrave, ... , 

t'liJ. I i pa'I Lire leCUir 'eC'e.g.. i/.Oilll
l/it i. iree le.., inulberr\ I. rr perenni;rl crop-,. and 

larmer-trarticipator\ echnologv lraittier. 

Upland rice ecosystem 11". 
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Table 16. Contour hedgerow strategies and farmers adopting them, by year of adoption: 
Claveria, Misamis Oriental, Philippines, 1990. 

Labor Adopters (no.) 
No. Strategy 

dha h/100m 1987 1988 1989 1990 Total 

1. Plow + shovel + tree +grass 
2. Plow + shovel + tree 
3. Plow + shovei +grass 
4. Plow +tree + grass 
5. shovel + tree +grass 
6. Plow + tree 
7. Plow + shovel ,native grass 
8. Plow ,grass 
9. Plow + native grass 

10. Native grass 
11. Tree + grass 

Total 
Mean labor (h/100m) 


20 
16 
20 
10 
25 
14 
14 

12 
11 

14 
5 

SOIL-W..\ThR CONSI-RV.\ItON ON SlOPING [-\ND 
AND ENt!ANCEMENT O1 t'ROOII:CIV1" 
Barriers on sloping lands can reduce %katerrunoff 
',olume and velocity, and thereby conser%e soil and 
water. Small farmers do not like manually con-
structed terraces or bunds because of cost. An alter-
native is the vegetative hedgero, which fomis a 
dense barrier at the ground surface, is established in 

a relati,,elv short period, and is not competitive with 
the crop Field studies ,%,crC designed to e,aluate tile 
effectiveness ofcontour \ tlive'ria :i'mioidI, hedge-
rows in conserving soil and %%atcr.and enhancing 

15 7 7 1 0 15 
13 2 2 7 1 12 
13 3 3 1 1 8 
13 1 1 1 0 3 
11 0 0 1 0 1 
9 0 0 11 1 12 
9 0 0 2 0 2 
7 1 0 1 1 3 
5 0 0 2 0 2 
5 0 0 1 2 3 
2 0 0 1 0 1 

14 13 29 6 62 
14 14 10 8 

30 kg NPK/ha. and a topdressing of 30 kg N/ha at 
flowering: MB received no fertilizer. Rice had one 
spraying of insecticide against stern borer. MB was 
sprayed orce against bean fly and twice against 
leaffOldeS. Both crops were weeded twice. Six 
combinations of rice and MB with hedges at (1.25
and 0.50-rn vertical interval, and a nonhedged con
trol \%ere established \%ith 3replications in a randon
i/ed complete block design. 

Depth of soil accui-'.ulation. soil %ater content in 
the crop root zone, amid crop grov\th and yield in the 
upper and lower paris of each alley were recorded. 

crop producti%it\on gently sloping lands (about 2',t Because (fdifferences in elevation between blocks 
slope) at the IRRI farn, 

ledgerovs were planted at 0.25- and 0.50-m 
vertical intervals in 1)91 wet season. Rice IAC25 
and MB M79-13-60 were planted in tilt: alle\s. The 
hedgero'vs or corresponding lines in nothedged 
portions served as guiding contours for planting rice 
at 25-cm row spacing and MB at 35-cni row, spacing. 
The rice crop received a basal application of G- 13-

Table 17. Trained farmers' reasons for nonadoption of 
contour hedgerows, 1990. 

Reason no. 

Work demands on nonsloping or lowland parcels 40 
High labor for contour hedgerow establishment 27 

29 
19 

Off-farm and nonfarm work opportunities 
Lack of draft animal 
Lack of capital for labor and inputs 
Left the area 
Does not own the land 
Miacellaneous 

Total 

IRRI program report for 1990 

18 13
 
16 11 
12 9 
10 7 
7 5 

10 7 

140 100 

upper atl(l 
depths to the water table varied. Betw,.cen 0Jul and 
18 Sep 1990. water table depths averaged 50,92, and 
84 cm in the upper parts and 24, 57. and 59 cm, 
respectively, intile 

and bet ieei lower parts of the alleys. 

lower parts of the alleys in three 
different blocks. lleavy rains after crop planting 
affected est:,blislrment more adversely under shal
lower water tables. 

The hedges planted almost concurrently with the 
crops took titme to establish. When full grown, they 
alloed substantial accumulation on upslope sides 

of eroded soil that otherwise would have been trans

ported downslope. Soil water regime and crop pro
(IIctivit werc not improved because the hedgerows 

were not fully established during most of the crop 
period. iedgerows established at a shorter vertical 
interval of'0.25 m. however. gave marginal increases 

in water retaned in the root zone and in rice and MB 
grain yields (Tabie 18). Mungbean without fertiliz
ers gave higher economic returns than rice with 

1 



Table 18. Soil accumulation, soil water content (0-60 cm depth), and crop production for 

upper and lower alteys and across blocks under various treatments, 1990 wet season. 

Soil accumulaion 
depth (mm)Treatment, 

Rice Mungbean 

0.25-m VI 25 28 
0.50-m VI 16 18 
Nonhedged control 8 15 

'Vl = vertical interval. 

fertilizers. Comparison of grain yields from crop 
rows adjacent to and away front ti hedges sug-
gested no competitive effect of the hedges. 

Results suggest that fully established contour 
Vetiver hedgerows can provide protection against 
soil erosion on sloping lands. Efficacy would he 
greater with hedgerows at shorter vertical intervals, 
The effectiveness of established hedes in conserv-
ing soil and water and in enhan:ing crop productiop, 
and the competition bet een hedgerows and crops 
need to be further evaluated. 

Subprogram !1: Integrated 
germplasm improvement and 
crop management 

Crop management for weed control 
and drought mitigation 

Two of the major biophysical causes for low%and 
fluctuating yields of upland rice are %keeds and 
drought. lence, this project focuses on the develop-
ment of crop management practices and germplasm 
improvement to control v,eeds and overcome drought 
effects. Weed control factors being studied incltde 
competitive plant types. seedbed preparation, seed-
ing method, and weed control methods: %.cedsuc-
cession; a,,i interactions between ''\,eeds and other 
biophysical stresses. Research to reduce water(ell-
cit impacts touches on the physiology andgenetics of 
plant traits that confer drought resistance, cultural 
practices that improve crop water use eftiLiency, and 
interactions between droughtand biological stresses, 

AGRONOMIC AND PIYSIOLOGICAI. BASES FOR 
DROUGHT SCREENING 
Mass screening for drought tolerance and recovery 
during vegetative growth has been conducted under 
dryseason, upland conditions, at IRRI forover 20 yr. 

Soil water content Crop yield 
(mm) (t/ha) 

Rice Mungbean Rice Mungbean 

319 324 1.4 0.E 
308 314 1.3 0.7 
314 317 1.3 0.7 

While this screening elficientl\ differentiate. 
between tolerant and susceptible varieties, it does 
not elucidate the phy siological bases for their toler
1nce or,,uscepibiilitN ilol >is itgive information. 
to their ultimate producti'. i unider water-deficit 
conditions(drought tecsitance). Therereresearch 
was conducted to identif, agronomic and physiO
logical bases oftolcran:e for drought during vegeta
tive growth. and to investigate the relationship 
between vegetative drought iolerance and grain yield. 

All plots were sprinkler-irrigated until 30 d after 
emergence) Dlt). at wvhich lime 4 \ ater regimes were 
imposed as main plot trealtnitls. In Ireattent 1. 
plots were vell-w atcred (WW) to maintain a soil 
matric potential (SNIP) >-0.03 MPa at the Itt-cm soil 
depth. In treatmenis 2-4. SMP '',as allowed to 
decline to -1 2. -(.5. anod -I.) NIPa, rcspectively. 
before the plots vere re-irrigaled to taintain \VW 
conditions until harvest. From earlier screenings, 
nine varieties of diverse drought response ,.,,ere 

selected for subplot treatments,. 
No varietl showed sIres,, s nlplltl ' hen the 

-0.2 MPa observations 'Acre made. hut as plants aged 
all varieties sho ed leaflipd rvilg and partial rolling 
even in the WW Ireatlnenls: stress increased drought 
score aind reduced yields of all varieties (Table 19t. 
There %'%a,, significan inileracl.on het.' een grain yield 
and ",ater regiime, indicating thai different varieties 
responded differently to water deficit. Although 
drought score significaiii correlated k'.ith grain 
yield across all varieties and \%ater tre,tments (r- = 

0.43 . within regimes there %%':ater cre no sienifi
cant drouthl score vs grain yield corielations. Thus 
drought score during vegetative stress wa'.s not an 
indication of variety differences in drought resis
tance. 

Across varieties, SNIP -(.2 delayed panicle erner
gence and maturity by 17 d. The SM P -0.5 and -1.0 
treatments delayed development by an additional 
10 d. Although our objective was to evaluate vege-
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Table 19. Drought score and grain yield in response to water deficit levels., 

Drought score, Grain yield, (tha) 
Genotype .... 

WW -0.2 WW -0.5 WW -1.0 WW -0.2 -0.5 -1.0 

Tolerant 
IR9560-2-6-3-1 0 2 1 5 2 5 2.5 aA 1.0 bA 1.0 bA 0.6 cABC 
Salumpikit 0 2 1 5 1 5 2.1 aB 1.0 bA 0.3 cC 0.4 cCD 
Kinandang Patong 0 2 1 4 1 5 1.1 aE 0.1 bE 0.3 bC 0.3 bD 

Moderately resistant 
UPLRi-5 1 3 1 5 1 6 1.4aCD 0 9bAB 0.4 cBC 0.8 bA 
IR47686-6-1-2 0 2 1 5 1 7 1.2 aDE 0.6 bBC 0.7 bB 0.5 bBCD 

Susceptible 
IR30716-B-1-B-1-6 0 3 1 7 1 8 1.5 aCDE 0.8 bAB 0.3cC 0.3 cD 
IRAT9 0 3 1 7 1 8 1.2 aCDE 0.5 bCD 0 3 bC 0.5 bBCD 
IR20 0 3 1 7 1 8 0.8aF 0.6ab6CD0.3bC 03bD 
IR43 0 3 1 7 1 7 0.6aF 0.3DE 04abBC 0.7aAB 

'By the Standard evaluation system to( rice scale 0 = no symptoms, 9 = cead. :A common lowercase letter 
shows no significant difference among water deficit treatments within a single variety. Acommon uppercase 
letter shows no significant difference among vareties within .., given water deficit treatment ,he test for 
differences among means was DMRT at the 5%significance level. 

tative stress only. because of rainfall during the rccov,.cr in ILWiP. There ,a asai.nificant difference 
experimental period. stress was continued into the a1ming varieties only for SP,' .O: IR2t had a 
reproductive growth p-iase to reach the SNIP tarTet. siunificatl lo,wer IM.WP than th . tter varieties. 
As water deficit both reduced yield and delayed Three days alter re-irrigation. thetc ei no signifi
development, it is not surprising that there %%as ai cat \ ater regime effcts on l.V'lot -MI -(1.2 and 
significant, albeit small, coirrelatiol,eieeti day,, to -1.). but there was a small but sicatlicant rcltion 

" panicle emergence and grain yield (1- = 0.28 . i WPbs stress tor the SMP-I .5 treatmen (ie. 5). 

For a subset of test varieties, dawn leaf water The SMP -0.2 and -1.0 \ ater ,,egite,, signifi
potential (LWP) was significantl': reduced b\. all cantlI reduced total root length in the top 4(1 c1t soil 
stress treatments (Fig. 5). indicating no dittrnal to 0.61 and 0.52 that of the WW. respectiely. But 

Maximum water deficit 
Dawn leaf water potential (MPa)

0 I : -- -- i:! -_ : -. i~ I '~! . . :: ".:: - i' I ii 

-1 ILSD 
05 

-1.5 Mil l baterea Wcil Aalered naiteied i 
-0 2 iPa SMP : -5 t1a SNP -1 o MP3 SOP 

-2 

3 days after re-irrigation 
0 .... . . ...

-0.5

-15 .
 
-15M 	 We;,- atorced W,,-Haivged Well Watered 

-0 2 MPa SNP -0 5 MPa SMP -1 OMPaSMP 

-2 
IR47686-6-1-2 IR20 IR47686-6-1-2 IR20 IR47686-6-1-2 IR20 

Kinandang Patong Kinandang Patong Kinandang Patong 
S.Dawn leaf .ater potential of drought-tolerant 1R4768(f-6- 1-2. moderately toleravi Kinandang Patong. atid su-,ceptible IR20. SMP = 

soil matric potential. 
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there were no marked differences in root length 
among varieties. Twenty-one days after re-irriga-
tion. neither waterregime nor variety had significant 
effects on total root length. Thus root growvth Ipon 

re-irrigation after stress exceeded that ill continu-

ously well-w atered plants. Still. differences in drought 
score (drought tolerance) and grain yield (drought 

resistance) were not explained by differences in root 
length in these varieties. 

ACID U'PI.AND RIKF ITRIt)RM\AN(T. TRIALS. 

1996.1r SASON 
The 1990 wet season Acid Upland Rice Yield Trial 

(A UYT) and Acid Upland Rice Observational Trial 
(AUOT)were seeded in Santo'Tomas. Batangas. and 
in ilagan. Isabela. to detenuine the perfonnance 
under slightly acid soil conditior, of rices bred i 
adverse environments. AU)YI consisted of 36 

entries laid out in a randomized conmplete block 
desini (RCBD) v.ith 3 replications. whil- .\OT 
had 13(1 entries in RC'B1) \ ith 2 replications. Both 

sites received adequate rainfall and the tests wenl 
through favorable w eather conditions during the 

entire grtr thlperiod. 
Both At !YTand .\'(T . erc h;.sall\ fertili/ed 

with 40 ki Pl/ha and 311 kg K/ha. Fightv kg N/ha ass p.and 
Split-applied Mt 10. 35.and 5 ofafter seedling enter-gence. Triazophos and endosulfan , e usedl in_ 

Santoo-tmas and Ila,,an.,respecti elh. .ocontrol rice 
bugs. 

bg.(no.)
ALYT. Philippine variet. UPI.Ri-7 gave the 

highest grain .eld in Santo Tomas. Eight test entries 
produced yield statistically similar to that of 

UPLRi-7 at tl,,0.05 level: 

kan. .Genetic 
(Ai,, ha) 

1 UPLRi-7 2932 
2 IR49255-B-4-5-4 2842 
3 CT6510-24-1-2 2770 

4 iR55411-50 2753 
5 B2997C-TB-6-3-3iACI j-C 2743 
6 IR49255-B-l3-5-2 2613 

7 lR_792I) (AC2-_i-C 2597 
8 B2997C-Ti3-60-3-3i AC 1-2 i-C 2567 

9 IR55411-53 2564 

In Ilagan. the entries showed no significant differ-
tnces in grain yield. Coefficient of variability vas 

relatively high (30.7';4 I because of varying levels of 
sheath rot infection in most entries between replica
tions. The top five yielders and the check are as 
f0lob s: 

RaI)nkt.ignation (;raip i\ichl 

(kdth 

I IR-t6122-B-I-B-7-l 2169 
2 IRAT190 1757 

3 IR57924-24 1646 
4 1R57924-09 1563 

5 IR55419-(04 1554 
26 UPLIRi-7 (check) 1056 

AOT. Forty-six entries in Santo onlas and 42 
in llauan had yields similar to that oflJPl.Ri-7. None 
produced significantly higher yield than tIPI.Ri-7 at 
either site. The mnost prevalent disease at both sites 
,.assheath rot. which infected the Ilaan test entries 
more severcl." 

Conclusion. Under the slightly acid soil condi
lions of llagat and Santo lonias, a number of lines 
approximatedtheperfrnnanceof llli-7.1butnone 

x%as superior to it. 

Table 20. Source of entries in field drought screening,
number of entries and outstanding selections. 

IRRI, 1990 dry season (DS). 

Outstanding entries 
Source Entries 

Equal Better Total 
to than 

check, check' 

International Rice Germ- 1552 76 11 87 
plasm Center 

International Network for 2009 64 21 85 
Evaluation 

of Rice 
Plant Breeding. Genetics. 

Biochemistry Division 
Rainfed lowland lines 1435 58 54 112 
Upland lines 248 3 1 4 
Adverse environment 130 9 0 9 

:ines 
Deepwater lines 759 65 26 91
Irrigated lowland lines 638 15 1 16 
Hybridization block 226 11 4 15 

parents 
Bulu rices 1316 11 1 12 
Oryza saliva x 175 1 0 1 

0. austrahensis 
Miscellaneous 20 1 0 1 

Tctal 8508 314 119 433 
'Drought reaction similar to that of drought-tolerant Salumpikit 
Drougnt reaction oetter than that of Salumpikil. 
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DROUGHT SCREENING IN FIELD, 
1990 DRY SEASON 
Drought tolerance is essential in drought-prone 
upland, rainfed lowland, and deepwater ecosystems. 
A fast method of determining drought response 
was developed to identify, from the thousands of 
varieties collected and advance( generation lines 
that IRRI selects every year. those that possess 
tolerance for soil moisture deficit during the vegeta-
tive growth stage. The test was conducted at IRRI 
during 1990drv season (DS)todetermine the drought 
reaction of the accessions and lines and selec, those 
that could be utili,-ed in crop production and breed-
ing programs. 

.Methodology. Oin 27 January I)90. 8.508 culti-
vars and lines from Internation al Rice Germplasin 
Center. International Netv ork for Genetic Evalu-
ation of Rice. and the Plant Breeding. Genetics. and 
Biochenistry Division Nere dry seeded on granular 
soil (Table 20). Each lest entrN was planted in two-

row plots, in rows 2.5 in long and 0.25 i apart. Each 
ol the drought-susceptible checks IR20 and IRAT9 
and tolerantlIR442-2-5 and Sa lumpikit were planted 
together with every 46 test entries. Thirteen kg P/ha 
and 25 kg K/ha were basally applied and 60 kg Nla 
was split-atplied in equal quantities at 10 and 20 d 
after emergence (1)1-. 

The test was sprinkler-irrigated three times a 
week to maintain <30 kPa soil moisture tension 
,SMT) forproperstandestablishment. Drought stress 
was imposed starting at 31 DE. Each test entry was 
scored and checked for drought reaction at 0.2. 0.5. 
and .) NIPa SNIT. The test plots were re-irrigated 
three iintes. then scored for recovery ability. 

Results. It took 25 d to at~ain 0.2 MPa SMT. 
another 4 d to reach 0.5 NIMPa, anld 6 niore d to reach 
1.) NPa. The susceptible check IR2() exhibited 
marked leaf desiccation at (,2 MPa SMT: so did 
IRAT9 at 0.5 MPa (Table 21 ). The tolerant checks 
had only slight leaf tip drying up to 0.5 MPa and 

designation number 
0.2 MPa 

Plant Breeding. Genetics. Biochemistry Division 

Table 21. Best selections infield drought screening at IRRI, 1990 DS. 

Source Drought scoreI at
Source nursery and nursery soil moisture tension Recovery 

Rainfed lowland lines 
!R41431-16-2-2-2 
IR43506-UBN-520-1-3-1-1 
1R43552-80-3-1-3 
IR46274-53-21-3-3-1 
110--288-20-1-1-3 

IR48820-33-3-1-2 
IR49778-KKN-9-B-1-6-1 
IR52532-SKN-24-B-2-3 
IR54132-KKN-11 -B-1 -2 
IR54135-CPA-14-B-1-1 
CT6515-18-1-3-1-2 
CT6515-18-7-3-8-1 
Jhingasail 
18-7 

Deepwater lines 
IR43969-121-3-3-3-1 
IR43943-B-20-3 

R4022 

R4052 

R4055 

R4066 

R4068 

R4208 

R4333 

R4434 

R4492 

R4494 

R4006 

R4007 

R4499 

R4648 


D2839 

D3168 


International Rice Germplasm Center 
Loha Dang Acc 26716 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 

1 
International Network for Genetic Evaluation of Rice 
IR47690-5-2 IURON' 89 #6 0 

Checks
 
Salumpikit (tolerant) 
IR442-2-58 (tolerant) 
IR20 (susceptible) 
IRAT9 (susceptible) 

1 
1 
3 
2 

0.5 MPa 

1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 

1 

1 

1 
2 
4 
3 

score' 
1.0 MPa 

2 1 
1 1 
2 1 
2 1 
2 1 
2 1 
2 1 
1 1 
2 1 
2 1 
2 1 
1 1 
2 1 
1 1 

2 1 
2 1 

2 1 

2 1 

4 1 
5 1 
7 3 
6 3 

"Standardevaluation system forrice (SESi J-9 scale: 0= no symptom ot soil moisture deficit. 9 =all plants tullydesiccated. SES 1-9 scale: 1=90% an,'omore plants fully recovered and 9 =0-19% plants tully recovered. 
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about 40% desiccation at the more severe imposed 
drought stress. The susceptible checks recovered 
70% of its original stand: the tolerant checks recov-
ered >9017. 

Three hundred and fourteen entries performed as 
well as Salumpikit (drought and reco ,ery scores of 
4 and 1,respectively), while 119 perfonned better. 
Eighteen entries (14 rainfed lowland lines, 2 deep-
water lines, an IRGC accession, and an INGER entrN 
from IURON nursery) exhibited only slight leaf tip 

and check row planting than with row seeding, 
but decreased as seeding rate increased. Preemer
gence application of pcndiniethalin followed by 
hand weeding at 14 and 28 DFI and interrow 
cultivation plus hand weeding -it 14 and 28 DE 
significantly reduced weed weight irrespective of 
establishnent method, spatial arrangement, and 
seeding rate (Table 22). 

In I 99(,%weed wveights %%ere reduced significant 1ly 
%kith check ro% planting, which permitted two-way 

dr) ing (Table 21). Four rainfed lowland lines and tile cultivation, when the seeding rate %%as I00 kg/ha in 
two deepw,ater lines are progenies of Nani Sagui 19 
and RD19, respectively (Thailand deepwater rice 
cultivars with excellent inherent drought tolerance). 
INGERentry IR47690-5-2 isaselection from across 
between drough(-tolerant parents IRAT140 and 
Kinandang Patong. Loha Dang isan IRGCaccession 
from Bangladesh 

WE) (CONTROL IN RI-ItATIN TO SI-T)INC RATI 

ANt) SPATIAl ARR-AN(EMiNT 
Weeds are the other majior cause of limited yield in 
upland rice. An experiment in 1989 and 1990)eValu-
ated the effects of various v,eud control practices. 
methods ofcropestahlishnient, and seeding rateson 
tile , of upland rice.yield and economic 

Seeds of lAC25 in1989 and IR3 71 -B-I-B-I-2 
in 1990 %%ereso. n in furrows spaced 30 cni apart. 
The dominant weed species %%ereBn,'ria lavis in 
1989 and Ruuotllia cochmithim'n.sisin 1990. Seed-
ing rates were 3(kg/ha in hill seedtg and check row 
planting. and 3(1 and I10 kg/ha %hen tilecrop was 
row seeded. 

Results in weed growth wkere sirmilar inboth 
years. Weeds were more abundant wkith hill seeding 

the row-seeded ph1t. 
The highest .ram yields were obtained where 

best (lable 22). Interro , cultiva
tion %%hether at 25 and 4f DE or at an earlier time 
(14 ind 28 DL) gave poor \,.ced control and the 
lo ,e t yields irrespective of the seeding method 
used. No yields %%cre obtained in 19910 because of 
drought. 

In 1989. hand weeding cave the hiliest marginal 
Ibenel'it-cost r.los( NI B('R )although there %%assome 
variation betv,ecn seeding method and seeding rate. 
When lice %.,ts 

%kcedcontrol \%,as 

drilled in rows at 30 kg/ha, interrow 
colti vation ptis hand \wceding at 14 and 28 DIE gave 
the liglhest INiBCR. 

1I II RI, RLS:'.\R(II DIRIClT(ONS 

Future research will investigate the potential of start
inc droucht stress earlier than 31 DE to avoid stress 
during reproductive growth. Earlier stress imposi
tion will also allow better evaluation of traits that 
conler drought recovery. ,,\lthough there were a few 
significant variety differences inroot length. further 
research isneeded to Understand liow roots and water 
uptake c;lpacit\ are related to dlrtnght tolerance. 

Table 22. Weed weight at 45 DE and grain yield as affected by various weed control practices, seeding rate, and 

spatial arrangement of upland rice IAC-25. ° Ane-i, Claveria, Misaknis Oriental, Philippines, 1989 wet season. 

Weed weight (gm) Yield (t/ha) 

Weed control practice, Hill, row Check row Drill. row Drill, row Hill, row Check row Drill, row Drill, row 
(30 kg/ha) (30 kgfha) (30 kg ha) (100 kgha) (30 kg,'ha) (30 kg'ha) (30 kg;ha) (100 kg!ha) 

Pendimethalin (1.0 6.8 a 3.4 a 6.0 a 5.2 a 2.0 a 1.8 ab 2.0 a 3.0 a 
(kg ai/ha) &HW. 
PE &28 DE 

HW, 14&28 DE 8.7ab 6.9ab 17.9 ab 3.9a 1.5 abc 2.3a 1.7a 2.9a 
IRC+HW, 14&28DE 85.3 b 31.4 b 25.5ab 9.2a 1.1 bc 1.3 bc 1.8a 3.0a 
IRC. 14&28 DE 308.1 c 262.0 c 147.3 c 116.8 b 0.8 c 1.2 bc 0.8 b 2.0 bc 
IRC, 25 & 40 DE 347.2 c 243.1 c 61.3 bc 67.8 b 0.6 c 0.8 c 0.6 b 1.8 c 

Ina colimn,means followed by a common letter are not significantly different at the 5% l9vel by DMRT. Seeding rates are in parentheses. 
'HW - hand weeding. PE = preemergence. DE = days after emergence. IRC = interrow cultivation. 
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Materials from IRGC, INGER. and the breeding 
programs will continue to be screened to identify 
desiccation-tolerant rices for use by either the breed
',rs or the farmers. Drought management schemes 
that would utilize the vegetative growth stage drought 
tolerance ef these rices in attaining yield potentials 
will be developed. 

Research will be continued in our attempt to find 
suitable alternative weed control technologies to 
labor-intensive hand weeding. Increased seedin"ll 
rates, if the crop is row seeded, and check row 
planting for two-way cultivation need to be investi
gated further. 

Blast management 

This project focused on blast (BI) disease, one ofthe 
primary constraints to increased yield and yield 
stability in upland rice worldwide. Progress in three 
areas is discussed: gertnplastn improvement, genet-
ics of resistance to BI, and the use of molecular 
markers to describe populations of the 131pathogen. 

UP\N V.\RIFT RL-.\SlIA) 

The line IRI(1147-113-5-1-1-5 (popularly naned 
Mal, ilingi .kas released by the Plilippine Seed Board 
for moderatelv acid uplanid areas in the Philippines. 
Makiling wk.as derived from diverse parents of West 
African. Indonesian. Philippine. and U.S. origins. 
Grain qualit\ tests conducted b" the Rice Working 
Group of the board showed that Makiling has inter-
mediate aimulose. mediunigel consistcticv.and hihly 
acceptable grain quality in both ram and cooked 
forms. 

EH-(c'T ()w SOIl. tUn Iii.ASI St S( lw'IIIilI.IY 

Past studie:, havedetnstrated thit rice plant. grown 
in certain s.,ils are more susceptible to 131 atnd may be 
"'BI conducive.'" Initial experitnents were directed 
toward understanding the mechanisms ol soil con
duciveness and developing a bioassay to estimate 
that on various soils. '[he work v,as carried out in the_ 
greenhouse using conducive soil from Cavinti. 
Laguna. and nonconducive soil from Santo lomas. 
Batangas. 

To determine if leaf surface composition was 
involved in the tnechanisin of soil conduciveness, 
the epicuticular wA'ax and soluble cuticular lipids 
were partly removed by application of orgat ic 

solvents. The susceptibility of variety CO 39 kkas 
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Cavinti Sto. Tomas 

+ 

C039 
6. Effect of soil type (Cavinti or Santo Tomas. Batangas) and 
cuticle removal ) . = cuticle remroved. + =cuticle intact) on 
susceptibility ot rice cultivar C) 3t) inoculated with compatible 
isolate P(0-6(it P. e/r.wi. 

enhanced w the leaf surface was gently rubbed.hcn 
with a cotton pad moistened with methanol: 
chlorofoni (3: 1, vl/vol before inoculation with 
compatible isolates of' Iyri'1 , ,ri.sa 1= P. or'v'r .1m 
-:a) ( Fig. 6). The latent period was sIhortened by 
24 to 28 It and the number of lesions per tmit area 
increased, irrespective of the soil used. When the 
same treatment was applied to leas es of BI-r,,istant 

varieties IRATI11. Moroberekan. and IRA'I1'04. 
several small brown lesions developed within 48 h 
after inoculation with an incompatible isolate of the 
pathogen. The hypersensitive lesions appeared 
throughout the leaf surface of plants of IRATI40 
(Fig. 7) and 11AT1()4 raised in Cavinti soil. but few 
lesions appeared wvhei the plants were raised in 
Batan gas soil (Table 23). Removal of the cuticle had 
little effect ott Moroberekan. 

i'ecauseoflthcclear-cut diflrences between soils. 
IRATI40 was used to test a bioassay for 131 con1 
duciveness. Plants were raised in Cavinti and Batan

.C 
_C 

B 
" " 

7. Effect of Cavinti (C) and Batamga- HB)soils and their mixturet I : / nd v lp e ttfh' csn ii l.,,e-.,Isio~ns inrice 
IRAT40(inotculaitedwitlhincontpatihlisolalePO-.oiflpvtrista. 
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Table 23. Effect of soil type anid cuticle removal on number of hypersensitive-type lesions 
per 100 mm 2 leaf on varieties Inoculated with an incompatible isolate of Pyricularlagrisea 
(=F. oryzae). 

')
Lesions (no./1 00 mm 
Soil Leaf surface' 

IRAT140 Moroberekan IRAT104 

Cavinti Intact 1.7 d 0.8 d 0.8 d 
Partially removed cuticle 70.5 a 4.1 cd 39.5 b 

Batangas Intact 0.2 d 0.01 d 0.3 d 
Partially removed cuticle 3.3 cd 0.2 d 6.9 c 

"Epicuticular wax and cuticle were partially removed by rubbing the leaf surface gently once with a cotton pad 
moistened with methanol chloroform (3 1.vol vol) 

gas soils mixed in different ratios and inoculated classified into six groups based on reaction to these 
",ith P06-6 after partial removal of the leal cuticle, isolates (Table 24). One NILI from each group was 
There was a direct correlation h,tween increase of used to make all possible crosses among resistance 
hypersensitive lesions and the proportion otCavinti groups. Results for C I)2PKT are not reported here 
soil (Fig. 8). as some segregation for resistance in this line was 

encountered. Susceptible recombinants were recov-

GE-NETICS Ot RESIST..\N(T IN ered in all crossesexcept C (01 PKF/CI05"TITP-4L23. 
NIAR-ISOC;INCI(" tINES representing group,, III/VI. The absence of suscep-
To systematically study the genetics of resistance to 
BI in tropical rices. "e developed a set of near- Table 24. Reaction of near-Isogenic lines to 5 differen
isogenic lines (NILs) by backcrossing major resis- tial Is:)lates of P. grisea. 

tance genies into a susceptible genetic background. Reaction 

f-our donor parents (1LAC23. 5 173. Pai-katu-tao. and Group Isogenic line 
"etep) .,ere backcrossed to the recurrent parent 1 2 3 8 9 

CO 39. and five isolates were used to screen back- C101LAC 0 4 0 0 0 
cross F, generations for resimtance. After six back- C103TTP 0 4 0 3 3 
crosses. the plants were selfed for three generations C104LAC 0 4 0 0 3 

to produce homo/Vgous re.istant lities. C11A51 0 3 0 3 3 
Twkenty NIs ,%ere inoculated with a diverse set C102A51 3 3 0 0 0 

of Philippine isolates of IP.vt'isea. rhe NILscould be C103A51 0 0 0 0 0 
C105A51 3 3 0 0 0 

2 )Lesions (no./100 mm III 	 C101PKT 0 0 4 0 4 
C101TTP-1 
C101TTP-2 0 0 4 0 480 Cuticle removed 

y = 8 430-0 350x+0 01x 2 	 * C101TTP-3 0 0 4 0 4
20,98 	 , C101TTP-4 0 0 4 0 4 

60 observed values 	 C101TTP-6 0 0 4 0 4 
C102TTP 0 0 4 0 4 

Cuticle intact C102TTP 0 0 4 0 4 
y= 1.205-0.024x+0.0004x2 C105TTP-1 0 0 4 0 4

40 r2=0.79 	 C105TTP-2L23 0 0 4 0 4 
= observed values 	 C105TTP-4L6 0 0 4 0 4 

20 IV 	 C102PKT 0 0 4 4 4 

S0 	 C105TTP-2L9 0 0 4 4 4 

0 
0 20 40 60 80 100 V C104PKT 4 0 0 3 4 

VI________________________________________________C105TTP-4L?3 0 0 4 0mi tureand 	 0ti s i iniProportionen pr porinof Cavintii(avsoil(%a) Recurrent parent CO 39 5 5 5 4 5
H. tationhp t ir.t,. iim
Re 

fimiatimo f hperen,,iti,,e-i-p lesions in IRATI4(t with and 'Scored on a 0-5 scale where 0-3 incompatible reaction, 4-5 = 

%kithout cuticle afterincxulation with aiirulent isolate compatible reaction. Isolate 1 101.2 102.3 103,8 =an of = = = 86013, 
P%rit idaria a. 9 =V66010. 
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Table 25. Resistance genes identified InBI-resistant near-Isogenlc lines. 

Reaction pattern 
Designation Group Representative Source to isolates-

NIL
1 2 3 8 9 

Pi-1 (t) I C101LAC LAC23 R S R R R 
Pi-2(t) II C101A51 5173 R R R R R 
Pi-3 (t) V C104PKT Pai-kan-tao S S R R S 
Pi-4, (t) III C101PKT Pai-kan-tao R R S R ,S
Pi-4 ° (t) VI C105TTP-4 Tetep R R S R R 

,NIL =near-isogenic line IR= resistant. S=susceptible. 

tible recombinants in this cross indicates that resis-
tance is controlled by two very tightly linked or 
allelic genes. All other crosses except one fit a 15:1 
ratio for resistant:susceptible F, plants, implying 
that independent dominant genes confer resistance. 

"'heresistance genes have been designated Pi-I to 
Pi-4. with allelic genes distinguished by a super-
script (Pi-4" and Pi-4"'). All genes are identified vith 
the letter 't'. indicating a temporary designation 
(Table 25). 

In a collaborative project w~ith Coniell Uni, er-
sity. USA, we are identifying restriction fragment 
length polyniorphism i RFLPimarkers that are linked 
to the resistance genes in the NILs. The RFLP clone 
RG64, which maps to chromosome 6. is lightI, 
linked with the gene Pi-2, which is present in all the 
lip.es descended from 5173 (Group 11in Table 241. 
This gene is close to land ma, even be identical to) 
the uere Pi-- identified in Japan. It is effective 
against all Ph !ippine isolates tested so far. The 
resistance gene in Cl15TTP- I is linked to the RFI+P 
clone RG869. wkhich maps to chromosome 12. This 
NIL is in group Ill. and it may have Pi-4, but the 
relationship betmeen Cl (15TP- I and C I1 PKT has 
not vet been studied. 

M+.xpT[N(i L.ASI RIS\N(tI L.(C t SIN; 
\1O.1.(I IAR N.\RKFR__ 
Certain upland cultivars. such as Moroberekan. are 
considered to have durable BI resistance. To identif' 

and map BIresistance genes in those varieties, we are 
seeking associations betveen molecular markers 
(RFIPs) and genes conditioning quantitative and 
qualitative resistance to BI. Thi.s approach has been 
used to identify quantitative trait loci (QTL) in other 
crops. 

To allow, mapping of QTL conferring BI resis-
tance, recombinant inbred (RI) lines were developed 
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for three crosses and tile process is in progress for 
three others. DNA markers were screened for 
polymorphism between the parents for each cross, 
and a high degree ot polynophisin was observed 
(Table 26). 

MOt.WLILAR M.ARKERS I-OR ANAI.VSIS 0F 
P)IwC I.AR-I RISI .r POt TI..VIONS 
Molecular markers-mitochondrial DNA (ntDNA). 
gel-visible EcoRl fragments, and repeated DNA 
elements-were generated and used for genetic 
anaysisof!ivrdaiapopulation-. All isolates were 
P. gri.wa except P. Iiginsii isolaled from ('v/ert. 
breifidlis and ('. rotundhi. The markers detected 
different levyelI of variation and differed in ability to 
discriminate isolates with different host specifici
ties. RFIP analysis distinguished only six mtDNA 
types among 88 isolates tested from 18 host species. 
Most isolates attacking common ricefield weeds 
shared the same mItl)NA type with all the rice
attacking isolates, suggesting aconnmon ancestry for 
these populations. In contrast.,P.grisEa isolates from 
some host species sl wed distinct mtDNA types, 

Table 26. Current status of work on production of 
recombinant inbred lines, and on screening of DNA 
probes for polymorrhlsm between the parents for six 
crosses. 

No. of 
Probes poly-

Cross Generation hybridized morphic 
(no.) probes 

no. % 
CO 39/Moroberekan F7 127 95 75 
CO 39/IAC165 F6 127 93 73
CO 39/IRAT13 F6 3 2 0CO 39/IAC47 F3 60 50 83 
CO 39/IRAT104 F3 69 59 86 
CO 39/IRAT216 F3 68 57 84 



indicating a more distant relationship. Analysis WEES RCE 

usinggelvisible-EcoRIfragmentshadslightlyhigher Wbc z AklmnopqritU x 
resolving power as it could distinguish a number of ", , : 

isolates with identical mtDNA restriction fragment 
bandingprofiles(termed"haplotypes').RFLPanaly
sis with repeated DNA probes provided the highest 
resolution, detecting differentiation among isolates 
with distinct host specificity. Repeated DNA analy
sis also revealed heterogeneity among isolates from 74 
identical hosts. - " 

Molecular characterization of 88 isolates of' ,,
 
'
 Pv'ricdariaobtained from rice and ricefield weeds -" 

B.distachva. Cii' " 
dactvlo,, Cylwrus hreidlius.Cenchrus chtnat. -- • 
incl iding Bra,'hiaria nutia . ,,don 

Cyperus nrtunil,o . 1)in,'taria ciliuzris, Eh'cuinu'indi a. _.z 

Era, o.ti.s sp. l/nhinchloa colona. Leptoc hhou 'T 
chinensis. Leria hc.kanldr. Pa.spall dt.chn'. .-.-
PaictoM e't'ntt, ;ururMTn. and .PeaN(CtuilM 
Rotthoeilia eraltata indicated that isolatcs from dif- -,-

ferent host specie, ace genetically distinct. Isolates I. -,
froni the same hosts have characteristic molecular 
profiles, which distinguish them 1rom isolates 
attacking other hosts. Genetic distinction between .Rc.,trctton rcgn n h'iiii.! pitile geniralc i t( R5sn 

rice- and nonrice-infecting ,trains %%asclearly illus- Suthen, hot, it ; 4R-dige,lcl ,enei I'i D A ,tP11 ,di I', 

trated in tie restriction iragie nt banding profiles ' n il itn i l i ,; uiI , (" i , lI',i ae e, 

)NA probe friom ,aere P is) Ihi liA,4() i,. mtuu , 

Du Pont Co. USA IFig. 9). iFis5 if' , h ,ii(( ,,,215 , l t /'ti,/ h, ( 's159i. 

generated by MGR 586, a repeated uwd Ir ai . Ii a hi It 

Genetic differentiation bels eei rice- and non- it tunditi I( r.S4ii ).I( 'rSS .. . l) ,/ai l1C84ii1. 
b. i/: tih a i) l:taQti,'ti 'pp.

nice-infecting strains was confirmed in fungus papu- il:rX271 k ihA.hfwam Ilnh(i)i. ,,, a., 
i!: ,/,,a i ;c il''iE424. 

i. a Ii! xt -,401i) 

I' P rt) 35). ni P ,ihihum 24,. ,mi put-

Bataritas, and Barrio San Isidro. Cahanatuan. Nueva pt cum 1i I',i/it, i ke,..A;4 ) hilllia 
lations trom two fields in Barrio Ulango. Tanauan, in . 'rxs i,l'Sl ' 

)) 2j. pi R 11 1 . 
i(IsS52h). r) 0() ni 5 ;I j.and Linesiii a /itl/ia h%brid ,R

Ecija. here rice and several adjacent n.eed species ,-0 sa, 
%ere infected. Depending on the level of infection 
observed on each species. 6-23 isolates per host
specific subpopulation were obtained and analyz/ed. lations to be distinct (Fig. 10t. (icnetic differentia-
In Ba:angas. BI lesions %ere observcd inrice variet\ tion obser\cd bemcn rice- and %keed-infecling 
Dagge and v.eed species /). Ii/tar . I:h'to.ilnc indt a. po pulation pro)vides n(Cv idence that p(o)pulations of 
and Cvlerur rotund o grt)k ing next to the ricefield. the BI pathogen on v%ced' are ti .......n ricei,. 

P. ,ri.wa from D. ciliari. and P. hii,'in.j, from BI management. 
C.rotundu wkere differentiated from the rice-infect- A high degree of genetic variabilitv v,as revealed 
ing population of P.,,rtsaon the bases of mtDNA among rice-infecting isolates otP. Repeated 

restriction profile. whercas the pathogen population DNA probe PGR 613 .etected 56 restriction frag
from E.indiwa was distinguished only on the basis of ruent banding patterns in 146 isolates collected fromn
 
MGR 586 restriction pattern. Rice and adjacent 17 provinces in the Philippines.
 
weeds Paspalum distichiun. Leersia hexadra. Association between P(;R 613 haplotpe and the
 
Panicuin repens. Cvnodon da(tvhmn. aridB. ititia virulence pattern on a set (if rice arietie. % as low.
 
%hereinfected in the Nueva Ecija field. Although the The Lambda statistic. w%
hich gives a measure of how 
P. griseapopulation attacking these hosts had iden- "ell a molecular profile type predicts the virulence 
tical mtDNA restriction profiles, restriction banding phenotype of an isolate, was 0.52. i,value oft) would 
patterns generated by MGR 586 showed these popu- indicate the profile has no value in predicting viru-
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S... -Linkage 

donors against differential isolates can be corn
pared with that of the NILs. The NI Ls can also be 
used to measure possible residual effects of 
-defeated" genes whose resistance has been 
overcome by' corresponding virulence genes in 
the pat hogenI. 

U The RI line, s,ill be evaluated for segregation of 
DNA markers. The.,will bc tested for resistance 
to many races ,fthe BI fungus fron the Philip
pities ald for resistance at sites in otter countries. 

betv.een DNA markers and genes of 
interest v,ill be analvzed. 

('I.ICoct.SIN 'tPROGR.\M M11t.I00K)I:!A first and necessary step in building a research 
¥,... , ,strategy is:acareful analysis of'tlie constraints and 

. tilepotential, of the targeted subecosyvstems. Based 
on the in 'ormat ion fnl surveys, the activities can be 

-01Nres In 	 h ci tc 

better focused to address the farmers' needs. The two 
steps given here are for Laos and eastern India, 
representing twko different environmental conditions. 

1.Genetic ditterentiation atong ho t-differentiated subpopula- In the uplands, 2)-71.; reduction in yields were 
uon,, of Pir, ulard ina ricijetd in Cabanatuan. Nue a -.cuta. observed. \%hich emphasizes the clearneed fordeeper

detected h\ repeated )N.\ anal ,is MGR as theu,,ing 5MX, in esti eatioj in several location(lls to qUaltiIv tieh\ hrtdltlu llpht|f'. %nlacI V. s' Zpwa except I' hlI'Il'InlAll \\rc I
frt ('\uas,l poubeu. 1im flaed' Pchuv .R re'lcetatl,e hil 

lae¢ ot h ublpopulalion ha.,dt,t.ct rc 'tint flnent 
hadi, pattern, 

lerce pattern and a value of I w,ould indicate perfect 
predictabilitv of'virulence pattern using the PGR 613 
h.plot\ pes. Thus. DNA typing using PGR 613 can 
rorovide useful inftornation on pathogen lineage 
and diversity, but cannot replace phenotvpic analv-
sis for determining %irulence characteristics of the 
pathogen. 

Com-N't SoN"s 
These experiments provide a firm basis for the fol-
los, ing activities: 
I Further studies will I )determine if reults using 

incompatible isolates causing hypersensitive 
lesions will parallel results using a compatible 
isolate causing sporulating lesions, and 2) survey 
several soils for their BI conduciveness. 

" 	 NIL, witi individual BI resistance genes %sill 
provide a tool forfuturestudyofBl. Its,ill beeas, 
tocharacterize,,irulence pattcmsol'tropical races 
of P. griwa with lines possessing kno n BI 
resistance genes. Identifying new resistance genes 
will be easier: the reaction pattern ol prospective 

impact ot" nIeliatodes and to clarify their role as 
colmipared to otlier constraints. Veeds are aniother 
seriou', probleli, %khich could cause over 5()(4 yield 

declines while annual yield losses froni insects range 
from 7 to 58'.( . These two observations in the Phil
ippines highlight the nmjor ilpact of constraints in 
a subecosysten. It isrecognized.hoswever. that good 
crop mniagement can reduce [lie impact of the 
problen in the uplands. 

Different ,arieties respond differently to water 
deficit, and the drought score issignificantly corre
lated wsith grain yield across varieties. Drought scor
ing during vegetative stress does not predict variety 
differences indrought resistance. IR47690-5-2, a 
line developed by Upland Plant Breeding shows 
tutstandiig drought resistance in f -Id screenings. 
Increasing the seeding rate if the crop is row seeded 
can play an important role in drought resistance. 

Ii is estimated that leguioes can provide between 
l) and 200 kg N to upland rice when intercropped. 

I lence, sustainabilit, inthese upland poor soils can 
be enhanced by the use of grain or forage legumes 
intercropped with or relayed into upland rice. 

The use of Vetiverhedgerowscan provide protec
tion froni soil erosion. Flis technique is extremely 
useful for conserving water and soil in sloping lands 

122 IRRI program report for 1990 



and contributes to enhanced crop production. How 
ever, more studies are necessary ito naximize the 
impact of Vetiver hedgerows and to belter under-
stand their interaction %%ith other crops. 

The effect ofsoil oil blast (Il) susceptibility has 
been dernonstrated using the Upland variety IRAT 140. 
Strongly acidic soils are iore conducive to BI 

than are other soils. Genetic distinction between 
rice- and nlonrice-infectino 131strain kis shown and 
confirmed in specific fields in the Philippines. 
Results show no evidence that populations of the BI 
pathogens oil weeds are of iinportance in rice 1I1 
inanagelient. 
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Deepwater and tidal wetlands
 
rice ecosystems
 

Tidal wetlands rice is important in coastal 
lowlands where water levels in rir"fields 
fluctuate under the influence of tioes. Deep-
water rice (DWR) grows in rainfed lowland 
fields or under shallow flooding for 1-3 mo; 
it is then flooded to depths that exceed 
50 cm for 1 mo or longer. Although DWR 
can grow in up to 4 m water, our research 
concentrates on growing rice where maxi-
mum water depths are less than 150 cm. 

These crops have been important in 
South and Southeast Asia for more than 
1,000 yr and some 13 million ha are har-
vested annually. The objective is to achieve 
stable yields and thereby improve the lives 
of the 70 million people who depend on the 
productivity of these adverse ecosystems 
where current yields are less than 2 t/ha. 

Subprogram I: Increased productivity 
and land-use efficiency of deepwater 
ricelands 

Yields ot'deepwater rice are constrained by low soil 
fertilit', drought. pests. "eeds. soil stresses, and 
water requirenlents. We have developed cultivars 
capable of higher (3-4 I/hat andimore stable yields 
through inproved tolerance for flood, drought, pests. 
and problemr soils, but these must he fitted into 
specific ecological niches through tie national test-
ing programs. We seek to increase deepwater rice 
production by improving cultural mielhods, reducing 
constraints caused by environmiental factors, and 
developing cropping systems that increase land-use 
efficiency. 

Improved deepwater rice germplasm 

Out ohjecti'e is to illprove the yield p)tential am 
yield stbility ol'DWR cultivars h colblining stress
tolerance traits. such as eloneation ability and sub
miervence tolerance, to identit\ potential donors i0 
desirable traits and 1t ensure the availability ol 
essential traits to plant breeders in various regions. 
Field testing inlltarget environllnts is ail essential 
part ot Ihe progran. 

Moi)tFitii[) silt -I11.1; liRi-)IN; 
Iit t)ltli't1\-It RtI(t 
For IRRIs deepwater rice pret ',_edin,- progratn 
(%vhich supplies improved material: I nalif nal pro
grains). wve ilnPlplemeiited a idi tfied ,¢cbedule that 
involves only one :hange of' location instead of 
mOV'in succesSiv .geilcra tions ol'seed beteln sites. 
After second-generation populati ns are screened 
for sirx'ival in deepwater tanks at IRRI. harvt scd 
seeds of surviving plaints are noved to Prachinhuri. 
Thailand, for field testing and to stratify the third to 
lilth eenerations for f]lowering (late. 

We iinl)lemented a geographically spread breed
ing prograim for deepwater situations, using sites at 
IRRI headquarters and in Solana Cagayan) inlthe 
Philippines, and in Iintra (Ayutthaya) and Ban 
Sarng (Prachinburil in Thailand. 

F. HtYiRIDS 

We grew 411 I hvbrids al IRRI and II hybrids at 
the Prachinburi Rice Research Center. Enphasis at 
IRRI was oi crosses between floating rices fron 
Assain (India) and improved DWR from the pro
gram at IRRI. while at Prachinburi crosses with 
Cambodian parents were grown. 
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BULK POPULATION IREIEDIN(G 
IRRI. We tested 1.745 rows of F,-F, populations in 
water slo,,,v rising to I m. Survivin plants \,ere 
harvested (wet season) r t ranspl a ted intoas hailh\, 
\,ater field in the dr\ season. Subnergence testing 
\kas done on 288 F, populations. The best str\ i%in 
poptlations for suhinergence tolerance camne froIn 
donors BKNFR7 106-16-()-I -RESEL-2. 1R3 1142-
14-1- 1-3- I-1-2. and IR3 1406-333- I. 

For elongatiotn abilv. the following elonc:iting 
parents occurred in more than 20 of the best surviv-
ing populations: Bazail 65. I I+AFR77022- 14- 157-
6. IR 1141-6-1-4. 1R28273-R-R-R-28-., 1-2-. 
IR37025-R-R-R-2t)-3. IR 37025-R-R-R-9- I, 
IR38787-50-3-3- I. IR38787-50-5-3-2. IR40905- I -
-- 5-2. IR40905--R-R-R-21. IR43641-1-2-3-2-I. 

attd Ra\ ada I -6. 
Prachinburi. Bulk population, of 212 crosse,, 

that had been ,eparated irto birnonthl\ mIaturit\ 
classes in 1989. and lIf ne\'. crosse,, obtained fron 
IRRI \ ere broadcast onl4 Nla\ I(9 90 altherateof 125 
k2/ha. The populatI1)11s gre indelr mIild select i(t in 
80-cm %ater depth. under natural conditions. Five 
rounds of harvest of mature panicle, \ere made 
t ice a nt.th efir t round ill late October and the 
last in latt, Deceniher. The .320crosses %.cregrouped 
b\ tnaturit\ date a.td ,eleted It r lok chalkiness. 

Totl seed yield or harvesting dates were 470, 
2.205. 3,315, 4.672. and I,80 tg in late October, 
early Novembet, late Noetni;er. early l)ecember, 
and early January. respectivCly. The best surviving 
populations are gi\ en in l'ahlc I. 

P-)Gt;R[L NI RSI.RY 
Prachinulri. We -re',% 5.907 pedieree lines al the 
Prachinburi Rice Experinment S'~iaon in natural Hood
in \kith a maxintum depth ol" 85 cm. The best 
performing lines are listed in Table 2. 

IRRI. We gr,%w 115,56 pedigree line. at IRRI 
headquarters. Selections will be grown innatural 
deepwatcr conditions in Prachinburi. 

OBSFR.XA()0N>L YIA.1) RIA.\S 
IRRI. We ,re\% 2.188 entries in observational 

leld trials in the field at IRRI. Six hundred of these 
sere also planted in controlled floods 90 cm deep. 

Table 3 lists tile lines lh.t had the highest yields in 
I-m-deep w\aler on the IRRI larn. 

Solana. We grc\%526 breedingit lines ill an obser
'ational yield trial ill rainfed conditions itt a farmer's 
field in itorniall, flood-prone stratun 3. Fhtods, 
ho'e\ er. \,ete mild in199): all entrics survived. but 
\ iclded differently. 'he best performing lines are 
listed itl Table 4. 

Table 1.,'st surviving F2+-F3populations in 85 cm water, Prachinburi Rice Research Center, 

Thailand, 19,. 

Desig iation Cross 

IR55855 IR33188-8-2-1 3-6 IR11288-B-B-69-1 IR38699-49-3-1-2 
IR55986 Chenab 64-117 RD19,1R31086-12-1-3-3-1 
IR56023 Nam Sagui 19 Patnai 23 R1 1288-B-B-69-1 
IR56066 IR1 1288-B-B-69-1 IR26760-27-1-3-2-1 IR1 1288-B-B-69-1 ilR26940-20-3-3-3-1 
IR56067 IR1 1288-B-B-69 1 IR31086-12-1-3-3-1 IRI 1288-8-B-69-1IR31086-12-1-3-3-1 
IR56824 IR39334-1-36 3-2 1R1 1288-8-B-69-1 
IR56832 IR44915-17-1 2.3 R11288-B-8-69-1
 
IR57609 
 FRRS43-3 iR21567-9-2-2-2-1 -HTAFR77022-14-157-6
 
IR57707 IR32429-47-3-2-21R11288--8-69-1 
 IR20992-7-2-2-2-2-3
 
IR57732 IR38699-27-2-3-3 BRil-38-17 18R11288-B-B-69-1
 
IR59350 
 B-4259-48-1-1-1-2-2-2-1-3 FRRS43-37B-4259-48-1-1-1-2-2-2-1-3ilR1 
IR62292 BKN6988-52-1-3IR41418-R-R-R-22-2 
IR62293 BKN6988-52-1-3.1R41418-R-R-R-25 1 
IR62325 HTAFR77022-14-157-6iX-73.20-19 
IR62326 HTAFR77028-6-2 1R38787-50-3-3-1 
IR62359 (R43526-523-1-1-1.1R41418-R-R-R-22.2 
IR62370 Nang Nhuan,'R38787-50-3-3-1 
IR62602 IR37096-B-R-373-2,IR31432-6-2-1-3, BKN6988-52-1-3 
IR62615 O811141-6-1-4-1R38499-CO-350-1-2-2., R38446-4-1-3-2 
(R62618 I11141-6-1-4/IR42221-14-1-3-1-21,,IR40905-11-3-1-5-2-21 
IR62621 IR1 1141-6-1-4IR48120-49-5-3-2/, BH2 
IR62628 IR31142-14-1-1-3-1-1-2Kashmi, Basmati, IR38685-23-1-3-6-3-2-2-1 

1288-8-B-69-1 
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Table 2. Best performing pedigree lines from anursery grown Innatural flooding of 85 cm, 
Prachinburi Rice Research Center, Thailand. 

Designation Flowering Height Elongation, Yield' 
date (cm) (g/row) 

IR57757 IR38784-100-1-3-6-3/IRI 1288-B-2-69-1//IR11288-B-B-69-1 
IR57757-B-1 18 Nov 90 6 69.9 
1R57757-B-2 1F. Nov 90 6 122.7 
IR58397 IR40905-R-R-R-21/B4259-48-1-1-1-2-2-2-1-3 
IR58397-B-4 18 Oct 80 4 73.7 
IR59149 IR39334-1-3-6-3-2/IlR 1288-8-B-69-1 UIiR1 1288-B-B-69-1 
IR59149-B-11 24 Oct 90 7 109.3 
IR59149-B-5 18 Nov 80 7 73.8 
IR59352 BKNFR76026-3-2-2-3/iR38784-100-1-3-6-3//BKNFR76026-3-2-2-4/B4259-48

1-1-1-2-2-2-1-3 
IR59352-B-1 18 Nov 70 6 74.0 
IR59352-B-20 18 Nov 70 5 73.9 

'By the Standard evaluation system for nce (SES) scale 1-9: 3 = response better than that of elongating 
semidwarf. but not as good as that o? the best local floating variety: 7 = response better than that of the 
nonelongating semidwarf, but not as good as that of the elongating sernidwart. 37 g'row corresponds to 1Vha. 

Table 3. Highest yielding lines in adeepwater observational yield trial, IRRI, 1990. 

Days Plant Max 
Designation Elongation, to height yield 

flowering (cm) (tlha) 

IR37025 RD19/1R46 
IR37025-R-23-2-1 5 112 126 3.7 
IR38685 Chenab 64-117/'IR7732-B-A96-3 
IR38685-23-1-3-6-3-2-2-1 6 104 154 3.1 
IR38685-23-1-3-6-3-2-2-3 7 108 163 2.5 
IR40905 Badal 6131IR11288-B-B-118-1 
IR40905-11-3-1-5-2-21 2 106 190 2.1 
IR41364 RD19/IR19672-24-2-3 
IR41364-120-1-3-1 4 120 138 2.1 
IR41364-R-B-B-B-16-3 6 102 159 1.9 
IR42511 BRi18-3B-178BKN7022-6-4/!IR13259-153-5E-P2-2JIR8234-OT-9-2 
IR42511-24-1-3-1-1 5 120 174 2.5 
IR42511-66-2-2-2-3-1-3 4 100 164 2.7 
IR42511-66-2-2-2-3-2-3 6 100 179 2.2 
IR42511-7-1-1-B-1-3 5 100 169 2.1 
IR42569 RD19lR42,'/RD19lR17494-32 
IR42569-465-3-1 5 106 138 2.6 
IR42579 RD19/IR19661-131-1-21/RD19/IR15314-43-2-3-3 
IR42579-8-3-1-1-3 7 99 183 2.3 
IR42579-B-B-B-10 7 105 158 2.0 
IR42579-B-B-B-19 4 102 165 2.2 
IR42580 RO19/IR19661-131-1-2//RD19/Khao Lo 
IR42580-23-2-1-1-1 4 108 170 3.1 
IR43773 IR13423-10-2-3/DWCT156-I/!/IR19245-76-2-1-3-3 
IR43773-18-3-2-3-2-3 3 98 190 2.2 
IR43773-18-3-2-3-2-3 2 97 169 2.3 
IR43846 BR232-2B-3-4-A!IR11288-B-B-118-1 /4,Bhadoia/IR8//HBJ A1///IR11288-B-B-118-1 
IR43846-21-1-1-2-2 1 106 165 2.2 
IR43846-21-1-3-1-3 1 108 195 2.0 
IR43936 HTA7403-1-2-2-5tCU-LAiDWCT156-1 'IR11288-B-B-65-1 
IR43936-43-2-2-1 1 106 205 2.3 
IR43950 HTA7406-.11-0-0-2/SPR7292-151-2-1;'/RD19/IRi7494-32-3-1-1-3 
IR43950-41-2-3-2-1-3 2 103 201 2.1 
IR44004 Badal 613/IR 11288-B-B-118-1 !/SPR7292-151-2-1/BR523-3-1 
IR44004-91-3-3-1-2-3 2 101 196 2.4 

continued on next page 
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Table 3 continued. 

Days Plant MaxDesignation Elongation, to height yield 
flowering (cm) (tlha) 

IR44035 KDML 65-G1U-45/IR11288-B-B-69-1//RD19/IR17494-32-3-1-1-3 
IR44035-520-2-3-3-3-1 3 106 193 2.2
IR44035-526-2-3-1-3 5 108 200 2.6
IR44035-533-3-2-2-1-3 4 101 164 2.4 
IR44035-697-1-3-1-3-3 2 101 190 2.7
IR44035-734.3-2-2-2-2 3 103 200 2.3
IR44128 RD19/IR17494-32-3-1-1-3//BR222-B-263/IR11288-B-B-118-1
 
IR44128-236-2-1-3-1-1 
 2 105 198 2.9 
IR44128-307-3-3-2-3-3 1 105 200 2.8 
IR47586 IR17491-5-4-3-3/IR11288-6-B-65-8-3
 
tR47586-B-B-7-1 
 4 114 163 2.0 
IR48299 IR11141-6-1-41R15413-4//IR1 ;141-6-1-4/IR60
IR48299-238-1-1-3 4 106 155 1.9
IR54432 TOX896-R-R-R-102/RD27//IR31363-1-1-3-3-3-2/RD27 
IR54432-B-4-3-1 5 109 195 1.9 

'By SES scale 1-9. 

Table 4. Best yielding lines In a field trial, Solana, Cagayan Valley, Philippines. 

Designation Grain yield, Days to Height
(g/plot) flowering (cm) 

IR38685 Chenab 64-117/IR7732-B-A96-3

IR38685-49-2-1-6-3-1 
 791 123 108 
IR41222 MTU7029/IR6402-OT-7
IR41222-26-1-1-2-B-1-3 795 118 85 
IR41364 RD19/iR19672-24-2-3
IR41364-R-B-B-B-10-3 941 123 93 
IR41364-R-B-B-B-13-1 805 129 93
1i41361,-R-B B-B-i-1 809 125 99
IR42529 Chenab 64-117/IR15314-43-2-3-3//Chenab 64-117/IR19661-131-1-3-1-3
IR42529-245-2-1-1-2-2 982 124 121 
IR46630 lR20/Sitopas//BR1 18-3B-17 
IR46630-B-13-2-2-1 862 123 140
IR46630-B-28-3-1-1 820 129 152
IR46630-B-29-2-2-1 820 124 146 
IR46630-B-29-3-1-3 850 127 137
IR46677 BKNFR76106-29-0-1/IR1 3423-10-2-3!/TOX896/IR10110-23-1
IR46677-B-3-1-1-1 839 122 114
IR46677-B-3-3-1-3 839 125 120 
IR46679 BKNFR76106-29-0- 1/IR64//CR1 01 0/TOX896

IR46679-B-12-3-1-1 
 843 131 114
IR46679-B-41-2-2-3 797 131 106 
IR46704 IR9884-54-3/Pokkali//IR8234-OT-9-2
 
IR46704-554-3-2-2 
 836 124 97 
IR49924 IR1 7491-5-4-3-3!IR31406-333-1 //IR31432-2-3/IR26702-25-1
IR49924-B-B-B-16-2 806 132 97 

1160 gplot corresponds to 1 tha. 

PRELIMINARY YIElID TRIAl. sures on the population, and many plots were de-
We drilled a preliminary yield trial of 1,376 5-row stroyed. Conditions were exceptionally destructive: 
plots in dry soil in a naturally flooded field of the an adjacent field with floating rice Pin Gaew 56 was 
Huntra Rice Experiment Station. Flooding and at- totally destroyed. Lines surviving this trial had low 
:acks by the ragged stunt virus exerted strong pres- yields. Table 5 identifies the best surviving entries. 
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Table 5. Best surviving lines In a direct-sown trial subjected to abrupt flooding, Huntra 
Rice Experiment Station, ThailanC, 1990. 

Designation Elongation, 

Anlong Phnom 1 
IR28273 AshiniiRD19,.lR48 
IR28273-R-R-R-28-3 -2-2-1 1 
IR37026 RD19ilR54 
IR37026-R-3-1-1 1 
IR37026-R-3-1-3 1 
IR40905 Badal 613/IlR11288-B-B-118-1 
IR40905-11-3-3-5-2-1 1 
IR40992 ChamafalRl 1288-B-B-69-1 
IR40992-1-2-2-3-1 1 
IR41132 R11288-B-B-1 18-1,'SPR7292-151-2-1 
IR41132-R-27-1-1 1 
IR41271 NSPTIR7732-RGA-B-A96-1 
IR4127i-80-1-2-1-3-2 1 
IR41271-98-1-3-1-2-1 1 
IR41271-98-1-3-2-1-1 1 
IR41275 NSPTIR1 1288-B-B-65-1 
IR41275-R-15-3-2-1-1 1 
IR41405 Shulpan!IR11288-B-B-118-1 
IR41405-13-4-3-1 1 

Plant Yield 
height (g/plot) 
(cm) 

108 

182 59 

149 79 
133 56 

157 54 

165 51 

164 71 

169 63 
159 52 
162 61 

154 58 

180 99 
IR42582 RD19!Murungakayan 101B/iNam Sagui 19/IR1 5314-43-2-3-3 
IR42582-303-2 1 166 55 
IR43943 HTA7406-111-0-0-2,DWC(S)-2B-6//RO1 91IR1 7494-32-3-1-1-3 
IR43943-50-2-2-3 1 158 204 
IR43943-B-1-2 1 177 69 
IR43943-B-20-1 1 177 50 
IR43946 HTA7406-111-0-0-2;SPR7282-2-0-5-2/IRi 3423-10-2-3/IR1 1288-B-B-118-1 
IR43946-12-3-3-2-2-3 1 179 54 
IR43946-82-3-2-1-1 1 166 150 
IR44035 KDML65-G1 U-45'IR1 1288-B-B-69-1 /RD191R17494-32-3-1-1-3 
IR44035-353-3-3-3-1 1 177 54 
tR47612 IR31432-2-3'IR1 1288-B-B-1 18-1 
IR47612-R-R-R-28 1 185 58 
IR47612-R-R-R-54 1 206 58 
IR59019 BKNFR76035-14 -1/IR1 1141-6-1-4//IR40905-R-R-R-21 
IR59019 1 59 
IR59021 BKNFR76042-18-1-1/B 4259-48-1-1-1-2-2-2-1-3//B 4259-48-1-1-1-2-2-2-1-3 
IR59021 
Slet Yuon Vear 
SPRLR77279 SIG/IMLLIR32/MLL 
SPRLR77279-41-12 
Vear Krachak 

By SES scale 1-9 

ELONGATION TESTING 
We tested 2.231 advanced lines forelongation ability 
at the Huntra Rice Experiment Station in cortrolled 

flooding starting at 21, 28. and 35 d after sowing 
(DAS). A few lines were able to elongate at all three 

seedling ages (Table 6). 
Internode elongation tests were conducted in a 

concrete tank in an IRRI greenhouse. There were 
320 entries from the hybridization blocks and IRTP 

1 64 
1 95 

1 72 
1 67 

nurseries and I I entries from the germplasm bank, 
which originated from China. Six-week-old rice 
plants were placed in the tank and the water level was 
increased at the rate of 30 cm/d up to I10 cm: water 
was maintained at that level for 7 d. The outstanding 

entries were Bazail 65, IR40905-R-R-R-2 1,IR40957
PCR-01-1-4-1, Rayada 16-6. TCA 269. Jalmagna, 
Raj. Bawalia, Maguri. Negheribao (MS). and Pad
mapani. 

30 IRRI program report for 1990 



Table6. Best elongating deepwater rices in an elongation 
test at seedling ages 21, 28, and 35 DASI, Huntra Rice 
Experiment Station, Thailand, 1989. 

Designation 
Elongation" 

score 
average 

IR42522 Chenab 64-1 17 /R4744-295-2-3// 
Chenab 64-117/IR19661-131-1-3-1-3 

IR42552-96-1-3 6.3 
IR42577 RD19/1R19661-131-1-2//RD19/IR50 
IR42577-219-B-B-2 6.3 
IR43969 IRi 1288-B-B-1 18-1/SPR7282-2-0-5-2// 

IR13423-10-2-3,,RD19 
IR43969-103-2-3 6.3 
IR43969-103-3-2 6.3 
IR43969-116-2-2 6.3 
IR47484 IR38'CN643 
IR47484-505-1 6.3 
IR47484-505-2 6.3 
IR47499 IR9764-45-2-2!HTAFR77022-14-157-6-1 
IR47499-27-2-1 4.3 
IR47499-27-2 3 3.7 
IR49223 Mahsuri/IR31361-8-3-1-1 
IR49223-B-78-1-3 6.3 
IR49906 HTAFR79130-1-2-1/!IR28905-4-1-1// 

IR6023-10-1-1 ;TOX896-R-R-R-102 
IR49906-B-B-B-3 5.7 

____________________-
'Days after sowing :By SES scale 19, 

SL BNII-RGN('E TIOLIiRAN('I- T-STS 

We tested 551 advanced lines for submergence to-

crane at the Huntra Rice Experiment Station in con-

trolled flooding lasting 10 d. applied at 21, 28, and 

35 DAS. Table 7 lists the best surviving breedin,-

lines. 

Submergence tolerance tests on a total of 20.746 

entries included 4.853 entries from gerniplasil col-
lections. Forty-eight percent otlthe entries were fron 
rainfed lowland pedigree nurserie, (Table 8). Out-sd 
standing entries from pedigree nurseries were se-

lected and transplanted for further evaluations.. 101-

erant entries from the germplasin collections 

(Table 9). consisting of almost 8% of total entries. 
will be retested ana cotnpared with FRI3A next 

year. 

DROUGHT TE-STING AT IRRI 
We tested 721 DWR breeding lnes at the IRRI 

fann for tolerance for drought at the seedling stage. 

Table 10 lists the parentage of the most drought-
tolerant breeding lines that were on par with the 

resistant check Salumpikit. 

Table 7. Best surviving entries Inasubmergence test at 
seedling ages 21, 28, and 35 DAS, Huntra Rice 
Experiment Station, Thailand. 

Submergence 
Designation score 

average
 

IP37058 C168.,FR43B 
1F37058-R-16-1-B-1 5.7 
IR37105 IR4568-86-1-3-2,FR43B 
IR37105-50-21 -B-B-1 5.7 
IR37105-50-21 -B-B-2 6.0 
IR37105-50-21 -B-B-6 6.3 
IR37105-50-21 -B-B-7 6.3 
IR37105-R-14-3-3-2 6.3 
IR41158 IR31031-P/BKNFR76106-16-0-1 
IR41 158-11-25-B-3-2 6.3 
IR41158-11-25-B-4-2 6.3 
IR41158-11-25-B-4-3 6.3 
IR42506 BKN7022-10-1-4/Cafuringa 1// 

IR19382-42-3-3-2 BKNFR76106
16-0-1 

IR42506 :,31-1-2-1 6.3 
IR42506-531-1-2-2 5.7 
IR42529 Chenab 64-117IR15314-43-2-3-38/ 

Che'iab 64-117/1R19661-131-1-3-1-3 
IR42529-200.4-2-1-2-1 6.0 
IR45670 IR7732-B-A96-3,HTA7420-2-1-4-1.2 
R45670-2.i-2 6.0 

Table 8. Entries tested for submergence tolerance in 
the greenhouse, IRRI, 1990. 

Entries 

Source 

no._% 

Germplasm bank 4,853 23.4 
Pedigree nurseries 

Painfed lowland (DP)
Rainfed lowland (MD) 

1,028
8,899 

5.0
42.9 

Deepwater 4.709 22.7 
Rainfed Lowland Observational 

Yield TriallRT nurseries 

627 

315 

3.0 

1.5 

Tidal wetland 114 0.5 
Hsoridization block 201 1.0 

Total 20,746 

RI-\VAI.ATriON ()F "RSISTANI" VARt'IlI-S FROM 

Hi: GRRtI.ASM (()IL.L.I-("lON ()tR St BIIlM<(;tNCIi 

r()t.t:R,AN(CE 
Varieties used in this test ]ad previously been tested 

and evaluated for subtuergence tolerance at IRRI 
from 1974 to 1989.They are listed in the genuplasm 

bank records as resistant at the seedling stage to 
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Table 9. Entries from the germplasm collection terted for submergence tolerance Inthe 
,treenhouse. 

Origin 

India 
Thailand 
Indonesia 
China 
Philippines 
Korea 
Vietnam 
Bangladesh 
Rwanda Burundi 
Japan 
Sri Lanka 
Cambodia 
Brazil 
Others, 

Total 
Percent 

Entries (no.) for each score Total 
no.1 3 5 7 9 tested 

99 23 97 235 1145 1599 
52 10 74 199 1718 2053 
3 3 13 220 239 

26 14 33 509 582 
1 30 31 
2 21 23 
3 1 15 19 

1 1 49 51 
- 29 29 
- 78 78 
1 2 8 11 
1 3 102 106 
- 1 15 16 

1 - 15 16 

187 33 192 487 3954 4853 
3.0 0.7 4.0 10.0 81.5 

Includes USA, USSR, Portugal. Afghanistan. Turkey, Italy. Malawi, Iran, and Taiwan. 

Table 10. Parentage of the most drought-tolerant deepwater rice breeding lines, IRRI, 1990. 

BKNFR81023 IR8234-OT-9-2,HTA7403-1 10-1
 
IR26708 FRi 3AlR48//IR48
 
IR28273 Ashini/RD19//IR48
 
IR37449 IR17494-32-3-1-1-3,GEB24

IR38436 IR8234-OT-9-2,B-105OC-MR-1 8-2,vBaisbish,BKNFR77004-5-3-4
 
IR38789 RD19,'IRi 1288-B-B-288-1
 
IR39537 CR1009ilR48//Jaganath/IR4630-22-2-17
 
IR39592 Pokkali.1R19661-131-1-2/.'IR4547-6-3-2!IR19661-131-1-3-1-3
 
IR39595 IR8234-OT-9-2B- 1050C-MR- 18-2,/Baisbish,BKNFR ?7004-5-3-4/// 

IR8234-OT-9-2 
IR41010 Chenab 64-1171R17525-114-2-1-1 
IR41222 MTU7029;IR6402-OT-7 
IR41364 RD191R19672-24-2-3 
IR41418 SPR7292-151-2-1/IR7691-B-4-2-1-1 
IR42493 6209-X/IR1 5314-43-2-3-3!/BKNFR76106-16-0-1 
IR42529 Chenab 64-117/IR15314-43-2-3-3/,'Chenab 64-117/IR19661 131-1-3-1-3 
IR42583 RD19Murun(,akayan-101 B//RD1 9/IR19661-131-1-2 
IR42584 RD19,Murungakayan-101 B./BIET1048/DWCT156-1
IR43772 IR 13423-10-2-3/DWCT156-1/'IR19242-58 2 3-2 
IR43774 IR 13423.10-2-3/DWCT156-1//IR 19670-259-3-3-2-2 
IR43846 8R232-2B-3-4-A'IR 11288-B-B- 18-1/4'Bhadoia!IR8//HBJ Aman 1/// 

IR11288.B-B-118-1 
IR43903 CR1002,,DWCT156-1,,MTU7029/IR11288-B-B-65-1 
IR43934 HBJ Aman 2,'DWCT1 56-1 /,'DWCT1 56-1 /iR7732-RGA-B-A96-1 
IR47943 HTA7406-11 "-0-0-2/DWC(S)-2B-6/'RD1 9/IR1 7494-32-3-1-1-3 
IR43950 HTA7406-111-0-0-2,SPR7292-151-2-1 //RD1 9/ilR1 74943-32-3-1-1-3 
IR43968 IR 11288-B-B-118-1 'SFH7282-2-0-5-2/IR 3423-10-2-3/IRi 1288-B-B-118-1 
IR43969 IR 11288-B-B-118-1, SPR7282-2-0-5-2/!IR 13423-10-2-3/RD1 9 
IR43971 IR1 1288-B-B- 118-1,iSPR7292-151 -2-1i/RD19/IR1 7494-32-3-1-1-3 
IR44058 MTU7029/DWCT1 56-1 //RD, 9'IR 19735-5-2-3-2 
IR44128 RD19IR1 7494-32-3-1-1-3'rBR222-B-263/IR1 1288-B-B- 118-1 
IR45436 IR21313-36-2-2/TOX896-R-R- R- 102 
IR45720 BKNFR76014-1-9-2!IR29753-42-4 
IR45726 BKNFR76014-1-9-2/IR1 9671-75-2-2-3-2 
IR46679 BKNFR76106-29-0-1 /IR64//CR 101 0/TOX896
IR49924 IR17491-5-4-3-3/IR31406-333-1 //IR31432-2-3/IR26702-25-1 

'As drought tolerant as tolerant check Salumpikit. 
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submergence in 30-cm water depth for 7 d,using 
Nam Sagui 19 as the resistant check. However. 
because of its very consistent submergence toler-
ance. FRI 3A is no, used as the resistant check. 

The new tests were repeated three times with 
duplicate entries in each test. Ten-day-old seedlings 
were placed in aconcrete tank inside the greenhouse. 
and water level was increased to 50 cm for 7 and 
10 d. Seedling height HI-) .'ere re-and number (N) 
corded before (I) and after (F) \water treatment. 
Percent elongation (E) and survival (S) v.cre calcu-
lated as follows: 

o 

Survival ((4 ) = FN x 100/IN
 

Of'199 varieties tested. 68 and 38 had a sur,,i,,alat 
least 504 of that of FR I3A \k.-hen submerged for 
7 and 10 d. respectivel\iTable I I). Most of the 
resistant varieties are from Sri Lanka and India 
(Table 12). RPA5929. Urarkaruppan. FR I 3A.and 
Kurkarupptan had consistently good survival x.ith 
both 7- and I0-d treatments. Many of the resistant 
varieties had nore than It0W; elongcation in bth 
treatments, but not FR 13A and Kurkaruppan. 
Testing these resistant varieties tnder low light 

intensities may provide additioinal inl'friation 
regarding their resistance to submergence. 

M|ECliANISM OI I0I.ERANCI- FOR SIAt)IN(; 

A study from March to October 1990 examined the 
differential response and tolerance of rice seedlings 
for shading. Seedlings were grown in tilephytoltron 
glasstiouse for 2 wk and then shaded for 2 wk at 50 
and 20' ( of full sunlight or werc unshaded. The 
experiment used asplit-plot design with 14 cultivars 
and 7 replications, 

Table 11. Comparativesurvlval of 199varleties, classed 
previously as resistant to submergence at 30 cm water 
for 7 d, when retested at 50 cm water for 7 and 10 d 
during seedling stage. 

Comparative Varieties (no.) surviving at 
survival, 

7 DAS 10 DAS 

0 0 3 
1-25 31 98 
26-50 102 62 
51-75 37 27 
76-100 27 9 
> 100 4 2 

1/%survival of test varieties divided by % survival of FR13A times 
10 

The average total dry weight was 661; of the 
check at 50% light and 31 ' at 2( light. Of'the total 
plant weight components, root weight had the great
est reduction when shaded, implying that when at 
plant issubjected to low light, t1e gelral tIldcyll 
is for root development to be inhibited or for the 
shoot to develop at tie expellse of the root. 

Of all the morphological characters measured in 
the rice cultivars. decrease in leaf area had the 
greatest spread in values at both shading levels. Leaf 
area was highly correlated with shoot %,eight at 50' 
light r = 0.77) and at 20( lioht ( = 0.87('4 ),and 
could be used as an index for selecting rice cultivars 
tolerant of lo, light at seedling stage. On tie aver

age, leaf area decreased to 10; oflthe check at 50' 
liiht and to 551.; at 201' lighl. At 50'1 light FR 13A 
\%as most tolerant, inreasiicg its leafl area by I' of 
the control, followed by Pachehai Perumal, Kur
karuppan. and IR9669. which had only 5-9/ reduc
tion in leaf area. At 2( 1hlight FRI3A, Pachchai 
Perunial. anl(td KurkarnUppan had a reduction of 
37-47(,,'. 

The use of leaf area as paranicier f'r 'electing 
cultivars tolerant of low light is limited h\ its being 
destrtctive and Ilab rious. Ho%%cx er. change in leaf 
area as t ith change%h fond to be highly correlated v" 
in plant height it501; tr= 0.93)and at 2W,; v =0.85) 
light. At 5W4 light, most cultivars responded by 
elongating their stem and leaves. FRI 3A. Pachehai 
Perumal. Kurkaruppan, and IR9669 had the greatest 
increase in phltt height. At 20, light only IR20 had 
a ,light increase in height (0.3%,; of control while tile 
rest decreased in height: Pachehai Perumal and C2 I 
had the least reduction. 

Total chlorophyll of the last Ittllyexpanded leaf 
was highly correlated with leaf area at 50(,(' light 
r = 0.71), but not al211'/ light or = (1)..At 50(1R 
light. cultivars like Pachehai Perumal. FRI3A. 
Thavalu. and C21 increased the total chlorophyll 

content of the fifth leaft' rom the base. Tolerant plants 
adjusted to growth in low light by increasing theirlc 
leaf area ratio tLAR),which meant higher partition
ing of assimilates to the leaves for the plant to be able 

to trll) available light. FRI 3A had the greatest in
crease in LAR both it50 and 2014 light. 

Based oilthese results. FRI3A and Pachehai 

Perumnil are most tolerant of low light at the cedling 
stac. FRI 3A is also flood-tolerant, whereas Pachehai 

Perulnal is commlllOnlV grown utnder coconut trees in 
India. These two cultivars tolerate low light condi-
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Table 12. List of varieties resistant to submergence, their country of origin, elongation, plant height as result of 
submergence at 50 cm water for 7 and 10 d. 

Initial 7 d submergence 10 d submergence
Acc. Variety name Country of Sub- plant 
no. origin mergence height Elonga- Sub- Score Elonga- Sub- Score 

score' (cm) lion (%) mergence lion mergence 
(%) (%) (%) 

28616 	Urarkaruppan Sri Lanka 1 11 192 95 1 221 88 	 1
 
26911 	RPA5929 India 1 - 95 1 - 95 1
15331 	Sudu Gires Sri Lanka 1 15 	 125 87 1 211 70 5 
11068 Eswarkorra India 1 16 134 87 1 155 75 5 
6144 FR13A India 1 21 27 85 1 51 82 1
26956 	Chiaung Sen Yu 6 Taiwan, China 1 17 100 85 1 115 60 7
15449 Kurkaruppan Sri, fnka 1 21 59 85 1 78 78 3 
15325 Thavalu SriLanka 1 18 81 84 3 76 61 7 
15330 Kalu Gires SriLanka 1 15 	 1.6 83 3 190 52 7
 
28105 	P 593 Pakistan 3 15 
 79 82 3 129 40 9

15314 	Thavalu SriLanka 1 23 88 82 
 3 101 48 7
 
26950 	BG69-4 SriLanka 1 19 129 
 82 3 141 43 7

26957 	CR1113 Costa Rica 
 1 18 71 82 3 103 28 9
 
15337 	Pokurusamba Sri Lanka 1 20 102 80 5 153 48 7 
15333 	Madabaru SriLanka 
 1 15 105 80 5 183 72 5
 
29069 Aus 279 Bangladesh 3 21 148 78 5 190 52 7
 
26962 Juchitan A 73 Mexico 1 21 
 54 78 5 73 59 7
 
26955 	Chianung Sen 11 Taiwan,China 1 14 130 
 77 5 122 36 9

15433 	Weli Handiran SriLanka 
 1 27 74 7E 5 116 17 9
 
15294 	Jamis Wee SriLanka 
 1 22 84 75 5 144 43 7
 
26854 	MR301 (Pushpa) India 
 1 15 103 75 5 110 57 7

59132 Masinu Aroma Nepal 1 13 100 73 5 83 42 7
27485 Tojuma Indonesia 1 20 172 73 5 206 20 9 
15185 Ratawee Sri Lanka 1 18 57 70 5 113 	 78 3
15464 	Vanan Vellai Sri Lanka 1 22 136 70 5 175 25 9 
58421 	Vasista India 1 16 50 70 5 51 67 5
15430 	Kalukanda SriLanka 1 22 60 68 5 120 17 9 
15379 	Kaharamana Sri Lanka 1 23 94 68 5 135 42 7 
26948 Bentobala Africa 1 25 120 67 5 191 27 9
26961 Jayanti (lET1039) India 1 18 80 65 5 130 44 7
15478 	Naalumoli Karuppan Sri Lanka 1 22 132 63 5 218 27 9
15435 	Kolamalli Sri Lanka 1 20 125 63 5 170 38 9 

IR42 IRRI 171 81 25 9 176 5 9 

'At IRRI germplasm bank. 

tions and minimize reduction in leaf area by elonga- tests. During 1990. they were also given to farmers 
tion of stem and leaves. increase in total chlorophyll for testing in their own fields and with their own 
content of the last fully expanded leaf. and higher cultural practices. Of nine sets of on-farm trials, five 
partitioning of photosynthates toward leaf produc- were successfully concluded and farmers chose the 
tion. new varieties over their old ones. 

THREE VARIETIES OF DEEPWATER RICE RELEASED CONCLUSION 
TO FARMERS IN CAMBODIA Fitting improved rice varieties into the wide range of 
About I 10.0)0 ha are currently under floating rice in environmental differences within the ecosystem is 
Cambodia. Because of war, seed stocks of important not easy, but we are having some success. Results 
varieties were lost and had to be replaced if the from breeding nurseries in Thailand and from field 
abandoned deepwater areas were to be utilized again, testing ofbreeding materials in Asia are immediately
Introduced lines were tested in representative envi- applicable. National programs continue to test se
ronments and the varieties Tewada, Khao Tah Petch, lected lines in their field trials. 
and HTAFR77022-45-3-2-1 (named Don) gave The work on DWR tolerance for low light situ
promising results during 1988, 1989, and 1990 field ations attempts to discover useful variation for this 
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trait in DWR. Should varietal differences prove 
consistent, the research agenda will include I devel-
opment of an economical screening procedure. and, 
subsequently 2)prebreeding of lines with compara-
tively high photosynthesis under low light condi-
tions such as in mutual shading of plants during 
declining water levels. 

Improved crop and resource 
management for deepwater rice 

Regional research on deepwater rice (DWR) focuses 
on plant nutrition, cropping systems, integrated pest 
management. and development of rice-fish culture. 
As in the other rice types. DWR cropping systens 
must be adapted to specific combinations of a ,wide 
range of soil, climate, and flooding conditions, 

DI--\ FER RICE RAON CROPS 

Twenty DWR cultivars were tested in afield experi-
ment at Los Bar'os. Huntra 60. Khao Rachinee. 
and Luang Pratharn had high ratooning ability 
(Table 13). but Khao Puang Nak, Plai Ngahm. Khao 
Hoi. Leb Mue Nahng I I1.Mali Tawng. Pin Gaew 
56,Saibua. San Ruang. and Tapo%. Gaew produced 
less than 10' ratoons. Ratoonine ability sho\,ed t 
positive relationship (R= 0.731 *) , ith dr, matter 
production of the main crop. and wkith biomass (R= 

0.928*") and grain production (R = 0.808-) of the 
ratoon crop because growth duration of the ratoon 
crop is very short. 

The amount of herbage produced in a short time 
and a high percentage of crude protein (Table 13) 
suggest the potential of ratoon crops itsruminant 

feed in rice-growing areas where green fodder is 
scarce after harest of the main crop. 

Average grain yield of the ratoon crop was similar 
to that of the main crop (Table 14). but the yield of 
individual cultivars after ratooning was not. Com
pared with the main crop,the rauoon crop had higher 
panicle number per unit area (+2511 ). but fewer 
spikelets per panicle (-II /(). It also had shorter 

plants (-37( ).fewer productive tillers (-32(4), low 

dry' matter production (-44( ( ).and shorter growth 
duration (-55%) but higher tiller number at maturity 
(+961) and higher harvest index (+86( ).Fertility 
and 1.000-grain ,,eight of the two crops w.ere 
similar. 

The DWR ratoon had a selnidvkarf stature that 
made it less prone to lodging, a high harvest index, 
and a short growth duration. [hosy ever, ithad a low 
percentage of productive tillers and uneven flower
in-caused by tiller development at different stages. 
The combination of herbage and grain production 
from a,ratoon crop could increase land use efficiency 
and farners'imcome.especially in single-crop DWR 
areas. 

DEFPWATtR FORTSvINsi ' RICE 

F.RTi.IZR RESPONSE 

Fig-ht DWR entries were tested for fertilizer 
response in machine-sown 5-row and I I-row plots at 
Prachinburi, Thailand, to detemrine if sufficiently 
accurate results can be obtained with small, row
sown DWR plots and thus allow more lines to be 
tested than can be done with broadcast seeding. 
Three fertilizer rates were tested as main plots, and 
seeds of'X DWR entries were sown in 5-and I I-row 

Table 13. Ratooning ability and production from ratoon crops of deepwater rice.* 

Ratoon hills Herbage yield (t'ha) Crude protein (%) 
(%ofCultivar 

main crop) 30 DAR 60 DAR 30 DAR 60 DAR 

Huntra 60 72 3.30 6.75 15.0 9.00 
Knao Rachinee 64 3.30 8.,35 15.8 8.37 
Luang Pratharn 59 1.93 8.80 16.4 8.75 
Pan Tawng 43 1.11 4.28 15.3 9.56 
RD19 32 0.91 2.43 15.4 8.17 
Khao Praguad 29 0.65 3.47 16.3 8.05 
Khao Kaset 23 0.80 3.50 17.5 7.69 
Khao Lod Chong 20 0.85 3.40 17.8 7.84 
Nahng Khiew 13 
Ban Daeng 11 
Khao Mali 10 

LSD (0.05) 16 1.24 3.22 ns ns 

,DAR = days after ratooning. Cultlivars with less than 20% ratoons were not sampled for yield. 
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Table 14. Grain yield, yield components, and agronomic characteristics of deepwater rice. 

Grain Spikelets
Cultivar yield Panicles (no./ 

(tlha) (no/mi paniclo) 

Khao Rachinee 2.72 149 117 

Luang Pratharn 2.72 144 119 

Pan Tawng 2.54 119 115 

Huntra 60 2.33 167 82 

Khao Praguad 1.99 130 107 

Khao Kaset 1.60 73 116 

RD19 1.25 78 105 

Khao Lod Chong 1.08 89 110 


LSD (0.05) 0.93 58 21 
Ratoon crop 2.03 119 109 

mean 
Main crop 2.10 95 122 

mean 
Correlation -0.42 ns +0.36 ns +0.39 ns 

with main 
crop 

subplots with 25-cm spacing between rows. The 
central three or nine rows were harvested for grain 

v jeld. 
Plants were stunted by drought and in October 

when floodvater rose rapidl. to 120 cm. 4 of the x 
entries were deslroed. Yields of' the remaining 4 
were very low. about 0.5-0.75 t/ha (Table 15). Al
though the yields calculated from 5-rn% plots were 

i
19-38'' hicherthan those from the I I -ro plots ig5 

diff.P>0.05). rankine of vields for entries and fertil-
izer rates was the same in both plot sites. indicating 
the potential use of this type of DWR trial. 

AS A SOURCI- 01- NIRFXiEN I-ORSOIL NITRA-E 
DEEPWATER RICE 
In Thailand. WR tesponds v. ell to N fertilizer on 
acid sulfate soils with p-I 4.( at Prachinburi. but not 
on soils with phI5.5 at luntra. DWR has a very 
sustainable crop production system, but very little is 
known of the -sourceand forms of N available. 
We determined the changes in soil nitrate and soil 

ammonia from the beginning of the vet seasonflooding.~~~sittredifrn ie.t8oS DW wa 
flooding. DWR was sown atthree different times. 
Maximum values for nitrate inthe top 60 ctn of soil 
were around 6 ppm at lHuntra (Fig. 1)and 3 ppm at 
Prachinburi (Fig. 2). Initially most of the nitrate wa, 
in the surface 20 cm soil. but after the second 
sampling at Huntra nearly 51, was found in the 20-
60 cm layers. There v as amarked decrease innitrate 

N after the firstsowving of DWR.but drought oh-
scured treatment differences for later sowines. Ni-
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1000- ProductiveFertility grain tillers 

(%) wt (g) (cm) (no./m:) (%) 

75 24.7 131 277 54 
78 26.0 123 336 42 
70 24.4 122 258 51 
72 25.8 100 360 48 
67 27.6 129 181 68 
76 27.4 123 145 58
 
72 27.6 69 215 36
 
68 26.1 133 124 62
 

ns 0.5 10 110 ns 
71.8 26.2 116 237 52 

71.9 26.3 184 121 78 

+0.95 ° "  -0.11 ns + 0.68 ns + 0.64 ns -0.60 ns 

Table 15. Plot size x entry means for grain yield In a 
fertilizer response experiment. Prachinburi, Thailand,
1990 wet season. 

5-row plots 11 -row plots 
Entry-, Difference 

Yield Rank Yield Rank i%)(g/m-) (gm-t 

LMN1 11 76 1 64 1 19 
DWCT' 82-2-2BKNFR76042-18-1 58

66 4
3 

43
48 

4
3 

35
38 

RD19 

SPR'76Com3-5-2 
BKNrR76010-108-2 
SPR7411-7-2-3-2 73 2 53 2 38 
SPR7297-343 

P-mean 68 52 32 
Aflood destroyed 4ofthe 8entries 

Nitrate content (ppm) Water level (cm) 
8  140 

120 
6 S2 -, 100 

-80 
4

2 .40 

0, 0 
0 20 40 60 80 100120 140 160 180200

Days from 1 AprilI (lilruI 'it Day from 1 A pril
;mge., ln _ 
I Ci ri cill . , ii a cep',rit'r ricelielt i 

Iluntr,a. Thail:;,., 1990vvetIca.t'n. S. S.. S = fir,sectid. third 
,,min,of'deepA, terrice. 
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Nitrate content (ppm) Water level (cm) 
8- { 140 
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6- 100 

H 80 

6S2 

42L 
S1 .'S3"- - - 40 

- .Flood 20 

0 20 40 0 80 100120 140 160 180200 
Days from 1April 

2. Changes in soil nitrate ithtime in adeepvater ricelield In 

Prachinburi. Piailand, I ),)o..et eason. 

trate N decreased to zero at flooding. Sol amnionia 

levels were less than 0.2 ppm throughout the period 

of measurement. indicatng that nitrate could be the 
main source of Nduring the preflood phase ofDWR. 

RESIDUAL EFE('TS 0: ROCK PHtOS'HtATt: ON 

DEIEPWATER RICE 

A long-term experiment was initiated in 1994 in 
Prachinburi to assess the response of DWR to annual 
dressings of phosphate rock (PR. 1.9(/ available P) 

or tripie superphosphate (TSP. 19.6,'( available P) 

compared with the residual effects of Single initial 

applications at higher rates. Soil data for 1989-9(l 

and crop measurements for 1990 (7th \ear) are 

compared in Table 16. For added P treatments, 
mean dry matter was 57% of that of the previous year 
and mean grain yield 51 .%C.The annual dressing of 
TSP and high initial rates of PR gave the highest dry 
matter production. but yrin 'ereyields iot signiti-
cantly different. On average,tile a single initial 
application of a high amount of PR gave the highest 

production, 

INTERCROPPING tIEFPWATI-R RICE \\TtI 
UPLAND CROPS 

Upland crops were sown in a DWR field with soil p1i 
5.5 at Huntra, Thailand, on 15 May 1990. Mungbcan
and sesame were broadcast, or sown in rows 51 cm 

apart ( 1'1), or in paired rows 25 cm apart alernating 
with two unsOwn rovs (2:2). Suntlower was sown 

with 75 cm between rows. Drains were constructed 
between the 9- x 9-rn plots to remove surface water 

after heavy rains. The DWR variet- IITA60 was 

broadcast at the same time as the upland crops were 

sown or broadcast 65 d after their emergence. 
'Yields and value of the upland crops are given in 

Table 17. The low germination of sunflower seed 

resulted in poor stands and poor yields. Establish

cre slightly 
less than those for row-sown plots. shich gave 
yields over 161(1 kg/ha. Sesame yields were lower 
than those of mungbean. but the price of seed in the 

ment and yield o0 broadcast nmungbean %% 

market was higher and hence gross return was higher. 
Rapidly rising floods after harvest of tileupland 

crops destro\,ed the DWR crop. emphasizing tile 
value of including the upland crop. 

A concurrent experinlent testid the effect of i:ne 

of broadcasting I)WR onsesame yield and eslabli~h

niirt of DWR. The relative yield of sesame in

creased fron 461.; when DWR was broadcast at the 

sane time sesame was sown to I(X11 wkhen DWR 

waas broadcast 2 wk after emergence of sesame. 

CONCIAl SIONS 
Iri Vietnam arnd Thailand. the DWR in agronomic 
trials was ki!fed by rapidly rising floods. but early 
rice in Vietnam and upland crops iii Thailand sown 
as miixtures with I)WR perforned well. emphasizing 

the benefits of including other crops inthe system. 

Table 16. Soil measurements and plant production of deepwater rice variety RD19 In a long
term phosphate trial. Prachinburi, Thailand, 1990 wet season. 

Soil P (ppm) Height Stem Dry Panicles Yield 
P treatment, (cm) (no.,m) weight (no./m-) (tha) 

Bray II Total (g/m') 

Nil 6.9 c 265 c 131 bcd 95 368 b 79 c 0.71 
8.7TSP/yr 9.1 c 270 c 143 a 133 659 a 126 a 1.22 
8.7 PR/yr 21.4 b 365 b 130 d 77 369 b 78 c 1.09 
35 TSP, initial 4.5 c 235 c 133 cd 86 362 b 81 c 1.00 
35 PR, initial 11.5 c 295 bc 143 abc 113 601 a 97 bc 1.10 
140 TSP, initial 5.2 c 240 c 143 bcd 101 482 ab 89 bc 1.02 
140 PR. initial 60.4 a 590 a 138 ab 124 645 a 114 ab 1.10 

CV (%) 19.2 11.1 5.4 11.9 16.5 11.6 17.3 

"TSP = triple suparphosphate, PR = phosphate rock. 
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Table 17. Grain yield and value of upland crops sown 
before deepwater rice or Intercropped with deepwater
rice. Huntra, Thailand, 1990 wet season. 

Yield, Relative Gross income 
Treatment (kg/ha) yield ($ha) 

Upland crop and DWR sown at same time 

Mungbean broadcast 1279 85 358 

Mungbean 1:1 1426 96 399 

Mungbean 2:2 1685 113 471 


Sesame broadcast 809 80 537 
Sesame 1:1 569 57 378 
Sesame 2:2 631 63 418 

Sunflower 422 68 118 

DWR sown 65 d after upland crop emerged 


Mungbean 2:2 1491 100 417 

667
Sesame 2:2 1005 100 

Sunflower 621 100 173 

Pnces: mungtean and sunflower = 28 cents,kg. sesame = 66 cents 
kg. 

Se,.anie and mungbean can give yields of It/ha v hen 
mixed s,ith DWR. greatly increasing the i+,otentil 
gross income oflthe farmer. Nitrogen balane tudies 
[or I)WR are identilt\ inc he sources of that nutrient 
in on1e of tle Most sustainiable s\ stens of production. 

Integrated pest management for 
deepwater rice 

REtSrSTNu('I./O.ERAN('E OF (LI.T1IVATED 

DEIPW..\-IR R(T A.t) ,F.ONGA-TING WI.t) RICES 
FOR YTtI..O\ SII BO()RE-R 
Yellow stem borer (YSB ) is the most damaging pest 
of DWR. In an effort to identify resistant or tolerant 
DWR varieties. we evaluated 122 accessions of the 
cultivated deep\sater and elongating wild rices for 
their resistance to or tolerance lor YSB infestation. 
The test plants %.ere planted in pots in ascreenhouse. 
At 42 d after so,,ing. the seedlings were placed ini 
empty oil drum, %ahere the %%aterlevel was raised to 
88 cm to promote elongation of the rice stems, 

Plants at the rapid elongation stage were infested 
with YSB larvae at 2 larvae per tiller. At that stage. 
the stems were succulent and the plants w+ere prone 
to insect attack. Four weeks after infestation, all 
stems of each accession were dissected, the number 
If damaged stems counted, and the damage percent-
age computed. Larvae and pupae of YSB recovered 
during dissection were counted. and their lengths 
and veights recorded to determine if the resistance 
was due to antibiosis. 
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The percentage ofdamaged plants among the rice 
accessions varied significantly. IRRI accession 
103639 (Oirv:a ,,lawriitna) had the lowest YSB 

damage(.5( ) %hile nine otheraccessions-- 1(M216
(0. rilipon . 1he'rima),103636 (0. 103995(0. 

tvlate-rinia , 104000 I O..tla/wrima), 104014 
(O.glubhe'rima), 104081 (0. harthii). 104406 (0. 
.ativa/(. uivara). 104513 (0. .Iah/riina). and 
104514 (0. ,th/errimna).-had I)1,; stem damage. 

The cultivated DWR varieties RD I )(IBKN986
147-2) %ith 50(% external damage (deadheart/ 
whitehead). Ban-Oh (IRRI accession 4790) with 

32 . and Ba Thiet (IRRI accession 16693) with only 
8,' seent tolerant of YSB attack. Tlhy will be 
studied turther for their mechatisns ot resistance or 

tolerance. 

OFt:F-SL-AS(N 1IAVIOR Of STEM tO)RI-RS IN 

I)I+T% A]IFR RI(CIH-II:I D:s 

In collahoration %kith Orissa Universitv of Agricul
ture and Technolog,,. Bhubaneswar. India, we stud
led otff-season acti ities of rice stem borers (Slis) in 
DWR fields. Weekl\ sbrv ati ns on I)WRt uhbles 
from January to imid-March 1990t revealed 15-22' 

infestation of stens with diftereit species, of Slis. 

Three major SB species were recorded in the stubble: 
vello stei borer (7(, ), striped stem borer (20(%), 
and pink stem borer (104 1. 

During the first 3 wk of January. 71-77(/- of 
stubble stems were found to contain SB larvae. After 
the fourth week oft January . the larval and pupal 
populations in the stubble gradually declined. In the 
first week of March only 55('f contained pupae. and 
bv the second week )I Narch stubbles were found to 
contain no larvae or pupae. 

Sit,l(.,\s \I) St5 l- lI 1<R:R<R-SIS IAN E 
Previous studies have demons'rated that silica can 
protect the rice plant fron invading SB larvae. We 
evaluated 20 cultivated DWR varieties and 18 elon
gating wild rices for their silica-absorption capabili
ties. Plants \%ere grown in culture solution with 
50 ppm silica throughout the experiment. Plant 
samples taken 42 d after sosving \Aere ((en-dried. 
cround. atnd analyzed for silica cotltelt. 

The amount of silica in the tissues of the differew' 
rice accessions differed significantly (lable I8). The 
cultivated DWR varieties absorbed more silica than 
did their wild relatives. RDI9 absorbed the highest 
amount( 17.31 %).and the wild rice 0. nivara (acces



Table 18. Percent silica content of selected deepwater
cultivars and elongating wild rices grown In culture 

tolerance genes found in traditional varieties, and tile 
reduction of soil stresses by water management 
r 
appropriaIte to diffIerent subecosvstems would ira

pro'e yield and its stability in tidal wetlands. 

Improved germplasm and 
management for tidal wetlands rice 

The nain objective of the project is to conduct 

prebreeding research and laboratory or greenhouse
 
experiments related to soil and climatic stresses of
 
tidal wetlands. To assist national aoricultural
 

research systems (NARS) in their varietal improve
nient efforts. IRRI generates breeding materials and
 
distributes them for evaluation and selection in lar

ect environments. 

T(i)t.I..-N(t; Ii)t SAIINtIY AND St I EttIR(;FN(T-


Tidal wetlands near seacoasts are subject to both
 
salinity and sublnergence. Flash floods cause sub
mer,,ence bit are helpful in that they reduce salinity
 

and bring nutrients. Althout'lh the traditional v:t e
ties FR I 3A. FR-13t. Kurkaruppan. and Thavalu are
 
tolerant of 12-14 d ol complete submergence. they
 

are not salt-lolerant. On (the other hand, good sa!t
tolerant \arieties like Nona Bokra and Pokkali are
 
sensitive to subinergelice.
 

. 

A progian to develop lines with improved p!ant 
type and tolerance fir solinity and submergence was 
initiated in 1986. Crosses between traditional sub

ieroence-tolerant varieties and improved sah-toler
ant lines ,%ere evaluated and selected for tolerance 
for both stresses: I I advanced lines were found to 

possess the desired traits. Aiong then IR4259X-B
13-B-B- 12-1-2 from the cross FRI 3A/IR 17494-32 
shoed tie highest level of tolerance and is an ideal 
tonor for inproving tid:ml wetland rices. 

(ireenhouse and field mass screening of advanced 
lines against soil stresses including salinity, alkalin
ity. Fe toxicitN. Pdeficiency, and Zn deficiency were 
continued. About 141 of the 16,677 entries screened 
were found to he tolerant and were used in develop
ing breeding materials for NARS. 

PLn,,RM..\Nut- (it x\ 'S.tit-t,,kt..\NV t~l-S 
Ten promising salt-tolerant rices, selected from massscreening trials since 1988, wern_ tested for yield 
performance in coastal saline soils during 199(0 in 
Santo Tomas, Parnpanga. in tine dry season and in 
Bani, Pangasinan, inthe wet season. At both sites, 
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solution with 50 ppm silica. IRRI. 

Accession Variety 

no. 


39174 RD19 (BKN6896-147-2) 
6542 Bada1 106 
6539 Fulkari 715 
26427 Arichadiga 
6504 Kharna 49-8 
6554 Laki 720 
6552 Laramon 720 
6576 Laki 383 
6508 Laki 491 
104723 0. rufipogon 
101967 0. nivara 
6560 Joalbhanga 499 
6568 Laki 557 
101971 0. nivara 
10!943 0. ruhipogon 0. nivara 
104081 0. barthni 
6503 Biroin 539 
6497 Laki 495 
6537 Laki 488 
6566 Baguamon 436 
5811 Baisbish 
105568 0 rufipogon 
6540 Bazail 407 
101991 0.ruhpogon 
101966 0 nivara 0.ruhpogon
101993 0.nivara 0 ruhpogon 
105199 0.Iongistamnata 
102168 0 nivaraO rufhpogon 
28539 Jaladhi 2 
4347 Bir Co Tsan 
6505 Katia Bagdar 348 
101947 0 latifola 
100635 0 ruhpogon 
104711 0 rufpogon
101979 0 nivara 
100939 0 barth 0,glaberrima 
104296 0 barthi 
100897 0 nivara 

sion I(M897). the lowest ( 12.0511 ).The reactions of 
these two accessions, crowkn under different silica 
levels, are being tested to deterin ine if their silica 
absorption abilit, can alfecl their resistance or sus-
ceptibilit, to YSB. 

Subprogram I1:improvedproductivity and sustainability of
tidal wetlands rice 

Wide \,ariabilit, in rice ,ields of tidal wetlands is 
attributed to submergence and stresses associated 
with salinity, acidity, and peatiness. Exploitation of 

Silica 

content 
(%) 

17,31 a 
16.75 ab 
16.62 ab 
16.03 abc 
15.73 bcd 
15.46 b-e 
15.21 c-f 
14.94 c-g 
14.90 c-h 
14.87 c-h 
14.84 c-h 
14.78 c-i 
14.76 c-i 
14.64 c-i 
14.62 c-i 
14.60 c-i 
14.54 d-i 
14 52 d-i 
14.47 d-j 
14.46 d-j 
14.04 ek 
14.00 e-k 
13.95 e-k 
13.87 II 
13.86 f-l 
13.62 g-m 
13.52 g-n 
13.40 h-o 
13.38 h-o 
13 37 h-o 
13.29 i-o 
13.01 j-o 
13.00 -o 
12.87 k-o 
12.40 I-o 
12.16 mno 
12.05 no 
12.03o 



Table 19. Grain yield of 10 rices on 2 coastal saline soils 
In the PhIlippInes, 1990. 

Grain yield (t/ha) 
Entry 

0 kg N/ha 50 kg N/ha 

Santo Tomas, Pampanga 
IR32843-92-2-2-3 2.14 a 2.06 a 
IR14632-2-3 1.90 ab 2.03 a 
IR19743-40-3-3-2-3 1.94 ab 2.00 ab 
IR30168-63-1-5-2 1.67 bc 1.73 bc 
IR31361-8-3-2-2 1.70 bc 1.66 cd 
IR31375-5-2-1-3 1.55 c 1.62 cd 
IR26916-13-1-1-2-1-1 1.58 c 1.55 cd 
IR28178-111-1-2-3 1.33 cd 1.42 cde 
IR51491-AC4-7 1.38 cd 1.40 de 
IR38701-49-2-6 1.18 d 1.26 e 

Mean 1.64 1.67 

Bani. Pangasinan 
IR32843-92-2-2-3 2.51 a 2.48 a 
IR14632-2-3 2.28 ab 2.45 a 
IR19743-40-3-3-2-3 2.39 a 2.33 ab 
IR30168-63-1-5-2 1.87 c 1.83 c 
IR31361-8-3-2-2 1.90 bc 1.96 bc 
IR31375-5-2-1-3 1.75 c 1.82 c 
IR26916-13-1-1-2-1-1 1.92 bc 1.88 c 
IR2817b-111-1-2-3 1.83 c 1.86 c 
IR51491 -AC4-7 1.74 c 1.79 c 
IR38701-49-2-6 1.62 c 1.71 c 

Mean 1.98 2.01 

soils are classified as Typic l-taplaquetl and salinity 
is caused by tIleinundation of brackish water from 

tidal creeks. "Ixkolevels oflN were used to determine 

the effect of N or, increasing yields, 
Wet season yields in Bani were higher than tile 

dry season yields in Santo 1[mias. At botlI h)cations, 

1R3243-92-2-2-3 produced tilehighest yield. 
IR14632-2-3 and IR I9743-40-3-3-2-3 also) gave 
yields of about 2 t/ha ('Table 19). In additioni t)soil 

variations, the seasonal effect on salinity levels 
accounts for the difTerences. The salinity level in 

Bani ranged from 7 to 10 dS/n, that at Santo l'oni;as 
was 9-12 dS/n. This difference was principally due 
to diluion from rain during the wet season. 

Ihe addition ofS() kg N/ha didlnot increase yields 
signil'icaitly at either site. '[he total N level ilboth 
soils was ollv moderate.0.13 to 0.I f. Itappears 

that any beneficial effect of N is nulIilied by salt 
stress.
 

ENVIRONMI/tIAI. l!.l-("S ()N SALT 'I()-.IR\N([ 
Ilnan effort 1t understand specific characteristics 
related to salt-,Ierance. %c compared Nona Btokra 

(salt Iolerant) and IR,2 (scnsitive). "I'he efTects otf 

salinity. relative huiiti (I,. andteniPerature 

were studied under cot'ntrolled cnvironimental condi
lions in the phytotronl. 

Salinitx increased Na and CI content. Concentra

tions were higher in sheaths than in blades in both 
varieties (Table 2)1. Within %.arieties,however. Na 
and Cl \\cre hiher in older blades and shCathls of 

Nna Bokra., but illvomLuger blades ;nd sheaths of 
IR2,. Nona Bokra tI}seses a inechanisn to keep 
the concentration of to\ic clements at a low level ill 

younger blades. Salinity depressed the K contents of 
all blades and sheaths as well as tileratios of K:Na 
and CI:Na. 

IncreaNse ili RII imlpro\ed s,lttolerance in both 
varieties. The Na and Cl content in blades and 
sheaths decreased with higeher levels of' RII ITable 
21). On the other hand.inecrease in temperature 
raised the Na and ('I concen trations. The effect was 
more pr o: uned in N(ma iokra than in IR2X. Tran
spiration sas higher at higher temperature and lower 
RI I for both varieties (Table 22). 

Table 20. Effect of salinity on total uptake of Na, K, and Cl in blades and 

sheaths of 2 rice varieties. 

Uptake (mmol) 

EC (dS/m) Nona Bokra IR28 

Na K Cl Na K Cl 

Blade 
Control 0.45 14.90 8.09 0.29 12.40 4.76 

4 3.65 6.90 6.89 2.96 7.18 5.68 
8 4.42 6.23 9.27 4.52 5.09 9.19 

Sheath 
Control 1.12 24.60 9,59 0.58 13.80 4.86 

4 6.28 12.10 8.72 4.53 7.29 6.60 
8 12.76 8.84 14.20 9.26 3.44 10.00 
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Table 21. Effect of salinity and relative humidity (RH) on total uptake of Na, K, and Cl in 

shoots of 2 rice varieties. 

Uptake (mmol) 

EC (dS/m) Nona Bokra IR28 

60% RH 80% RH Mean 60% RH 80% RH Mean 

Control 0.87 1.27 
Na 

1.07 a u.73 0.86 0.80 a 
4 8.06 7.28 7.67 b 6.64 5.08 5.86 b 
8 13.51 9.33 11.41 c 11.02 6.10 8.56 c 

K 
Control 

4 
8 

32.84 
19.63 
8.32 

35.43 
27.28 
14.49 

35.14 a 
23.46 b 
11.40 c 

21.49 
7.95 
3.76 

22.01 
13.07 
5.74 

21.75 a 
10.51 b 
4.75 c 

Control 
4 
8 

11.84 
9.70 

12.59 

11.81 
10.23 
11.07 

C/
11.82 a 

9.91 a 
11.83 a 

5.99 
6.53 
9.54 

6.53 
6.92 
7.05 

6.26 a 
6.73 a 
8.30 a 

Table 22. Effect of salinity,RH, and temperature on transpiration of 2 rice varieties. 

Transpiration (g/dry shoot per d) 

EC (dSm) Nona Bokra IR28 

60% 80% 29 'C 35CC 60% 80% 29 C 35,C 
RH RH RH RH 

Control 10.9 133 18.6 26.1 24.0 16.5 209 27.5
4 18.3 126 17.2 26.8 23.3 16.8 21.2 26.8 
8 15.8 11.7 14.6 22.1 20.3 15.4 21.2 26.9 

R!izOSi'lERI AND IRON tOXItITY G-NFR..VIJON Of- BRIEDING MtI..\TRIAI.S 
There is adearth of inl'onaltion on the influence of In 1990 s e produced 50 advanced hulk populations 
the ,hi/osphere Of. submerged rice oil nutrient up- or acid and acid sulfate soils, and 45 for saline soils. 
take. We studied in the Lihora orv the effect with The, ,%ere uiven to collahboratine NARS (India, 
time of different rice %arieties om the chanles of pH1. Indone,;ia. Sri Lanka. and Thailand' for evaluation 
and exchan.eah'- and total Fe in the rhizosphere of and selection at their ke) sites. Acidity-tolerant 
four reduced soils. Seven- to I I-d-old seedlings of malerials were derived from crosse s inVolving 
four IR culti, ars vere inserted bets, een 2 cylinders Mahsuii. Khao l)awf. Mali 105. Suakoko. Kuatik 
previously packed with an anaerobically reduced Putih, and three bulu varieties-Ketan Banteng, 
Paleudult pH 3.3. active 1:-- 2.11 ;;).Thin 0.2-min Ktani Lunmu. and Osok. Nona Bokra and Pokkali 
section,, from the root plane were analyzed. Results are still the best ,alt tolerance donors. 
show that reeardless of cultivar. the pH-1rose rapidly 
from 4.3 to 6.X 'kithin 4 mm distance from the root. FrTL:R PLANS 
Oxidized Fe reached 9 mol/kg (xl1) at 0.2 mm Mass screening for soil stresses will be continued to 
from the root plane, declining rapidl%to zero within support the development of advanced breeding 
4 tmrn. Tile lower pH and the presence ofoxidized Fe materials for use by NARS and to identify new 
nearer the toot are likely to be acombined result of' sources of tolerance. Elite lines identified by NARS 
the efflux ot H from tile root cell, and oxidati,n by and IRRI wvill he evaluated f.," yield. Breeding 
0. diffusing from the root. This prevents the accu- materials for NARS will continue to be generated. 
nulation Of toxic amounts of Fe wifbin the Research on \vater tnanagement wiil be initiated. 
rhizospher2. 
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Cross-ecosystems research
 

In 1990, the first year of IRRI's new program 
structure, the Cross-Ecosystems Program 
developed and improved its operational 
mechanisms, made substantial advances in 
research, and identified and adopted new 
thrusts and emphases in pursuit of IRRI's 
strategy and work plan. 

In genome manipulation, we have trans-
ferred genes for brown planthopper (BPH) 
resistance from 0. australiensis to an elite 
breeding line, and have created hybrids 
from crosses between IR cultivars and the 
wild species 0. eichingeri, 0. alta, and 
0. rhizomatis. Genes for blast (BI), bacterial 
blight (BB), and whitebacked planthopper 
resistances have been located by restriction 
fragment length polymorphism (RFLP). 
Cultivars that are able to stimulate biological 
nitrogen fixation have been identified. 
Linkage relationships between isozyme 
markers and RFLP markers have been 
determined. A single dominant gene has 
been identified conferring the BI resistance 
in 0. minuta/O. sativa. We also have evi-
dence that BI resistance derived from 
0. minuta may result from decreased spore 
adhesion. Anther culture has been used to 
develop true-breeding lines for resistance to 
rice tungro disease (RTD); materials tolerant 
of salinity and alkalinity have also been 
identified and included in international test 
nurseries. 

E. ,luation of IRRI's conserved germplasm 
has similarly identified sources of resistance 
to sheath blight (ShB) and has vigorously 
screened for resistance against several 
insect species. In screening wild rices for 
resistance to viral diseases, we have identi-

fied various accessions showing antibiosis 
to green leafhopper (GLH) and also resis
tance to both forms of RTD virus. Our 
germplasm data bases have been substan
tially expanded, especially in relation to viral 
diseases and cultivar genealogy. 

Varietal differences were found among 
values determined for that critical grain 
moisture below which cracking occurs 
during drying. Prototypes and laboratory 
models of dryers have been successfully 
tested as have low-cost rice mills of three 
sizes suited to women operators, to small 
groups of farmers, or to village-level coop
eratives, respectively. Trials have been 
concluded for two models of a stripper 
harvester and for a thresher designed to 
cope with long damp straw. Instrumental 
techniques for measuring cooked-rice 
hardness have shown correlation with 
judgments of a sensory panel; hence, we 
improved our procedures for measuring 
rice-gel consistency. 

Factors affecting adoption of modern 
rices and technologies as well as policy 
constraints to increased rice productivity 
have been assessed. IRRI's world rice statis
tics data base was strengthened; predictive 
models have been developed for future 
global demand for rice, and for regional 
demand for rice, wheat, and coarse grains. 
Our simulation models for crop growth--for 
both rice and nonrice species-have been 
refined, and deterministic soil-hydraulic 
functions identified. In ecosystems analysis, 
we have characteri.,ed IRRI's rice research 
sites in several collaborating countries, and 
have digitized various geographic informa
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tion system data bases for e;ectronic 
processing. 

Simulations and detailed microscale 
studies of microbial and chemical (oxida
tion) processes near rice roots in submerged 

soil showed that conditions within 4 mm of 

a root can be substantially different from 
those in the bulk soil. Simulations were 

structured for the transport of gases through 
rice plants and roots. Microbiological studies 
showed that mineralization of N was more 

rapid following incorporation of Sesbania 
than of rice straw. 

In pest science and management, struc-

tured simulation models for the develop-

ment of BI and for the effect of BI on rice 

growth predict that earlier BI onset causes 

greater yield loss. We have evidence that 

ShB in rice can infect succeeding nonrice 

crops. We have differentiated BB strains 

according to their DNA type, thereby deter-

mining that within individual (Philippine) 
fields there exist several distinct strains, 
Among bacteria isolated from Philippine rice 

seed samples, about 4% have been found to 

be pathogenic fluorescent pseudomonads. 
Studies of the ragged stunt virus showed 

that the noncapsid protein was similar to 

that of other tenuiviruses. Measurements 
indicated that GLH can transport RTD over 

distances of 3 km. Rice resistance to leaf-

folder (LF) is associated with deterrence of 

neonate larvae by surface chemicals, and we 

can now rear LF and yellow stem borer 

using appropriate artificial diets. Taxonomic 
research has identified new invertebrate 

pests of rice and fungal pathogens of LF. 

Measurements in upland ecosystems have 

shown two weed species to have higher 
photosynthetic rates and greater efficiencies 

in using both water and N than two upland 

rices, 
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Subprogram I: Germplasm evaluation 

Evaluation of conserved germnplasm 

This project seeks to gain greater knowledge of the 

gernplasincolle:tion at IRRI. sothat itspotential for 

use in rice hnpro~ement will be iore fully and 
efficiently exploited in the future. 

Gt-rn't..\ss t)i-LIIN.. tON to IRRI sTAHi 
MOR TAR(iE'tIt) ,I_.AIATION 

A total ot51.321 samples of rice gemiplasm, includ

ing wild species and 0. gahbcrrimta,were distributed 
Lwithin IRRI. The largest users were the pathologists, 

entomologists, and the physiologists in the cross

ecosystems program. Of 102 accessions directly 

used by plant breeders for hybridization purposes, 19 

were requested for in situ hybridization under the 
wide hybridization project. 

Expanding the passport data base for develop

ing core collections. During 1990. we further ex

panded the data base that gives intorniation about the 

sites where gennplasm was collected. The data base 

now contains records on over 12,(M}O acccssions and 

2,(X)O newly received samples of gerniplasn. 

Using information on origin and cultural type 

from the passport data base. we have been able to 

designate a preliminary core collection for the West 

African cultivated rice Or3:a*,Iaber'ima. The geo

graphic distribution and cultural types of this core 

collection have been determined. 
Studies suggest that stratification of geriplasm 

and choosing gerniplasm that represents broad ge

netic diversity would enable us to efficiently find 

resistance to various traits. For stresses that have 
been extensively evaluated in certain places. con

centrations ofresistant gerinplasm can oten be found 

among germplasm from other places. 'There isa high 

proportion of gerinplasn resistant to the GLII in 

s(me Middle East countries where this pest is not 

reported. Gerinplasni resistant to the WBPI-l is more 

frequent in South Asia although the pest is distrib
uted worldwide (Table 1). 

When the distribution of specific traits is studied 
in sequential sets of accessions, somc traits, such as 
resistance to BI and GLII. are rather uniformly 
distributed throughout the germplasrn collection. 
Other traits are clustered among accessions of a 
particular type, such as improved breeding lines 
(Table 2) or those of a particular geographic origin. 

I 



Table 1. Percentage of 0. sativa accessions conserved at IRRI that were found to be 

resistant to 4 pests In 6 geographic regions., 

Region 

East Asia 
Southeast Asia 
South Asia 
Middle East and Europe 
Africa 
America 

Accessions (%)with observed resistance to 

Blast Green Brown Whitebacked Expected 
leafhopper planthopper planthopper resistanceb 

(%) 
12.4 4.3 5.8 5.1 16.7 
16.6 12.0 14.9 18.2 16.7 
16.3 29.4 56.2 53.8 16.7 
16.6 38.0 5.1 6.4 16.7 
24.5 12.0 13.2 11.3 16.7 
13.7 	 4.3 4.8 5.1 16.7 
a b b b n.a. 

'Aletter below each column indicates consistent (a)or not consistent (b)with the expected distribution at 5% level 
of significance using the chi square statistic with 5 d.f. 'Assuming a uniform distribution across geographic 
regions. 

Table 2. Actual occurrence of resistance to 4 pests In sequential blocks for the first 50,000 
rice accessions conserved at IRRI.' 

Occurrence (%) of resistance observed 
Acc. no. 

Bacterial 
blight 

Blast Green 
leafhopper 

Brown 
planthopper 

Expected' 
(%) 

40,001-50,000 10.1 18.0 18.3 9.3 20 
30,001-40,000 18.0 28.2 29.5 25.9 20 
20,001-30,000 14.8 17.7 20.2 4.8 20 
10,001-20,000 6.9 18.4 18.0 38.0 20 

1-10,000 50.1 17.5 14.0 21.9 20 
b a a b n.a. 

jA letter below each column indicates consistent (a)or not consistent (b)with expected distribution at 5% level 
of significance using the chi square statistic with 4 d.f 'Assuming a uniform distribution in sequential sets of 
accessions. 

An understanding of how traits of interest are distrib-
uted geographically or among certain types of 
germplasm can lead to bettcr evaluation of specific 
traits. 

We expect the number of samples distributed to 
decline as evatuation focuses on specific subsamples 
for targeted evaluation. On the other hand. we expect 
the number of samples distributed off the IRRI 
campus to increase as consortia are established and 
new country programs begin. An improved data base 
in relation to the cultural type of gernplasm in the 
International Rice Gernplasm Center and extended 
isozyme classification of germplasm will help im-
prove our knowledge of varietal groups of different 
areas. 

INTERNATIONAL RICE GENEALOGY DATA BASE 
IRRI isdeveloping apermanent computer data base 
of record., on the genetic ancestry of rice varieties 
and of hybridizations made in national programs. 

Our files now include genealogies of almost 1.8(X) 
post-IR8 varieties released by national programs, 
1,600 older (pre-IRS) varieties that farmers still 
grow or that rice breeders use as parents, and 86.000 
crosses made in national programs."Progenitorcards" 
have been filled out on the parents and grandparents 
of all cultivars. 

From these data, the ancestry of most cultivars 
can be traced back to the original land races. The 
"fiundation data" are now being computerized. The 
format iscompatible with the IRRI History of Crosses 
computer program (65.000 IR crosses). Next, we 
will integrate the two data bases. We plan to make the 
system far more extensive, with more potential 
benefits, by "harmonizing" it with the voluminous 
INGER and IRRI germplasm bank data bases, then 
with IRRI Library's computerized International 
Bibliography of Rice Research. Eventually. this will 
ie a worldwide computer program on the genealogy 

of rice varieties and crosses so that scientists any
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where can request pedigrees ofvarieties or breeding 
lines. 

No, only can the computer program be used as a 
tool to search for sources of genetic resistance, it can 
also help detennine genetic diversity if rice re-
searches, like animal scientists, develop measure-
trents of consanguinity. 

DEtELOPMINT AND UPDATING OF RICE VIRUSES 
DATA BASE 

A Rice Viruses Data Base (RVDB) has been devel-
oped, involving changes in trait names. RTV (rice 
tungro virus) has been changed to RTD (rice tungro 
disease). The current RTV data in the gene bank 
(GB) files will be referred to as R'I'D-1.,. A nev, trait. 
called RTD-SS. used since the 1987 screening, will 
be added. This ne\, trait makes use of a modified 
screening method and a different scoring system, 
RSV will no% be called rice ragged stunt virus 
(RRSV) toavoid contusion v ith another virus knov,n 
in East Asia as rice stripe virus. GSV will now be 
called rice grassy stunt virus (RGSV). Its t o strains 
and two corresponding traits in the GB file namel%. 
GSV and GSV. will now be called RGSV and 
RGSV,. respectively. l)ata since 1987 %sill be classi-
tied under R(iSV.. 

The newA systemn skill I I pro,,ide access to infor-
mation on variety name and country of origin for a 
given gernplastn bank (GB' accession number. 2) 
output information fora particular batch of materials 
to be screened. 3) print data sheets to be used in 
scoring ,.%ith information on accession nutiber and 
variety name. 4) provide input and edit screens to 
update the RVDB. 5) enable users to query the data 
base and print sumniary reports. 6)provide a facility 
to store additional infornation based on further tests 
to be conducted on resistant varieties (after RTI)-SS 

mass screening, data sheets will be generated for all 
accessions with RTD-SS score of less than or equal 
to 4). and 7)provide a facility to input remarks on tile 
resistance/tolerance ol a variety to the virus/vector, 
based on the results of tie RTD mass screening and 
retesting. 

The updated RVDB re.,vealed tht flr RTI), 15,795 
accessions or 20.5'{, of tfie total gennplasnl bank 
collections have been tested for RTD- ,. of which 
56(113.51,; ) were resistant (R) (less than 3014 infec
tion) (Table 3). These R varieties originated mostly 
in South Asia (India, Bangladesh. and Pakistan) 
(Iable4). Oily 4,473 accessioins. or5.8X' ofthetotal 
gernplasrn bank collection originating mostly in 
India and Bangladesh have been screened for RTD-
SS V itlh I 12 R accessions (2.51 ). For RRSV, 13,759 
accessions or 17.11/ of the total GB collections have 
been te.ted and 336 (2.4',; ) found resistant. These R 
varieties catte inostly from Southeast Asia (Indone
sia and Malaysia). India. and Sri Lanka. For RGSV,. 
8_376 accessions or 101.91,,; ofthe tot:l lGB collection 
have been tested and 809 (9.7( ) vkere resistant. 
originating mostl in India. Indonesia, and the Phil
ippines. Of the 259) accessions tested lfor R ;SV,. X 
orivinating in China and India Aere resistant. 

S( Rt:FNIN( AND C'IARAtRTI ON 

i. R-.sSISt\N( I. I) VIRAL. DISE-AS.S 

Wild speciesofriceareexpected tohave sotUe useful 
genes for resistance to tungro. A core collection of 
263 accessions. representing the genetic diversity in 
the genus O)ryva, ,,as selected fron various regions 
and species. We have been multiplying the seeds of 
these acces,.ions and screening therm fortungro resis
tance. Prior to screening the core collection, 20 
acce-,sions ( 16 of %kild species and 4 of O.,,laher
rina),were tested for antibiosis to GI.l I. resistance to 

Table 3.Distribution of varietal reaction of germplasm bank accessions ev&!uated against
rice tungro disease (RTD), scores based on percentage (%)and severity score (SS) for rice 
ragged stunt virus (RRSV) and rice grassy stunt virus (RGSV) strains RGSV, and RGSV,. 

Tested, Accessions (no.) with given varietal reaction 
Trait 

no. % Resistant Intermediate Susceplible 

RTD-% 15,795 20.5 560 3,348 11 887 
RTD-SS 4,473 5.8 112 1.455 2,906 

RRSV 13,759 17.1 336 4,906 8,517
RGSV. 8,376 10.9 809 1,985 5,582
RGSV, 259 0.3 8 212 39 
'Percent of the total collections (77,175 as cf December 1990) tested as of November 1990. 
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Table4. Geographical distributionofaccessions resistant to rice tungro disease (RTD), rice
ragged stunt virus (RRSV), and rice grassy stunt virus strain 1(RGSV,). 

%of total accessions % of resistant accessions 
Geographical region, 

RTD RRSV 

South Asia 6 2 
Southeast Asia 1 3 
East Asia 0.4 1 
Middle East 2 0 
Latin America 0 2 
Africa 0.6 1 
North/Central America 0 2 

Values were zero for Europe, USSR, and Oceania. 

rice tungro bacilli form virus (RTBV) and rice tungro 
spherical virus (RTSV) infection, and tolerance for 
tungro. 

A 10-d-old seedling ofeach accession was placed 
in a test tube with 5 GLH nymphs (2d instar) at 10 
replications to test for antibiosis. The antibiosis of' 
each accession was rated on a scale of 1-5 for the 
daily number of GLI nymphs surviving for 3d after 
caging. Fifteen-day-old seedlings were inoculated 
for4 h with 10 viruliferous GLHI adults per seedling, 
Three weeks after inoculation. the leaves were 
sampled individually to test both RTBV and RTSV 
by enzyme-linked immunosorbent assay (ELISA). 
The severity index of each accession was scored at 
4 wk after inoculation, 

One accession of O. o ficinalis(105365) showed 
high antibiosis to GLH and resistance to both RTBV 
and RTSV infection (Table 4). Two accessions each 
of0. nivara( (102175, 105333),O.pun'tata 103896. 
105158), and 0. minuta (101126. 101141) showed 
high antibiosis to GLII and resistance to RTSV 
infection. In spite of low antibiosis to GLH and 
severe infection with RTBV and RI SV. three acces-
sions of0. nivara ( 102463. 105409. 105417) showed 
a low score of*symptom severity, indicating Ioler-
ance for RTD. When four accessions of O. glaber-
rina were inoculated with viruliferous GLH. they 
showed severe systemic necrosis, and no plants 
survived beyond 3 wk after inoculation. This necro-
sis was also observed in all accessions of O. harthii 
tested. The accession of 0. ojjcinalis from Thailand 
may be a useful genetic resource for its resistance to 
both RTBV and RTSV infection (Table 5). When the 
accession was reexamined with two other accessions 
of the same species from Thailand, no plant showed 
infection with RTD (Table 6). We are currently 
transferring its resi.stance gene(s) into O. sativa. 

RGSV, RTD RRSV RGSV1 

11 
12 
1 

36 
5 

26 
4 

88 
9 
0.7 
0.5 
0 
1 
0 

28 
66 
1 
0 
2 
1 
0.9 

53 
27 
2 
3 
1 

11 
2 

Our next step will be to complete the screening of 
the core collection, and determine whether resis
tance to RTD is specific to genome, species, and/or 
habitat. 

RESISTANCI- OF CONS-RVED G-RMPI.ASM 

TO NONSPI'CIALIZiE) PATIIOGNS 
Resistance to sheath blight. Over 800 accessions of 
cultivated rice, including i60 accessions of the Afri
can cultigen O)rva ,laherrina, were evaluated for 
resistance to ShB caused by Rhiizoctonia sohmi. 
Among the 0. saliva accessions. 280 were tradi
tional rice varieties from Laos and 371 from Banaue 
in the Philippines. The entries were manually seeded 
in three 50-cm rows with 5 hills each per entry. The 
distance between rows was 15 cm with 10 cm 
between hills. IR62 and IR58 were the resistant 
and susceptible check. Plants were inoculated 45 d 
after seeding (DAS). using 10- to 14-d-old inoculum 
of R. solani grown in rice hull/rice grain medium 
(3:1 vol/vol). About 5ml of the inoculunl was placed 
at the center of each hill. To provide optimum con
ditions for ShB development, tile inoculated plants 
were sprayed with water three times daily with a 
po%,er sprayer. Lesion height fron F) randomly 
selected tillers of the center row of each entry was 
measured at 15-20 d after flowering. The relative 
lesion height-lesion height as a percentage of plant 
height-was designated as severity index. No entry 
was rated highly resistant (Table 7). Accessions with 
reactions of resistant (R) and moderately resistant 
(M ') will be reevaluated. 

Evaluation of wild rice for resistance to sheath 
blight. Of 25 representative accessions ofO. minuta 
evaluated in the greenhouse for resistance to ShB. 23 
were resistant, and 2 moderaely resistant (Table 8). 
Relative lesion height ranged from 1.4 (Acc. no. 
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Table 5. Reactions of accessions from several Oryzaspecies to green leafhopper (GLH) and 
tungro disease (RTD). 

IRRI Anti- Plants Infected plants ( ) 
Genome Species acc. Origin biosis tested Average 

no. to GLH, (no.) RTBV4- RTBV RTSV severity, 
RTSV alone alone 

AA 0. nivara 	 102463 Bangladesh 5 38 74 26 0 3 
102175 India 1 18 0 78 0 5 
105333 India 1 49 2 59 0 2 
105409 Sri Lanka 5 39 69 18 3 2 
105417 Sri Lanka 4 18 50 11 6 2 
105456 Sri Lanka 4 3 67 33 0 5 

AIA9 0. glaberrima 	 100139 Guinea 5 -C 

100153 Guinea 3 
102569 Liberia 3 
103437 Senegal 4 

BB O.punctata 103896 Tanzania 1 17 0 53 0 2 
105158 Kenya 2 49 0 37 0 3 

BBCC 0. minuta 101126 Phtippines 1 20 5 50 0 3 
101141 Philiopines 1 36 0 56 0 5 

CC 0. eichingeri 105414 Sri Lanka 2 47 47 43 0 5 
CC 0. officinalis 105365 Thailand 1 27 0 0 0 2 

105394 China 3 32 9 81 0 3/7d 
CC 0. rhizomatis 105660 Sri Lanka 1 13 15 31 8 5 

105448 Sri Lanka - 4 50 25 0 3 
CCDD 0. latifolia 100914 Mexico 1 23 57 0 13 3 

AA 	 0. sativa (check varieties) 
ARC11554 21473 India 1 54 2 39 0 3 
UtriMerah 16680 Indonesia 5 54 2 52 0 3 
TN1 Taiwan 5 53 96 4 0 9 
IR22 Philippines 5 57 90 10 0 9 

'I(resistant) to 5 (susceptible) 1(no symptoms) to 9(more than 50%,,plant height reduction and yellow to orange 
leaf discoloration) using the scale of Hbino et al (1939) = no plant survived at 3 wk after inoculation. 
'Segregating 

101081) to 23.1 (Acc. no. 101141). all of which levels of resistance to ShB namely: Suduwee (MR). 
were significantly different from that of the suscep- Ta-poo-cho-z (MR).Gvehwa I (MR).Taducan(MR). 
tible check IR58. All entries will be retested. If Tetep (MR).Zenith (MS), Dawn (S), IR36 (S),IR64 
resistance is confirmed, 0. minuta could possibly IS). Labelle (HS), and IR58 (IHS). 
provide a useful source of resistance to ShB. A l0-cm section from the three uppermost ieaves 

Detached-leaf technique for sheath blight (at booting stage) was obtained from the central 
screening. A detached-leaf technique was used to portion of the leaf blade (where width is unifonn). 
assess the response of II rice varieties with known The sections were washed with 0.0511( chlorox solu

tion, rinsed with distilled water, then placed in 25-x 
Table 6.Tungro resistance of 3accessions of 0. offic/- 150-mim petri dishes lined with wet filter paper at 
nails from Thailand. 5 sections/plate per replication. Three isolates of 

a rice 	isolate (LRI). a sesbania isolateInfected --- R.solani, 
plants, (%) (RS26). and a sorghum isolate (RS54) were used 

IRRI Plants Average in the inoculation. The inoculated sections were 
acc. tested RTBV RTSV seventyb incubated at 30 'C under continuous light. ShB 
no. (no.) alone alone lesion length was measured after 72 hof incubation. 

100986 35 3 9 2 Another set of intact plants in three replications 
105365 14 0 0 2 was inoculated in the same manner as the three105376 29 0 3 2 uppermost leaves, which were then incubated in a 
'Noplants showed RTBV + RTSV infection. 01(resistant) to 5 moist chamber with continuous light at 30 OC. ShB 
(susceptible). lesions were measured I wk after inoculation. 
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Table 7. Reaction of some rices to Rhizoctonlasolanl.IRRI, 1990. 

Total Entries (no.) with given reactions, Entries 
Entry entries (no.) for 

' (no.) R MR MS S HS retest 

Oryza glaberrima 160 5 39 35 1 2 78 
Traditional/Laos 280 16 74 112 6 0 72 
Traditional/Banaue, RP 371 51 174 8 0 0 138 

Total 811 72 287 155 7 2 288 

"HR = highly resistant (0%), R = resistant (1-20%), MR = moderately resistant (21-30%), MS = moderately 
suscept, ie (31-45%), S= susceptible (4C.65%), HS = highly susceptible (>65%). 'Entries that were inoculated 
but developed no ShB symptoms. 

Although varietal differences can be differenti- variety may be resistant to ShB with one technique 
ated by both the detached-leaf and intact-plant tech- but susceptible with another. However. Gyehwa I 
niques, ShB lesion measurements from the detached- was resistant using both techniques. The observa
leaf technique did not correlate with those from tions indicate that, in general, the detached leaf 
intact plants or leaves. The results confirmed a cannot substitute for an intact plant when screening 
previous observation (I RR I Annual report 1987) that for ShB reistance. 

resistance varied betmeen the two techniques: a 

RIcI- t..AFOI.DER REARING ON MAIZI- SII)LINGS 

Table 8. Reaction of selected accessions of Oryza ANt) SCRI:.[-NIN(i FOR RESISt [ANCL 
minuta to sheath blight., IRRI, 1990. The biolo,ical fitness of rice leaffolder -L)Ctapi-

Plant Relative alocrcis,medinalis reared on I(-d-old XV11-5 maize 
Acc. no. height lesion Grade' seedlings was compared with that frt)t rearing on 

(cnl) height t%) 35-d-old TN I rice plants. The naize-reared pupae 

Oryza minuta were heav ier and bigger than those reared on suscep
101080 109 9 1 tible TN I plants (Table 9). Although in a choice test. 
101081 127 1 1 rice-reared LF moths laid more eggs on rice plants. 
101083 122 10 1 
101094 110 15 1 the maize-reared moths were as fecund as those on 

101101 89 10 1 rice plants. Damage caused by maize-reared larvae 
101125 118 10 1 on selected resistant and susceptible rice cultivars 
101126 107 12 1 
101132 113 13 1 was comparable to that caused by rice-reared larvae 
101141 96 23 3 (Table 10). Thus LF can be mass-reared readily and 
101386 95 20 1 more efficiently ott maize seedlings than on rice 
101387 96 10 1 
101141 96 10 1 plants without affecting the feeding behavior of 
103874 103 9 1 larvae and tile damage on test cultivars. 
103878 86 17 1 
104674 111 16 1 
104676 115 21 3 Table 9. Biological fitness of C. medinalls reared on 10
104677 101 11 1 d-old XVH-5 maize seedlings and on 35-d-old TN1 rice 
105123 99 19 1 plants. IRRI, 1990. 
105124 84 11 1 
105131 106 13 1 Leaffolder rearing 

medium,105125 102 8 1 

105126 82 1
14 Fitness parameter 
105132 106 13 1 Maize Rice 
105253 62 18 1 

PupaeOryza sativa 
IR58 71 59 Weight (mg/pupa) 20.3 a 17.8 b 

Length (mm) 9.9 a 9.1 b 
oAv of 3 replications. All entries are significantly different from Width (mm) 2.1 a 1.9 b 
susceptible check (IR58) at the 5%level, using the LSD test. '0 - Fecundity (no. of eggs/female) -A a 241 a 
highly resistant (0), 1-20%!, = resistant (1), 21-30% = moderately 
resistant (3), 31-45% = moderately susceptible (5), 46-65% = 'Ina row, means followed by a common letter are not significantly 
susceptible (7), >65% = highly susceptible (9). different at the 5%level by OMRT. 
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Table 10. Survival of maize-reared and rice-reared C. medinalis larvae 
Infestation (DAI) and damage on selected rice cultivars., IRRI, 1990. 

Cultivar 

Survival (%) ,t
15 DAI for larvae 

reared on 

Adjusted damage rating
(%)with larvae 

reared on 

Maize Rice Mean Maize Rice Mean 

TKM6 21 20 21 a 25 29 27 a 

= highly susceptible (565%). 

SCREENING FOR INSEC17 RESISTANCI-
Of several thousand cultivars from the germplasm 
bank evaluated for insect resistance, additional likely 
sources of resistance to BPH. GLH. WBP[, yellow 
stem borer (YSB), striped sten borer (SSB), and LF 
were identified (Table I I). Only moderate resist-r,ce 
was noted in cultivars selected for YSB resistance. 
These cultivars could possibly be used to incorporate 
resistance through diallel crossing. 

REsISIAN.CE OF WIID RI(ES T INSECITS 
We evaluated 13 wild rice accessions for resistance 
to YSB. SSB, GLH, and BPH. No YSB and SSB 
larvae survived on Orv:a australien.sts (IRRI Acc. 
no. 105165) (Fig. Il. YSB and SSB larvae were 

Table 11. Screening of cultivars for resistance to vari-

Ptb 33 51 41 46 c 43 40 42 b 5
W1263 35 24 29 ab 43 45 44 b 5 
IR36 33 43 38 
bc 99 100 100 C 9 
TN1 44 3,) 40 bc 100 100 
 100 c 9 

"Av of 15 replications, each wth 10 larvaei5 tillers, Based on a 0-9 scale: 0 =highly resistant (0%). 1 = resistant 
(1-20%), 3 =moderately resistant (21-30%. 5 = moderately susceptible (31-45%), 7= susceptible (46-65%), 9 

ous Insect pests. IRRI, 1990. 

Insect pest 

Brown planthopper 
Nilaparvatalugens 

Biotype 1 

Biotype 2 

Biotype 3 


Whitebacked planthopper
Sogatella furcifera 

Green leafhopper
Nephotetix virescens 

Yellow stem borer 
Scirpophaga incertulas 

Striped stem borer 
Chtio suppressalis 

Leaffolder 
Cnaphalocrocis medinalhs 

'For retesting, 

Tested Resistant 
cultivars cultivars 

(no.) (%) 

1428 40 
1436 17 
1435 16 

2883 1 

5163 5" 

2164 10 

602 13 

1333 21 
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at 15 d after 

Damage 
score' 

3 

underweight and only a few survived on Or'v: alia 
(IRRI Ace. no. 1(0111 ) and 0. minuta (IRRI Ace. 
no. 105 126). Likewise, GLH and BP4l biotype 3did 
not develop populations on the above wild rice 
accessions. Although GLH laid a few eggs on wild 
rices. egg hatchability vas unaffected. 

Subprogram I1: Genome manipulation 

Knowledge of the genetic architecture of the rice 
plant is essential in applying the ney. tools of bio
technology. Genome manipulation aims to develop 
improved rice genrplasm for various ecosystems 
through genetic manipulations at cell and molecular 
levels, to widen the rice gene pool, and to increase 
the efficiency of conventional breeding. The objec
lives are to develop a saturated genetic map for rice. 
to tag genes governing traits of agronomic impor
tance. to create novel genetic variation through wide 
hybridization and DNA transformation, an(d to de

velop hornozygous line, i,, asingle generation through 
anther culture. The material thus developed will be 
made available to various rice improvement 

programs. 

Saturated genetic maps 

Gene tagging will facilitate marker-based selection 
for traits that are highly influnced by the environ

t a are igly inflece th e envion
ment and are difficult to select through conventi'nal 
breeding procedures. In 1990. efforts involved es
tablishing a genome mapping laboratory, develop
ing plant materials for gene tagging, determining 
linkages between isozyme and RFLP markers. isola

http:REsISIAN.CE


S. incertulas C. suppressalis 

O. alta 100111 -
0. australiensis 105165 

0. eichingeri 105159 

O.eichingeri 100111 

0. grandiglumis 105165 

0. latifolia 105144 

0. minuta 105126 

0. o'licinahs 100176 

0. officinalis 105079 

0. officinalis 105088 

0. officinalis 105119 

0. punctata 100886 

O.punctata 105158 

Resistant check IR40 

Susceptible check Rexoi

60 40 20 0 20 40 60 

Survival (%) 
I.Sur~ ii l (f iollo,,ten borer and trirp.d ste1 N rer Io ,eI. led ',ildmic.,. IRRI. I990. 

tion of novel aneuploid.s such as secondary trisomics will provide a pennanent mapping resource the 
to locate centronleres onl the linkage map. and as- original map was based on atransient F,population. 
signing genes to specific ,hromosone arms. The RI lines are currently in F, F, lines will be ready 

The new gen ome mapping laboratory is fully for RFI.1' analysis during 1991. Transfer of the 
equipped to conduct molecular biolog\ research current RFLP map will ieundertaken and genes 
primarily devoted to DNA marker technology, governing resistance to BI, BB, and BPH will be 

tagged. 
G-E TAGGING Incollaboration % ith Cornell Liniersitv. RFIP 
Characters of iterest for gene tagging include resis- surveys on the isolines and F,populations have 
tance to diseases and insects (bacterial blight I BB. confined the location of cenes fbr resistance (one 
BI, RTD. GLI. BPH. WBPH), tolerance for abiotic for BB.four for BI, and one for WBPIi) via linkage 
stresses (drought. salt. submergence). N use effi- to RFLP markers. : gene for photoperiod sensitivity 
ciency (NUE). and ability to stimulate biological N, has also been tagged %%ith an RFlIP marker (reported 
fixation (BNF). wide compatibility, fertility restora- under tie Rainfed Lowvland Ecosystem). Isoliies for 
tion. heterosis. and grain quality (amylose content, resistance to RTI) and GI.11 are in the BCF,genera
aroma 1. tion. Ai F, populatiom of I.((X) plants segregating 

Vegetative cuttings of the interspecific RFLP for Xa-21 (resistance derived from 0. ho,,t.vn .
mapping population ( 120 plants of 0. saliva/ natal %%asderived from a BC,F,isoline. This mate
0. Iungistaminata) were transferred from Cornell to rial isbeing scored for BB resistance and DNA Aill 
IRRI during 1990. Only 66 sur-vived the quarantine: be isolated and used for RFLP analysis at Cornell 
during 1991, replacements for the 54 plants that died University. F, populations segregating for other 
will be re-imported to establish the entire mapping resistance genes (Xa-3. Xa-4. ia-5. Xa-7. xa-b. and 
population at IRRI. Va-Jl) are being analyzed at IRRI for linkage to 

A second mapping population (2(X) reconibinant mapped RFI-P markers. 
inbred [RI1 lines) isbeing developed from the indica/ Experiments have been initiated to tag genes wkith 
japonica cross IR34583/Bulu Dalam used to con- molecular markers governing traits that are difficult 
struct the first RFLP map of rice. This population toselect through conventional procedures.We have 
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identified appropriate parents and are generating 
populations for the location of quantitative trait loci 
(QTL) through RFLP analysis for traits such as 
quantitative resistance to BI and BB, drought resis-
tance. elongation ability. NUE, BNF. and salt 
tolerance. 

Three RI populations of 200-300 lines each. 
designed to tag genes for quantitative BI resistance, 
were brought to the F, during 1990. These popula-
tions are of interest for drought tolerance. grow.,th 
duration.and yieldcomponents suchas grain weight. 
number of filled grains per panicle. number of pan-
icles per tiller. ind panicle length. RFLI parental 
surveys have been completed on the populations 

(reported in the Upland Rice Program ). 
Cultivars -howine high and lo\%NUEand relative 

ability to stimulate BNF in greenhouse and field 
experiments have been identified. Potential parents 
will be ,cored for molecular polyvmorphism to iden-
tify appropriate cross combinations for RFLP 
analysis. 

A ,rimilar approach is being taken with respect to 
submergence tolerance for deepswater rice. For the 
tidal %.etlands ecos, stems, parents for crossing were 
selected 2 yr ago on the basis of RF[I_ anal \ sis.. o 
hundred RI line,, dersed frort Nona Bokra/IR28 
ha\e no. bnee adsanced to F. for tagging gene, for 
vegetatikc stage salt tolerance. 

A collaborative programi under the IRRI/Japan 
Shuttle Program) has been humralicd to tag the 
genes for '. ide compatibilit\. Populations for tag-
ging fertility-restorer gene, are being generated. 
These populations \%ill also be e\ aluated for grain 
quality and hetcrotic response. Seed from the paren-
tal line, have been nultiplied to AIi. field tc,,ting of 
these characters. 

A population of 130 doubled haploid I)l1) lines 
produced from an indica/japonica cross (IR64/ 
Azucena has been selected tor stud\ mg the genetics 

of drought resistance, subspecies fertility barriers, 
and BI resistance. (The project is in collaboration 
with UPLB and CIRAD/IRAT.) Preliminary sur
veys have demonstrated an acceptable level of RFLP. 
Seed for these lines is being multiplied and percent 
fertility scored. 

LINKAGE REI.AIONS BE:IWNiiTN ISOZYMI-

AND RFLP M.ARKERS 
Linkage relationships between isozynie and RFLP 
markers were determined from IR36/Ma Hae F, 
segregation. IR36 (Acc. 30416) and Ma Hae (Ace. 
23754) show polymorphism for 14 isozyme loci: 
AEh-..Amp-I.Amp-2. Atlp-3. Alp-4. E.t-I. E.t-2. 

Em- Ip-I. Mal-I. Pgd-I. Pt,i-lI I'gi-2, and Sdlt
/. In F,, 85 plants were examined for their RFLP 
pattern. Cosegregation for the isozyme and RIFLP 
markers was analyzed in F, to determine linkages. 
wkhich "ere calculated usine the LINKAGE I 
prograil. 

The DNA isolated from the leaves of' F, plants 
v.asdigested with seven restricti inen/iro,,(EiaR I. 

,oRV, P.tI, Bam 1l. Iindlll.'hu, DIalI).The 
Southern blots were hybridized using nonradioac
tive di go.igenin-deoxyuridine triphosphate dUll')
laibeled I)NA pro)bes. Thecalldlic constitutionotfl R36 
and Ma I lac lor lyve iso/,ine loci and six RFL.P 
markers is sho.'n in Table 12. RFIP segregation 
.as anlal'.zed using nonradioactive digoxigenin

dUTP-labeled RG probes (Fig. 2.) The results of 
cosegregation for isoz\nle and RIzP markers are 
_iven in Table 13 The RFLP marker RG213 was 
found to be linked svith E.r-2. Amp-i. and PIi-2with 
distances of 1.7. 1.7. and 7.9 nlp units, respectively 
(Table 14).The three iso/.ytie loci -st-2, Amp-3.,ard 
Pet-2 are linked "\ ith RG64 with a distance of 22.5, 
2- .5. and 11.5 map units, respectively. Linkage rela
tionships bensveen three iso/zme and two RFLP 
marker, belonging to chromosnome 6 are shown in 

Table 12. Allelic constitution of IR36 (Acc. 30416) and Ma Hae (Acc. 23754) at 5 isozyme and 
6RFLP ° loci. 

Isozyme RFLP markers with restriction enzymes 
Cultivar 

Est-2 Amp-3 Pgi-2 Mal-I Adh-1 RG64 RG172 RG213 RG173 RG2 RGll; 
(Hind (Hind (Xbal) (Hind (Hind (Pstl)

Ill) 1)I) Ill) Ill) 

IR36 2 1 2 2 1 1 1 1 1 1 1 
Ma Hae 1 2 1 1 2 2 2 2 2 2 2 

IRFLP allele designation: 1 (IR36). 2 (Ma Hae). 
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PI P2 F1 " Figure 3.Sinlilarv, RG I ISixI inked will Adh. I withF2 

hromt nclC units. [it adlition, to the louldim of 7.3hll) 

"' loci reporled in ,1 al- / %d'l located olisozmIl IL8 

chromosomte 7 ironeli Iwkaee mwkskI ith R 11 I 
liarkeil,. It i,,oitle diahtnlc 22.7 ciosover 

R( I 
.mil JRfrombItI.
 

~~In 'itu \brd/aim ',AhIC'hi , ,h rd/ lo 
2.~~~o DNpfomeRpaPr.aaI1 labele DNAer %%]illt~chiveloledi 

P tR.1!tM\ tlaciF and the I- population hIbrdl Ld ot Ilabe d )N..\ prot, .ith clrnl ,,Ol. i iiL i-
R(I IS (20kp pre~ousI , mo,h tiolw, il ilportanlt tecntiqtiue ftrloc"itia gig lCS oiln ippcd t ino11 i 

Table 13. Cosegregalion for isozyme and RFLP markers in F, of IR36,Ma Hae. 

Allelic Plants (ro with 
Marker consti- marker genotype Recornbination Probability 

tution - _ _.---.----- (9% - SE (p) 

11 12 22 

Pgi-2 
Amp-3 11 

12 
0 

10 
3 

37 
14 

4 11 3 - 2.6 0.000 
22 16 1 0 

Est-2 11 16 2 0 
12 10 37 4 11.3 2.6 0.000 
22 0 2 14 

RG64 11 0 1 2 
12 1 22 2 11.5 ±3.9 0.000 
22 7 2 1 

RG213 11 0 1 8 
12 3 32 4 7.9 t 2.6 0.000 
22 11 1 0 

Amp-3 
Est-2 11 1 0 17 

12 0 51 0 1.2 ± 0.8 0.000 
22 16 0 0 

RG213 11 9 0 0 
12 1 38 0 1.7 ± 1.2 0.000 
22 0 1 11 

RG64 11 1 2 0 
12 4 20 1 22.5 ± 5.6 0.056 
22 1 5 4 

Est-2 
RG213 11 0 0 9 

12 0 38 1 1.7 :t 1.2 0.000 
22 11 1 0 

RG64 11 0 2 1 
12 1 20 4 22.5 ± 5.6 0.056 
22 4 5 1 

RG213 
RG64 11 1 2 0 

12 3 21 1 18.5 ± 5.0 0.011 
22 1 4 5 

Mal- 1 
RG173 11 7 2 0 

12 4 16 5 22.7 i 5.3 0.001 
22 2 2 5 

Adh-1 
RG118 11 9 1 1 

12 2 23 1 7.3 ± 2.7 0.000 
22 0 1 12 
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Table 14. Summary of Pnkage relat'. vnshlps among Isozyme and RFLP markers. 

Marker combination Chromosome 

Amp-3 Est-2 6 
Amp-3 RG213 6 
Est-2 RG213 6 
Pgi-2 RG213 6 
Pgi-2 RG64 6 
Pgi-2 Amp-3 6 
Pgi-2 Est-2 6 
RG213 RG64 6 
Amp-3 RG64 6 
Est-2 RG64 6 
Mal-I RG173 7 
Adh-1 RG118 11 

chromosomes. Mitotic chromosomes were prepared 
frorn root tip cells of IR36 and primary trisomics 
digested with cellulose enzymes. An rDNA probe 
(7.8 kb) was biotinvlated and the labeled rDNA 
probe was hybridized with the somatic cnromo-
soies of rice. "F o pai,.,,'4 relatively short chromo
somesoflR36 shov. .-,ihybridlzation sionals(Fig.4). 
Five somatic chrolosomes (2 normlal chromosome 
pairs and one extra chromosome) each in trisomics 
9 and 10 shoed h\ bridi/ation signals. The results 
confirm earlier findings that rihosonmal RNA genes 
are located on chromosnomes 9 and 10 o trice. 

No vti. A\NHt PLOI!) SM 'K". 

We have isolated novel aneuploid stocks from the 
progenies of primar\ trisomics and from pollen-
irradiated progenies. These aneuploids (2n=25), 
recferrcd to as secondary trisomics, ha\e the normal 
clromosomlle collplemetn! aid i extra clromnosomle. 
v,hich has identical anns. On the basis of morpho
logical and cvtological characteristics. 14 secondary 
trisomics hax ebeen identified representing 10 of the 
12 rice chromosomes. These aneuploids are being 
characterized using RFLP markers. Such aneuploids 

225 
"" 225 

"" 185 

"" 113 

12-1 7-- 79 -- 11.5 

Amp-3 Est-2 Pgi-2 RG64 

RG213 
3 Chromnos me 6 sho% ig linkage relationships among iso/yme 
and RFLP markers. 
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Probability Recombination (0) 

(p) ±SE 

0.000 1.2.± 0.8 
0.000 1.7 ± 1.2 
0.000 1.7 ± 1.2 
0.000 7.9 ±2.6 
0.000 11.5 ±3.9 
0.000 11.5 +2.6 
0.000 11.3 ± 2.6 
0.011 18.5 ± 5.0 
0.056 22.5 ± 5.6 
0.056 22.5 ± 5.6 
0.001 22.7 ±5.3 
0.000 7.3 ± 2.7 

are imnportant tools for locating centromeres on the 
linkage map and for assigning genes to specific arms 
of rice chromosomes. 

Novel genetic variation 

The objectives are to widen the rice gene pool by 
creating novel genetic varialion throu wide hy
bridi/aiion and genetic transformation, and to utilize 
materials generated by breeders working in the up
land rice. deepwater. and tidal wetiand rice ecosys
te is fr fitixiig tolerance frcold .salinity, alddrought 
tirough anther culture. Research in 199(0 involved 
production of hybrids between cultivated and wild 
species of rice, transfer of BP-lI resistance from wild 
species, monitoring alien introgression through 

, 

us 
- + 
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. 

, 

4. Somatic metaphase of IR36 showing hybridization signal 
(arrow) of biotin-labetled rt)NA probe (a 4 chromosomes 12 
homologous pairs). 
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RFLP analysis, and developing a large number of WHD IS-75-1 
homozygous lines through anther culture from seg

regating materials generated for various ecosystems. E 

ALIEN GENE TRANSI.IR 0R 0 . 2 ( - - 0 

The genes for BPI- resistance have succe.sfullv 
been transferred from 0. australiensis 2n=24 E), 
into an elite breeding line (IR31917-45-3-2) of rice. - A. 
Alien ene introgression for awns, early maturity. 

and pigmented stigma have al:o been obtained. The 
advanced progenies of O. laIt/olia. 0. minita, and 
). hracivantha are being evaluated for transfer if 

resistance to diseases and insects. Alien addition 

lines and the derived disonlic progenies are being 

monitored throuh iso/vinle anal'sis an1d. in tile 

future. R FLI analysis. 

To widen the rice gene pool, %ehave produced by FRG 144 

enbrvo rescue hvbrids betmeen IR aricies and eflthe hl,,1C-re is-:nt tit pl int V ID-IS-75-1. httror,esiont 
three Wild s peCies of' .eiChingr'c . (). )NA fril the .ilid,s . i i thcaellt) h\ tlC;11e it ,,ilelColt z. and i ,I lCt.'C 

'Table being (om'tt 

advanced throu,,h backcrossin, \ iththe respeti\e 
IR partnits. The inheritance of resistantce as investigated in 

BC,F. plails. Fifteen plaints fromll each of ) BC'J. 
GI-NF I("AND M1\ )[.[ .\N.'\tl progenies of the I-resistant der alktie %kcr lee 

0. rhi-o rtis 15 . This naterial is of the proen ata hiiiinrli ' tiltm ua. 

.l . sed 
(i-0. 111t1/0. lu \' I l)ttI\ V1vLls kkith BI isolate P0 -6.The resul s indicated tihe 

Last year e relorted the transfr of resistance !o B3I prescnce of a sirntle doniiant ene for resistaince in 
and B313 fron 0. amintai ito0 satnt. l-uploid line Will) IS 75-i IX- = (0.76). Ill97(; of lhe plrogenies 

WID IS 75-1 sho., ed resistancc to BI, but shoss ed tested. results confirnmed lie findings at the BC,F, 
no norphological featltres iso/ tnies,. or repetitive generation; resistant ard suscCptihle reactions were 

DNA sequence hyhridization in cotninon with the ver\ distinct. Bimodal distribution of reactiot types 
0. nult parent .acc. 10l1141. In 19 0,l. BC,F, was clear: for site progenies. hitseser. there \%asa 
progenN u:WI tI IS 75-I wcre analv/el sing DN.-\ more coliintluous range of reactions. 

markers (RFILP . to assess the extetit of ahiln DN\ '1 further ctnirn hlieprestnce of a single donli
introtgression. (Os e 64 probes thoied ,a kllmr nber of' plaits s as tested forlektd. 40 nant 


polynorphisin betsecn 0. till (). , ii CE, fanilies. theailndAiI't. antid serelatil . One itf two 

four shosed introgrcssion front thle wild parent families. Will) IS 75-1-101. slio ed a hiniodal 
I Eie. 5). The introgres',ed markers niappcd itochro- diStibhutiin 0t ietliOt II)s ill tileI5-plant progeny 
ilsotnes I. 4. and 6: none. hoske%,er. slos,,ed close test. The analssis of, 147 Iatis sho,ed 3 R:I S 

asslcialionl with 131rei,,stance. segregatit n e\pected of a sing2le gene (Z"= 0.16). 

Table 15. Hybrids between cultivated and wild species of rice produced through embryo 
rescue. 

Hybrid combination S'ikelets 
pollinated 

Seeds 
set 

Embryos 
cu " ired 

Hybrid 
plants 

Female Male (no.) (no.) (no.) (no.) 

1R31917-45-3-2 0. eichingan (Acc. 101422) 184 33 5 1 
1R64,,0. eichingen (Acc. 101422) 220 23 5 2 
IR42,,0. etchingeri(Acc. 105181) 48 20 18 13 
IR31917-45-3-2:0. rhizomatis (Acc. 105432) 125 26 20 8 
IR64,O. alta (Acc. 101395) 54 18 3 2 
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The other BCF, family. WHD IS 75-1-149, did not 
show a bimodal distribution of reaction types. When 
149 BC,F plants from this family were tested, 104 
had reaction types 0. I, or 3. and 45 plants had 
reaction types 5, 7, or 9. The WHD IS 75-1-149 
family did not show a cear bimodal distribution of 
reaction types. but it segregated as 3 R: L'j (X2 = 
1.88). The results suggcst that a single dominant 
gene is present in the progeny of WHD IS75- I, and 
that some of the progeny may carry genes that 
modify their reaction to the BI fungus. 

The euploid BC,F plant WIlD IS 78-I and its 
BCF, progeny were reported in 1989 to be resistant 
to BB. This family showed morphological features, 
isozymes, and repetitive DNA sequences inherited 
from 0. minuta. The disease reactions of BCF, and 
BCF , plants were tested: results confirmed the 
presence of a single gene or closely linked genes 
conferring resistance to races 2and 3of the pathogen 
(strong correlation between the lesion lengths for 
races 2 and 3 in tie BC,F,: r = 0.94) and of a separate 
gene conferring resistance to race 6 (weaker correla-
tion betkeen lesion lengths for rces 2 and 6 and for 
races 3 a nd 6 in the BCF,: r = 0.8 for both). 
Progenies resistau to race 4 were also recovered in 
the BCF, generation. Since resistance to race 4 was 
not observed in the BCF, generation. this trait may 
be governed by a recessive uere. Our results furt;ier 
suggested the presence of atgene conferring resis-
tance to races 1, 2. 3. and 5, and of other genes 
conferring resistance to race I and to race 5. 

Mechanism of blast resistance in 0. minula and 
derivatives. H1istopathological methods were used to 
determine whether 0. minuta-derived resistance to 
BI could be different from resistances already pres-
ent in rice. The reactions of a resistant IR68 )and a 
susceptible (CO 39) rice cultivar were compared 
with the reaction of 0. minuta, using ultrathin leaf 
sections and two methods of sample preparation: 
staining by Sass-safranin-iast-green and v;:,ualiza-
tion by light microscopy, and staining by the tluores-
cent brightener Uvitex and visualization by epitluo-
rescence microscopy. The observations indicated 
that the resistant reaction of the ,ild species is 
associated with less or no browning of the paren-
chymacelis. relati,etotheresistantreactionotlR68. 

The leaf-surface morphology of resistant and 
susceptible BCF, derivatives of the 0. minula cross 
were examined by scanning electron microscopy 
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(SEM). Several differences were observed between 
the leaf surfaces of 0. saliaand 0. minuta, includ
ing the presence or absence oftrichomes, number of 
papillae. and size of silica-cork cells. None of these, 
however, was correlated with resistance in the BC,F3 
progeny. 

Preliminary observationsusing SEM suggest that 
spores of Pv'riculariagrise'a adhering to the leaf 
surface ofO. minuta wcre fewer than those adhering 
to the leaf surface of O. sativa. 

Two methods of inoculation were used in further 
studies of spore adhesion: spraying ot a spore sus
piension. and application of a thin film of agar onto 
which spores had been sprayed.The spraying method 
was to evaluate tie relative efficiency of adhesion of 
spores to tie sui faces of leaves of different geno
types. The agar method was assumed to force the 
adhesion of spores, and was used to determiie the 
absolute efficiency of adhesion. 

Spores ot'P.grisva strain P06-6 were inoculated 
by the spray li] agar methods onto young leaves of 
0. salivavariety CO 39 and line IR3 1917-45-3 (both 
susceptible to BI). 0. niniuta (resistant). and three 
resistant and three susceptible IC,F, plants derived 
from 0. .ativaO/. minutta. Twenty-tour hours after 
inoculation, the leaf samples N%ere prepared, stained 
with Uvitex, and analyzed by epifluorescence 
microscopy. 

Inoculation using the agar method resulted in 
5- to 15-told greater number of adhering spores. 
Adhesion after agar inoculation was not different for 
the resistant and susceptible genotypes tested. This 
suggests that for all genotypes, spore adhesion after 
spray inoculation is inefficient. After spray inocula
tion. a significant difference was observed between 
the numbers of spores adhering to the resistant and 
susceptible plants iTable 16). Reduced spore adhe
sion appears to be a mechanism of resistance in 
0. mintu and its resistant derivatives. If subsequent 
experiments support this observation, it may be 
concluded that a unique prepenetration form of 
resistance to BI has been transferred from a wild 
species to rice. 

PRODW("I)N 0!- II(MOZY(OLS (DII'LOID) tINES 
IIRO(GII ANTHER (tI.TtRE-

The materials for anther culture consisted of 42 
indica/indica and indica/japonica crosses generated 
by breeders for use in upland, deepwater, and tidal 



Table 16. Number of spores adhering on 125-mm2 leaf 
area of agar and spray-inoculated plants (parents and 
derivatives of 0. sativalO. minuta). 

Adhering spores, 
(nc. x10)

Material _ 
Agar Spray 

75-1-93 2.20 0.220 
75-1-100 1.59 0.249 
75-1-103 1.58 0.245 

Mean 1.65 a' 0.236 a 

0. minuta (resistant) 0.98 0.113 
75-1-105 1.67 0.123 
75-1-130 1.55 0.202 
75-1-144 1.73 0.078 

Mean 1.48 a 0.129 b 

1Av of5 leaf samples measuring 125 mm' rom each plant An arow,
differentletters indicate asignificant difference at P >0.01 according
to DMRT 

Table 17. Plants regenerated through anther culture, 
1990. 

Material for different Crosses Diploid lines 
ecosystem cr condition (no.) 

Salt tolerance 7 
Cold tolerance 11 
Irrioatedbulus 10 
Upland 3 
Blast resistance
Hybrid rice 

5
6 

Total 42 

regenerated 
(no.) 

77 
142 
140, 
118 

72
21veettvstewihataeaertnof.Xc par'ed with 4.0 and 4.3 for Pokkali and Nona Bokra, 

570 rispectively lable 19). 

wetland and irrigated ecosystems. From the 42 

crosses. 570 diploid lines were developed throughanther culture (TFable 17). 

Twenty F, crosses were received frort Egypt 

during 1990. About 1,170 anther culture lines with a 
total of 4.0)8 plants %%ithseeds have been produced 
from these crosses and will be tested in Egypt for 

yield potential. salinity tolerance, and resistance 
to BI. 

EVALUATION OF ANb'VR CULTURE-DERtt) 
LINES 
Four anther culture (AC)-derived lines-IR51491 

AC4-6, IR51491-AC4-7, IR51500-AC9-7, and 
1R5.1500-ACI I-l--performed as well as or better 
than the salt-tolerant varieties Pokkali and Nona 
13ckra in different locations in Bangladesh, Egypt. 

and India in the 1989 14th Intemational Rice Salinity
and Alkalititv Tolerance Observational Ntrsery 
(IRSATON) (fable 18). 

AC lines IR515()(l-AC9-7 and 1R51500-ACI 1-1 
have %ery god salinity tolerance it the maturity 

stage. With an average rating ol .0l and 4.3 across 
Sonagazi (Bangladesh). Cantling Town ( India), and 
SirwlE4.0) 

l 
have cry good phenotypic acceptabi lity scores of 

3 compared %kith9 for lokkali and Nona Bokra. 
In four locations in India, AC lines IR51491

AC4-6 had very, good alkalinity tolerance at the 
vegetative stage with an average rating of 3.8 co-n

'Sixty-nine AC lines planted for field evaluation under irrigated Four highly prtlising lines selctld from the 
condition 1991 dry season 14th IRSATON were included in tie 1990 15th 

Table 18. Performance of anther culture lines on saline soils, 14th International Rice Salinity
and Alkalinity Tolerance Observational Nursery, 1989. 

Salinity and phenotypic acceptability scores, 
Country ano test location EC 

(dS!m) IR51500- IR51500- Pokkali Nona Bokra 

Bangladesh 
Sonagazi, Feni 

India 
Canning Town, West Bengal 
Port Blair. Andaman 

Egypt 
Sirw 

Av 

AC9-7 AC 1-1 

9.0 5 (-) 5 (-) 5 (-) 5-) 

8.5 
7.5 

5 (5) 
- (4) 

4 (4) 
- (7) 

5 (6) 
- (7) 

4 (2) 
- (7) 

14.0 3(3) 3(3) 7(9) 9(9) 

4.3 (4) 4.0 (4.7) 5.7 (7.3) 6.0 (6.0) 

'Lower numerical values indicate h:gher degree of tolerance for salinity and higher phenotypic acceptability. 
Figures inparentheses are phenotypic acceptability scores. 
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Table 19. Performance of anther culture lines on alkaline soils in India, 14th International 
Rice Salinity and AlkallnityTolerance Observational Nursery, 1989. 

Alkalinity scores at vegetative stage, 
Test location Soil 

pH IR51491- IR51491- IR51500- IR51500- Pokkali Nona 
AC4-6 AC4-7 AC9-7 AC11-1 Bokra 

Faizabad 8.9 3 3 3 3 3 1 
Bihar 9.2 5 5 5 7 5 5 
Haryana 9.5 4 5 7 6 3 4 
Kanpur, Uttar Pradesh 9.6 3 5 5 5 5 7 

Av 9.3 3.8 4.5 5.0 5.3 4.0 4.3 

'Lower numerical value indicates higher degree oftolerance toralkalinity. 

IRSATON for final evaluation. Two new AC lines. 
IR51500-ACI 1-3 and IR53649-AC5-2 were also 
included in the 15th IRSATON for evaluation, 

AClineslR515(X)-AC9-7andlR53649-AC3were 
included in thie 1990-8th International Rice Acid 
Lowland Soils Observational Nursery (IRALON). 
Ten AC lines from four crosses for salt tolerance 
were sent to the Socialist Republic of Vietnam for 
testing and evaluation, 

AC line IR37358-AC8 (Taipei 309/'atsumli 
mochi) had an average phenotypic acceptability 
rating of 3.0 in five test locations compared to 5.4 of' 
tile
cold-tolerant check varieties (Table 20). The AC 
line was also rated excellent (1.0 score) in Los 
Bafios. Philippines. and very good (3.() in Unbong. 
South Korea. when screened for cold tolerance at 
seedling stage in water at 12 'C. In Chuncheon. 
South Korea, AC line IR37358-AC8 showed no leaf 
discoloration when subjected to cold water treat-

merint at 17 'C front tillering to maturity. In Jaraba
coa, Dominican Republic, where the temperature 
was relatively low during flowering, the AC line 
IR37358-AC8 showed a high degree of spikelet 
fertility. 

The AC line IR5 1491 -AC4-6 was used as a parent 
in 16 crosses for salinity tolerance during 1990. A 
total of seven AC lines were used as parents in eight 
crosses for cold tolerance. Two AC lines for salt 
tolerance were included in the Philippine Rice Re
search Institute (PhilRice) national crop trialsduring 
199() %vet season. 

IM'ROVING 1--FICI-NCY (0:IS().ATI) 
MICROSPOR: (LtURE IN INIDWA RICE 
Isolated microspore culture can be a source of hap
loids and a vehicle for gene transfer. However. the 
adoption of the technique either for pureline produc
tion or for genetic manipulation is constrained by' its 

Table 20. Phenotypic acceptablltty scores of anther culture line IR37358-AC8 In different 
test locations for cold tolerance. 14th International Rice Cold Tolerance Nursery, 1989. 

Av temp (-C) Phenotypic acceptability, 
Country and test 
location Max Min 1R37358- Stejaree Barkat IR15569-22-2-3 

AC8 45 

Myanmar
Heho 26 15 3 5 3 3 

Indonesia 
Sitiung 24 19 3 5 5 5 

India 
Almora, Uttar Pradesh 29 17 3 7 9 3 

Cameroon 
Ndop 28 16 3 7 5 5 

Italy 
Vercelli, Sezione 26 15 3 3 5 5 

Av 26.6 16.4 3.0 5.4 5,4 4.2 

'Lower numerical value iidaiu h;iher degree of phenotypic acceptability. 
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low efficiency in terns of both callus induction and 
plant regeneration, especially in indica rice. 

We investigated the role of media containing 
maltose as well as proline and glutamine in isolated 
nicrospores of IR43. Media with maltose alone or in 
combination with proline or glutamine gave about 
nine times higher plating efficiency in isolated ni-
crospore culture of IR43. 

CEHA SUSPI-NSIONS .\ND SOMAr IC 

EM HRY((IENESIS 

Fornerlk, it took 6 mo oti the average to establish a 
cell suspension. I-los ever, this time has been short-
ened by half for some selected varieties. We have 
established cell suspen.tlcns from more than 15 cul-
tivars or lines: IR43: IR58: Nipponhare: Taipei 3019: 
Zhonghua No. 6 and 9: Taipei 177: Kitaake: G 14: 
GZ381XI3- 1: Calrose 76: Egypt 19. 2). and 43:02-128: 
and three F, hybrids. Our oljective is to establish 
embrogenic suspensions in the shortest possible 
time for high frequenc of plant generation. 

A wide range of media fOr initiation and mainte-
nance of cells was tested inC'luding basal N6. R2. 
AA. MS. teneral media atnd modifications usilg 
various lc uls of lormiones, ty peo ciarbon source. 
amino acids, and ()(her comlplponiets. In some i-
stances, initi at on and s.,bsequCten iainte nalC of 
cell suspensions necessitated the use of different 
basal media. 

Plants have been regenerated through somatic 
embryogenesis fron cell suspensions in IR43 and its 
F, hybrids. The plant regeneration medium was 
based on N6 %kith the addition of various coticentra- 
tions of naphthalene acetic acid and benzvl adenine. 

PROtoPl.,,St Ut t1.tt RL. ANI) ItANI 
REG1N1ERATI( N 

Protoplasts were isolated from established cell sus-

pensions. and primary or secondar, calli. Different 
basal media such as MS. KPR. and R2 have been 
used for protoplast culture. In most cases, the u~e of 

nurse cells of the wild rice 0. ridh'vj enhances 
colony formation. Colonies or callus have also been 
produced from protoplasts of Taipei 3(19. Zhonghua 
No. 0 and 9. Nipponbare. 02428. Egypt 43. IR58. 

and IR72. 
We have regenerated plants from protoplasts 

isolated from young inflorescence-derived enbryo-
genic suspension culture of Taipei 177. The growth 
of the cells in liquid culture (fresh weight. dry' 

weightand packedcelI volume) as afunction oftine 
is shown in Figure 6. Very active growth occurred 
between days 2 to 8 and maximum fresh weight was 
reached on day 14. Five-month-old suspensions were 
used for protoplast isolation. A high ) ield of viable 
protoplasts 8(0-95,4 ) was routinely obtained (Fig. 
7a) and first division kas observed as early its tihe 
fifth day ot culture (Fig. 7b. Further divisions led ito 
the formation of compact cell masses alter 12 (1of 

culture (Fig. 7c). Maximum plating efficiency of 
I. 11" (Table 21) occurred in a medium containing 
macroelements of Kao and Michayluk, microele
ments and vitamins of' Gamborgs 135. 0.55 Sea 
plique agarose. I.0 tog 2.4-D, and glucose its ati 
osmotic stabilizer. These colonies developed into 
protocalli (Fig. 7d) :1nd 1-2 roin calli were trans
ferred to MIurashioe and Skoog semisolid medium. 
each liter containing 4 tog BAP, 0.5 mg NAA. and 
511 mg casein hydrolysate (Fig. 7e). Around 21 4 of 
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6 Growth parameters of ell suspenion culture of Taipei 177. 
Each point represents the mean of4 cultureS. 
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the calli produced green (11%) and albino (13%)plants, A total of 32 green plants (Fig. 71) were reared 
~to 	 maturity. 

NEXT STEPS 

New staff is being trained, and long-terni experi
" D oments aimed at tagging genes controlling agronomirail), important traits have been initiated. 

On-going research to develop a saturated genetic 
map will continue. We will locate centromeres on 
the linkage map of rice through RFLP analysis of
novel aneuploid stocks. Some of the mutant markers 

and isozyme loci will be mapped onto specific chro
i ({ 	 mosore arms through crosses with secondary tri

somics. Linkage relationships of isozyme and RFLP 
markers will be detennined. We will generate and 
analyze plant materials for tagging genes governing 
various agronomic traits with the isozyme and RRL 
markers. Nonradioactive techniques will be further 
refined for use in RFLP analysis. 

tv To widen the rice gene pool and develop useful 
germplasn for various ecosystems, research on wide 
hybridization will continue. Additional crosses with 

, 	 wild species possessing resistance to diseases and 
"'N insects and tolerance for abiotic stresses wkill be 

emphasized. To diversify the cytoplasmic male ste/ ri)itN iCNS) sources for hybrid rice improvement. 
" crosses of A-genonie wild species %il! be made with 

elite restorers. Isozyme and RFLPtechniques will be 
used for precise monitoring of alien gene 	introgres
sion. Anther culture of selected materials generated 
by breeders for various ecosystens x.ill he used to 
develop homozvgous lines possessing useful traits. 
Our success in plant regeneration front protoplasts off ,-. japonica and indica rices during 1990 has enabled us 
to expand our \%or. on DNA transformation. Ini7. Callus formationandplantregenelation from proJplastsol rice tially, reporter genes, will be used in transformation 

(Oryv:asaliva L. o,. Taipei 177 i.ia Population of treshl) isolated 
protoplasts; latvo-celled,,tage foliLngthefirstdi. s iidthe ex peilnents; but later. agrononilicalylde .irable genes
protopla,.t, cLompaci protoplas -derived colon, atier 12 d o! will be incorporated ivto rice. 
culture; dt" ai ,is protocalli after-I , k 0 culture. e )cJhlts,esof 
formation after 6 of cultute. f) plants reg,:ncrated from-,kk 

protoplast,
 

Subprogram II: Ecosystem characteri-
Table 21. Effect of gelling agent on plating efficiency In zation and impact analysis 
rice protoplasts from TaipeI 177. 
Gelling agent Plating efficiency Research in '990 delineated and mapped for South 

(%j and Southeast Asia the lltto ering dates of rainfed 
Sices. an important determinant of rice system pro-Liquid (control) 0.47 b ductivitv. An extensive survey of the human ,eogra-

Agar (Ditco) 0.53 b d n
Agarose (Sea plaque 1.06 a phy of rice in Southeast Asia was concluded. A 

methodology flr presenting geographic information 
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in a handbook usable by extension technicians at tile in the tinung of' the theenllunce flokcring cperiod: 
village level was developed. Electronic geographic Cltoff raitfall Iperiod at the cld of ' the raiim sWlsonl 

infoitnation systems have been used incrcasingl the ctitot period at %%hich rillim teitiperature 
in combination , it) crop-.ro th silhtion to iC- drops clok 210 ('. and the riuiiiber ifk t iiitmih, in 
dict rice \ield across a major rice-gro\ ilc region. file v okillg ,.seasonl.
 
Simulation \%asillso usCd ill deicuj.lirl all ide.l.pe linlerprelatiolls re\'ealed ti lfollv illc:
 
for a rice of high yield potnC1tial. ()ne U The tlo. eirinc pelilod of man.,tllteCUCariS %%
essenial iLcx 
COmpOllent ill auIN Crl)op-gro., it silnultioll i,, quanti- It tclds to be-lrile htogerreousI"igraphicall\ 
fication of, soil-w\ater d natnics. The soil properties dllc~nCltrtd \%ithin a udtAtro ,CI.ranlC ol dates 
that determile those dsnamiC, ha\C high spatial in nlortherl, riCe-'cro. Il,,CaCas,. and isexceed
\ ariabilit\. Nec' approaches %i2UgL, dI'erte I or tluantit\ing rih tlI c in! te' s.,lalld Ina0tiSons Southeast 
%ariahilitv for both uplld and Io'Mland ice soi, tl' \,iw ctise of geater spaial colmplexit\ in 

patlllls and of 
'hi,, 'a,cr tile report nl tilh illpact o! rIc ech Ctstraintt. 

nologics f cuses onll Nepal. I-actors dCtCrlintcilu the m [lhe ciill railf.ll st10112\ tlces the le r
adlptlon otiioodern ICC cultl an eleCts t' in,- perliod otfslall.1., r.lil .' Is l litl rcC, buthillt 

discussed. rairitall lack Iklte IeCIr.IILire 

s11 tilW 

such adopltion on cropplmneu .ice %ieli. atil that t ltidtLittdlep and deep','. ater itc (W)\R I.intellllt 
fertilie r use'Ir Ir it. 'kC the rls 2I Ld IpI, ilerIIC nlk,/cd. ,A lntit hi tift.rtli Ilatitudc,. the Ilitm cl 

c-'lects of chall ' 
ie

,
inlljcot'lles antid price anttd of rice cticitde' , 

%tkith tile lnlilrluli i Leitpraiure 

SoCiocOtit)ll stcli, tueIL s ch as urballli/,llollt i l tt Cutoll. 
tuta.re demialnd for creatls, inctludincl rice . (" oticernis 

telaled to the cll rtolllici ltal iiipact Il ri'e_" l' dUt - R \I\i I)1<1 I I \-,I) [)\I\ 4 \sI- \ 'i 1 I)f 
Itmo1lta's teatLr'eCL iiresearch ott land taiceett: I I 41\(44 11R'\\"I I k 

tha! rescarch, coMLIteicd asiprtilo Ihis Sub loratii. Rice prodticotIl inOtlh ild Sotlilh,St .\',li \ i'ld 

is rp irlt itite I.plaeid Ric Pnlgramil. Ill I ,)pItNC 1l) bolth biOplt\ si;l td O(.tlOc llllIC 

CIt'liiroiitlln . :)niit theIst, three decades. se'seral 

Si\' ]t I Is ,R ilt I H\ i 1 -l l 1) 1 ( M I \\ 1) 1rl1tt1l, d)ctMt not reach.\1 0 r lt[C n elllnnchI .tloliesdrd 

kit i liM I Rl-(i I)\ii s Is S If'cr\,I rejected b\I, or . larters. 
S'I I tll- \'s I AsI \ To Lnderstandallld rei't't , Ihis '1tUallit .%\Cseek 
Ktno4kledce of spatial on thoassenble' Co'llriplhic iliilation iii atle ,arlaliiltflo'keliic riccland 

dats 1:irainiCt rice cuides ittrlClrtitiall icCarch ftol1n uiable htrtc\tislil ichlinicimis. [lie ittornna
ctl4,rsl lo4 imipl4 's laillel' rices and to4 ilitul'\ lillil. ill ltiain al brt.lllh '\ill illk Cmh' lslilliss 1to 

crtoppili s stenst uibc0',\ stt 4 denlili,,llo.I li lio's' it lli0 hle tiS tile I'ain- 1 uiiet Itit4lnlietl 44t.% 

fed ricClalidl, 4t .' tllhit liid 54 llilCt, \,iai. IliesC ti'li4tLutc t 4 )piig s\ sti .ll41i Ic'sl , itet.'l l

ricclands. etc\m lic t4 tiiillioun ha. at i ii- iii i lie(il t'Cdr 1g\ palltialls cLoiiilCl\ e llt'tIIICHis tirld. 
riaitl's liallms' raitled. i diu il dcc t1C + ili iS JlI) I aWsi',st.n. l a-1eanil h 'iC_'ited 4 tartiti1i2 s's

,,-m tills irc'arch llItr e'sl irllii eiltlsarid !I tislltl\ 1i 14 1"Ipetiitl- u iii (Itit Idl i lials it ihe lltI 

sensilsit'rc cultllkar t lo iillts Id ltiiptlll Landrcpr tait'sellllC at A Ill m 
For the rifed 1hokltnd ct~is\ stimti. ti'e itialir 'ttrapilaii -seric .h i'lls. Ilie lllltlll .kiLi'tl 

,sUtbCcis\ ,lls ha's c beCn identified: dru,_,hi-pronc. ICatilre's 
drought- ant uhiier2eCicc-ipri it. subitreLicC- • a p,,Cisl.i'-' [tie tabhiilateid '.'eic'raphic 4lata. 
prone. ricdiurn d'Cls'satir. id fi ortiblc rariltcd, 'Id 

A data basi iaps o 2 .1i ,11 ihe sliiallCsi ad.- at d a seti 4f ( 1 4.5 i1 i c a Lt.In'-' IpAgeshi's, il' a t 
ritt litiiU I[ , c 


i1c c.LitiL s \,,it lli 


of the ranitted ric l14scrin,_, wds for rlIe 12 ric- trali[t' ttir e il 1. %ttli1 [ h erespeC
grt's lr o1 I aLi1nd SOti C'., 1\ a 'i t'IeitId i " ',itetd. 
de\clopcd oreach tflile 3 iiajir raitited rice t\ps: I lie iiaaid iis dti bas. irc lUtictiotiall\ linked 
shalli' i<li.3 Ill . ntdi tl. , aiddecs! I43- L1ite trM K rlalppi n rinilbtl, 
1.0 m1 and \er deep %salter' ,l l i it. lheialic IreparingIhi manual. I li' il 414 c\ isbasetl 

ials 4 the sante scalc \kcrc dccloped for three onO I-ll slit p bct'setl li\411lt14,,.latti'l iliilui. 
M
ecological deter ITI ts hMpitllipisicll 104 spaiall\ aid riLte techilog,_,. 
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The choice of area covered by individual maps 
and data bases may vary between countries, but it 
should be guided by the facility ofpreparing the map 
and data base and its usefulness. 

Tel,,geographic daa hb.e. The data base covers 
20 items: 

1.Name ofvillage or smallest administrative unit. 
2. Mapping unit (MU) number, a vital link to the-, 

map. Numbering isconfined within a village and the, 

numberofNMUs fora village may be one or many. A 
part.,:ular MU may be allextension of NIUs occur-

ring in adjacent villages. especially if the ricelands 
are narrow, and elongated. 

3. Rice culture type. v,hich deternines whether a 
MU is rainted (RFE).irrigated (IRE). or other type. 

It can be determined front irrigation system maps 

and soil classification maps or front field survey and 

intervie\%s. 
4. Rainfed land typ RLT, combines landform. 

and soils data to define cropping patternh\drologe. 
corre-

extrapolation /ones. RLTs are specified froin 

lations of landfOrn. soil. and hydrology v,ith crop 
adaptation. .\n example is gi.en in Table 22. 

5. Area (in ha) of NI U,as measured front tilebase 

map using a l)laninteter. 
6. L.andform. such as allt, ialterrace (AT). inter-

hill miniplain (IMP). intcrlluve (II as determined 
from soil ph\siograph\ maps. 

7. Soil t\ pc. expressed in numerical code for the 
soil series name and surface soil texture: this should 

be consistent with the countr\ 'ssoil classification 
system. and explained in a data base footnote. 

system,~Ci trJL ..=wI 

8. Soil textural class. 
9. Soil drainage class encoded according to the 

country ssoil classification s\ stem. It mav be deter-
mined front soil and landf nn maps or b,reconnais-

sance surve. 
10. Slope, expressed either as percent or degrees. 

and included as an indicator of surface drainaue and 

drought proneness.
11. SoilPH 

12. Organic matter content . 

13. Phosphorus: expressed as P,O. 

14. Potassium: expressed as KO. 

15.General soil fertility limitin,-, factors. basedon 
the number and intensit\ of ferilit.-lintiting factors. 
ecu.. alkalinity,.satinit .Fe tox icit,,. P deficiency. Zn 

deficiency, and acid sulfate condition. 

16. Rice variet, tpc. indicating whether the 
predominant rices are local ILV). traditional, pho
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Table 22. continued. 

Property or feature 	 Rainfed land types 
_IVII IlI 	 IVV VI 

Hydrological Long (July to January). Medium July- Short (July-November): Relatively short (Jul- Jul-Decr, surface Very long (10 mo)year extended by December: has water regime depends Oct); water accu- and interflow
catchment interflow interilow from on direct rainfall mulation mainly from from facet 1 

higher land limited surface interlow direct rainfall extends the 
hydrological year

Landform units Alluvial tan and interhill Lower face of interhill Lpper and facet of inter- Recent river terrace: Land facet 2 (or Backswamp (or landminipiain with large ,iniplain I,1 - n'iniplain with small land facet 1 (or stratum 2) of facet 3) of alluvialwatershed 	 watershed: interfluve stratum 1) alluvial terrace terrace 
of alluvial terrace
 

Soil types Bantog clay. Bigaa clay. Rantog clay. Bigaa 
 Bago sandy loam Tagulod clay loam Bantog clay; Bigaa Bigaa clayBago silty clay loam. clay, Tagulod clay Bantog clay Quingua silty clay clay: Tagulod Tagulod clay loam
Tagulod clay loam. Isabela clay, Tagu;Ci1 clay loam; Tagulod c!ay clay loam;

Padapada clay Tagulod ciay loam Bigaa clay Isabela clay; Pada-
Bigaa clay loam Bantog cla, pada clay
Bigaa sandy clay loam Tagulod clay 
Isabela clay Quingua silty clay
Padapada cla,' loam; Zaragoza
 
Q jurc Shiv clay loam clay loam
 

Drainage Fair to poor internal 
 Poor internal as well Fair internal drainage: Fair to poor internal Very poor internal Very poor internal anddrainage; good as external drainage good surface drainage drainage poor and external surface drainage;
surface drainage surface drainage drainage 	 medium-deep (25-50 

cm) to deep water 
(>50 cm)Present cropping TPR-TPR (MV) F-TPR (LVI F F TPR (LV)-F F TPR (LV) - F F-TPR (LV)-F F-DSR (LV)-Fpattern' MB (bcl-TPR (IC)-F F-TPR (LV)-F 

Potential cropping WSR-TPR (MV) WSR (MV)-TPR (MV) MB(rp)-TPRIC F MB urp TPR ,IC F WSS-TPR (IC)-F No change
pattern' 

0 Representative Maguirig. Solana; Bayo. Iguia: B3yO 1yu90a. And~i,.,y.yn Solana. Bauan. Solana Bauan Solana:i location Talinaganay, Pengue. Pcngje & Larion Aito. Bauavn Solana Libag, Tuguegarao
Tuguegarao Tuguegarao Tuguegarao Cordova. Asulong 

T = tallow. TPR = transplanted rice. DSR = dry seeded rice. WSR = wel seedced rice. MB - wuqcat>,.j_ r) d(Jo. I:,,no rhc WaOa-asl LV - local rice varet'. phoctperod sens;tve. MV
modern rice variety. IC = improved rice cultivar 

03 

ia=r 

http:And~i,.,y.yn


toperiod sensitive, or modem photoperiod insensi-
tive (MV) varieties. Types may change with season 
oryear, and the data base may be used to monitor the 
dynamics of use of LVs and MVs. 

17. Yield level, giving a general indication of 
current rice yields at the village level, as based on 
interviews and key informants, and separating levels 
of LVs and MVs. 

18. Present cropping pattern, 
19. Suggested cropping patterns found suitable 

for specific land types on the basis of research from 
similar environments. 

20. Remarks covering important infonnation not 
included. 

Use of the manual. The maps and data base can 
help differentiate anong major laind categories as 
classified through modail characteristics--the coidi-
tions that tend to occur nio,t frequentlV. 

Rainfall and drought minv cause field conditionr, 
to vary dramatically from year to y'ear. Thus. flesi-
bilit, is essential in developing cropping patterns. 

Since the data base contains only bioph sical 
information. suggested cropping patterns nav only 
be biologicall or arololnicaily feasible. ioi llecesl-
sarily economiicallv viable. Therefore, the manual 
should be used inconjunction \ ill sOcioCconorllc 

information Itoenhance adoption or acceptability of 
the recommended patterns Socioeconomic infor-
mation should eventually be incorporated in the data 
base. 

Some data base infornmiation., such as rice type and 
yield. and cropping pattern. changces with tinle as 
new infourination beconies available: hence. tihe data 
base and nap, should be periodically updated. 
Major iir:rastructure changes, such as new irrigation 
systernis or roads. shoulld be entered in tile data base 
and naps. Chaniges in rice variety shluld also be 
noted. since introduction of MVs nia\ increa,,e 
productivity. 

sWMAN (I.0( RAI'tIY RICT P,01 iof' 
Sot TII-\Si ASIA 

1e1)4 /rapIy of i £ta~I 
published in 199(). For each country in Southeast 
Asia. it gives information on rice cultural type. 
farmholding. and employment (Table 23).and shows 
how rice production is characterized by highly var-
ied farm systems and strongl\ contrasting hurian 
resources over a region of diverse physical environ- 
ments ranging from dry, and semiarid (in Myanniar 

/utnrt ' 5 r e inSo tih A.ia was 
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and Thailand) to wet and hutnid (Indonesia and the 
Philippines). The region is heavily pOpulated--8c/( 
of the world's population live on 3.%ol the world's 
land area, with rice as the staple food ofroughly 80 /( 
of the population. And although the last three dec
ades produced substantial improvements in rice 
technologies and rice yields, not all farnning conimu
nities Lenefited. Thus there isneed to identify and 
understand tilephysical and human environments of 
those farnling communities that did not benefit so as 
to develop new farning systems appropriate to their 
situations. 

Camnbod;a. The total wet scason (\WS) rice area 
inCambodia i 1.36 million Ia. wili rainfed rice 
Ishallow and interilnediale tipyving t)( ; of i le 
total. Dryhlnd rice and I)WR respectirol% occupy 
I1and 16'., oflCaribodi:',s rice ar:a. irrig atcd rice 
(IR) etends to til\ 84,110( h. dunini WS. but 
164.01(1 ha ill ,eason ( S )S areadry . The Iar2e 

cart be expilned h\ oine of t facts: there is 
,uffic'eint atter during WS. hence irrigation is not 
necessr.: f tilicicit aesv.'late r :1CAIcIniIr in 
reser\oirs durin,.e WS so thattiltmre land can be 
irrigated. 

Ninety-two percent of farnilaind in(ainbodia is 
planted to rice. Farmns are collcctivel\ otperated by 

groups''neighborhood or idarit ''ol of ihoul 12 
fanil ies that operate farni Units %ith an a%erace area 
of 13.9 ha. Rural families are conpo'ed of slightly 
more tihan 5 persons: about 1.5 niieiubers in each 
family work mainly on tile Of tilefarIi. ttal numnber 
of people employed in agriculture (2.(4 million). 
89, work on rice-related activities. 

Indonesia. WS rice inl Indorne'sia e\teils to 6.36 
millioniha. Raintfed l laud rice (RI.R aid upland 
rice (UR) are the doitrilarit culture types, occupying 
49 and 23' of total \VS rice area. WStile IR ili 

eXtendsto l.30illoniai(o; thitotal):thusarea 
imolre than doubles durini! DS. 

The averae landholding isI0.96 ha. aind onl\ 37% 
farmlands gro rice. indiriating that in, other 

crops are grown. About 43 mtillioni people are in
vilved inagriculture. 45(. i' f tlicin inrice-related 
activities. Family and iiarginal labor compri"e 58 
and 57'1( respccti vel) of the total agricultural plus 
rice-related labor. 

Laos. RLR (531; and t"R (41' are the major 
rice cultural types inLairs. WS I R alciunt, for only 
5.61, (38. ) ha off the total rice area. and only 
6.X) ha are irrigated inDS. 



Table 23. Summary of rice area by culture type, farmholding data, and employment In agriculture and rice farming, Southeast Asia. 

Rice area by culture type (000 ha) Farmholdings 

Irrigated Rainled No. Area Mean Area sown 
Country Upland Deepwater ... ... 

Wet 
.............. 

Dry 
. ..... . .. 

Shallow 
........... 
Intermediate 

(000) (000) size 
(ha) 

to rice 
(%) 

Cambodia 
Indones:a 
Laos 
Malaysia 
Myanmar 
Philippines 
Thailand 
Vietnam 

245 (76) 
146 (45.9) 
279 (86) 
96 (8.6) 

322 (99) 
165 (50) 
241 (7.4) 
407 (12.6) 

223 (11 1) 
467 (233) 

0 0 
0 0 

557 (278) 
8 (04) 

340 (17.0) 
410 (204) 

84 (1.4) 
1295 (21.8) 

38 (06) 
236 (3.9) 
630 (103) 
999 (164) 

1251 (20.5) 
1565 (25.7) 

164 (2.6) 
2895 (45.2) 

6 (00) 
185 (29) 
69 (1 1) 

839 (1311 
638 (100) 

1616 (252) 

391 
1627 
363 
!93 

2 1 
1121 
6045 

901 

(30) 
(124) 
(28) 
(1.5) 

(18.7) 
(8.6) 

(46.2) 
(6.9) 

420 (8.3) 
1435 (295) 

0 0 
66 (1.3) 

806 (160) 
272 (5.4) 

1686 (33.5) 
300 (60) 

110 
18965 

364 
887 

4271 
3420 
4738 
9181 

(0.2) 
(45.2) 
(0.9) 
(2.1) 

(10.2) 
(8.2) 

(11.3) 
(21.9) 

1534 
19251 

801 
2149 
9235 
9510 

20050 
6361 

13.9 
1.0 
2.2 
2.4 
1.9 
2.8 
4.2 
0.7 

92 
37 
86 
22 
59 
89 
59 
75 

Total/average 3240 2008 6098 6412 13092 3035 41936 66891 1.6 52 

Employment data 

Country Total agricultural labor (000) Rice related labor (000) 

Owner Tenant Family and Family Owner Tenant Family and Family 
household marginal household marginal 

o 

Cambodia 
Indonesia 
Laos 
Malaysia 
Myanmar 

1378 
13153 

364 
583 

4271 

(3.9) 
(37.3) 

(1.0) 
(1.6) 

(121) 

0 
3820 

0 
304 

0 

(73.2) 

(3.8) 

661 
24005 

637 
1056 
1189 

(1.2) 
(42.7) 

(1.1) 
(1.9) 
(2.1) 4279 

1230 
5593 

316 
137 

2422 

(6.1) 
(30.0) 
(1.6) 
(0.7) 

(121) 

0 
2762 

0 
78 

0 

(73.3) 

(2.1) 

500 
10972 

533 
238 
674 

(1.7) 
(76.6) 

(1.8) 
(0.8) 
(2.2) 2422 

a 

Philippines
Thailand 
Vietnam 

2361 
3975 
9181 

(6.7)
(11.3) 
(26.0) 

1060 
765 

0 

(13.3)
(9.6) 

9120 
10787 
8729 

(16.2)
(19.2) 
(15.5) 

1058 
2344 
6907 

(5.3)
(11.7) 
(34.5) 

475 (12.6)
451 (12.0) 

0 

3986 
6362 
6568 

(13.3)
(21.2) 
t22.0) 

Total/average 35266 7948 56104 20007 3766 29943 

Note: Figures in pare,,theses are proportion (%) of the totals of the Southeast Asian region. 
0, 



The Socialist Government of Laos owns all land, 73% of the total agricultural labor force, and 72114 of 
and exercises control through cooperati%.es. A%erage tilerice-related force. 
farm size is 1.2 ha: there is little mechanization and Thailand. Rice is gro%%n on OfW; Of Thailand's 
minimal aurochcmical inputs. On the average. 80(:,( farmland. RLR occupies 7.7 million ha. about 81 (4 
of each farn area gross , rice. 

The agricultural I.bto force numbers about One 
million. Family size i> lightly more than 6. of whorn 
2.5-3.0 are heavily insolved in agriculture. Rice-
related !abor accounts for almost 87' of the total 
agricultural labor force: family and marginal labor 
make up 69(; of the total agricultural plus rice-
related labor. 

Malaysia. In Peninsular N.alal a. Sabah. and 
Saras, ak. rice is cenerall\ cultls ted in snall plots 
%kith \artne dleerees of intensification Inl tile 

of the rice area 
s,hich S5' gros 2 rice .rops a \ear. In Sabah and 
Saras ak. there is little irriLatiom or rice double-
cropping, 

RLR. the donilinant cultural t.pe. ,>ccupies 44 

of the WS rice area. ot ,.hich N2% is iii Sabah and 


Peninsula. o\er tfl), i-irrigated. tit 

-Saraak. Mhich ms.%;29' of Nlala\sia',, L'R as 
kelf. 

The a\ erace far in Mala's,,a is2.7 ha. ..itih re 

cros.s ig on 23e' of tle ara. .\ot I.4 'lilliin 

people ssork in 'tli
ariculture. hul 0ell23'( rice-
related sork: rice inlMalassia is(Ifless importance 
than plantation crop. 

Falnil, anti marginal labor compoc 54( (iftihe 
total acri:'uhlural labotr force and 53' of the rice-
related force. Osk. ner households contribute 33'; 0t 
total labor, and tenants. al)ut 16'; of total and F?% 
of rice-related labor, 

M\annar. Rainted rice lhs. .land alld upland) 
extends tose'r213 'he total n.e area iii \I\ arnar: IR 
comprises 17'; (01.63 i1lh1,,n ha durinii WS. but 
oilt. (0.17million ha in i)S. 

Mean farn si/c i,, hllh 59,%is planted!.91ha..,If 
to)rice. .-\bout 9.73 mIllll on people .lepend ()it acricL 
ture. ( hornl5-" rii.c-related acttlecgave iln illes. 
The state os\k ns all lands and grants all right,, to '.k.ork 

the land. .-\lmost all production is on small lainil\-
operated holdings. 

Philippines. RI.R 54' ,and IR 39' ; Idmniatlc 
riceclture in the Philippines: theIR area is 16%' less 
in DS thar in WS. 

Mean farm size is2.8 ha. and 39( of all tarniland 
gros. •rice. Some 12.5 million people are eraged in 
agricultural acti tics. 44' (f them on rice-related 
actisities. F-amil\ and marginal laborers .omprise 

of the total WS rice area. IR and DWR extend to 2.5 
and 3.6%,(* of the total rice area. liWS. 1.25 million 
ha of rice is irrigated: but t area is reduced hv Ihlf 
in )S. 

Average fari si/c. at 4 2ha. is larger than in other 
Southeast Asian countries. The total awricultural 
labor force is 15.5 million. of s hoi 59% are in
vots ed in ricc-related ssork. Faniilv artd marginal 
labor lorm 9t; of both the total agricultural and the 
rice-related s.ork force. 

Vietnam. IR amid RI.R are in 44 and 34'; respec
ti els, of Vietnam',, WS rice area. The )S irri'atcd 
area is 3; larcer than !hat in \WS. 

('ollecti e fanlig i,the dominant practice. but 
there isa trend tt\%ard indiVidual operation of farm 
units ..- \serae farin size is 0.7 ha. the smallest 
amontg Southeast Asian cuntries. About 251; of all 
agricultural land vross s rice. (I 17.9 million people 
,.,ho s.ork lin auricUltnre. 75' [Uiste rice-relaled 
ati it•es. 

( mparisti amog Smiutficast A,,iam countries. 

The total area ot WS rice in Southeast Asia is 29.5 
1illio0 1i.. oIMich Thailald ist32'; . hndonesia 
22' . Mala sia milslilt] 2'; ilable 24). The doni
nant rice t.pe israinlfed loss land. e\tending to0 I 
million ha. or 62'; o4 tile area.total WS 

(t tile in \VS, 26'; is found illIN area Vietllall. 

and 21 '; ill halilalnd. For IReach of IndoCsia and 
in 1)5. Indonesia s..itli 2.9 million ha contributes 45, 
of the recion", tti~l. In Indme.sia. IR in )Sis 2.2(% 
iuher than iIll 1.45) ald VietnamWS: ('allboia I ' 

.,1.1121 are the ()ill\
countries that ha, e liore IR il 
)sthan inl WS. In Nl anmiar and l.aos, tlltIR areas 

in )sexlclld to t11%I I and I 1 Iftihe respective 
WS ,irea,. 

The prporti ,n tif total arlcullural lab,,r that 
(i,,rks on rice-related acnl\ ities is highest in ('aio

dlia iNW' i and Laos (,7'; ).and least 123'; 1 il 
Nlala sia. 

Characterization and simulation for 
riceland management and productivity 

.Methods for characterizing, sariabilit\ I rice ,,ils. 
thwether ss.ilh ls t( eographic Informatlionthe t i 
Sstems iGISi and crop simulations. are here ap
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Table 24. Comparison of total wet season rice area, %of agricultural labor involved in rice
related work and % increase or reduction in Irrigated rice Larea among Southeast Asian 
countries. 

Total rice area of Agricultural 
Country wet season crop !abor (%) 

working on 
ha x 10' % rice-related work 

Cambodia 1,363 4.6 
Indonesia 6,360 21.6 
Laos 680 2.3 
Malaysia 591 2.0 
Myanmar 
Philippines 

4,766 
2,564 

16.2 
8.7 

Thailand 9.563 32.4 
Vietnam 3.583 12.2 

Total 29,470 

plied to develop procedures that can improve rice-

soil and soil-,,vater manaeme nt, help d,tennine 
extrapolation domains for research findings, and 
indicate future targets for rice research. We a!so 

report efforts to strengthen the capability nf rice 
research sxstens to adopt and adapt soil characteri-

tation. GIS. and crop siniulation procedure,,. 

x 

OF.('Ri)1' I\IN)\s 


Ai,ri.i(\rl AND I\ PRj kI\iF\I 

'\t 

,-\nexistintg icc-crop sinullaliolt used toModel ,,asts 

help identiy a tropical rice Ideot. pe .,filthe poteni-
tialf% the target IRRI's5ieldimtr 15 t/ha specitied ill 
Strat't,.\ tom (ai/,2U0).A prolspccti\ e ideot\ pe has a 

Ionri145-55 di _rair-filling period, a smaller imaxi-

mum c etati\e biolmass than e\isting cultivars. and 
the capacl to absorb suhstatilial amounts o N aflter 

llixxerinL'. 
The xarious riiolulC ot .MACROSsiliulatioill 

models ha%e been translaled trim ('S.MP inlo 

FORTRAN 77. and made axailable to our NAR.S 

coileagues so that the\ canl appl oittheir Oxxti 

FORTRAN-sered compulers the xartoirs, siiula-
tions, originallk dceloped illthe nlt-idclx-axail-
able sfinulalollll A versionlanguage C'S\1.. oll 


.MA(:ROStor so\ bean ISOY('ROS i x,as de%eloped 
and used to simr1ulate ,aater use. groxx ih.and prospec-
tike net protiis IOr so\bean folloxx ire rice inraitifed 
upland. rainfed Ioklalid. alld irrigated systells ill 

Tug.ueara4. Philippines. For the rainted s',cin. 
predictions x ere made corresplindirig to the rai ifalls 
expected to occur o\ er the long tern 25. 5(. andill 


75(; of xears. 
Each simulation aiial\si5 requires xalues for 

several xariables and parameter,, for crop, soil. and 

89.26 
44.97 
86.81 
23.31 
56.71 
44.0 
59.21 
75.24 

Increase or
 
reduction (1%)in
 

irrigated rice area from
 
wet to dry season
 

+95.23 
-12355 
-84.21 
-21.61 
-89.0 
-16.01 
-49.0 
+3,26
 

weather properties. A manual hts been prepared and 

distributed to indicate the ininmiium required set for
 
such variables and parameters. 

COMBtININ(i GIS \I \ RIi('-(RI'iI' SItI ..\TION 

An exploratory proedure xxas developed to conti1
bine an existing rie-crnp siniulatioi x.ith a(GISsoil 
and x,eather datt hase created l inlpartnership xxith 
Philippine Go\ernment agencies) ltr the hi,.xland 

rice regi ns olthe Philippine P'ro, ince iil'll'lac. Ihe 
colltnbinatitkllx.,asuccesstuly Utld 1 predict rice 

\ icl across the choseri regins as a tinctili of tihe 
soil characteristics and historic xxeathcr recie 
(ass1llillg optinral nutrition and nilpests). Predic

tions %%eremade and mnapped both fortull\ irrigated 
arid hiir nonirricated rainifed IOelxad cLonditioins: a 
difference bClet i lite predicills ilndiated the 
prospectix e belietit that x ould ensue Iroln epan
sion ot irri,!alion. 

SI i NIRi( II R',I I\i1.i iti1s (iS t - \i i:R 

Rt( \iHiiss \Ni RIIIL-11(I \t \N o\II-I 

Soil hydraulic resistaiice. .,\iimipoiatt detlerimi

naUl l pulldedaterecnoiin\ aid rice priiductill ill 
oil s\,senisiihdrauliccnductix itx--andhtrice 

rcsistatce- -of the comilpact Soil /tilie atlhe base of 
tire puddled layer. Measurenments insill of x\aler
percolation rate ;id siil- ier pressure potential 
xxere used to determine hdrautlic Lradient. rests

lance. and cinmduciviix oti thl1hoil 1) to 
31-Cll depth aleach lf 30 piisiiills x ithitia 11.1 Ii-la 
puddled field %%iths:itiurated sutr.face ,oilarid ultriail
rated sibsoiil. The coLipact Ilarid hence leit"spernie
able) la\er xas about 0 cn thick, and distribution of 
the ..6 \alucs I hdratiliic ColldUCi iix for that laxer 
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%,erc lo-normally distributed sith a nicia of 
0.27 mid and 95";, confidence limits at 0.22 and 
0.37 inmid. Supporting obser-aiions shosed thalt 
puddling dcrCasC d pc:olatioI h% a factor of 5'(). 
and that nicasured Valics of soil-.atcr presure in 
the urisatratCd subsoi\lere consisteni \%ith predic-
tions made from nieasuted values ofhvdraul iCresis-
tance inthe stirt'ice soil and suboil. 

Spatial %ariabiliti 'if water percolation in 
puddled soil. Simulation and illanauerueri of rice-
field \,.ater rCLui re represenratis,e saltcs of,s ter 
percola'on rate fOr individual fields and rice-crLs 
ing regionis.Tlhe representalik encssol rcas uirelricnits 
.a'.d their nleans depeid, oil the -'palial sariahlill\ of 
pCrcolation: thiI i aibirl\ 11\ equantifiedthrour'h 
the ,c ,oslaillsticil senii\ ariograrir and its piarinltrs 
of Slope, ra Ild, ILd aria Ii Iiiiial rporta iuCt 
for lX").)p. 16ff. Variahilitr of prci.)lion %kthin a 
particuiar cla,,-il pIiL1dled IRRI held comnli sin 
Ioplhis o4.5 - 5.5 ini total si/c 42f( -: I 1ui.m %%s 
dLCrmiiled f-ot itrereleiCrt'l, al Ihe cCirCr aid at 
one addit,.,'nal rairdoilrli coiln po ilion in)cach 
plot, totChcr %ith .3e\tr raudorll\ sclcted posi-
lions in each of "srandollil chosel plot, 1o posi-
li ins in total,,. 

Ik'rcolalnlo rales \kcic loc-nrorinalkllSdistributed. 
and thCir Spatial dCpidencC 55J ieprcsCIlCL l's a 
sculisairi' erani ibha ssell-definclnucct sariance. 
aSial1 slope, aid ill-detfined riinuc. Thie ,nmll Slope 
de.C ilinted front a 2ff-In illri\llurit scparation he-
tssce Illex~siirctlts I \ asco i 51ih hcrebeing 
io spa ni :ort.LitIon aItoie \, aler pcreolalioii \al-
Lies. i.e.. pure tLIrC.l CfTcct." 

The inIliirriIrn IlinumbCr01 iotCAfSurirIr sliCs needed 
to detelicrirt cal -llCinCJaicri-pcicilaiiirl rare %%ilh 
a speciliCdde'_'ricc~lofrp iSHi ii ssasalcolaed 0th(lr-uh 
it seItuetial /-tet amul 'Oi.,f u its sbsce iilt t 

5(percolaii , i-sile rlt:caSticniets. A\rn! sis shItisCsd 

that. wvthh 90 confidence. tile mean ol any 8 plot
center nieasurn,.tis was a,, piccise as ile ille.l of 
all 56 mea,,renir nt,. That anN selecilho of cilhl 
plot-centcr percolatotns ga;\ e Ill equally repreICnla
ie lleln ilndIICSates, that ilc risk of ClIOO>ill ;Ill 

inappropiac conifur,,ln MOn o ioneasrenienir loca
tions issmall. 

Soil-hy'draulic l'nctiolns Ir ain upland rice 
soil. Research prograinrs in ,oil rran..cineit and 
productivirt. ireluding those usillg simulationt, and 
especially those for uplain! rice. need ltc'-,e knowl
cdee of tile relation of, soil-s%aler content tit sil
salcr potential (the s\arer-retenioi characteristic), 
(he dependence of soil-hrdraulic conduclil oil 
\ alter contelt, and hl\\ these isso fIinctional rela-
Iio1s \any \ ithin fields arid across larceC rccioS. 1-0i 
irca, (sCveral Ienar ,. In\draulic fnionsC10i, could 

he CeSiriraCd Cffiicil if ilrtor pCdohi'ical hori
/o1, (Nltls) coului he identifCied thai c\tend o\er 
larc.' area, ani foif \srich h,,draulic pIOIpertics are 
cssiclialls Constant ;Icross Irc area and at i,11 depths 
\sthin t M; I. If (\%(oor ilre scrlicills coiticuons 
NIII., have sinilar llsdralfic functions. IhCn Iuc'h 
NIl Iscould he trealed in so(il and crop( Snulatriois its 
Ole""S'rl-plhrsical I ilding bh ck." s ili ci'su erc'tltll
ial sa\iltS flIcIrntlhierslsfauipliIn's rid fi\ drauI-

Iic irhe',urcrrtCsi lirciled (.Annual report for 1t)89 . 
Foria If-ha area ft'lhe IRRI uplavd farrin. 5 Mils 
ssciC identifiCd, and lsdrlnIic fUllictOlls detertined 
for each ilfictn orX )lilcaured licatoirs in each by 
fittirre tire6-parailtetr lrilltlaL. of ',li ( Jcniiciteni, 
LsingL indepicndentl inrea-mlred \alics for ssater 
content ald hydraulic cnirductis it\ it Soil Saturation 
arid i Irele riesidual tinoistnre conrtent (corre
sponldini, to 7f MI'n ssatcr pireurcr li (I.ill( vol/ 

" sol. li:ir,lrCtl Sfor Cac'h Ni1I for tIe atCsI;l1 2cLtC
itre rte1sis Ornr'il ildiVidtlil d'ICtrMihralilons)ui 0fr1 

arc listed in 'lable 25. 

Table 25. Parameters for Van Genuchten's soil-hydraulic functions as calculated for the 5 
major pedological horizons identified for a 100-ha area of IRRI L'pland farm. 

Saturat2d 
Major hydriulic 
horizon conductivity 
code (ind) 

Ap 140 
Bt 0.35 
Bg 0.02 
C 1.03 
R 0.42 

Volumetric 
water con!ent 
at saturanon 

(vol vol) 

0.52 
0 5t 
0.57 
0.61 
064 

Parameter 
a t-J 

0.112 
0,060 
0.015 
0089 
0.035 

Parameter 
n (-H 

1.113 
1.085 
1.116 
1.072 
1.073 

Parameter 
I(-) 

-6.2
 
-10.8
 

-7.3 
-11.3 
-10.9 
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IvdraitliC ,irnillarity or differerice airle the 5 clumn was collectedat 5-in intervalsauinthed.
 
MIll,k il, theni eva.ii.luated ill o1Vali,N%2d(hricd lid thile ratio" aiOlll'%
tewrn "tb'paiv,, dlik) cilc1ilted 
from the N1I l-averae lor each of1 utIC- rale/applicatrioi rate and the ab,rpiioi rate \R( asulllcliollN 3 
tionall\ important ,oilpropertisc,: tilesoil-%.ater I.(O -BR.
 
content at field-capacit\ . oiI-\~ater picsNure of Bypa-. fHim riccuired Noorter through tle Shorter
 

.
-I0 kPla. Irlie 1 rLtI ila le \I, ,CC I I coItllllll',. lt icolSLi liI ,Rwvat aiicr rel.(ied hl'tc all cOlnilluN. Cs lb
field capacitl\ and ,il-,,ler pressure ilt: ti a iel BR %alue\ ili.-poii ,L iShied herd NII(MCer. ith 
it-. aid the IahlC lC10)li coltii Ilnth ARf cIh riaila.ll6 \la. h11iiit11.1i dethf1kt of (0.t92-0.9-I) 

that is capable M aid %kaier-tInn' iitenii\'o,.( nennl .-\R - ahIM%, Cntlivaleti to
I,NiUNiLlin.La p'I 

1% 1.7de itsilol2 nnp.d hi te l,irurfac il crp ot All)0.- nun/h. The hieie.r a1.ilueco',rreSOplided 
/ione'. INli Ili /ot la rhicit toh) , \eiine %a i,tllIt ott Ill le l ,mterl" iiltlshr,,. a, uni
pitt RCeiiltN tn\\etl that all ft'.e Nil IN\ere Nelf'ti- blii througIIhoutt the Noil colhnn,S. bu itmoisture
 
caurlk ifferent ho~dranLall\ -HLnat1ein.e[ coititits aliitie mil 1n\ o\/
and leitl\ 1.4fl-0,4 ol\0-sieifi
the nubhel of1 blcks could Ilt lhail !> oIll
NiI-inical huildin, caIItl\ thil, liqid Ihiito li.52 
illleilom,tnlc to, C'hNI li,'it L' relrrif '.l.lliis is rtIs, i i ilt fiii oh,n.r,al itimlil l I tIii'hi 'III ett 


Is,0 \\C r. rcOlli'do ll Itst ll iiil Ih iit(iiIii
L ,t0frr IL ik . i L -1illtl- lm r , iitll i i". tr 
insl, ll~ tn tl~r _' iLi ' < siI cIILliai- i',ictc'tie i~ k ails~l iti iil,Iuil iserl'iL i V, tt illi .itiini l m l eils' 

lite, I that pissc', 1 'uriltilliiii "(t)I) flitf .- tillt ltil.ltNll ICriM r0llLl~lliiirL 


Inuitri\ I"tL'rtl I). l[)AN' be irttil
ItL.I hcn ri1p 

inraii tdl km lar d I %s'tciti', at m i i , it I I i1 s I\itu N
OrIt IIl icat ric ,\hc k\ )l \!,,i\ 


i fa ' i I rL c'.tt i d I!i(
itlti'l oilct ii e )8. N411i - l l:ix \11 i11 )1( ,1 

lrepalrtiinll fmt ruc. ik i iil-,i:ilt ,l 5.Iter L\it >\ Ir-tili itlllC iII cliP NiIliiht liwi tilL ihill] itfar 
f 1i'.l' 1 l il N NNIIi''IhL. 'Irl \k Al, I)lsNsCitC l iiiI i. )N ti)2 )1.tlt) 'I (ltitlik% tL ,!X ir,,iii/Cl hI li lit Iirlit-i

, , INC 1 %icItIti. . sll stl i C ill heC - tli!itr 1 ittt11 tutuilIli Iiiiu)1litltlairuli ii iLo.lilich NiIS

iIC I flnit CI ( el\ Ilid ' A.-\RS 


iheLlliii1iL I)S cIl )i)NI il I t Ii riic I c.rac%\ LC ttri Ih inti 1lilN till% rsilic,
 

)[ etIctiL Irltlli:. )IpC,idIutt1 tieli N I .\R IIRRI. kS h;rlit-'llI 

alL i i li C! d ,i I )II h I n uill 

Ihrilti pr'.liitN i uILIdlLd , i1l. tail Il~i I .Stckliire,,111ill iit it fr),i Ilil iri triils rnl hiL i irt til 

;iti I1cl-crtltiL ' cm\irtllftsit ste, I depelitlllt) ii i.lll.l iti.X . ildt IlL tw ili,OILILlhllll t Illhs ld

aeli', e.run~it dLe I N I.ater :turlls ical iricilLd . tihe I irC i Icar a Ar ri

ais e ,liIic tll ic ckCl 1110\kpertii ;,tlel tii/il .'litiral I.ntiscr',ir 

th. Ich clll, rilriLilit -. .hsit.ilij \ 

it (ilina il rijt-el aidditiolnal 
,
tlhatIN,ri l-ou,naliI JL' L'r thain iMuiinUi Lt; '1()( s in i . iNppnIIup t iiitiiiili ie licillil ,cs rle'td 

ri0il lnrr bt' ,, lII ' i ' i,i1ill Ii iI / .li i, lti,t i 1 t L 1t. IliL) III Il IL,NC ,titliL.,. Aill li t-'iie il i l 

pruiificil(Il-iii i t ht IL''Ne1iitii Cs-apiratin trnrmt ssuirkslwp. I .ii1il2SN CIerCIsee PICs 101.NI1 trairneid 
aticrsi i,C NMti lalls \kCrL AlN" N rtiL h ictCil ilinl12igh ti rhicellaticIA , 


B.p,,] 1luimhas nuin r,il 1pLi's hrlul llitiulual \ tksl IllnttlNadu .\ ricti ral
Ji eet Ii- am 5 ,iiil 

puddled Vc riL 'rnI paLtipt tlc'l ()iliilI 11li \illt i t. ii \ils I ll (iI 1ii iitliMi i, ct )IMiri t n X 
simulaiteI r-irfall illai ,aiitit%to 12 ,,iit Lal Icti ic,,cili.h.iil ti lL' aiita l Rice eearch 
CLI_tiIIIN iff t l NM tlllit C'\DtaLte ss I ititiarion ofproducti uteIC, l lt il Ntii i'R( )( ilt niuj ,t
diNturbine their All litlcrs lial )l rlce.riliti eri. L had ' -cmti W ilhill ItRI. sirulaLi01tH acil.iiti s are 
duatlncr: 0 ,,cisre II.' I 

iiLIut and 6 2 circut itcih. eLunrdtiued through a iinmulidiciplinar Sirriu-
All cylinder, hail ui- miir crack Wlat C\tlldLJ lati rn ind S NicitN AnaliIN (;rltup. 

throLugh the ilI L)ltilln hlg_'ht. nitI th: r N4i!, had 

moisture in l0 ',,:,anic- 0.35 wli\s(di,itrpaed w' Ni \t l,it(.25 
,.ai ,atlirn i uitir_ +ifahoirut (.6 \ ll iI , Si iilatch IIII(P nes'':actis, itiCssill in.luitde Iliiritrrniliollil 
rainfall 5, IIpl)L Ihltnuh mrttaira iut48' IIL 8'lil)Nttirii N tiN Approaclie.N iAgricLIhLirailnsste 

j.iN i,)tilL top c'lul n iiil clotirthll nll(n ill %\ilhiriac_ of eich 01ril;111: l)e . irmulatiirns partnership 
each Ni/C ricc ihrco 3,-IhNl s s-iat iiLtilt if ,.a ru,, ntilllil ;aiuilullral research Nsi ,,N ft 
itt int/hi. e retnaiIIlL NCt 3 rccci aNNN 1()bal climii cha rice.and til (itI cd htilc tihe iipacit of, e e ()it 
I-h ,ho),h, All c tlhis rcCeis id i Sieslli'Jil aUri n re carhih ini19I "t)110 ,erer at 31 midi mliiiimt \i1),t aLc 

9imi ,oialer itiall. sf) ImtlLotiton of each ftiani -ed o,(lte Netherlarnls Government. Iillo,()iuflwi. 
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ing a ta\ orable external reN i\% of'those ati\ itie,, tated area. ('hlraracterilc,, of pro)dt'1.1 ioii eiironin 
I990J(). an extmenion oft he prole,:t x,ill he omtilated -net.eclinolog adoption. farit i/c. tenure, priceN. 

to cmolin.iate and Lpatt Nuch \ i tile.te d.h anil cropplnLe patterns in I9X7 WS ,.,.re 

e,.terndie tlaie 

throtlah it-co)uintrN ,taffed [\ 

tuturt-e \,jilt particular attention tto 

prot.ram. har,'el, 

.raLate', from the three Los Bafno, cour,,,. 

Teciticall\. eft'Ort,, to( link Crop ,imniktiim' I 

c;tS rLIluire, the generation ofdail\ \,catlier , ILWe,, 

floll illonlthI.Illcan . and ,pecificatiotn of re rec .-

tti,e pt, Nioo,cal and ph,..!ntgical propetlieN %%lien 
Nw\eral rice culhix trx are gr\,,r ithin a' ,.iraphici 

regton tarLet.d lra inlC xnMiAt11iti. SiMiilat Ix 'Ac 
,,hai n'e %r,,',eather and tield b,,'rationN tit 

ttiilii k., . %uiL .%ilthim; _Jr\aria bilit, 

,nh.,Nltot, ii aterhainctand upiiilndMIuilcd, Nil-
it\. The N',%hCan inOdcl %% 

',ilnuilae' x. relaion ,o\ hean %% .

rice po IdRuL.tix ill he uId tit 
atr tor hen atcr 

xujmp[l[\l'iN,linilitc.' 

Adoption and productivity impact 
of modern rice varieties in Nepal 

\' tllall i Lthcl cterimliiC ,, 01 nituwrl '.armtt 

\lV ' iplltmmn. 'ind Lhc Iit tha adotiiIn (mci()c 

l,:ii/cr t,,c. it.,, a )Ml lIeihn illtiirlcc t ropj 
\"elD. '. ilhOhc 'peit it ()bjct_i. c id dctcrllcr illi the 

rlicnriattoLipitiild impact ti \t\Nd lle.-iof r 
,thm ,c lic. the ION IRI111iildci,:lp.' llhd- 191 

the nii-RRl t\pC. The IRRI \I\ ,.utixare jira.cri/cd 
bx1 ,i'rt Ntatnrc. lirt Lroxxh diuration. tertili/cr 
rc~pn,,i N.'nu" eild. but their farm xl dtmid hiLh 

i,0 iitaiiltd bx the a.x, ilit liine ' tlajitl and ti 

irrlalt ii v.,iter. In ut ' ; )c utal riceal. 1Ncp '.2 c t. 

areaiirricated. the iion-Ik IN\1\., hti1h4\INl1iuri. 

are Itletil.ln-NtitUrcd. ha'. e tiiMe and ar c1 duratiiltii 

cNN,,,,fcrtil/c~rr.pofm and(iloh r \tcldii The',, 
are iore ant thbilr ittlreItolern tlr(itoht.an 
Nuitabic tor adxcr,,c prmicditici i cmIx iinmicmtN. Al-
thi<inch the dtta t I trci2 1 ic i ',i.nta,2,C It Ntahxniri er 

i,, IeN ,c tiat IRRI liiItB Mal xarict , thin it \I\'N 

1h;1ihiChr \ildtahilitxtax irablc arcax. \ taN it 

pok irriciatd aid tax ohlral raititcd arc t ,  

Si R\L t)\t\ 

crc
"r.i NtN,,t .iir,.,.,N .llnunal repirt It,, 11),-,s i .-.

re.:,ee. 

lllilli11 io alpth iLor;tl(Iur IRI M,,\' and non-
IRRI IV', kk de+:, ar ,tr,\ 

+taindthriieh tarter Pritcc is intor

a I ionMI (ilu'IIMI ' Of 
cdh o4 4 \ illae, ith55 larti IliohnlihdN' iI .:rai \%. 

ditfcCt Iit i, rII; In tln,.txo adlacti \ilia.-, i11 

cactil ottlie ( CtIr.l ,tnld \\eC rn i %l%'i,xx,rc cliet 

to reprcilt ditferencc, i illerket .11d n1,1atural envi

oninets and in irrigatioi, reeriet. 

M1V .,)iut'tlIO \-,I lI II\lt'i IN 11.1.\(;1S 

l \I I 1 , 

Sample x illamN x crc cla,,itid inti) thrce elnx iron

ietiiat cacmoltu iiii tdcci'il 

)i Iit I I t.\I1 

rie,, dcpciiln ()Iter 
--mit rol. Irricated \illa cs arc trlioc x lierc lintt rice 
land i,,,,crxc~d bx, runi-of-thic-ri, ,,inl. lltlnal'edcr ,,\ 


either h a cLi\ crnnicit ailc%(orli tarnivi ". Iax o

land artax ;Jltrable rainlfed %ill,' ic +h ,x princ to 

,.cx rc driuehl. Inhax irblc rainfed Il.cex. u
all ()I,tl i, la (k.,,tltcl Itr tL it (ili lmx',dlld 
N i xel lbwiNlltant e. 

iiiiiilamirpt utliliihiaraicrit-",,for 
,, arc ,,iitcwd iiItble 2,.A\ cr

aec Iirm ,i/c and rice arca per farmn ,crc lnnilar If, 

iii'.ii mil fax orabl iiiiif'l ,illace',. bLt ,iiallcr 

iii unLti\ raiifed. 1 lie rli-irili (t imnter

the thrcc c .toriec pr 

i-rahlc n 
ator xxaN l.ioer i ir Irmeatcd % lac. htiliu

lar Ii both Lateritj", (of tilete rainNtehd C,. 

A-\linNt tl third oft riccland x,a, tcluallx irri
,aler inirriaed N iLlli lit lhl faN',,, orabile rainfed. a 
"Imall p+rptmrli t Ilit xxa, irriated hi, , dhallo, 

tubc"xellk aid natlral prinils: inuntaxuirable rain
te.l iardl, am, latIl irrileted. tn ofx,,, [llie prop )rli 
rltid plaltoh\l\Nllihxxedthe.",tiepatternias 
urea irri.itc(. Nipxt,,iw \I\, \,crc adipted Mlicre 

,there ix irriatioli. Ili fax raintcd hall,irahic ar...... 

if the ric area had \I\V . htlliI tint ai )rabtle railfed, 

,di t iotli v'aNy i,,l\,7' 

,,x
th tilitx+ dclx plantud Nt a,Nldhxuri. \xhlch 

,dcheoed in \lai. Nia iin1965 and introduced in 
Nepal iii hIt7 . Ihti(m cr. the lcip iirt ii areaip t.( 

plkitted t,,IRRI \1\% aN otiparedit tn-IRRI 
it deter-V\, illeid iinii tl\ ,t;lh otldt t be 

u,'ed. theC Ir,,t ari ' -ii r\e ,142 I;,c',muteil ItIIwe I.\ c tc rout theIl),X7 cetiixc"NurvN fren cd at x 

in (Central and iatern \epal. xili r. cx. eae )Ichitiec- trotic '.ar to xear. But it xxa, 

Count 1ir n-arlx ct th niatio tal rlk.e-ii ,,'IblC ii identif %ilace, tilatadopeld onl\ loil

and prodution. Villa,, xcr- ',eIleed ihio,1uh tratt- IRRI wI\"otict i tko ()ot IVl,\rhx ;riahl\. non
fied randor nlptiig. haed in pr pirtllii )i irri- IRkI M V ' cre u,,d in oi - Nt ,Ihat adiiptCd IRRI 
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Table 26. Socioec'nomic, cultivar,and rice productivity indicators by production environ
ment, based on extensive village surveys in Nepal In 1987 WS. 

Villages (no.) 

Farm size (ha) 

Rice area (ha) 

Proportion of owner-cultivators 


(% of farm households) 
Irrigation (%area) 
MV adoption (%area) 
MV adoption (%villages) 

IRRI and non-IRRI type MVs 
Non-IRRI MVs only

Nitrogen use (:-gtha) 
Rice grain yield (tha)

IRRI and non-IRRI MVs1 
Non-IRRI MVs only, 
Traditional varieties 

Total cropping intensity 1%) 

Irrigated 

22 
1.7 
1.3 

58 

63 
73 

100 
23 
77 
22 

4.1 
3.2 
2.0 

218 

Favorable Unfavorable 
rainfed rainfed 

11 9 
1.6 1.0 
1.0 0.6 

80 81 

13 1 
50 7 
90 33 
18 0 
72 33 
15 8 

3.0 
2.8 2.8 
1.8 1.6 

190 193 

1Av yield of MVs invilages growing both IRRI and non-IRRI type MVs 'Av yield of MVs invillages grown only 
non-IRRI type MVs 

MVs. Alnost one-fourth ofirrigated villages adopted 
IRRI MVs. but the proportion was slightl. less in 
favorable rainfed and zero in unfavorable rainfed 
villages. Although imprecise. the estimate for IRRI 
MV adoption ,a, high for irrigated villages. In 
contrast, non-IRR! IMVs sere adopted more v idel, 
acros production environnents. The adci)tion () 
IRRI WVs may be more dependent on aerc-,ntrol. 

MVs. particularly the IRRI type, are more fertil-
izer responsive, and this feature. tocether .ith lower 
production risks in more favorable a;eas. affects 
farmers -incentives to invest in cash inputs. Fertilizer 
use as measured by N application was indeed higher 
in ifi iated areas. w.here adoption of MVs 'sas higher 
and yields more stable. Fertilizer was restricted to 
MVs in favorable rainfed areas. and to Mahsuri in 
unfavorable areas. particularly in the hills. 

Rice grain yields across )roduction environments 
reflected differences in adoption rates of IRRI MVs 
and fertilizer use. Yields of IRRI and non-IRRI %IVs 
could not be distinguished ,here both tpes %%ere 
grow,n: yields of MVs in Table 26 thus indicate 
averages for the two types or for non-IRRI MVs
only. MV yields \kere significantly higher ilirri-

gated than in favorable rainfed villages. which 
adopted IRRI MVs. Conversely. yields were similar 
in all three production en%ironments when onl\ non-
IRRI MVs .ere adopted. Yields of IRR IMVs Aere 
significantly higher only in irrigated environments. 
Yields of TVs were lowest and similar across pro-

duction environmltis. IRRI MVs tia have higuher 
,iehd potential than nt-IRRI NV,. but thi, potential 
isnot realized %k %ater cnootrol I inadeqItate.[teli 

Total cropping intensit,. a,,hiiter i irrigaed 
villages than in ari, cateL'orv crained llac,,. In 
Nepal. rice is a major crop (in', i VS:i ,tlic rops 

such as wheat and lentil. v hich reitLIe less ater 
than rice. are crow.n in lS. The higher cropping 
intensity (Table 26) in irrigated areas i,esplained 
pa'tl, b, the availahilitv (i DS irriiai in. but the 
shorter gro,.%th duratiotn of IRRI MI,1,ascompared 
%k may also ha\ e c mtribtted toith Malsuri and "'Vs 
increased cropping intensity. 

Di:tLRttN \NtS I-s N(IV \1)(i' to,\,I R I IRi/iA 

StL.RIt YIFI.i,. kNI) ROi'iN tI .SlIY(\ND I 

\(* oS, Nit'.\it.iSt- vt it .I is 
NI adoption. fertilizer use. rice ield. aind .r,ipping 
intensity I nCtions were estimated in relation to 
irrigated rice area. fari size. ratio oi om ner-culti a
tors. di.,taice from the nearest cotmmercial center. 
and terai dummy. Both farm si/e atndm ner-ctnlti 'a
tors account also for the betteraccess of laree osm ner
cultivators to new information on technologs and 

institutional credit. The tcrai dtnitt,, ssas i clitlc(to 
allow lorothere nvironienlal factrs. suchi as topIg
raphy. w,hich are not captured b%the irrigatim ratio. 
Fertilizer and rice prices were not includid as e\
planatory variables because ferlili/er price,, are 
controlled and the transportation cost is subsidized 
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5y the government. Although rice prices were slightly 
higher in the hills than in the terai, little variation was 
obser, ed in the ratio offertilizer to ricc prices across 
villages. Since the dependent v.iriable was expressed 
as the ratio otf rice area planted to MVs, ranging from 
zero lounit, atss-limit probit rcgrcsio ",as usCdl 
in the NV adoption fuinctioll. Conversely. the Tobit 
method wts applied to estimate fertilizer response 
function. ,incelthismethod avoidssa,,mplebia,,cau ,cd 
by onmission ofohsers ations %ith zero application ofo 
tertili/ers. Yield and cropping intensit\ functions 

r, determined through least sluare, anal,,ysis. A 
linear model k tsadopted becuse itost kariables are 
raio, or dnlllllle, 

Tlethc 27 shos s that irrigatiio is significant onl\ 
in tWMNIV adojption functi. his is consitCnt " ith 
accumulate d es dce'% that irri-ation. not t-'.nure or 
farm si/e. I, a niajor- factor affct.tingL M' adoption. 
The coet icienit ()I the rrirL'atint \;t- iable sts, 

that the rate tM\ adoptim in acotmpletl., irrigated 
illa ce i, appro rinaitei 79,, poirrts highrer than Il a 

conlplcll raiitd (.lac. 
BecausC of the strol.: Ika-ce hct eoen ri atiirer 

andlt N.IV adi ptii. it Is difficult to islatC the effects 

of thesc sartbleso t lr'iliCr use,. rice yield. and 
cropping intcnsilic,. l1 (sir sriiultanert, prorb-
lerns. the N% arilahlc Is specified as .t durn1r 
.ariables, i.e . ,lhaces here hoth IRRI and rn-

IRRI MV s were grown, and villages where only non-
IRRI NI Vs %%crc cro%%n: viillages growing only TVs 
served as thc control. Such Specilicatiio aISSilileS 
that these dunrn %ariablcs capturC n110on ly tlie 
"pur' eftects of i Vs hut also tlhe cflfccts ofcl irol
mental factors oil the choice of' %arieties that are 
unaccounted t'or h the irrigation ratio. 

In the fcrtilizer-use fuIctioti, 0nl. the NIV\ dull
lilies %kcrcsi nilIiacnt: MVs were more responrsive 
than TVs, so that it i, more profitable to use higher 
doses (it fertilizer on MV than on TV rice. Coeffi
cients for the tm o NIV variables .uggest that villages 
gos ing both IRRI and non-hRRI MVs apply more 
fertilizer than those grow,it non-IRRI NIVs only. 
CCn bough the difference betscen the twocoeffi 
dents i [ot statisticalkl sirificatit. Ilo1wc. er, these 
coofficrilns include effect not onl of type nf1NIVs 
but also of' en%ironmental factors. Ill fact, the esti
matedcoetficient ofirrigation ratiois not significant. 
presurirabl> hcaumsC the NIN' variables alread. cap
ture tie impact ot' irriiatror(i) fertilizer use. 

The ts to N1\ drin xrrIahb,, are also sienifi
cant Il the '. icld fuiction. Yields 171\ lauces Lros Ing 
both types of . 1.5 t/h,are higher h%aohtll thIan 
in those crosotiLTVs as implied b\ the,fcoefficintof 
the IRRI MV dunirnns. The cuiefficient IorM-rir-IRRI 
NIV is only (.04. s,hich issi-nificantfy smaller than 
tile coffi. iCl for IRRI \IV. lrrintion contributes 

Table 27. Estimated results of MV adoption, fertilizer use, rice grain yield, and total cropping 
intensity functions based on the extensive village surveys in Nepal in 1987 WS.' 

Irrigation ratio 

Farm size 

Ratio of owner to cultivator 

Distance 

Terai dummy 

IRRI - non-IRRI MV dummy 

Non-IRRI MV dummy 

Intercept 

r-
(Iog-kelihood; 
F-value 
(cnm-square) 

Total 
MW Fertlizer' 

(nitrogen-
Grain yield cropping 

intensity 

0.79- 11 8 1 01 0.50" 
(4.01 
0.01 

10.63) 
0 82 

(2 151 
-0 06 

(291) 
-0.03 

(1.6)
0.38 

(0 31)
12.2 

(-0.62)
1 17 

(--0.96)
0.25 

(1,45) 1057) (0.41) (1.62) 
0.01 0 19 -0.01 0.00 
(0.48; 
0.13 

(0 13) 
-6.3 

(-0.57) 
0.06 

(0.40) 
000 

(1.13) j-0 77)
52.8-

(0.23)
1.52" 

(0.02)
0.06 

(3 78)
41.17** 

(3.40) 
0.64 

(0.35) 
0.04 

-0.15 
(3.591 

- 26.0 
I194)
1.42" 

(0,31)
1.68" 

(-0.64) (--0 92) (2.75) (8.83) 
0.60 0.31 

(-10.11) (-166i -
7.74 2 3 

(24.86) (17.14) -

t-,,,aues are n parentieses 'Tooit regressions 
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positively to yield. In a completely irrigated village, 
average yields are higher by about I t/ha than those 
in acompletely rainfed village, regardless of type of 
variety, indicating that IRRI MVs have higher yi.',ld 
potential than non-IRRI NVs or TVs. Farm size. 
tenure, and distance variables did not show any 
effect on intervillage differences in yield levels. 

Intervillage differences in total cropping intensi-
ties were explained only by irrigation, reflecting 
increased opportunity for DS nonrice cropping. 
Access to irrigation can increase total cropping in-
tensity in arainfed village by 5014. i.e.. about hdlfof 
the cultivated area of the village can be planted to a 
DS crop. Adoption ofearly-maturing IRRI MNVs was 
expected to allow increased crepping intensity: 
however, the corresponding coefficient, though 
positive, was not significant partly because the pro-
portion ofriceland using IRRI MVs is too small to 

increase significaritly the overall cropping intensity 
and because there is insufficient irrigation for addi-
tional crops even in favorable areas adopting IRRI 
MVs. 

Dtm-toR-INAN ST0 MV ADOITION, !F.RTII.IZER 
-tSE, AND RICETYltiIE)S ACROSS IIE"SIAilA i)S IN 

TERAI Vlt.I.A(;&S 

Table 28 presents socioeconomic and production 
characteristics of the four villages covered by the 

intensive 1987 household survey. WR I and WR2 are 
the two villages in the Western region, and CR I and 
CR2 the villages in the Central region. The irrigated 
village in the Central region (WRI I had smaller 
farms. 

Both WR I and CR I have gra, it irrigation sys
leis; however, irrigation was mote riiahle and 
complete in WR I. whcre MVs wern fully adopted in 
WS. InCRITV, erestillprevalet in m l: reas. 
MV adoption was XW( in the favorable rainfed 
village WR2, and was substantially higier tlxal the 
5(J in the extensive survey (Table 26). It1,hot'ld be 
noted that adoption of IRRI NI'vs %ka, ignilicant 
.11ly on WR I. In general. the non-IRRI MVs ssci. 
still more popular. In the unfavorable lainfcd %,Jkw 
mCR3; no ;tlv "'Vswvere planted. 

As in the extensive survev. nitrocell use and rice
yields %serehigher in the irrigated than in the raofted 

village-. Amiong the irrigated villages.vat ', wt.r 
higher for WR I than fr(R I because ota higher u,,: 
of IRR! M', , and more assured irrtgatin. The yiclt6 
differeuti: betv. cn IRRI and tton-IRRI %I 'S be
comes sinallcr a., water control dcclines: the relatlvc 
advantage of I RR IMNVs o, cr toti- IRR I NI Vs ismore 
than 251'(' in in4eatcd environments. but (ifl, 12'I in 
the favorable rinied cnvironment. 

Factors affecting NI V adoption amiong the tour 
villages can ,e _xplained in terms tf three interc-

Tpble 28. Socioeconomic, cultivar type, and rice productivity il;dicators based on an 
intensive farm-household survey of 4 tera villages in Nepal In 1987 WS. 

Households (no.) 
Farm size (ha) 
Rice area (ha) 
Proportion of share 

tenancy (%)
Proportion of leaseholders 

(%)
Irrigation (% area) 
MV adoption (% area) 

IRRI type MVs 
Non-IRRI type MVs 

Average nitrogen use (kg/ha) 
Rice grain yield (t'ha)

IRRI MVs 
Non-IRRI MVs 
Traditional varieties 

Cropping intensity
Total 
Rice 

Irrigated 

WR1 

55 
2.0 
2.0 

23 

22 

100 
100 
41 
59 
30 

2.88 
3.25 
2.55 

-


203 
100 

CR1 

55 
1.6 
1.6 

22 

27 

89 
85 
5 

80 
15 
2.45 
2.80 
2.40 
2.12 

193 
98 

Favorable 
rainfed 
(WR2) 

55 
2.1 
2.0 

14 

4 

11 
80 

6 
74 
9 
2.22 
2.58 
2.31 
1.80 

170 
97 

Unfavorable 
rainted 
(CR2) 

55 
2.1 
1.3 

27 

20 

9 
5 
0 
5 
8 
1.90 

196 
68 
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+ion variables involving the proportion of irrigated 
(orrainfed)areaand regional dummies (IRGxWEST, 
IRGxCENT. and RFxWEST:; the rainfed area in the 
Central region served as control. The regional dun-
mies reflected not only tie diflerence in irrigation 
supply between the two regions but also other differ-
ences such as climate and soil type. Thus, the pure 
effects of irrigation can be seej! most cleark in the 
difference among coefficients for IRGxWEST. 
RFxWEST,and IRGxCENT. Education, represented 
by the proportion of farn w,orkers between 15 and 
601 yr of age having more than 3 yr of schooling, was 
included to account for differences in decisionma--
ing ability. Tonancv is repre ented by to dunin,j 
variables to(distinguish the effects of share tenancy 
and fixed-rent tenancy. 

Table 29 indicates that environmental factors 
are the most important constraints to adoption of 
NMVs. but the adoption of IRRI NiVs is particularly 
constrained by irrigation supply, as suggested by 
the ,,i ni fi,.ant coefficient of the IRGxWEST term in 
the ,:orresponding adoption function. All three 
interaction, -ariables are significant in the total and 
non-I RR! "1V adoption functions. The coefficients 
of IRGx\WEST are higher, but nit significantly 
hi,he? . than those of IRGxCENT and RFxWEST. 
Thus. in contrast to IRRI type MVs. the adoption of 
non-IRRI NI .s not ,,termined by availability of 

Table 29. Determinants of MV adoption by cultivar type
based on an intensivefarm-household surveyof4terai
villages in Nepal in 1987 WS., 

Totil IRRI Non-IRRI 
MVs MVs 

Farm size -001 0 02 001 

Education 
(-0 68) 
-0.01 

1 15) 
0.11 

(-0.44) 
-0.01 

(-0.31) (0.76) (-0.27) 
Fixed-rent -0.6 -0.10 -0.04 
tenant dummy 
Share-rent tenant 

(-0.11) 
-0.02 

(.-0.65) 
-0.06 

(-0.63) 
0.01 

dummy 
IRGxWEST 

(-C 24) 
1.31 " 

(-0.37) 
2.36 

(0.13) 
1.07" 

IRGxCENT 
(9.84) 
1.04" 

(0.00) 
-0.03 

(8.49) 
1.16"" 

(10.81) (-0.00) (8.51) 
RFxWEST 1.16" 1.48 1.27"" 

Intercept 
112.23)
-0.29'" 

(0.00)
-2.20 

(9.44)
-0.41"" 

(-3.81) (0.00) (-3.94) 
(log-likelihood) 
(chi-.:quarE! 

(-18.30) 
(282) 

(-49.00) 
(125) 

(-65.11) 
(162) 

,Ftgures r. arerthe .- are t-values. 
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irrigation in tile Western region. Fanin size, educa
lion. and tenancy do not affect adoption for either 
tYle of MV. 

Because MV adoption, fertilizer use. and yields 
wkere simultaneously deterined, a two-stage re
gression procedlurc was applied in which the adop
tion rotcs ol tie tMo types of NIV,, predicted by 
regret,,,on ikr NIMV-adoption functions were ased as 
indepe-ndent variabl... in second-stage regression. 
Becaust oft identW&iation problems, however, tile 
three interaction variables (i.e., IRGxWEST, 
IRGxCENT. and RFxWEST) could not be included 
in the second-stage regressions. The estimated coef
fEcients of MV variable, i i the second-stage regres
sions will thus capture the effects not only of rice 
varieties but also fI irrigation and otiher unspecified 
factors.To allow for such effects, at least partially, a 
regional dummy, WEST. was included. 

Table 30 shows that adoption of both types c 
MVs increases fertilizer use. but the IRRI MVs 
induce much hiiglr ;vc!s of N use: they are known 
to be more responsive to N than are nun-IRRI MVs. 
Other things being equal, Western region villagers 
apply less N to rice than to Central region villagers. 
Moreover, tile yield advantage ic, IRRI MVs over 
TVs ismuch higher than that ofnon-IRRI MVs. and 
Western region villages have lower yields than those 
of the Central region. Fixed-rent tenants or lease
holders obtain higher yields than owner-cultivators. 

Total cropping intensity is increased by IRRI 
MVs: the combined effect of IRRI MVs and irriga
lion pronites multiple cropping. But total cropping 

intensity was not significantly higher vith non-IRRI 
N!Vs than with TVs. The effects of' IRRI MV and 

non-IRRI NIV on rice L.r )pping intensity cannot be 
clearly distinguished: hoth variables have signifi
cantly positive coefficicits that (to not significantly 
differ. Farm size generatc, anegative and significant 

coefficient for total cropping intensity, rellecting the 
fact that smaller farms are cultivated more inteni
sively than larger farms. Ilowever this feature is no' 

th 
evident in tile rice-cropping intensity regression. 

C'0Nt.I SIONS ANt) NIXI SItI'TS 

Both tile extent ive and intensive surveys showed 
that waler control is a critical factor affecting the 
adoption of MVs across village, and across i'arms 

%%ithin a village. This is particularly true for tile 
IRRI-bred semidwarf rice varieties, which are more 
responsive to fertilizer and higher yielding than 
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Table 30. Estimated resultsof fertilizer use, rice grain yield, rice and tot&I cropping intensity
functions, based on an Intensive farm-household survey of ,elected teral villages in Nepal

° In1987 WS. 

Fertilizer(nitrogen) 

Farm size 	 1.49 
(1.48) 

Education 1.66 
(0.45)

Fixed-rent 7.22 
tenant dummy j1.25) 
Share-rent -0.69 
tenant dummy (-1.50) 
IRRI MV 128.84"" 

(8.54) 
Non-IRRI MV 21.88" 

(2.46) 

'NEST dummy -24.84"" 


(-3.60) 

Intercept 	 -7.20 

(-1.53) 
r 
(log-likelihood) (-642 25) 
F-value 

(chi-square) (84.70) 


t-vak.es are in parentheses 

other NIVs. Adoption of',uch IRRI %arieties in Nepal 
is generally slight and .onccntrated in more 

rable environments. thus contributing to the ,aiden-
ing gap nproductiv itV I)et\s,,en la iirabtC and Unfla-
vorable ric'--grok ing areas. Despit," lter eields. 
the relativels loneerduration nen-IRRI MVs such as 
Malsuri are still popular in a%.ider range of produc-
tionenvironnents because theirperfornance istnore 
stable than that of the shorterduration RI I varietics. 

Since characteristics of NIVs ha\ e changed o\ er 
time and ar\ across locations, it is imlportant in 
adoption and impact studies to distinguish variety-
specific differences in traits. such as N Ield potential. 
gro, th duration, grain qualit\,- and resistance to 
pest,,. On-gafing research is therefore devehlo)ilc 
methodologies for measuring tile effects o)fdifferent 
characteristics ot NVs on total factor producti\ ity. 
which relates changle ill output to total inputs. 

Structural change in demand 
for cereal grains in Asia 

Futuredetnand for rice is (if'najorconcern torpolicv 
formulation. We examine w\heher and to Ahat ex-
tertt changes in income and prices, and especially 
structural chanes such as rate of urbani/ation.affect 
the patterns of rice con.umption. Urbanization is ex-
pected to reduce rice and coarse grain consumption 

Grr.. Total cropping Rice croppingyield intensty intensity 

-0.01 -0.02' -000 
(-0.82) (-2,44) (-0.31) 

0.C 0.03 -0.01 
10.76) 	 (0.66) (-0.39)

0.27* 0.03 0.06
 

(2.31) (0.41) (1.39)
 
-0.11 --0.10 -0.03
 

(--0.10) 	 (-0.18) (-0.66) 
2,84" 1.67" 0.32" 

(8.66) (5.77; (2.51) 
0.82"" -0.08 0.52

(4.91) (-0.91) (7.93)
 
-0 66" -0 24" -0.08
 

(-5.34) 	 (-3.71) (-1 58) 
2.03" 1,99- 0,63" 

(19.52) (36.0) (15.21) 
0.34 0.21 0.34 

14.78 7.85 15.13 
-

in tasor of .. heat and other noicereal ft)oii because 
oautf the higher ippolrtunit\ cost of [line for ftOod 
preparation and lhi, er ph\sical .nerg. requirenlEt 
in urhan t ork compared ti) farm v. irk. A ,:oinplete 
demand s\ sltein is estimated front tin.-.eries aggre
gate data fron 196) toI 19X for nine major rice

ross ing countries that together acLOUnt1 for about 
X5', of the \,torld's rice co insumption an.i produc
tio: Bangladesh. India. Indonesia. Philippines. 
Thailand. Japan. Pakistan. South Korea. and China. 

TlIk .. 1 .. Ai1Xt) I\1 

We modified the Almost Ideal De.tmand S\stem 
iAIDS) model to include the effect of structural 
change as pros ied b the ratio of urban population 
(Z). and expressed it as: 

+ (Z Z + M+ Z + 
In( + i. + 1)I In (Y/1P) + , 

where is is the budet 	share. Y is expenditure or 
incom,., p is commodity price, P is price index 
approxitnated by it In p,. i and i are coiimodity 
indices. f time. (.. u. . B, B, y are coe icictnts. and 
i is the: error term. Since the stam of equation ( I 
over all commodities i equals unity and therefor, :Ie 
variance-ciiariance matrix of th..- error ternv is 
singular. one of the equations in i I ) isdropped at the 
estimation stage. 
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The elasticities of income or expenditure (e,,). %NaS represenlCd by the ratio of urbaii to total popu
price (e.).and structural change (i are calculated lation <IIN statistics). IOltilatill and private Cie) 
using the follsing fornulas: qllni)i expendlitures <IYE) Used illlirsi-siage 

I + t13B B., + bildgtillis came frot tileliieiatiollai \loelar\e = + Z j/u' -,-	I Bll B./i~/ii Ius linp, +Ui il -."ltd ri c h " .' l g l d lri' ild ' i 

I2) ir i ,, li y' n lr ni'n + t+icu lt.' -I) 	 (2) Fund+ilcrca(INIFt). TO dens: filhe assrega ted price inde (it' 

(Bl+ 3Zl/ll',/lit'' 113+c~ - + - - + B 1 h I 

Ell/,I(w+ 3 
+ =l1 n( B El lhl 17,'I 4 

where 6 is the Kroneckcr dtelta. 
11omiiiiiizte data rCquirement ald nuini.ber of 

parameters, the demllalld Svslell %% oas estimiated in I% 
stage,, b\ assuiliilg separahilitx of tlitilt\ luilunction. In 

tilefirst stage I )mc0lflotls,, 'eiegil um)ped brOadl 
into Iso: cereal _rains and nonceceal i!oods that 
include all other Coiminodities besides cereal -raiis. 
In the second stag,e (It1. the Model contsi oiil\ 0f 

cereal grains disacsre-alt-d into r]ce. ss'hi.anLd 
coarse Lrains. Coarse _,raiiis included niai/e, barle. 
sorghu., r\e. millet, and other lli\d ,rains and 
differel arnon1i couLntries. 

StagC I 11nd I1vere CtlilaItL separatet. and the 
obsei\ cd total group expendilure i.e.. total cereal 
ex enditure) as, specified as the incolme ii lie 

conditional demand sstem L(cereal glnilllsalld 

svsteni). \Vhen'x era serial cormelation iprobdlem% %s 
encountered, tlhe first diflerence spccilicfation I 
equation (I was estimated befor the iterative 
(seeminglV Linrielated 1regressions wkere applied. 

Data ' e ere derived from both international and 
naional Source: for :onumtllllliOll of cereal grains 
tihe data source is the US)-\. The structural _ianle 

,;I ll.ett;1;lllk
all'CeTaltti ll.Ult-ill.tilClic tlI as a lill'lhd. 

The consillef rex as used filtessc\\ is apio 
price of' nonceaic l coimirodities. Ilrices .lie from 
offlicial cotintr\ ,,iurce-, 

R si : Is 

Stage I. ablte 3 1presents resiUll,, ,lage I i mdeltth 
and tileinifliCL dem'lialnd ClasticitiC for total cereatl 

-,Ira1is ill ileIe Ball'ladesh andse\ en ot te coiirlllll,s: 


Pakitan \s-i- twilli
Ce\cludCd sact I bc[aulsC the 
did tot ha\ eselalate slalisltic in tileI I0s. \With ite 
CxcClliol OtfJaaiin and TIlauid. total expenditure 
elasticities l cereal prains are osilie.oleilald lor 
Indonesia has the higlit c\pCndiurte elasticities ot 
Iotal cereal _rains t1(. I i.fhllhoed h South Korea 
((.5 aiid ('ina (141 i lil C\eltnliturte elastic-
MIOf total cerIl ,craill hot 1htia 'Aa ili,\cLttCl all 
ill tIre total eLd'lnlllre!clasthe timmal calculaioll 

lt ctie o heat, comse tas.riO '',v. and am IFI'RI 

estimates of total Cereal e\pelldilture: elillcitv for 
B's India 1i47). ald Pakiltan ().23)ialglalesh ((.48. 
v crc used.
 

Strutural chanc' lie i alll..
mn-l tctI still 
ajl:llarlIhtoice.aS crcal grains cillJtioil iiiillt 

income countries such is(thilli. l(ia. anid tiheIhthl

ipplines. %% annual is bhelos I'Si5)(t.here incomei 
This Ina\ hbe dIuto0 subsitiOllOf cer,al ./,rains tor 

Table 31. Parameters and elasticities in a generalized LA AIDs model for total cereal grains demand., 

Demand parameters 	 Elasticity
Country 	 . ........ ... .........
. . . . . 

Intercept Z In (X P') ZliIX P; IniP Cereal) IFIP Otherp f DW Expend Structural 
iture" change 

China 	 -440 497 091 -099 024 -024 196 1 70 041 057 
(1.90) i2.34) i1 88) (-2.33) 12 98, 1-1298) 

!ndia 1.23 024 -0 18 -0.04 0.2! -021 0.96 196 022 0.12
(0.88) (0.22) 1-O 71) (-0.20) ('64) r--5.641
 

Indonesia 0.95 0.02 -009 -000 0,17 -0 17 ' 97 220 051 -0,07'
 
(240) (0.05) (-1 93 -O 01 (11 041 1-11.041
 

Japan -232 -029 0 19 0.05 -005 0 71 162 -0 18 -0.36
 
(-2.32) 1-3 061 2 241 (372P (-3 72) 0.85
 

South Korea 2 73 -0.81 -0 23 0.07 0.20 -0 20 0 98 1 94 0 50 -0.93
 
(13.29) (-3.08) (-963) (3.04 i809) i-8 09)
 

Philippines 1 10 -0.28 -0 17 0.0 0.13 -0 13 095 1 85 020 0.69
 
(0.80) (-0.23) (-077) (0.29) 1735) (-7 35 

Thailand 	 1.78 -047 --0.21 006 0 10 -0.10 092 1 85 -0 12 --0.09'
 
11.94) (-0.42) (-1.93) (0.45) (466) (-4.66)
 

It-va'.jes inparentheses JThe ncome elasti:ties firindia Indonesia. ,andThailand were oerded from the original LA A)Us model. since 
tests for 'Statisticallystructural charga in consumption ;howed that they were not StatstC"Wiy sigmfcant in Stage I Raw moment r square 

insignificant.
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interior root crops such as sweet potato and cassaav. grains comsumplion. Structural change thus Induces 
,Indonesia and Thailand are exceptit nN although ,.usi st itthion betmencecreals and other food., Such as 

,estimatcd elasticities are stati t-allv hoininilicant. ainial )rodIujct ii hlih-icOili" ctUnitri". 
In countrie,. sith incomelc \el,, ahi-,e tISSIOtN1 Stage II. Results t- the cercal gram deland 
(Japan. South Koreastnctural change reduces cereal model (Table 32) s.itov. that liot ,.+oc'Ifi.iiels 

Table 32. Parameters in cereal grain demand subsystem models., 
Country 	 Commodity Intercept Z InY P" ZInY P* InPR InPW ifIPC r DW 

Bangladesh Rice 0252 0827 0 164 -0.173 -0058 0058 094 1 37 
(0.25) (1241 (0861 (--1 35) i-3 241 !3241 

Wheat 0748 -0827 -.0 164 0 173 0058 -0058 094 1 37 
(0.76) -l 24; 1-0 86 (1 35) 1324 t-3 241 

China Rice 0018 0303 -0131 -0 173 0 75 1 72 
i0221 (868i 1 292, .442 

Wheat 0070 -0 131 0 164 )034 021 1 69 
1070, (-292) 2001 055, 

Coaise grains -- -0 0034 0 207 0 390 088 173 	 161 
(-0 64 1--4 42i -0 55: 12 88 

India 	 Rice 0.473 -0 4P0 0 015 0072 0334 -0 180 0 55 069 1 69 
(012) i-0 	15) 1002 1 0 11) 1560 1-3 961 489, 

Wheat 	 -3328 3619 0 F38 -0648 -0 180 0 180 0 000 084 1 23 
(-0 98 . 30; 0 96 i. ;-396 ;3 . .. 0"11--i1 	 03 

Coarse grains 3855 -3 139 -0 653 0575 0 155 0000 0 155 094 2 15 
,11 45) (-1 44.j 1-i 261 35 -4891 . 001, 1 4 

Indonesia Rice 3019 - 1 411 -0 429 0 277 0050 0012I 0 9 0 87 203 
1651) 1-395. 1 --4 ! 1399 (876; , 38. 8" 

Wheat -2 154 1 722 0412 -0322 0012 0007 0005 88 223 
1-5 18. 543; 1499; -523, -3 381 204, 1 44. 

Coarse grains 0 136 --0 311 0017 0045 0039 0005 0034 0 8 82 
1023) (-068, (015) 1051, - 8311 144, J) 00i 

Japan Rice -4 319 -0726 0 785 0203 0 165 -0038 089 1 5;7 
(--l40 1 051 1132. 1557. t 2058 425 

Wheat -2630 -0837 0 558 0 165 0 159 0 006 0 95 1 83 
i-1 57 --223) - 73. 1 2058 1.18 771 it 2?)

Coarse grains 6 949 1 563 -1 344 --0 038 0 006 0 032 0 59 1 55 
(282; (284) (282 (-4 25) 1 22i ,4 14, 

South Korea Rice 3.479 -1 459 -0 539 0 282 0 095 -0 038 0 057 0 75 1 70 
(1.37; 1--1 02, --1 14) 1 06 (1 34) 1-0 96; 1 32. 

Wheat -3 842 2 098 0 742 -0 390 -0038 0 052 0014 045 225
 
(-2 44. 12 371. 2 51 (--2 36; 0 96 ,1 87 . 0 66;
 

Coarse qrains 1 363 -0 640 -0 203 0 108 0057 0 014 007-1 0 82 1 29
 
083, 1-069' 1-068i (063) 1 32 0 6., 2 15)

Pakistan Rice 6 444 6 690 - 1222 1292 0 243 0 222 0 021 0 58 1 38 
11 33, 1--1 57 1-1 291 1155 1543 i 594; 089 

Wheat -12 700 12 596 2 575 -2409 0222 0 326 0 104 0 72 1 85 
(-283) (315. t293' i-309 -594; (793, i 428, 

Coarse grains 7257 -5905 -1 352 1 117 -- 0 125 080 153-0.021 0 104 
41254 i --2 32; t-2 42) (2251 (--089i ;- 28) .503)
 

Philippines Rice 0179 0161 -0.058 -0 104 068 1 -'1
 
(3.36) (704, 1--323) ... 591 

Wheat 	 -0097 -0058 0074 .0016 037 1 18 
i-l 61) 1-3 23) (334, -1 02 

Coarse grains --0082 -0 104 --0016 0 120 051 1 60 
(-1 721 1-5 91, 1 02 .585,Thailand 	 Rice -- 0 298 0025-1.553 0 272 0030 0005 063 1 94 

(-2.04 (-1 68) .t 97; 307, ( 405) -063) 
Wheat 1.249 0214 -0235 -0025 0026 -00 074 168 

(23. 1 93; (-2 27, (-4 05, (3 64i (-0 1 , 
Coarse grains 0,304 0 058 -0 063 -0 005 -0 001 0 006 0 08 2 92 

(051) (0461 -053 1-063) 1-0 17 1067 

t-values in parentheses 'System r for India. Indonesia, Korea ano PaKstar - 9P 0 9 0 8kcrd 9 93 I a P',-0 r.Cf', Jqi i nflp and 
Thailand where estimates are on first- riference forms, tme system r .sno 'eoY1eo Mcdes,; for C11,nlcl 'inrltnl.( Pnhqr. o 'f"lr,-mal,.d 
from orignal LA. AIDs model 
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have the expected signs and magnitudes. Prospec- ing. For the Philippines. the Insignificant coefficient 

tive serial correlation prohlems Ii time series for urhani/atiotn ina reflect a reilalhli hiuhe.cr cor
analsis \Iere laroclv ax oided b the statistical relatiorn bte,.en rLal incortie anlulbailn/atIoin., I'lch 

procedure used as Cx,ideri od by the i)urhn Iair %arianesolestimaits miincreased tile .than for 
test. The erodtless of fit i,gencrall i high. c\'¢pt otlr coluritries. 
for %,heat ai; 'oarse ra, i1 hllia ald coarse Table 34 t eilas dllalld Iat the.io. l',tiLtis 


be.' fi 2raii1, tc t 

rationitr in that countr\ so that icome.1, prics. paranters ftIable "32. 
aid urhani/ation Li not fill]\ e\lain mnlsumIp- T]he rv n-price lastiitiesL +. cxcejithfo+car Ilitif 

tioi ot those colllnlodii-s. F+Ior (oarsc .21ajls iii in China anld lakIstaii. hax c the expetetd ,ins. lhe 

Thailand, r vas IMo. hut 'OnUnItliont aCLLouitcd hlhicr ahsolute \alucs I, u-price elasticities 

crams i Thailand. l~o\% r- for 0hma ta due to samle i filan .crcal .1s d fIoiii Ihe 

iiv for
fo~r h.,,h;I + of ttl+ ua +\+.'dli '¢trfJ ri. Ito rt+flh.ct.mpa.red x he+at and co arse,. cramsl) the 

lrless than tot(1 ric.lIIa~ilal cereal expendhiture iluriric 10citMdIIa".-_tnsrfettl 
1900'4-90; . '..lu'aL' litti l'.'CIIC'Lt',0I ,A IrlLC tLha1.3111C IIC'C. 

AS rr"Illht be e\pe.,cte.'d . ofctstlL'fI, rhici pmI'ic Ich dritt s ttal Ice';l exp nditure III10. irtlst 

tendi( t)be more ,tatistLill siiimthrCit than those+fIM iiiiitIr,,.Similarlx. c.untries, 
x,ithi a ,,Maller .ereall 

vhea:t ,idco~ar,,e"crarl: theddohM Marit t rC i Iiri.role Ill Udl'lt share foi riLe IsLh as,("lli. lik ,rl,.istai 

tihe sian diet elnures tbat chalces inhLrpric ha\ e lver (xv, if-pici. elastic ties.the f riLc 
,inifti.antl. al ct thle hudeet share,, fr real cre+., lotal e\penditure cla,tic it\for a frtic illa clair 
,rain,. h-0,inrfic.nt cofiients forleal .ereal Is tie prolduict of lxrcpenditure fores.tic'II\ ttal 

expenditure indica.te that te budet ,,hare' f ridi i. cereac.rari able arid,I,. I creal expnilditure clas
,


ual cereal crals i n t en.Itixt It cha.iIcs I10 tie tl II, flall thel icet. he.Iat, or( coars"to 1parti% for frarli ',,, 
,


ttlal cereal epn\I) tuIItreU. ,ail . ( expeifur .latl i,of icMal i, bot1 

"'otest for ,tructural delhiarid shilts. \\,ild ('lII- ut a.llLl)lcont r Ieshelr L'1 is tle st,1ile' al

square and lrkehhood-ral to test, xcere applied. Ihe ust,IaJiCed from I S; i} l1ii",aclr hl ti I _ Ii thle 

Wald ('hit-square test I'able i,I"icc d that strui.- i'hilhipi-,, Pakislan. cfvheretc 'hatis ftire ,t,,le 
,

tur'jl chan e shifted tlme inrcelr pts frl ofI the, ) tLL )iuIIIl1n_ t)r 65'( of tile .Cl al hud,)'e. has, ite 
countries,,at s i. ari.-an: hut iThamlatd ex lud ed t,%hi 2 12 ).l . alti 

theslopeo,,t real trial cereal C\Ixrditulreals-,.halt'Cd I t:tl elasti fir specific1 -'ratins,xperiCiture It, 

thiree pattcrii,:sinificanitl. arni n, tlhoise 5 ,)untries. Both tests ,Ii, ,,s ,en,.iral cla,, cit, for rice 

indicated that structral c1,n1C had a sicnific.:aint reinamrs pisite 10.25 fi.53r 1tfr 7 oh ti '1 coutif

impact in 'een nlthe iI.re coultries. specmfi.l\ In tiles: it is hish.'t in India f.53'. and hui.cest Illtie 

Ban,_,ad..,h. india. Ilndonesia. Japan. South Korea. i'hlifrpriel', f).2";. li fiLcaiie tot+al e\pendiltire 

Pakistan. and Tihailad. le IrIrIni ficait resul iii elastiLies (fI,iniarlild for ILe IllJapan. M0ich ha, 

Cuia i,,due i part tie sloh rate ofl one f rld hlihet Ila 1icrieI.ih betIl turbariatu ir f tire lpt+ itI is 

o\erthepriod tfstud\ I irilerretinail ritratllr -.\as expcted. Ih'e ie'atilceImic' Ire elasticit\ fur Thai

hi.hl\ restricte d I and to tlhe Lf l,11d is at' lflaust'ib . it inlv has tire: persx ste)n crirn rattmi hl'i .'est 

Table 33. Tests of structural changes within cereal grain demand subsystem models. 

Wald test Likelihood ratio test vaiue of LOLF 
Cou n try . . .. . .... . . . .. . ... . . .. . . ... . 

Interceot InY P slope Both Original Gerera Twice diff 
df 2' of= 2' df =4 lized df 4 

Bangladesh 1 F I a 182 3"" 53 1 826 59 0"" 
China 2 8 2 8 2 9 1474 149 1 3 4 
India 3 2 2 7 57 3" 1342 3388 409 1"" 
Indonesia 41 5. 39 5" 59 7" 1736 195 0 43 0" 
Japan 11 2" 1 8" 27;6" 2177 7300 244"" 
South Korea 7 3" 7 10" 14 9" 145.6 153 3 15 5" 
Pakistan 12 9" 12 3" 92 - 1321 9 155 1 44 4" 
Philippines 9 3 22 1737 175 8 4.2 
Thailand 6 2" 56 9 6 2129 2177 9.7" 

"dl= 1 lor Banglaoesi C! = 2 orBangladesh of- 2 tor Bangladesh 
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Table 34. Mean budget share and estimated elasticities at sample mean. 

Elasticities 
Country Commodity' Budget

share Own Cereal Total Structural 
price expenditure expenditure: change 

Bangladesh Rice 095 -0.92 0.85 0 38 -0 15 
Wheat 005 -2.48 407 182 295 

China Rice 046 -0.35 1.04 043 0 19 
Wheat 033 -058 1.20 049 108 
Coarse 0.21 U.04 0.60 0,25 -209 

India 	 Rice 0.55 -0.52 1.18 053 -024 
Wheat 0.25 -0 16 0.44 0.20 156 
Coarse 020 -026 1.18 0.53 -1.24 

Indonesia 	 Rice 0 86 -0 88 0 93 0.47 -0.03 
Wheat 005 -083 047 024 454 
Coarse 009 -071 1 87 094 -1 30 

Japan 	 Rice 0 78 -094 121 -021 -0.34 
Wheat 0 18 -006 006 -001 1 83 
Coarse 004 -025 1 13 -020 -1 40 

South Korea Rice 0 75 -081 0.92 046 0 11 
Wheat 0,10 -055 180 090 027 
Coarse 0 15 -050 087 043 -0 72 

Pakistan Rice 024 -040 2.12 049 -0 11 
Wheat 065 -031 062 0 14 029 
Coarse 0 11 0 18 082 0 19 -1 45 

Philippines Rice 069 -096 1.25 025 -046 
Wheat 0 14 -035 0 31 006 232 
Coarse 0 17 -024 C,52 0,10 -005 

Thailand Rice 095 --1 07 I 1 -0 14 -004 
Wheat 004 -0 27 -4, 6 0 1. 1 22 
Coarse 001 -0 15 -228 0 2d -296 

,Coarse . coarse grawrs To1:t' t.tendlure eiascit, s o r~ce dnc coarse grains vo toel rOauct otf,:a1z-it 
cereal expendture eldsli ty Otafnd hon Stage I and cereal e.venc'lure elaslc~ty tror" ,:ag- 1 Statlstc.v.1 
,nsignficant 

capitu income and i ntial I\ Ile Ili hc.it percapita rice In all coulltries,. Clillisiflpioll talld. hence,. total 
ctitlltptit)n inLSouth and Southeast Asia. The rela- e\penditure elaticilx for t:ir,,: _,ram, itm h. o\ cr
tixel\ hlUh claticit for Soth Korea is due partl. to estimated hecause of correpolhIm,. unmcrc,tiiia
the fa t that shifl ill C01lNUinlptiOll frot harlc to rice lion 1 t raillN led to lixestock. \mt ,\xmlt;. ainc 
occtirrcld as in incIceased and partll because of posilixe eLlasticitis for coarse graml, t,, iilith mlel ii 
o)erc,:Iln;le Ot total e\penditure clasticit, ot de- Tahle 34. the Lonnnailll decl+Iimt:' cOn)riIlonll 
mand Ilr cereal crams in Stace I. icight he itle tt t1fax'lrahle cll-cI, of siructural 

Expenditure elasticit, for xMhcat rmged from chances. 
-0.90 in Thailand to 4.17 inl lianil-atesh: consunip- For slrtictural cli ce.elaslicil is del ited as tile 
111)11patterns of x\ieat (I1i contrast it) rice) diflercd per .ellliae change. inl demald tot ,011e prLClilae 
more x idel a1111012 cOUniCs. Fl'tict, for coarse chan!c Il the ratio Of ulrln it) total populationl. 
crains had ,miiarI v ide \ ariatinl. Lrhanii/atiin. a, can he e xpected. ha, necatixc ef-

Wheat is notl prelerred ti; rice las c%idenced h\ its Ieci on Coltlltlptio1 ofl rice aild coarse _,rams, but 
lox.er total expenditurc elasticit, 1il India. lndone- p)tsllle tel for \, hcat..cl, 
sia. Pakistan. and the Philippines. IBangladesh has Japall has le tllost Illeall\e structural chailne 
the highest total expenditure elasticitx for Mheat elasticit \ i 0.4)Ot demald for rice. xxlich implies 

IQ.2 i. but the hudect slmw're of \%heal is less thanll that.tNtllsiol f strntraCt.l m:hIiilC ill the specitCica-
Japaln is the onlk countr, %%hereall cereal graitns are lion of cereal _raiin demand model IM .0.1llp \,,ld 
regarded as ilteriorcoods, hut absolute lttc s of the to a dim\ aid bias in eslinatted iLone olVcad laree 
expenditure elasticities. -4).21 Ifr rice. -4.1 foIr e\penditure elasticil,. The highl ilegatix e struc
xxheat. and -4).10 for coarse grains. are relati el turJ;chaieelastictix 141.241 inndiac\plainslparilk 
lox 	 \k h\ per capitav rice consunaptiOn in India remained 
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relatively unchanged during 1960-90) despite 
having the highest total expenditure elasticity' of 
demand for rice in Asia. Similarl'. tihe decrease in 
per capita rice consuniption b 28 kg ill Bangladesh 
despite the relativelk high expenditurc elasticity 
during 1960-9)() ia be e\plained by the negative 
effects of' structural chlangue. The structural change 
elasticit of rice in Pakistan is also negalive but 
snilall because rice there is not a staple: norco er. 
unlike Ii other Asian countries. %%heat is not 

generally consumed as commercial breads, and 
therefore is not more consenient to ConUIlle than 
rice. Thailand also has an unexpectedly small 
negative elasticity. The poi,,tise structural change 
elasticities ill China and South Korea are urine\-

pected. The elasticil tor ('hina is based on statisli-
call\ inigniticant param.ieters. [or Siutli Korca. 
po,,iti\ eelasticity implies that substitution (it 
rice for harle\ occurred not onl, because: tl 

higher income but also because of igher rate ofl 
urbanization. 

In contrast to thi,ose fr rice and coare grairis. 
structural change elasticities for sshear are all poisi-

tive arid large. Hence. increased s%heat consumiption 
in all countries is due II(ot irls to increase in inici 
but also to grwA ing urbaniaioin. li Pakistan. strljc-
tural change clasticit\ is relatiels small Mt).29) 
because ,. heat is the staple. South Korea had the 
lo\\esi elasticity d0.27) Mhich is explained by a 
different nature of substitution among cereal 
Mhereas ssheat is typically sub,,titutkd tor rice as 
urbani/ation increases, in South Korea the substitu-
lion t rice fr harles kkas een more impoilant 
during 1960-90. Ili general. countries %%itl sinai! 
initial budget share t(r \Aheat had hiiwher siructural 
change ela,,ticilie',. 

F-or coarse grains,. sIrt Ltal chr.iige had Ilceatis: 
ettects ol coilsulnpilIl tl I'lrall coUllre, i.ble 34: 

M,.heat and rice are both cnralls inre aCeSible 
and cOns enient to cinsuIie than coarse gralins. 

Onission of structural change ii demand analy sis 

for grains %ill therefore underestimate inconre or 
espenditure elasticity tar rice and ciirse grains and 
oi erestnate thilt ir \, heat. 

NI sI!n' , 

Future etlorl, ill anals e thecffcnsof grain ratirn-

ing in Chiia. extend the analssis besond Asia. and 
deselop niedium- anid long-term projectionn ot tu-
ture rice demand. 
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Subprogram IV: Pest science and
 
management
 

Pests cOiitiiiIJls c-C%'Clv %kithli their lice host: 
hence it is necessar to develop strategies tar mliii
noi/ing the potential and acltual hisses they cause. 
Innocuous organinniax be'c lne pesis bccause of 

changes in tiL"ph sical and biological en\ iroiinents. 
:our project.s in this suhpirog rai conduct atlliipa 

tor, research on issues that concern the biology of 

pc, ,. the basis of host resistance to ilisects. the 
dynainics of pet populations. the interactions be-
I\\ een pests and rice. and their impact on Seed health. 
Throughout. thel enphasis is on.l cchniquiesor kno\ I
edge that hascpoteitial appl icalt n i several ccosn\

ens or i,, ecss stelln-nectlral Research ti such 
subjects as ilthe n cl0.cti lar pr.bes and scrologyuse at 
to iriprose understanding oi'pathogcen ariability in 
field ptipulatiiii', utili/Cs the latest de\ lcipreICnts in 
hitoiechnolouyg. and Caluates their role il accelerat
lilt! the encralionl kilt)\ ledg'e oil pathotcen ec'l-
OgN. tither research riakes use of recct dcvcelop
illentIln Coirputer siinillatrll 10 Luaitilhe effect 
t Illeractling pest populaioins on rice. 

Pest-yield interactions 

:\u) understanding of the eflects, t selected pests on 
rice plan and crop yield pro ides a scientific basis 
forais: aking on I990,tar decisior pest management. In 
conceptual and empirical %kork \\as done oii the 
Inchanisiis bs hich ndis idual pest) iilnect. patho
gen. keed) species iiltiuence yield p hysll(ig\ and 
niorpholag. Pest cornihiiatins -,%ere also studied 
tar their pot iliai irteracti\e ffects on icld at the 
plant and crop ltesti. Mhilte all!orlins \%ere devel

aped to enable c\ aluatiitll strategles fo iilillii/

inc . icld los,, through the use ot coupled pest-rice 

c omputer, iit iidel,.lhec ehttses 
at Ihe project are to I quarlih arid itJel pest-plant 
arid darnage-\ icld relationships at selected pc',ts w 

rice. 2) couple pest ettects to CxitiL rice models 
t r yield pre'dictl::Ms under difterent lluUallos. and 
3 qtarnit the etileci O crap niaiageilcnt %ariahles 
a1l pesl-hr, relaiOihip,. 

(GAI'11\(, 011si \i \NiI IN,, I I II 1( I 

It Rl( I \tu~li I 

Our work eks to deh clap a "gcneric'" approach for 
predicting the daiiage .tflects of insects ard diseases 



on the development and yield of rice crops. The 
approach is strictly mechanistic and couples the 
effects of pests to the physiological processes and 
paratnelers of the relevant crop as represented by 
c)rrsponding rate andstate variables ill the ,F -S-
rice crop simulation mlodel. The pest-cotup)led 
CERES-rice model has a capahilit to create and 
analy/e any kind of pest infestation to obtain dci-
sion aids tor ,',,t-crop mnagent 

Leaf blast fBI; prigress cursevs of*difTerent se\ er-
Im, le%els Fig. Xai and onset imelite, .h b %crere 
read into tile cro) model: photos nlihcsis ki alst-
fected negcati\ el' and leat senescence rate pt'sits c I\ 
in relaiionilothe respecris c leaf HI c%cril\ lcs el. Ilie 
earlier the onset of the disease aid the higher the 
disease se\erit Icc1. the higher erc \ Ield losses 
Flil. 8c. i I. 

.Similarl . infesation curs iof leaf and panicle 
BI, sheath hliwht. Icall0ldcr IIUj. stem .W.borers Serf3rnce 
and planthoppers sec"h luenll linkeid tosuhsi the 

meters thai tIle pests affe.Wd included leat area 
indes [ILAIi. pholosNilCieic Cplhtlial,. aImtll 0t' 
issimilate, pioduced. pariming, leat senescence 
rIlle, Ilanspirion, and stand diisi\il Addinge pest 
species It) tile syNtCm resulted in a steadl\ decline ill 
biolnass proluctionii (li. 9). 

Simple. 4npilatilim nodek for leaf andl1.l' s crcll 
-oupled to TEl-S-iice %kitlibilateral feedbacks. Int 
the coupled model. both pests 1,IOllpe't+e Ior leaf area 
as a dri ing ariable for ihci ptluhtintl dInainics 
and intleril as, retards thcir effects onl ti leaf area 
aailable I'trplhoo)nIhesis.[hesilnlulalion shoMCd 
that Inlet "'Ccilic competillon of tlhe Is o pest species 
.Lrcalk reduced the huildip o the i n)Iptilois.i1, hull 
Iit their comlibiid CfcCs n thile progress of LA I 
and oin \ ield %%ciehiguher than ihle effects of onc pest 
species alotie. 

The Im11ineLand niiber if control icasures on 
SB plation if> nanics and crop \%ere 
simiulatedl using aiiillllC Sl populationimtldel 

crop model. The ph> siological piroccsses and para- coupled Io ('E'RFS-ricc sith bilateral feCdbacks. 

Leaf blast severity (oj Leaf blast I%i onset 

7 a 7' b
 
6 6
 

5 5 . 

4 4. / 
2 2,

I -\~ 3 / ,i 

0 - 0 "' - " 

LAI (m2 ,m2 ) 

NO LB . No LB
 
4- LB x =7 2% YL.56% 4 - LB. i0 .7 2%. YL=56% ..,
 

LB. :-"=48% YL27% "- LB t0 4 8%. YL46 /
 
LB. x,2 4 YL12% . - " LB. 10=2 4%. YL=24 , ,
 

3 " . 3C ....- d' 

2, - - 2 

.1 /.I\ , 

0 0 
0 20 40- 60 80 100 120 0 20 40 60 80 100 120 

Days after seerimg 
(NSiuliltd €fite.t,, ,t ' e:ils level aind irix~i ninel. lt leal hi.,; '-: . 'at .re ides i t I.fl a ir rentd.t.tI iealt hlais. I -- nsl mI~ie. 

S ina miut dl''eJ se%crtll hc l. Yt. = lt tos,. 
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Biomass (gm 2) Yield (g i,,l) 

30trPe
Disease pest
1200 


Ledf blast ~90 kgN
 

1000 Paniclu ulast 25 

800 "
 

Sheatr' blight 20 ' No ; 

600 Leatfolaer V. 

Stem Dorers
 

400 Pl nthcppe.s 15
 

200 10 

0 
0 20 40 60 30 '00 120 140 160 180 200 0 

Days after seeding 0 1 2 3 4 5 
) 'II i n~uhilL ' ,i , ,, r , tr, . l't Whiteheads (no. hi) 

I SLeItl ho l- +kl ,itiicet a inc 2 N I.",ck. io/a.ii /ir~
N,u,+.",a I,ld.lIIhIhr)In,.. "+,'
19) dr%.1,01 Mn(IS
 

Ihi Sb '.ac IntSI LIWC the I-,ad
lar ' ,Cc !k,Cu 

.U larmltlmoii 


ci' c",stc1,t'.. d ,rirain,..\ppli,at iltit,,l I iper- 25
 

,,l,,i, and irdinhit :it l t ;iLI',.',i lle ,,h) Yield (ghil) 

o il 12 seedlings NOl~
 
,,,,ttii , ,iiCLit i kitiLkii 15v %.crc
i' ic Sh i I L'!I,.Lc "Cdiflg 


illrtdUCCL t ilo( i model at -;. 
" .
ileimipici c 4. ;nd
 
1W:5f ;i.i ii )ASi
L-1'kc i I . Il110112 '.lMiulallt l. c Ill- 20 

'CLclhk. lt' i M..t it.tlicL llca ia Miiis ( lcc .tltle. .
 
l II L'hii
lHO[ CttIcl l i cs qiI hi'.,', ['cLta';IIItc" 3 seedlings hill

H po p u la l :lN .I e r .," . .ti l e S t Y i ' I N to I c ko % u h - 15" . 

-ct( tictltIII ,l't.Idc , ]jtpicatii0n,, tc,,tltcd iiIhcll r Sli
 
,.l litr+ mlla',,, tiiii. alnd hi,s.cr , id 1
ti. hiictL hi priidn.tu

h 
 %%r,-e. 
 10 

( P Jit,\1 V,\I,\11 \ ktl l ( I' I,l \1,I W Rl R 0 

1 S-" 0 1 2 3 4 5 6 7
 
,lodcl hwh tilictitnc, .arictc'. t-il nlc)hr:ilc hih 
 Whiteheads (no hill) 

%%I' lcjd dalhl wr 1h~ g" /,ll1/irl a clctltLl. I[ '..',l't ,1 72 i'l., v,,crcLt',.tat- lis; I)" k l I 'll~PI'hlic,,, 

v-,:lild fralnpI~l,11d a1A and - tLJJurrCd MI12 1,CC(IinIV,z/hdlI LI)Ithc 12 /hl. ooc~ p 2 k IIlLhea, lhill: 
I h l IIdlItc'.crcic'' praLI ill[ Ihdr.S ciM', at 3'.cdilr lo". tccurrci c eilli al I s hitcicad/

i> i cmidh il lirtncr I IlcIiiu" S icl at 4 %hit.icids/hill does riot
d (A) k,:N/ha. hill. 
niiriiali ut,,cN1 )A)() kL, Vhi anid (itct transplani at ililhivtil d'cc;l',ll"tirclld and Iil;i\hcll ollict
 
I2 '.cdM it-,,ill. hiiic ,h l4 ,:,il1 hilll, vih \alu.c. Vhilc tltcrc arc 
 indilcatn n that file rcsults 
0-5 ir - siiilc.'cati'.ihiii s.c;c 1i;litliii , Sa". a'Cord.lil 
the N aand ,cc in4,i,, lc trial'.. rs.,ct..i I.: ',nh'. l,.,',au ahililt, plt 

lll ,.. ltii I i11d1 to sca,,tl. itaiatI1ctinc prac
iitrl'.c til oiqc i lottidLratc S13 

i.'H,, c Squc..I .th e vt,,ru1u' . 11,%ill., itu . dlllaktC. hl,._rlalnl.tnMore -ircticc ,isho tC; IteXI 
It,t' than til 

and ,,hiitctlih crcatcr inn Ici ti,lotr. 

atcra c l ,clChl, '., hu90 k, Njhal, ,fep. 
SI dtItIitc 

Will)11 Sli daiilid..d'.I.'hI anid 12 ,cd- Inaddition to pest-y'id /lo. rcscarch. ithis project
Iinc./,iill '.kcrc ,iniilar )i. ('oncn.ation %killocus on t oph...s.sMvn'. Wcarc undertak
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tic pi it dl (INramic,, 

t'o national prtrlsl,. ent control ,trareuic,, 

Much 0tl t I Lire reearch %%iIie det r ,t IRR I. l'i,,tIPtll m pled t()( TIR ILS

in" methodolog.n dC\'elo pmint in collahoratint k%ii i/C the , '"pet, and/or Iodillter-

Iodc 'k Ihmi arecoln ) 

W\ork on Io,,, romn II i,, currentl, coordinatd in an rice 'A ilh hilalctal tleedhack, \ ill lead III baetter 
,,infornial nanner aionu, lahoratoli, Il India. Ko undeirtandinu of tiicir hclia or k p\in , in,,ilts 

rea. Japan. and IRRI, ting IfI .liahoratiun otntlal A tohinrte inlto tle Ct'l't,, (t1 iiitiracti,, tuilti

i"iplaceOil,,,i t-L1rp iiidelit,,hctv Ce fth.e I SAIl) tirophic ,, ,Ne'"tl) i chi, s hi , x, . \\C anticipate 

IBSNAT rlicniatiina lB.lcliniik Site, NetOtrk that [I, i:.ca.i , ill Ictl to hie deeloplu lcilt of, 

or .-\ero~tec'liioc T',iier, trolec t ofthet flixer- spcilic dcisioin took fto I ,l i ii;incileiiwlit III irri

,itx ot I ax ai. IRR . and ile SARI Silnulaliinii and _ated rice. rainiled 10%% land. and nplaitdtice. 

.S \ t_'in ,i, i for Rice li I ~rt Oftlh.Anal ncttCtlttioi 

lh T\hei Rc.,carchI ('AIII, )l(etitre hr . c1ical 1ri- Physical, biochemical, and genetic 
cultural Ini,_erxit.. liH II 1 al+ bases of insect resistance[lie \eithrlii x 
IOok US ,iccexx toI he iaC, \',e .,tIt ) It Icx Ilki .I iint 

',ll.ii t ail' -\ ciiiiiirtt U Iti IiUtl Ci ,\ 11110i ltalJii1u i Su,,i I1.hhiII ()lil- c,,ililic t ri ci ujti' irx to itl

, " ,
,rMiii I.clI'l]I ild IRfIk iia\ ic ttcl l to iiipr o: " -,:c k i.till,, 1t0iii 'i1 IliticiC llmt i hem ciil tile plalit 

the t clc \ it xi upx liili lt i ti , "hli ,Celc't.ICd lih\, icl a3i id c l iical ch,aceritC'l," Ii i Ithe 1ilect 

pe.",t-cr p ',\ ,I'eiix. iiral andl phM idl r,)p,bhx i ixlcal xe,. The' inder

to c- ,cda kutitx lextto, ill ohi rhi",1C Cx ,,landine it ,,uitlc pianl-ii,ect relations call help ll 

cnte xch! liixxex. cllIhiiraitcxii' eoii l xxitl rid ill-IRkI need]', Io dc h LUix ;tr'ri6ultiplIC INA 

natinrlal plrlerdilll ,ciCntii x; ti\c i, ,ci rcIl-tillc.i+i, 11t1 lc: 

tnile \l rllc. iil i x, li a d o Licd ixt itti ' ,I lib \ 
the t exi ii Hitixiiliit,..tcci.hnuliicx',, c'tl liilk\ ti 11 \ li tc,, iithi,,\,,pli li+\ \!l I-,i i l, 

ai n . 1 eICthat "c L ! iic I I l \II xill ciI-ii ail ,uttic'lellI S\iI \1Iti 

lih ,i/ l i' tlahi , toui thatdetelslta ani i', l "cx itl i!,,cthl iii-li r lIcii latiill xili l( IP \e ixl 

illtIIc I I ii.' ,L Ilii;ie. ielc ll11'\1, ii x i,, , 1i I xiiIt ii xta ilii"iiit tWl tiatCe .!t ill I lloli,:' an 
it ;il cliiir lii liiik pxxtl tiliiac' liiiiiitilc", hi _iii p ltali! arhict til II- Ie'xis t- .e lit i.ce...\llhiith IL1 

xiiill.i in iinitilcilx lit a. tlcixiiii+ .xtliptli ,\x 'eii iltiii ', lax c._ix oii iiiatul ea xx.'a, Iir',ltiii llIr lairxae 
callexi [).S5.\ I [)eci,,ioii Supiirtlt xt'ciii tir . ri - tra ci iii Iccxl ;1t the ha i oiie lealxIc c. I.aral 

tc.hiiliiex,-1 ITitn,r i dle\chloped t\ the IBS\.\ I iioxMcInli xxax xhixxer ainl Iric~hlinii dCnxitx hiieher 
, 

pro ct,.. ( l)ct. x,alidte. lltit.i r 'ill tli;i ltI I c",1tiul til e ha\ial ,urLacc (it iairc lc _\cix il itcittit 

(.ill Ne tixed illhititi rCxpil,,C -tlrltc iilC, that lKN6 io; plait, tani tlnlhal it xu,,cplIhi c IR3. 
rela<te, x idol o~r,li i'~I,- ti iariruntcr, that charaicter ITable' +4;i. Sguxct ihi' c' exurii laiiltx xt'u alxii Ietxx+ 

Table 35. Trichome density on abaxial surface of mature leaves of susceptible and resistant 
rice varieties ard wild rice Oryza perennis, and establishment of tist-instar larvae of C. 
medinalis.' IRRI, 1990. 

Testi -);arts 

Rant characl.r ano .
 
in'ect response Rexorc IR36 [KM6 0 perennis
 

Trichome denst1 (no cm , 
Apicalportion 94 24b 42 - 12 b 553 65 a 0 0 

Middleporlc-i 19- 7 D 94 19 b 500- 55 a 0 0 
Basal portion 48- 11 b 57 14 b 346 42 a 0 0 

I-eat length icm- 26 1.2 a 2c, 1 7 a 
Insect response 

Min to reach leaf whorl ' 6 07b 14 2 1 a 
from outer ieat 

Mn to settle in leaf whorl - 10 1 1b 24 3 3 a 
Rate of progression - 0 3 04b5 05a 

cm mint 

'A o '5 rev catic acr _consising of a single firs!-nstar ara Oeans ot Icome dersiy and nrxc! response 
ina row fici, d tnee same etter are not sgnican!y derert a! PO 05 oy DMRT and y nst respectivey 
'focata 
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pubescent than TKM6. but the highlv resistant wild 
rice Orv:a pert stisx%as completely devoid of' 
trichomres. indicating that plant surface chemicals 
strongl, ;;1'lulerce laral 1nOV 'lnent aid settling, 

In anciher resistant , il i rice. 0. hrai hwtwha, 
silica cells n epidermal lavers ef leaves %%cremorc 
closel\ packed than those insusceptible line lR3 1917-
45-3-2 and contributed to phy sical resistance through 
Linhanced mandibular \xear in LF larx ae (Table 36). 
In addition to silica, the absence of attractants or 
feeding stimulants and the presence of deterrents are 
also resistance factor, in0. hr,.:'\antrha, 

x." xI\,I) \ss\Y
wI; 1R HIm si 

()III .\i f Ii Is 

Rice 1-t1 'nu'htl,,ri,, isw.'Iali., lar\ae ,howed 
marked pre.tctcl !('r -ilh tofsusceptible Rexoro 
_>40', Oht (or the resistant 0. 1ie\ i (<2(' ). 

After I-d infe,,ation. >601' of larae settled oin 
Rexoro and I) (1n 0. iidIh'w. The larae look 
3-5 xxk to pupalt % hile feedin, tinReoro calli. 

Incrpratin- linis,'d oi-or .tri oil into th,:I.F 
artificial diet increascd the percentage o: ( muedi-
1zo/is i til ixal%% t,"iai skni,,sw)stir,, rate cotilpaird 
x ith those reared onlt the ortttrol diet conlallinILg 

Ihindcic acti; Rearil.,,elh, ,tun horr YSB in a 
coinltercial -etanntt roindiet (I()S)-R #1"92 IQ) 
tortified -,ith caseitn Ivitalnun-fr e. ,.'heat gerni,. 

corn,,t4irch a,.ar. and ,ucrose reulted it a certain 
de,_'cr 25' )of sLcces,,. AddlitiOn of-2'; rice pollen 
iniprox ed lar al ,urx i%al. Emerged moths laid viable 
ecu,. 

B I it w '& Ii IS+. ki wt I \Nci 
Mniik+\ \ i \%. I1 t'i'r~< 

Some rice xarietie,, are re,islant Mxhile other, are 
,,uscepihlc to broxi n plantlopper duPtll. ('rude 

headspace volatiles and hexane extract of the stem 
surface of susceptible IRS plants had greater 
attraction for 13P hiotype I feimalcs than those of 
resistant iR26 (Bp t lable 37). The maior vola
tiles in IRS compris-d trans-2-hexanal, 1.3 diniethyl 
benzene. linioncrne. and I-2-dicarbov ben/ene: 
.26 possessed 1.2. dicthlI bc/ellte, p-cylniene. 

about tour times more lii;IMIene. and solle"ulniden
tified volatiles (Table 3X). Other resistant varieties. 
such as Bt3ptIR36 3). Bahawee (hphl 4). and the 
tolerant Utri Rajapan. possessed characteristic 
volatile profi le,, indicating that chemical "'finger
printing of,.elected varieties or donors of resistance 
ispossible. The allelocheliicals---ionnutritional 
plant \olalles--frorn resistant plants ,,crc miiore 

toxic to 13PIl thai those front susceptible vari-.'ties. 
Rice leaves alld lea, sheaths had ,more allelo
chemicals than do the culir,. IRS and1IR26 phhlet 
'ap. othined bx BPII st\lectonl\ %kith a laser 
beam. did not differ tuch chetnicalh and contained 
niajl , sucroTe and a rexxati1n1o acids. Thus rice 
re,istance to BIllI Iscoiiterred Inalfl, hl,allelo
chemicals. 

( [w',!tV l' ii AsS\!t tI Io' t 

'. t IRI V 

Adaptation ol green lealhopper (GI+I-) populations 
to tsistanl cultix ars enhances the transitissibilit, of' 

tungro infectin. We found that .e 1,hortui. VirUTS
C'n populations differed in several cylological 
paraneters. such as leiotic dik iSiort. lenlh of 
pach, tene chromosonts. aind length alld xxidth of 
chroniosone, at diakinesis. Estiittion of the e
netic \ ariahilil ainrw greenhouse populations 
reared oildifferent culivars shoxed I.1 to 1.4 alleles 
per lcus,. highest fr the TN Ipopulalin, fhlloxed 
by\ population,, inModdai Karnippan 3(11 aid 1th 8. 

'able 36. Silica (Si) content and pattern of si~ica deposition in epidermal layer on adaxial 
surface of leaves of 40-d-old susceptible IR31917-45-3-2 (IR3191 7), resistant 0. brachyan. 
tha,and their hybrid. ° IRRI. 1990. 

Si deposition pattern 

Gap betweer adjacent 
rows of double Si cells 
Sp mt 

Gao between adjacent 
rows of single Si cells 
Urn; 

Siceiis ncmm, 
Sicn---


'Aof re,ca,cns Means 
oyDYRT 
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JR31917 

55 5 a 

0. bracnyantha 

41 1 b 

Hybrid 

41 - 3 b 

172 6 a 116 5 c 143 8 b 

72 5 b 
5 0.3a 

n a tow Co.ec oy same 

86 4 a 70 5 n 
5 l0.1a 5 0.7 a 

etter are not signiticantly different at the 5% level 



Table 37. Response of Nilaparvata lugens blotype 1 Nixr, sTiiPS

females 
 to odors of resistant aid susceptible rice 
plants in a paired choice test., Further characterization of the hexme f'action of 

Insects (%)l IR2, steni Cpicuticolar material Mid of he olltilcsw eisati)ohe PIh oyp si n cExposure time responding to Ditference o" pI;.nts rei.lt tother BPI Ihiotypes is tnder
(min) (0) \%ZIy. \V i I 1., both o latie and IIoIvoiatiIe hiocidal

198 IR26 l;lcto, are prohah\ iniortint afnd shOtld he ChiraLc
4 23 6 17 ns teri/ed i plant. and cali. Stit+i c tidlnd \5ty Oil6 35 6 29" trypsin activi\ of, che\s, itg insects feedine on 'us
8 38 8 29. 

10 38 8 29" ceptible and resistant \ arieties and on tr\ p,,in ilth
12 33 6 27- i tor le cls in the rice plant.
14 40 8 31" Research conduct,,ed in this project is strategic ald
16 42 8 33* ecosvsieiit-iwuuital. Wec cxpect the henleflt to he18 40 8 31"
 
20 33 12 21" ,irectl c\ ident in irrigated rice unit ,ainfel lowland

25 38 17 21 
 rice ecoss stells, \\ hele these pcs!, trV a prtOblem.
 

'Av of 4 replications I test comparisor fis not significant
s gr, can! at the 5% level ""=slqntcant at the 1%lever Biology and etiology of rice pests andPaiihari 203. TA. 7L)(ad. t thbeneficial organisms, and seed healthi~an2 3. ttar T.kI'+ 7 . an 1IR. ,.\I [Ile ().I)5 
criterion ,) pfl}ntirphi,,n. \ldilLaj Karuppan 301 Research in pest manIcuent ril formlaltionl of 
populatiotl '\is the tllit piil'.iorphic. (10.71; ). tld- pest tIalli i c ill tII specili' cC ,Istells itlUst rest 
loscds h\ thatt l1Pih,.N. and IRXii1.11( I..A on al nilderstaindihi Ot the bhiohcis.,dl aildph silo
7 5).6 u.aitd Ilankhar I. tbiaed hietcr,/\ - I,,cl prope.rties 1 pltentlal pes This prolect 
gostt aluoes shos( CI that Ioddkai K:Aruppal ) 1. stuieits ,ioltical propertics ol riuc pathoLens, in-
TN 1.and IRS pophautiotl- had hiuher \ aloe+s1.)7- sect 1ktad their natural e-iciee. iii(li ec 
().(48) than Pb and l,.l 7)6J pipulttihon, H.12. ph\ silg\i I C\eeIs. It also lill, to de clip teth 
and Plankhari 201 popui:ttlins (0),02,. Thuns. local IqUes lot ilclectitwe and identilving pests and hen..-
A. I CMllpiiptlatitl,, ',siicialed III)tilt dtlleeill 1cial oirai.tisn,I. e .illlllle otilid interactions a 
host culik ar,, are L,.'tteticall. diffcrent. rice-related oratisntis in rice ecoss stems. 

Table 38. Major volatile composition from headspace of 45-d-old IR8 and IR26 plants (4hills 
each;24-h collection). 

Area (10
Volatile Retention time ...---- ---. . 

(min) IR8 IR26 IR36 Fathu Babawee Utri
HEenatl Rajapan 

Cyclohepten i one 17 759 060

Trans-2-hexanal 18 396-18 407 402 
 198 
Ethyl benzene 20 554-20 627 0.68 
1,2 dimethyl benzene 20 572 6 09 1.86
1,3 dimethyl benzene 20 725 4 42 1 57 
2-heptanone 21 745-21 830 0.72 1.58 
2-hexanone 22.740 25.1
2-heptanol 24 075-24 081 25.0
 
1.2.3-tnmethy! benzene 30 921
 
2.4 6 trimethyl octane 32 393 0.92
 
p-cymene 33 495 7.01 
 2.12 
Limonene 34 218-34.663 5 30 19.58 9.62
Linalool 39647 2.19 
Caryophyllenic acid 64.539 2.23 
1.2-dicarboxy- 90.970 7.82 

benzene
 
Unidentfied 6.54 

Total area 51.75 215.20 9.04 299.51 30.33 4243 
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PURIFICATION OF RICE (GRASSY STUNT A B C 

NON-IAPSll) pRotlIN 97 kD 

R.,.'e grassystunt virus RGSV) isa possible member 

of the tenuiv irus group. Other tenuiv iruses produce 66 

alarge allOunL o|'so-cal led lon-capsid prteinINCP). 

Examining tie production ot NCP by RGSV, we 

easily' detected it in infected rice plants, but not in 42 

healthy ones. h\ using SDS-PAGE fotlhx iic 
LaemnIli's method.NCP \as purified s,ith aslight 

o,,,
nicri ficati or. |ell inc (;in ccrv's nietlhi dIfor nai ie 

ais ngill)() g 

tis,.. Purified NCP forincd needle-shaped cr ,stals f 31 

at ptt 5.(1-6.0. The cr\,stals ,.,cre I.8-9.0 long and 

0.04-0.4 v,ide I Fi,. 12). Molecular veicht I.MW) ol 

NC P arid coat protein of R(SV\'%crc deterniined 

stripe \irus NCP. NC1\'icld %%about 21 

uslig S1)S-PAG(E. [icure 13 slo\ s that NCP is 
composed ofa single protein has ing a MW of 24.0(X) 

dalton. The purified NUP had a t\pical pritein ab

sorption spe'Ctruinl ,.it lliia i ill ahsirbance at 

l
178. a ininimtiu absorbarrcC a.52. and absorhance 

ratio (A., -)0.62. R(;S\'-N(P is ers similar in 
chlara.cteristics io til irprcci b,. ther tenuis iiuses. ,e,,, 14 

13. SI)ST.A\GE slab gel shor tl.e tulll - A -- p ified%lnt. , 

.
Rl 1 "It(;r i I1 \i 11 [I.< t\l' RI S i NY~iSi R(;SV nti.'capsid priteiln, B puriiwt I R(iSV . Ipirotein. C = 

(. II S 1 "1.NC RI )-i'i I I II 1I< I l prlqlil s.a dard,I twin or)t orili pho pwl,)iI.i,1.IN)\file 

tu ttil ,c 0\d ,.ll'inl.1111thil rice tilln ri )hacll crtmr birnuiimObuilnI .r1h1 .tI+,,. .10l ilp lnEa+rlier studies rie\ CailCtl 

im Rw 'TBVrand ri.e tuiglro spherical %itisIRSV 

are restricted to the phloeii itIected plants and it 

is suggesIed that onl. phloentfeeing causs ttnngro altcr inoculation 11.\l fIJrclectror nicrnscol-pcsludy. 

inlection. ()n rcsistant culiars. ho,.kxcr. it\.as liltrathir,,sctionsifleafbladere,.eahedtilesence 
obscrcd that GIlI fed mainl, froim the \,CIII aid oI R'IITV in\lcm parench\nia cells of a ttigro-

RI BV. Iris Aas inlieCd rice 14). 

duct'd itodetcrninc Ilic loation ot RTBV on host 
trainsiitted 1,irtl, \ stuck con- [1ic,. Initial obscr atioins shosed 

RIBV it \\ Itin cells onirhe third aid fimrith leaf of 

cell, in re;ationoI etroiransirssron. inilccled plants it301 )A. These resltsI stlceCst that 

carl irauisnni RIBVircils '. 

variet. . NI. crc IIo.;Ulatd iiti ri e ltunlroiris . mrs Iiiilihc, arid c lses hClto 
Seedlinies IIi ld,ih a tun,,rrsuscepniibl rice ( Ul.It to ciil cells: the 

Iau i. 

by adult GIti. iniected plants .kerccollected al31d 
( 1tx \,IIRI/ \ Il i",(i1 u//l WW I illitI 

, 
Rill ,II) 'i(ilS' siti-s
K i I. I- -I \i l I-i\ 

RIn oi whim f.aui of''.(m sheathi blighit (ShBif 
- torice(0 %icld h0 1 allt plays a substantialdlltlIhllCs 

SrolIc is ipathogen iiicrops gro)sii alter rice. Al-

S lii there i,,iioderate to h%. degrees ol resis

tincc. rice cuit ars \'ilha hiu li l cl resistance to 

R/?w/u \crc tarlCl,rClie P,til. ariability 
on (ltielcirn ph ,iolh Inedia. ard,.ical iatlgenicit, 

%ilecarange oihlists are pro-leniis enc,iuiiered ini 

-,..." dittlCliatine R. wiam. \Ve report our skork oil 

12. Needle-like crsials inpurified etracl front rag.tdu the istes lireelit inrice-based Ccst'untsrice groupin, 
%iris,RGSV) infected rice by phase contrasi nicrcop, tWills tiing ctLIIura aiid pathogenic %ariatio.tissues. 
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14 Ricc tunprti iru. LXIm .cl! .i
hicillilorm iRTBV)it it 
lunirointkced riLce.R=riNtiitnN. FR =entlplamt L l:Iti lHIi 

Bar =2fN nit. 


Thirls-threc isolate,, titA'.,,at. representli,.
I isolate from lAIun1' and -2front \iVis.a. 'hll-

ippine,. :.-rc charactrijed haled inaI tit,i,.txl 

h,phal ero%%Ih. nUinhertit sclerotia hurinied. ,clrt, a 
ditribnilt)ti. si/C xcleritia. appearance ot pxtihh-d oo',-'t cler.i a. ap earakC it INCLI 
,clertitia. formiatiton ot aerial ti cclitini. and pi.
nlentati t on tilti ,.tent Illedia. f'r Jitltj+T+nicitk 
It, the i,-tlatex, ,,,c Ltru,n in rice hull-eraiti 
Miedittin for 1- fat 25 llr, Inv. , l',n.ertei 

in the tiller,, tit 50-d-uld IR36 riC plants. ' p .ieln , 
ee ilmctUliatCd in J tMtoist chamhr aiid relati,e 

lesion heuhts .crc mCasured 4 %kl ater. LF.ach treat-
nient ,.a,replicatled three times itcutnplctel. ran-
donuicd dC,,iun. Fotr cluster anral,,is. 39 Cintinuoius 
and 24 hirar., atriitles for 33 %%isolates ere 
htatied. 

The isolate Irint Ia llla ,ri,,ern llinuclCat. 
.itli niuulei a'.eraLmui5.2-I I. .hper c.t.lh,,ctati', eitf 


hyphae. Tie uicCtrrrtnc tit hpihal tusiotn in all II 
isuilatex illom difterent pIaces IdiaI,.d that tie\ 
heltiri. to the satie atiatu0iuixi, r lupI A..)I)ut are 
lexx cl('sel" related hecause of impertect tusiton ori 
these isolates. A'. whi/mt (Rsi Isliates pathoie:n1,: il 
rnaize. s.ir.huln. haeULiO bean, and riLunthceatn also 
sho\cd imperfect tusion %kith rice isolate,, lahle 
39). Four tY pes of reaction tin 11)A-i-mdstinct fu-
sion. clearing /tone fornmation. appearance of IV. 
distinct coloniex. and ftirmnatiton ot' tulI line h thle 
aerial m.,celiuni-v, erc \hihited h different pairs 
ofR is lates inthl' s'tuds. TIieortnation o l slerotia 
and production it pignerit also support the hypothe-
.,i,that Rs isolate" could exist independenti, in 
tropical rice ecos, stem-,. suggesting that ShB in 

Table 39. Percent fusion of different types of some 
Rhizoctonia solaniisolatesfrom different hosts in rice
based cropping system with rice isolates 

percent fusion, 
Pairs --- - ,..~P I P C 

RS,,0 RSIO 91 0 10
 
RSI10 RSI1 1 0 67 33

RSI110 sorghum 0 43 57
 
RSI10 maize 0 64 36
RSI1I RSI11 97
 
RSI 1 bagu~o bear. 5 50 45

RSI, 1 sesbania 0 100 0RSII I mungbean 0 69 31
 
RSI111sorghum 0 71 29
 
RSI11 1maize 0 60 40
 
Baguio bean baguio bean 84 0 16
 
Baguio bean sesbania 0 47 53
 
Baguio bean -Mungbean 0 79 21
 
Baguio bean maize 0 94 4
 
Baguio bean sorghum 0 63 37

Sesbania sesbania 62 0 38
 
Sesbania mungbean 0 100 0
 
Maize maize 98 0 2

Maize sorghum 0 97 3
Sorgum sorghum 97 0 3
 

'...w t f r p o r ,:I- us,O C rt ut;, 

. F I 7 .tlA rio+ I , , S 0
 

p - l ;.t IP f-, r _,o a t lt on RS I I 0
 
iizt won R1,10RSI 1' za~o~itc frafr owintri ct, 1'Sd!'', fro,, wit-i hosT 

Lda. :Ila 1 L.cauSed i dilteti t chi ii der the saitlletl ltsU 

A(;.
 

[ he re.icl,ill, tll' 


t ic \ ,, r tihose of the I I istlate ,
 
'1. (.lt ).A plate" it22 isiolates frint 

as sim ilar toi 
trolu Lali Such dis.1a eactions as charinI.U /tline. 

leri tormation. ad 'hill 
line are in acreenient s%ith imperfect fusiom ald all 
carn he cinisidered as killirn react o lable -91j. 

All 33 isolates, sho.-d e\tracellular phelnotlii
dae acti, ties and tere- thiatmine autitrophs oin the
 
b ,asis t IP).\ sUpp;rclle d '..ilh
 

l.t li\ fo ilation ot a tuft 

of pilnientatuiti 
tannic acid and i r,,sth2h nt ( .\amid (-/..Vh. respe c 
ti CclU. r ,lsi,ased tilt co,ltiltnuts v:irl('lust t 


tt. tiiulalt,,s ilt..r l cc, t uion
 
uritipcd in the sattiC cluster. The isolate,, ohtainIed
 
trin different cIhnS otla rice plant as RN 112. R,113.
 
R,,I 14. Rs 115. and R,,I I %%sereinl the xlle cluster.
 
Sinel, isolates i id isolates, tro the sat region
 
ciiuld form itingle and Rs 116
tie cluster. Rs I 15 

fiund it tic group vhlien clustered h% contintous
 
',riable. became ,,parateol ill. dittertit groupson 
th heasis ot hinar\ ,ariahle,. A sinle Rs solate or 
cluster taintained it,,i,.n stahle ctharacteristic.s. 
ptixihl. controlled h\ tlfleretnt kinds ot ienetic 
mechanisms. Thi,s supported the exi,tevrce ot ieltetic 
%.arialio, ari1ng tlte naittralls occurring Rs isolates 
causien ShO in rice-hased cropping sstevt.. 
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Table 40. Colony fusion types' on potato dextrose agar between any 2 possible combinations of 22 isolates of 
Rhizoctonlasolani,causal pathogen of rice sheath blight,collected from different places and culms of arice plant 
from Visayas. 

Rs isolates 
Name of Rs 

isolates 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

12 F 
'3 C F 
14 C C F 
15 C C F F 
16 C C C F F 
17 C C C C C F 
18 C C C F C C F
 
19 C C C C C C C F 
20 C C C C C C C C F 
21 C CC C CC C C C F
 
22 C C C C C C C C C F F 
23 C C C C C C D C C C C F 
24 C CC C CC C C C - C C F 
25 C CC C C C C C C C C C F F 
26 C C C C C C C C C C C C V V F 
27 C C C C C C C C C D C C C C C F 
28 C C C C C C C C C F C C C C C F F 
29 C C C C C C C C C C C C C C C - C T 
30 C C C C C C C C C C C C C C C C C C F 
31 C CC C CC C C C C C C C C C C - C C F 
32 C C C C C C C C C C C F C C C C C C C F 
33 C C C C C C C C C C C C C C C C C C C C C F 

IF indistinct fusion. C = clearng zone formed. D d stifct colonies, T = i thin line of aerial rnycelium, V z various types offusions
 
formed where thetwo ,.oon,e:. meet -=rottested
 

AN \;(ONITIC HFFt-.(I (I1s()If%I't oHC S UN desiccator filled .ith 500 g dehydrated silica 

Rlzoc~si-~si.l )1 crystals. "l)tal water contenlt and veight loss were 
The sources of inoculum oirR. *,rhiare sclerotia left determined. The .olonies of microorganisms grow
on and under the soil surface, and sclerolia and ing on dilution plates and microorganisms isolated 
mscd:liui in infected crop residues. In some cases, from ungerninatCd sclern ira x,,ere tested for antago
thcse sclerot iaare destrocd h% the activ itv tl'niyc0- inisn to R s I I I by dual-ctilture method on PDA 

parasitic microorganisms or m,,cophag us animals plates. 

and hy ahiolic lact(rs. A.n ng, the ahionc fact(ors. F'luotrescent pseud( id , 'rgilluni'er and 
%aterpotential is crucial to the activit ii micribes l rira ,ar. .i.c/tr inhibited thellfumicila f]h ra," 

in the soil. c lony gr, wth olR. ul( i. 1'rihr r ',,t'rtni,pp. shiwed 

The grox'th ofI'R. mprai and 7r lideiria ltn- mycoparasitic activity. The viahiiily of sclerotia 
iniii. one of the biocontrol in and placed about 4 to 5 cm under the surface of uplandai Cilts upland 

lov land soils, at different ',ater potentials and teni- and lov land soil and submerged between 28 and 
peratures %% 42 d was reduced. The loss of viability was higher in as determined. The sclerotia ofrR. sr'ani 

retained 4 of' total wkatcr content 17 d after lowland soil than in upland soil under submerged 
incubation and did not restrict the outward move- condition. Sclerotia in intermittent watering regimes 
ment iof moisture. maintained their viability for 56 d. 

Sclerotia of Rs II I were mass-produced in The growth of RI.,diat was significantly higher 
rice hull-crain mixed with sterili/ed air-dried upland than that of 7. koningii. R..,huni hadi.axinlurh 

soil (1:2 (,ol/volration). Sclerofia measurig orii1,tlat -(.33 to -5.O) bar;. Both organism,, grew" 

about 2-3 mm. formed si'lv on the riiedium. " ere better at 25 and 31 C in ulald and Iov,land soils. 
picked up at 15 d atter incubation ard placed in a The ero th of R..s(diiand 7. knintii in upland soil 

beaker ,,with distilled water. One hundred sclerotia atall %%aterpotentials ranging from -4).01 to-1.0bar 

were placed in glass vials, incubated at 25 'C in a did not .ignificariy differ at 3(0 and 35 -C. 

4 4 1 
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ASSISSING rIF IMP()RT.N'CE OF: StEtABORNE- fo Nti a 
INOt(Lf.tM 0F SI.C11ir) RII ('- 1t)(1[0GiS shossed no relation to P.%. iii i(lvainka. A111ong the 

tested inJapan rng .i~ajirra's procedures, 

Seed qualit\ is important toenlstlire the ,tenetic poten- nonfluorescent pathogens %scre isolates similar to 
tialof modern rice This 1ij Ps. t Iwm ', . 'ariettes. i,alsoi a in r .lt P.Ni'. 'hlll'ii', atd I-rn'itita 
concern illLcernplasin cxchar.ir anid crop produc- hi'rhihCl, (iable 42). From11 dtallin rutnille seed 
tion. Althhiougheli health testing and %%ilha samiple of si/c ot4(0)0 seeds/mans rice discases arc scedbor r,the 

importancc fi"seedhorne patllrcens 
o rice is %er\ seed lot. \%e established the infection levels of se
poorly understood. The aim ot this protect is to Ilcted rice uneal pathoecus oi secd and tile fre-
Understand the satuire of seedoime pathogens and Lqutestcof their detection usinhctile bl)tter method 
the dn cer scedhorne arioculurri poses on crop r- (Hi. 15. 
duc l d e .lll itio erlelit.jorll 'llr 


[)isc lored sheath. ,cedlill£ and sced sampllles A Ni\, \il: I'[Ist (I.RI(t
ssee collected from 11aM i'(\ irice, ill
fthe Philip- li eri/t'a (hll \\arlotg Acari: LFriophyidae) is a 
pines arld e\safincd for bacteria arid funi. Thritih ne\%blisler mite post of rice. It has p)rscioulvy been
 
routinC Need health testirC.55ealsi0 CinliilCd dtat; 0r re ,nsugarcane in Iloresia:; Australia; Tai-
ICordcd 
de!ection of rice 1of11c.t1al usin 'tailldard ssair. China: arnd India where it dlarages leal sheathsithrOrCs t 
blotter test Ibascd 0ir 41( seds/td it. For the ard traUsriits streak \irus disease. Ittransferred to 
bacterial liath uen. is\kL1 aispathocerricits hacte- rice ard ilI9X .ss recor:led as reaching pest siatus 
rilloiical and hiochirnical tests %,ercirIiluctCd to in Srlass Csi. hdoesiiI.I i),) %as lourrd on riceit 

iitlial! establish their _cultis aid. if possile. ipe- ill ('Centlrail aid Soutlierr L.1.ti1. Phililpinels. MiteS 
ICes. froin different localities \ar\ ii color frit crrrern. 

Of a total (t 4.-4 bhaclteria isolaled troin the pale \,ello, or orani:,e pink: the Listis:lii lr,.arc 

,,,rliples. IN5 or 41, are pla:ii paihoguei. deii~cd leni. 
 [hie atult Mile is rlicroscliic, illSlic.. 1 6 + 
iI t!\ fIrorri sheat , . seeL 121)' . iintl sCed - 0i.(4 riin lori. (0.1)5 - (.( 2 riii s ittdehillan bie 
litre t,'i. Initial )hent \ pi. I ph). siiili ical and seenl oi he le'l surlace the naked es-. \%ithsilhlr 
iocherical i eita are luiles erit lilnlificatior. the adilt s appear ril. '':eot -like \ iihatestqs sios 7that 

l)scutkhlnlrdx. 1hichciiUldhe /'uiin aaiaii ar- ,hicld-shaped head. [lie hll\ bears t.\o pairs of 
m'i . 

Isolates \%ithdlisinct characters ucsiblinie those of 

fla/h q. P S,\'1' 5 ps M11 i't i' l"[ahle 4!, 42. slender lees ailteriiirls . .\l 1 lees hiseclas s siIh1-7 
leathered ra, hairs. [he abdoiein is a irulated with 

P Noc itlt'llii identified. A set af 7,5-,"rin,s aindl hls .3pairs of \entral setae. The1 liase not been 

tilepaltlroeic 'lluorescert pseuditrirorrad isolates. splrical ce(,0.)5 tin indiarieter) is pale Yellow 

Table 41. Fatiogens identified by some physiological and biochemical tests. 

Fluorescent Nonfluorescent 
Province Pathogens pat hogens' (no 1 pathogens (no I 

mno . . .. . . . ... 
 . --.... ..
. .


ADHCXI. ADHOXI ADHOXIv-:r OXID FERM NORXN 

Albay i 1 0 0 0 0 0 
Cagayan 6 0 0 0 6 0 0 
Camarines 4 0 0 0 4 0 0 
Cotabato 6 2 0 n 0 4 0 
Davao 12 7 0 1 2 1 0 
ifugao 79 68 0 2 2 7 0 
Iloilo 40 37 1 2 0 0 0 
Isaoe!a 2 0 0 0 2 0 0 
Laguna (IRRI) 19 8 0 0 6 1 4 
Nueva Vizcaya 10 10 0 0 0 0 0 
Palawan 5 5 0 0 0 0 0 
Sultan Kudarat 1 1 0 0 0 0 0 

Total 185 139 
 1 5 23 13 4 

'ADH OX). irgflre yojo!asear,ooOase pos4ve ADH OXi -argmneinhhydrolaseirtndrc, aisir.egative.
ADH OXIvar = arginine oiyorolase and oxidase variaie :OXID o,:daose FERM -fermehitahv NO RXN 
no reaction 
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hen about to hatch. The pale tons mtph. i.ice the si/e oft the larva. is %%hitiih to 
yello'k larva is droplet-like in ,hape %%ith a lare, light ecllo\\ \ ith atihin haver tl holden yellh\ hairs 

lobular anterior. tapered posterior, and a pair af lateral, I)eCUWtpl. the 

tuming orange pink N% 

ph, tourth de",elopineatItal 
moderate long anterior le. he slend.r pro- stage. has a rlobut hod\ and thick la\er of golden 

Table 42. Nonfluorescent oxidatives and their possible identities based on some biochemi
cal tests., 

Bochemi,:al Possible Identity based on API Same API 
Province test identy 20 NE and fatty acid 20 NE profile Isolate 

based on analysis (Gent) as et.ences no. 
OXI ADH ST OXI ADH ST used 

Cagayan - - Ps avenae Cornamonas acjjovorars Ps setaiae 1837 
Cagayan - - Ps a~enae C acudovorans Ps avenae 1839 
Cagayar - - Ps glurie C acidovoians Ps avenae 1840 
Cagay - Ps avev.'e C acidovorans NDA 1891 
Cagayan - - w Ps avenae C ac.duvorans 0 s vwnae 1845 
Cagayan - W + Ps aver'ae C acidodoraos Ps avenau 1851 
Camarnes - - Ps glumae NDA NDA 2057 
Camarites W - - Ps avenae NDA NDA 2091 
Camarires - . Ps glumae No match NDA 2056 
Carnarnes - - - Ps giumae NDA NDA 2076 
Davao - w - Ps gfumae C acoaovorans Ps avenae 3916 
Davao - Ps glumae NDA NDA 7342 
Davao - Ps gumae NDA NDA 7343 
Ifugao - - Ps glumarv NDA N[' 4956 
Itugao - - Ps giurs,- NDA NI ' 5202 
Isabela W - Ps aienae 1JDA Nt,," 1857" 
Isabela W - Ps averai- NDA N., 1858 
Laguna - - PS glumae,0 No fnal';h "L'; 2235 
Laguna -- Ps giuma. NDA tj[A 7012 
Laguna -- Pq glumt rNDA tiUA 7018 
Laguna - Ps g/umae NDA NBA 7014 
Laguna - - Ps qlurnze NA NOA 7010 

Laguna W Ps giumae NDA NBA 70.5 

v.ta'cn Psecum.."- i;,AOXI =o ,ia-e ADH a'grn c'ycrOraSe ST roroysls Ps = no Oata 

1,etection frequency 
100 IO0O 

p (wria i
80 

C, r. '1/ Saroctadufyr 

Dro, "_lera / T tarclayana 
60C F o onoa M A bessey' 

20 N I.. 

140 -,iCj2or1 r'% 119 20-29 30 39 40-49 50-59 60 69 >-9 
Infe-ctjonlevdel il,) 

" 

n 1u V,- - ftir ,t'"J outLomll i1,70 wed 1,1, 

,e n utit, ,,uW ki I , t i I ri 
15 Frcyi-n ,t h palhe7 lillc if1 riLe w, Based I:h-2.11 
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yellow hairs later:tlk. Both are orange pink %\hen X = 2485 + 30(/3 lea' . durin the prenmnsor1 
mature. Fil:iire 1 limp "ho hdei.elopruetatl staixs = 128 + 42/3 leam es atalIli 	 and( %%,I,, least coliioii iA 
of'.. Jt t h 'IIo.	 p1(5lM.l ,05 

ljIIr, on ricc iN Nimillt to tht diletip lriN: .1 olt ha,'n preferred elatih l uiLe alld 
feedim produes hlu. hholic. shiallov, call -like reuslth Ioli r,-'inite 0ldtl in' order: titlras roun 
pustuleU . The proho,.-is tit tihe mlie prII Iii tIFIri-> IMcle iiitiI IIatio, :- SeedlilI riperrirr 
\erticall, itmihUo !cal eill .r ill tile upphl or' bA,\er "staC. It idlle to0IhO(riled Ini0,t Ill the apic.il ore

epiderl, iaccracos the tissUe, adll rupture. , both Ite thirld Stritlluill Of tihe dolI ul tac. 
Cpidernial and plare h\llltirs. tissu cells. tliNter, 
\ar\ ill lei tlh 0.21) il I S, mtt and I.idtli (i( li t, ANNI i1) \%,)R\il lst 1 I( I 
IM 111ll). [I)Iniu C, lIit)lOril iii tle lihid ul he [he li.'ocliaetc /) h t 1 ir. , U1Q isis licla
ent'uted %fil those from ItullrO ,.I i\nnelida: ()lcclitic iN i muall red earth-

C iillt itr.'d dell ic iL 14 1at'A ledf C i t \oriii 14(-71- i i llo 1I -0(1l lii dci irrI 	 iid 1.5(1 . i, 

IRRI durlneL '11'C1t()I i t l-iS n t iC, rIcluded tubcianail 
ahtil aite!dl1Ch plait ,Lc' iild ilitr'litoi onll tile liv lald ic r.ifC tlli, [litie hi 2 1.0 0 hiIII the 

lie.I\C I hiee. tea' ech oli ic btiltohml. iitddle. Il'lidlilcII !lcC te'rracs. \\ ,l'Inlliiie'd its IClaiie 
and t01p10ltlt lltiOiiN Ot i i)lAit I % i"I iitl t t ur ahbuiditncl in thr . h bitat ill tile nir, t ssc'r..l\ 
grtulli stauc,: Nscelii,. iiia\iiut lilleri,. panicle tL Melt't it Salapaildai. .bra. ill 198 ) %ks. 
ii ti0 u a til lliie.2 11ii anipiphc per g i s ih I+I Iiit\ -t(lit till- i1 = 12 hIll1, field Iscre raidl il\ 

+st.e \, cr baetI pit'l, olr plAcdI ill s rlll kolleCtld ltUioi hls land riceliCldl. BC,ie k.1 tL',

e' ei . 11111l\iin 	 s ot irigtIed 

i~i 

SI), alolll. lh1' Mile population leached it', peak pe.-ctl that lie elrU i ii isitllti the Irriio,4 

\ ltr l 'isIi i iti hll ilipc io iii llu ihe(l rilkhs 
A ll\ ii ,l~cU anld [Illk 1111 '"110 l-IJI, Ihc ,ilk-1 im le N 

. llm di.' tlI ai~ll. piot cc ,c l Ilk,-J Oti c (,1 ilic " 11111, 

Itie hi l mii ellcrOf ile , ik, stitl ltll 'I 

tutuh cu-lis . arlil "1 tl ~toreiltuie'il ssiteuitiu.l ssilitt 

t l/ s.Iii lllitllll i lietil ' '\ i hi. . ' Ii l dillt Ii 

iiil iIntl tliltilal.I llhh iC lieClds.I lel eaHi OrIrtll 

tilt llt fc'l iol rice. kil It lli h irrsit-tell iehe 

tiethi Itulte Ill IlI' hail.al I11111. ti tic rice i001 
,+ste.l 1 i Ic.ll. plll les, lhil l(1 d hf silted 

,il tlid litit-n i ld, .\hlltdltctl wieduclild plilt 
htinllik il eS, i u 5 I ( reki.i l ihet ui c .ILll

' 	 iriiic'tf Iht' iii~ii itll) t tll illis iilt h l it\ilitil 

kl ' l l l i l u i, i ' l i c t \ I ? ;il Iit iI11c ,'l'ill[III) 

1,1 k I I ,lllh \ 11iil Ipci Ns il able'i k1,).()iic tirth 
,

5, t~ii l ieu Ii -ic~l
<

ltid , l~srLlccltiltle t' c tc I to fliti 

i l I C II k ill 1 I \i<-i I t plant 

[.I t% lmct o ililil l ricclicld platt b hloriiri t)t 

'tatlllikiues i lcc lc, 1 . ,( )pmrcki i. (1. irrie 

Ilitic at: I. lcgitilllIlIIII a ' I i i. \rIIAllii lla;k :ic I I I. 
h~I'lictdcl ,Iktcakt: I I I. I ( i!ltl.t .'wa c!cl't t i t Icic\I, u [l)'I luci I I ;I fllt ( IaIIIc ak:luis 'Nit l 11411111111i 

16 )cs¢hi 116rhetiutilia'2. 'I , ',;,l.ttjtlt .1 ct l 
• 

. li I.tr. h 
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Table 43. Effect of earthworm density on plant growth., All 41 plants were accepted as ovipositional hosts
 
IRRI greenhouse, 1990. (Table 44). Moths wkere reared fron rice and caged
 

Earthworm Germination, Observed over cdc plant host in a no-choice test. The descend
density (/) plant growth ilng order of ovipositional host was rice > 1.1.'ro

(no./container) >1). > P.Ia..;oMou. >ilatulrriliji. 	 >1L. hu'.la 

0 	 99.0 ± 0.9 b Even grrwth and plant > /. 'Ihoi AII bitII plant species supported 
height 

10 98.6 ± 1.2 a Even growth and plant complete developmcn. The d,-scending, order of 
height larval survival %% i..L hin'sSi.k (58 ) > Lhlobom (54) 

100 92.0 ± 7.2 a Growth and height > P. p 153) > rice (511. while the growth 
slightly uneven 

1000 	 84.2 - 6.0 b Clumpy and uneven index w%s rice (3.2) > L. thineni.s (3.1 ) > P. paA'a
plant stand oles (2.2) > /.gloh1oh and E. clon ( 1.9) > 

nsoilna 'ing arid r -'./i ssp. i.ypitdlhi (1.6). 
rectangularpan (34 -24 x 12cml withvarying earihworin dunsities Reproducltive index potential w;ias more favorable in 
Values followed by thesame letter are not significantly diferent at 
the5% level by LSD Determined from 1000 seeds sown nsoil n rice (0.4)> .. (hinlr'.. (0.7) > P. pax.hIZ/t'.s and 
an aquarium (60x30 x30 cm)withvarying earlnworm densities 1.i'/oh,Mb I I). The life cycle was shortest on rice 

'Av of 5 replications. 'Determined from 1000 seeds sowvn 1).colli, tul ii.' 

Lchic.t.(23d) fo)lowed h\ 1. (33 d). ('onsidering 

variables: lifecv Iec,percent survival, gros, th index, all five of the biologicul properties, rice is the most 

and repr(K.uctive index. 	 sui able host. 

In a separate setup, a pair of 3- to 5-d-old pupae The female moth laid smooth, shirn>' vellowikih

(one male, one female reared Irom rice %as placed thite spherical rvxk s of egg masses (48 + 4(0). On 

in a 65- xI ll)-cm rectangular mylar cage containing rice, incuhation period wa, 3 d and the larva pased 

the ,amre plant. The moiths recei d h Si0 1 .5stadia 3.4 + 0(.7 LI. II = 3.2 + 0).A d. IIl = 4.1)solutin -- I = 

I 10, as ftod. ( ipositional preference aid fecunt- + (.7 d,IV = 4.4 + (.5 d.arid V = 4.9 - ().3 d(ill 2) (1. 

dit\ teredetermined. Pre)uptIJiuil and pupation pcriods wc.rc 2 arid X d, 

Table 44. Host plant range of Mythimna separata (Walker)., IRRI greenhouse, May-March 

1990. 

Biological property 

Host plant Eggs deposited Survival' G;owth Reproductive Duration of 
(no. female) 100) index index' life cycle, 

(d)
 

OryzasativaL. 220 _60a 51: 25ab 3.2-15a 04 0 1ia 29.2 t 0.8a 
Leptochloachinensis 76 4def 58: 19a 31 '10a 07' 02a 32,7-0.8b 

(L.)Nees 
Paspalumpaspalod's 135 '17 bc 53 19 ab 2.2-08 b 1 1 04 a 378 -26c 

(=P distichul L ) 
Isachneglobosa 121 -59c 54' 19a 1,90,7hc 1 1 * 04a 417t 12e 
Echinochloa colorta 73 '86 dg 47 - 13 ab 1.9 ! 0.6 bc 1.6 * 09 a 389 * 07 c 

(L.) Link 
DcilariacilarislRetz 143 -53 bc 23, 22d 0 9!0.9d 1.1 05 a 387 1.0 c 

Koel. 
Paspalum conjugatum 45 9 f-l 31 3 cd 1 6 0.2c 2.3 0.9 a 33.2 -0.9 b 

Berg 
Paspalum scrobiculatum 154 -61 O 30.- 17 d 0.9"_0.5d 1.6 _ 0.6a 47.4 i 0.7f 

L. 
Echinochloa crus-galh 34 , 13 h-o 42 19 bc 1.6:0.7c 2.5 : 1.4 a 40.2:t1.1 d 

(L.) Beauv. ssp. 
hisp'dula (Retz) 
Honda 

'A,,of 10 replcatons The 9 most su.taole hosts of 41 Plant species tesieO 

Survival =larvae oupating ino ) x100 'Reproductive index female pupal weight (g) 
total larvae (no eggs produced (no.) 

n=10 
survival il'.j

growth period id) 
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respectivcly. Total development from cgg to adult in drums containing 10(0 k, ofair-dried soil. Tr'at
emergence w s 30 d and letahe longvit\ II d. I,.ents., cottsted of,2 v ater rei ies.,,_ll-v,atodto 

,Fecundit; ;','as 220 (0 egg_, per female. 	 field c .l.t'. alld '.'.aer stre, tltlIt.nll illposed 
durimi th +',la\ stag.e+eoflthe paiil,, it 3. d after 

EFit il- 'In.\itH ,IFSs \Ni) .ItR .iIN i 'tt- ,Ot.v.,il., lI)AS I and 2 N hc. k Ino N and 10(1 kv 
CA V W'- N III) Ii i Nl1IF l I i' N/ha. .11 all lied faco l omihiinatill01. ) \\1i 	 p )O Aall', 0a 1 
kl(TS ANt) tO tI'l AN) WI+DI.S ,, itl 4 relicon-.1 loll.. ,tui . i plias .edthe iIClth-
A re.nhous,, ,.'primnzt in ',ttne.te+.d enc t'.' xate.+r tcriet. a.nd N resoturcesontlhv h.-ali,.,,.elci.ts,t oIf' 

in+reax.inmc 'atc str, ertilier Nn ihe photo-	 and re.'sorc,r nd andthei, u,,e. efTcLc.'.ie,, of the 
,\nthetic respow', oi upland riu;'s IR4i. mrid Kin a- plaint, ',i,hI in )Illtpetitllon. 
datn, Paion- (botui (3 ,pecie,,. arid ul)anid ,,'cds III '' e1..l-.'.atrdCldilthoii,, hoth 1: olioiu and 
E( hInnihlo,, Co/lima (L Link an //~rl,'I,-R1?1 ii/in/111101\1 Sha.d higher photos, nihectic rates 
ilI'Al.i, ([Lour. I W.D. ('La:. oth (4 specie,,. than IR43 and Kinandangl Paton. ',, tilho r \, ilhout 
Four pregerntinated seeds ot each1 spIecies'.' ere Seeded aipplied N (I w. 177. L: ohlita miaintainied lIm i rates 

CER ipumol m- per s) 	 Well watered 

40 
Without N 	 With N 

RR cocn,ncr,,enss 

E colon, 
30 'aKnandarg Patong 

iR43 
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....... .................. :........
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fatter s:ress -d'- "; ta-".g Ww "after rewaterirgi 

CER mea.uremen ,d. 

17 tk;ic +i'. .. 'r rer1ru. ,ii \ j.pph,.)iu ,ii nt .(. *,,.muijri I'mumet, r I ) ,..,hr.:, r.t. "t( ''I 2 i e,. l 2 fi andI ,., 
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UP t) three CO, exhange rate CERI measurements,. 
but s\a, ,.inlar to thle rices at 56 and 71 I).AS i.s-
ureminn, (reccr,\ period). ()n [lieother hand. 
H I I(<hil 1 nu11 had ,,tnpcrior t01 T R. It had ab 
24 ai d 41 1 irrehct.rr tita,t I L O, .c / Anlld thli', .ICC 

re',peti i . c,,tllunder ,a, r-,tr,_ ,,.' .,l ditiotiN 
,\,.C, t ltor t ie 1 -d ,tre,, period...\t l3 I)AS. \ [ten 

(FR rl-rieaUn ,tirIe nrenllln Ihtt ,re.n dllChoCr.c,\nItheti .te 
iA' ioiflIw ( v';,.\ ed \, lit Tiedecreait plant a.. 
it -d v,:tter .ir.,, period decre.as d th' a,.erac leat 
,\ +afcrpornot ite lat , Ito 2.-1Pa tlrin (-45 Pa 

ill\%cll -. at rcd coidrilrin. Ill thc stiCscd ticirticit. 
,kitoMIt N. ('FR (it A' f o , as,11 ,1 v,,10 

highe,+r atid that oit , ,,,i I ( ', hi ci titan thatt 
tire 2 r..'. . g,t in,. t hi righ %.atelLte,' ,lC ii.'\ 

\ I.ii 0t v,\, '. dl r thil , sitliatlit ll Cotll-
tra t tire.pinti,,\Natlihctu, ratesll , . spe.. ie') ot,,rtli, 
decras'dl \ ' Illltre stred treatt nu iiihhiwh 

N CtNOirt.1,,. O)itIItCIi s5lth lttl il)P iL.0l1i (t N. 

rir itilrr. stIro . ste, itita.tioti,,.v.,ilc'r ntiit1 N, 
Fs mi tihe hiL'irls e'tlicreirII sserc aitctet!, liitiretisd' 


Iiell. rich N\ e'lrhriirne, ir c 'er i ',+.iute sltes,, lii.I 

the pi.',it l _l pr , t plant . \ircl str,,iceN, ,s 

ni iei+' 'l tihe Iniumlts, ihli c IIc", t llall,,lt tl -ih 

ihs 44', in dialidl _ III it-d trss tr l.. 

CER uLIroI nl pfer S 
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inttractions, hioi e%r. \,etc I+:cd in1r ore pr10tioiLl the 
,. ecd than intill at .. ( :tidei I(-d ,tr',, period 
wviater ,4re,,,1,11,ithOtut atppl'ied N. t! Of tie ,,,,id,, 

'
hotit 7ff ; I hanM r ,All(I1n 
applied N. 

Smiilarh~the NN u.filecic . \ of lhe v y "cl, . 

wa a. III t tIIt tIn ,tIt.', . h 

v, 
hicher ,I' koricet', ..l. at of thve LI.IL)'tcccu ti 
hiher (U, fixed per tunit N a\ailahlc than IleeL. 
This Ilncarit\ . ,,e crli .a nt a, ,ttii-, undel 
,tre,,,d COIdiitioll'.,ihiv h tie" hil'lOu,. of 1,,\ 

*inlmi ic ' v\.at.,r qre, and '. III onad
wIL. 

) I\,',h ()UI FI [II', Ihov the Ih I lII,)i;aI•tioliad, a111tIc' t 

the t IplaMd,C 0%Cr tei t\% upland Il.C', d 
o'It,ml their ic'. o. 

motderate n,' Rtc,.I hi licim\ naiti-

their ai llt lill CeLffit LRte 
Ater (i/i 

tamed tI Ip, riou Altiit lti ohut the r',. t 
NCainl. \\C ) ulldf teii 11'o2,1d .It\ of 

IIIhC n r Illthe field. Cien uldcr Ie-ed.'li". eILC 

",o.ur,.c- enit titit I.. liii. c'.ertiou,,
'e.areeu.. ]l"uc r,,',,ht, 


iInlihAtii to felId 'olrlIIo. lhln-.'
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,k ,l ,. 
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ind t ill, tlihIte i, . l c okbl, ;cti, ic ' i .n
bih !,,. plil itlarl. a fli_,icli N It'el.. I h,.. I)M 

'
 rL"+.i ,V, i.Asol, refvc ilthe N iftak, I thetc , . tel 1 
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fhch th rc-~.., n In to)eri.,., it A' , u,,,n,, 
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Dry matter (g/m2) N uptake (g/m 2) LAI 

Rotibtodia
 
cochiochinensis alone 
 114: 

1000~ 51 

R. cochinchinensis - 
wit rice y" 12 // i - " 

800- / "4OI' , / to . .-- i T 

600~ 81 3~ 

400'- 1Ls/oI 6/ ~LSD0.05 

*/ / " Rice a(..,le 40i // _
 

200 -
-

- - 1 

-- Rice with 
R. cochinchiensis 
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N rate (kg/ha) 
20. Drx matter accumulation. N uptake, and leaf area index iL.Alp respinise of rice variety 1R43 and Roth ,lia iri/tlnm hinensis as 
monoculture and in tixture is atlected by N applicaltion rates at 70 t after seeding. IRRI. I(O WS. 

analyzed. Methods to differentiate virus strains will and SSB mating ceases because males are unable to 
be developed, track afemale odor gradient. It is also believed that 

females detect the pheromone emitted by other 
Pest population dynamics females and upon sensing it fly away. The result is 

that oviposition is prevented. This method of mating 
Knowledge of factors that affect pest-population disruption has reached commercialization because 
increase provides a basis for a pest management of a technological breakthrough-the development 
strategy. Such knowledge enables a crop protection of a low-cost solid polymer substrate in which the 
specialist to select the best strategy for preserving pheromone mixture is embedded. The pheromone is 
and increasing a pest's natural enemies. preventing entrapped within the polymer matrix by premixing 
pest outbreaks, and reducing artificial pest control followed by heat fusion and the resin sheet isthen cut 
ippuls, into squares of desired sizes. lhe polymer resin not 

This research project isstudying the structure and only releases the pheromone continuously over 
dynamics of pests and natural enemies in selected I( ) d but prevents chemical degradation from UV 
rice ecosvstems. Improving the pest monitoring radiation and weathering. 
techniques and deriving quantitative methods to To determine if the formulated product can dis
describe the spatial and temporal spread of pests are rupt mating, a pheromone dispenser was made by 
important aspects of this research, stapling a 2.5- x 2.5-cm square of formulated prod

uct onto a bamboo stake. These stake dispensers 
PtFROMO)NI- INTERACTI)NS were placed in rows 3 in apart in a lattice configura-
The pheromone composition of the striped stein tion, giving adosage of 25 g ai pheromone/ha. Each 
borer (SSB) Chilo supiiressalis was determined, dispenser contained the pheromone equi' alent of 
When the formulated mixture of three aldehydes 14 million virgin females. Mating disruption was
(5 parts Z- 11-16: aid. I part Z-9-16: aid, and I part measured by the catches in pheromone traps set in 

Z- 13-18: aid Iis put in the fieid, the air over the rice the centers of four pairs of fields, one set serving as 
canopy is continuously saturted by the pheremone acontrol. Or, 'he first night. the fields were tested for 
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uniformity in catches and no mating disruption was 
attempted. The mean catch between sets of paired 
fields was not significantly (P = 0.12) different 
(89 s s 69 males/trap). On the second night. the 
pheromone dispensers were placed in a 12- x 12-in 
block around the pheromone trap in one set of the 
paired fields. The catches recorded 9817 disruption 
the next day. as significantly (p = 0.()1) fewer (1.2 
vs 40) mnales/trap were collected. On zhe third night, 
the pheromone dispensers Acre removed and the 
subsequent catch from both sets of traps was 48 vs 
38 males/trap. The results clearly show mating 
disruption occurred. 

.siN(; tI0I(tAR 'R(1Bi: 0 ()1.HARA"IE RIt/UtA 

PATiO )GI-N STRAINS AND I'OF')+tIAHON DIVRSITY 

DNA typing of the bacterial blight pathogen. 
Transposab cgeneticelementscan be useful as probes 
for DNA identification of pathogen Strains. Several 
putative transposable elements wkere isolated fronm 
the genome of the bacterial blight (BB) pathogen 
Xanthc'ot . r-:ae (Xc using a trans-as or._e pv:r. u). 
poson trapping vector. 

'-rom a collection o.'95 isolates. 17 types were 
identified using pTnX I and 27 types using pJE. M1. 
For pTnX I. but not for )JEl I()1.isolates fromimore 
than one race shared a singlt: DNA type inseveral 
cases. The overlap of DNA types bet cen races 
gives aclear indication ofevolutionar, relationship,, 
amongz the races. 

identification of a new race of bacterial blight 
pathogen. The relationship betw een DNA type and 
pathogenic phenotype kas examined for 16 strains 
of BB race 5. The strains wcre analzied using the 
probe, pJELI()l and pinX ! and bv P.Stltiesti',n 
and Acre distinct frort one another li one )rriore of 
these analy ses. Difcrerntial reactions \,erc observed 
[Or these isolates oin acceSion N10(6 frontI lfu.,ao. 
Philippines, and the differences itnpathogeric phc-

,notype corresponded to differences in DINA type ;t
defined by pJEL I( 1and pT:'X I. 

By pJEL101 . the strain,, incompatible\, ith acces-
Sion 8106 had DNA profiles wkith 95% similarity: 
compatible strains had DNA profiles with 92%r 
similarity. The level of similarity between the corii-
patiblearidincompatiblestrains wa,85%'. BvpTnX 1. 
the strains incompatible xith accession 8106 had a 
level of similarity of 95 '. the compatible strains 
were 86% similar, ano the compatible and incompat-
ible strains had a 74 similarity. 

The group of strains defined as race 5 on t., five 
differential cultivars used for race typing inthe 
Philippines thus can be subdivided into two groups 
by DNA typing and into two races by inoculation 
to accession 8106. DNA fingerprinting of pathogen 
strain., can be used to identifY evolulionary lineages 
with differences in virulence phenotype. Other 
aspects of this stud) are reported under project 
IR90-1-3. 

Competition between races Iand 2 of the bac
terial blight pathogen. One strategy for reducing
 
tie prevalence of virulent pathogen strains is to vary
 
the genotype of the crop over time. After cultivars
 
carrying tile for resistance to Xoo were
Xa-4 gene 
introduced, race I was replaced by race 2 as tile 
dominant pathotype in tie Philippines. Both races I 
and 2 are compatible with cultivars lacking X-4 and 
other genes tbr resistance to 13B.It'race I were more 
fit varietiesoil susceptible culti\ ars. then rotation if 
wvith and v,ihout Xa-4 might provide alternating 
Selection for the twoAraces, thus reducing (tie level of 
inctIclIuIrn \iruleIIlt t any given genoi pe. 

To examine the possibility that race I is iore 
adapted to varities susceptible to race.: I and 2,a 
field survey w\as conducted at Isite where cultivars 
re,,istant aid sus+cptible to race 1wcrcgro-, nsinul
taneouslv. arid greenhouse and field experiinents 
wkere conducted to study competition betwei races 
I and 2 on a cultivar that i,susceptible to both. 

Intensive sampling ta. cooducted in farniers' 
fields in Baorlnbori. Nueva Vica a. Philippines. 
a! a site ,,here cultivars with arid withoul Xa-4 were 
gro ing iiiadjacent fields. is e infected leaves were 
collected frr1 eaci of seven 1.)-rn: areas ineach of 
5 fields. Each strain \\as tested for virulence Spec
trurl rac). Onl' race 2 \kas found ol the cultivars 
cntaining Xt,-4 race I \was prevalent on the c.ulti
var, %%ithout .'a-4. 

To cxa rtirethe competit ion betw een races I and 
2 directly. antibiotic re,,istarit strains of races I and 
2 (PXO61", and PX06". respectively I were inocu
lated to susceptible variety IR56 in greenhouse 
experiments, using single ir mixed inocula. When 
inoculated singly, the strains grew at simil:nr rates. 
reachinu M" ClFl/ml hy day 12. When inoculated 
with another strain. growth of ritce I strain was 
unaffected while race 2 ,train reached only 
1ff CFU/nil. 

To test the effect of competition between the two 
races under field conditions, seedlings of IR56 were 
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spray inoculated with PXO I ". PXOS6". a In.ture 
of he two races, or with water alone. The henchiled 
seedlings were transplanted to 3- x 3-hills at the 
center of suhplots containing 25 x 36 hills. In nii \ed 
inoculatiOnS. race I was consistenti + recoN ered at a 

loer in larvae starting on 4(-d-old plants than in 
larvae starting on 60- N-, or IMOd0-tld pmls. The 
relationship hetmeen percent lar\ al niortalityr (NI) 
and plant age (A.in da\'s). w.as Lescrihed ,\a 
rcuression equation. 1l = 0.54 A + ;6. LF larvae 

nmuch higher frequency thaln .its starting on the .ounger plants consnined imore leafrace 2. )i.,e;i:,e 
incidence and appar-en infection rate ,.ere .,imar in 

all treatments. These resits indicate tLat race I is 

more fit than race 2 oilIR56. 


Race I is niore competitive than race 2 On clti-

vars susceptible tl both i aces, and planting of resis-

tant and susceptibleculti ars hiu; the saime iehl or 

in succession could I= ide altern;ating selection fot 

races I and 2 thereb, lesening the leve! of eich 

race. 


Spatial scale ot",ariation of the bacterial blight 

pathigens. IRRI's udies of 'cntic ariabiIit\ of
 
BB haWe-enerall\ ;.iat small sets
use of relcel 
of, strails (aboult 95-2)) isolates per tle)c llectCd 

,.thin the Philippines oner se,.era! ,.cars.."tbstan-

tia! \,iriation s.a1ob1r el both1st ithin and bhtvec; 

rce. The dix ersitoftthe pathoige at an, guien site 

+as,.
not established. To determine the spatial scale tif 

\ ariaticn. itkeni, ,e sa, plinlg . asCO i.lct d in farli 

r,'lfields. and the haIcrLal islatsC, oltained .,ere 

anal,/ed h\ l)\,\ and race t.,p.g 
Il19))), I! site,, %kcrc,alliplcd in 6 Phi lippilic 

pr in'es. The isolates x.crc aiaL eL fr il,N 1)sites: 
Ba. onmibccn in Noe, a Vica.a. and Batad in Ifugao. 
For each of 5 fields from site I and 4 fiels from 
Yse 2. ti c infected lea, ,sif'preenn ,"crc sampled 
l;',in each of Ne+ en l.)-ni' arcas in a W- alk. DNA 
type', \%crc dCtinieIi1Cd usin I', l nalx sis andI re
stricticon fragnicin length plnl aniarphknl 

using the prcchu pJl:.l..llftIr the 24) is ilates ccb-
tamed. Paltoenic lac' v as deterimine) h\ testing oil 
differential culti. ar. Each field shi Cd ;.ihigh Idcgre 

fcdi'ersitx+. Fccr !iost cic1.)-in areas saiplcd. mocre 

lhan one P rl tpc \as chscrCd. A ccxxer lex+,l of 
di.+:rsit\. ,das detected iicqig the pnrce pJ -lI t)Il. 
T"" ra c crre ocind i sex eral Itt-in- ,areas at 
sie I. 

This xariabilitv nia\ haye imtplicaticos for dis
ease sampling and ianaenin. 

I-oti [(I i'i.v \() Ru. kcPi tI VdNi N 

IJ-.AF I.I:R St R\ l\ l. \ ND tHIINISS 
The suniual and litnes,, c, leaffolter LF Cnapha1-
0( nC IA 1?c deplard conna/i.'le the stage of the rice 
plant at colonization. Mortality xxas significantly 

material (Fig.21 1.Pupation rate was loer in larvae
 
starting oFI the oldest plantS. Pulpal wCight ',,asin
\erselv related to plant age. larvae starting to the
 
\ounger plaits produced the largest pIp'e
 

Since rice 1L1are generallI less fit and sur,. ive
 
less oal tolder plants. their daiae nay+ onl be
 
impotat at early crop stages. \ the .ounger stages.
 
rice planits lhae tth- abilit\ t)coitpensate for leaf
 
danlage. These finding, liul iiplicati
t* u tor CeCo
nonllic thresholds for [F manacn cei)t. 

00' I\t tI ' StIkttI RiF ot \RI IiRfOt)PS IN RICE 

I. c"'.
stIiS 
The objective of this ,tnd\ 5%as to characterize the 
populations of insects and spide-s inhaiting differ
cit ice cossctels. 

2 
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Successional trends in arthropod guilds in rice 
ecosystems. Early colonizations at five rice-grow-
ing areas in Luzon, Philippines. were dominated by 
herbivores (plant feeding species) (Fig. 22). InBanaue 
and Kiancan (higeher elevation), cohi)onzations were 
slo er, probably because of lower temperature. 
Monthl averaL'e temperature kas betv,,een 2)) and 
23 ( in Banane. and between 27 and 30 C at IRRI 
and in Cabanatuan. At IRRI. coloni/ation occurred 
throughout the season. probably because of the 
continuous presence of rice and heterogeneity of 
culti ars and crop phenolog . Ini ('abanattan and 
Bavom htiin. cildto i/atioiin o fherhi%' ores peaked about 
3 \%k after transplanting and then declined rapldl\. 
The predators built upImore graduall. reachiag peak 
abundance at 5)) d alter transplantii iDT). This, 
aleiiatine abuindance iherbis'oresiand predatrs is 
t,.pical of ocillations in predator-prey interacti n s. 
After 35 DT. predators \%,ere Iore ahundant at all 
siles except IRRI and Banaue. 

Insects (no. 0.25m 2) 

400 

300 IRRI 

200 

100 , 

400---

300- Kiarigan 

200 

100 

0 641- bill,-O 

0 20 40 60 80 100 120 140 0 20 40 60 

Relations between major predator and herbi
yore species in rice ecosystems. ('LiIlts ol1delpha
cid and cicadellid hoppers irhivores in each sain plh 
wkere agoregated and the linear relationships %%ilt the 
prcuators (Cvrtr/iuu.lividhp'hii . Spliders. and 
vel iids + Ie,,t\ eli ids dICern iICI. ('rlat ionM,ere 
,ienificait 1'<(05) and positive in all cases (Table 
45. C. hividipt'nn eshilited a strolne numerical 
response at Ba onibong and Kiangan. hut ;I negli-. 
gible response at IRRI. Cahanattan. and Banaue. 
Because C. lividipenmi.%is an egg predator, adelayed 
instead of a direct numerical response is especied. 

Serological techniques for virus
 
disease monitoring
 

The RTI V. RTSV. ( '. and rice rag ged stunt 
\irtis (Rfk . t depend oi insect vectors for their 
trauwmissitin to the lost plant and transfer to iew, 
sites. lpideiniolo.i' studies iof the rice virus must 

Catianatuan Bayombong 

0 20 40 60 80 100 120 140 

Banawe 

* A 

80 100 120 140 
Days after traisplantin.-

Table 45. Linear regression coefficients and 5Es (in parentheses) of relationships between 
abundance of planthoppers and leafhoppers and associated predators at different sites in 
the Philippines.' 

Regression coefficient 

Insects 3R0 Cabanatuan Bayombong Kiangar Banau 
(90) l80) (110) (100) (130) 

Cyrtorinus 
Spiders 
Ve0ids and 

0.02 (0.01) 
0.34 (0.04) 
0.29 (0.14) 

0.03 (0.01) 
0,141005) 
0.73 (0.25 

0,290iO03 
034 (0.05) 
054 023, 

048(0 05) 
05410091 
0.5710 13) 

0.11(0.01) 
0.12 (0.01) 
0.26(0.02) 

me--oveliids 

In all occasions data fried the linear model. y =mx Ca prcntahey p -0 005 
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monitor the movement of vectors and associated 
viruses. 

From May 1990, two light traps----one in Laguna 
Lake. 3 km from the nearest rice. and the second in 
a farnw,"'s field in Pila, Laguna-were checked 
week% for insect vectors: Nephoteuii vire.wens and 
N. nigrpictus. Recilia dhursalis, and A'ilaparvata 
luens. 

Brown planthoppers were removed from the trap 
cages and exposed individually to enzyme-linked 
immunosorbent assay (ELISA) for determining the 
presence of RGSV and RRSV. However. ELISA 

cannot detect tungro viruses in GLH. and infectivity 
in GLH was determined by placing 100 to 200 7-d-
old TN I seedlings in each trap. and testing by 
ELISA on 10 seedlings!trap when homogenized 
3-4 "k later. 

Tungro vectors were collected in the farmer's 
field throughou the trapping period, with peak catches 
in May and Acgust 1990. Occasional catches were 
recorded in the lake with one peak catch in May 
(coinciding with the onset of rain). Some vectors 
collected at both sites were tungro-infective as shows n 
by ELISA in the seedlings exposed to the vectors, 
Relatively fewerN. Itt'ens than tunger( vectors were 
collected at both sites. N. Iui,'en. carried only RRSV 
and at a very low number. This is the first report oti 
the infectiity of migrating tungro ,ectors in the 
Philippines and showed that GLI can carry tungro 
viruses for at least 3 ki. 

Ni-x'i' Sii,s 
DNA probes and other techniques in biotechnology 
sho k considerable promise for characterizing and 
monitoring pathogen strains and populations. 
This research will receive increased emphasis and 
will bc expanded to 'leterm inc applications in 
population studies with insects as well. Use of 
insect pheromones as monitoring tools will also be 
emphasized. 

Future work on insect pheromones %killtest the 
confusion technique in farmers' fields. If this is 
successful, then ways to reduce costs sill be evalu-
ated. A major portion of the cost of this technology 
g ,-.s to the synthesis of the pheromone. It may not be 
necessary to have all three chemicals in the phero-
mone and trials A,ill test reducing the mixture to only 
2 or I chemical. Without the Z- 13-18: aid :onpo-
nent. the cost can be reduced by half. Ultmately 
combining pheromones from other SB and LF will 
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not be as daunting because pheromone components 
are often similar between species. 

Population studies will contii,', with emphasis 
on quantifying the natural control of SB and LF and 
coupling predator and pest subiodels. Community 
studies will quantify arthropod diversity in upland 
direct seeded rice and examine the dynarnics of food 
web structure in different rice ecosystems. More rice 
genotypes will be evaluated to determine difftrences 
in attraction to natural enemies and the mechanisms 
involved. 

The blast disease model BLASTSIM.2 will be 

validated in the field. In natural systems, plants have 
evolved diverse mechanisms to avoid, tolerate, or 
recover from attacks ofotherorganisms. Plant breed
ers have used this natural process to their advantage 
by deliberate selection of modern crop varieties 
genetically resistant to or tolerant of pest organisms. 
Natural enemies of insects such as predators and 
parasitoids have also evolved diverse mechanisms 
for locating and regulating the pest organisms. In
creasing evidence points to tie importance of the 
pests' host in luring natural enemies to the pests, 
which the natural enemies use for food or hosts for 
reproduction. Plant color. shape. texture, infrared 
radiation, or odors may affect the natural enemies' 
success in colonizing crops and effectively control
ling the pests. A potentially fruitful approach to rice 
pest management is to develop (through conven
tional breeding or genetic engineering) crop varie
ties that resist or tolerate insect pest, but which 
provide their natural enemies with more favorable 
plant habitat. Plant improvement efforts with such 
dual objectives could contribute significantly in 
achievins, durable and sustainable systems of plant 
protection. 

IRRi entomologists, plant breeders, and chemists 
have started a collaborative effort to measure the 
response of ke\ natural enemies to different geno
types and determine if mechanisms that favor an 
increased response can be manipulated. G,.notyces 
of rice represcnting diverse genetic backgrounds are 
being evaluated. Plant volatile chemicals are being 
extracted frort the plants at different stages of growth 
and bioassayed (in an insect olfactomcter and elec
troantennogram) to detemiine predator and parasi
toid response. Preliminary results with the predators 

'icraspi.% thatcirea and C. lividipennis indicate 
some rice genotypes elicit a positive response. some 
a negative response. and some no response. More 



genotypes will be evaluated using bioassays with the 
two predators and the I .asitoid Telenonus rowani. 
The specific volatile compounds in genotypes that 

elicit apositive olfactometer response from tile naFu-

ral enemies will be idenjified. 

Subprogram V: P.,nt, soil, water, 
and nutrient pv.cesses 

Advances inquantitative theory describing soil, water. 
and plant processes now, allow, mechanistic under-

standing of the ways in which soil conditions affect 

rice growth. With such understanding. we can pre-
dict the effec' of tile diverse treatments imposed 
upon rice crops growing in different ecosystems, and 
can help design rice ideotypes best suited to particu-
lar conditions. Continuing research is exanining 
how nutrient uptake and tolerance for soil stresses 
are determined by the development andimorpholog\ 
of the root system and of individual roots, and by the 
chemistry and microbiology of the rh!,osphere. In 
particular, this links with %ork in tile Irrigated Pro-
gram on efficient use of soil and fertilizer N. and in 
the Rainfed, and Deep,,ater and Tidal Wetlands 
Programs or.Pdeficiency. Evaluation of soil micro-
bial biomass as a ready measure of subnierged-soil 
fertility, and the fate and management of organic 
materials in submerged soils are other crucial 
activities, 

CIIIIFAL t'R((i.SSFS IN 1111: Rl('i: RiIZOSHIERE 

Rice roots can greatlv influence nutrient and toxin 
transformations in the soil. For exalplc. accunula-
tion of insoluble ferric hdroxide in the rhi/osphere 

as a result of 0. release from rootts may increase P 

sorption, but the acidification resulting from Fe 

oxidation and from other rhi/osphere processes may 

release more P than is sorbed. Better understanding 

, 
/,I/ 

";; '? 

r 
water 

reservoir 

'-- .. 75 m m- ..... 75mm 

Reduced Root plane
soil cylinder 

23. Explotted %ie.A of tile root plarle and soil cylinder apparatus 

used to,ud, rhitospher dihnuitr 

of such processes and how they are influenced by 
root characteristics can give a rational basis for 
improving management practices and for develop
ing gernplasni efficient at nutrient uptake and toler
ant of soil stresses. 

To study rhi/osphere processes experimentadly 
vke needed amethod that could separate soil samples 
it different distances close to root surfaces ill quall
tities sufficient for analysis. We greA seedlings of 
IR36 in thin nylon mesh bags so that the roots formed 
a continuous planar !ayer (Fig. 23). Each root plane 
was then sanlw~iched between cylinders of thor
oughly reduced Iloilo soil (lable 46) connected to 
water reservoirs, and tie system sealed so that the 
only means of O, transfer between the atmosphere 
and soil was through the reots. The entire assembly 

was then placed in it pant growth chamber. After 
intervals of'a let days. tile cylinders were separated 
and the soil sectioned parallel to the root plane at 

(.2-nm interals. Each 0.2-ni section, ",hich con

tained about I g of soil solid, was analyted for p1l, 

Fel )extractable wilh I 0 NIt,{)Ac at Ill 2.8. and 

Fetll) extractable with 2 M I[,SO,. The widths of 

Table 46. Properties of Philippine soils used in experiments on rhizosphere chemistry, P 

reactions, and soil microbial biomass. pHs were measured in water. 

Property Tarlac Maahas Pila San Manuel Pangil Iloilo 

Aerobic pH (HO) 5.4 6.4 6.2 5.0 

Anaerobic pH (H-O) 6.5 6.9 6.9 6.6 

C (%) 

N (0) 

CEC (me4 100 g) 

Active Fe (%) 

Active Mn (%) 

Soil texture 


0.6 1.4 1.3 0.6 
0.06 0.15 0.17 0.06 
7.8 24.6 39.9 10.0 
0.5 1.2 0.6 0.3 
0.02 0.12 u.09 0.01 

Sanoy loam Clay Clay loam Sill loam 

4,2 3.4 
6.6 6.6 
2.2 1.2 
0.23 0.1 

22.8 16.0 
5.8 2.1 
0.04 Nil
 

Silty clay Sandy loam
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the sections were calculated ac turately fron their 
weights and the soil bulk densit. * 

The roots appeared health throughout the ex-
periment and their cortices remained largely intact. 
Profiles of pH and Fe near the root plane after 3 d are 
shown in Figure 24. A large quantity of Fe had been 
transferred toward the root plane and o idized. pro-

ducing a zone of Fe(ill) accumulation: soil i thin 
4 mm of the root plane wa,; highly acidified. Centro! 
experiments with soil cylinders scaled together ith-
out roots indicated that the seals%ere :ood and that 
oxidation in cyflinders with roots was indeed lar-el. 
due to root-released 0,. 

The total acidity elerated ill the Soi -- calcuitLed 

front ile p-1 profile Using the pti buffer po%, er ofilhe 
reduced soil while undergoing oxidation. lleatired 
independendl, lFig. 251--. as rougi hl. Isice Ill. 

qualltityl 1 (11 forined (3.37 vs 1.4,X ninol ).This 
is consistenl %ith the Fe oxilatioln sloichiomietry. 
indicatinLtlht acidification \as due to Fe o\idation. 
The volumeofO, required to oxidize thisquaniti o'f 
Fe is 8.3 nil at standard lenperate anId pressure. 
Additional acidity may he released Ifromn rice rots, 
becaus, . under flooded condition,. the roots receive 
Nchiefly as, Nil: and therefore take up aconsider-
able excess of cations over anionlIs and release I I to 

Fe (11).Fe (111)(mmolhg soil solid) 

U... ....... ......... 6.5 
Fe (1iliFe ()
Fe ipHi 

"pH • - 6 

0.15, 

5.5 

0.10: 

5 

0,05. ,,
' %" • " " 4.5 

. : 4 
0 2 4 6 8 10 12 14 16 18 20 

Distance from root plane (mm) 
24. Profiles of Fei t1) extracted ith I \1 Nt-If)Ac at pit 2.81. 
Fe(tt i extracted v.\ti 2 M I-ISOi, and p1t in looded oil 
expo)sd to aplanar laser of rie roots for 3 d. The Soil ' rlumetric 

Fe (11)(mmol gsoil solid) 

010F ,a Fe (iW 
008$ o pH 

0 
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25. ,i thanee. in I-el IIt eicNed sih I t NII() ,itp11 2.Xdurllye on idatinoirl a reiluCtCi I0dul1 peusiOil shaken . iAh () .andN 
1H1i1Cpit hiulft'tr re'dICteM Still llllc' uidele uctlr\t: i l lh1 u 

l \irillliil. 1le ch1rr111ge,illlA iclJ! retUired Wihilkut .a -Il\ 1i' pl I 
clale cjakLULited Ifoillilhic 1ej'riri c iin Iftel [I)ci tiliI ',1i a ula iiii,, h i tiiii it ( ' III 

W U'll IliC ifeicllll i ll it ' % A-l't1 t M I 41-C'1() 
.- !11.lhepit utter piner - ltil I litICoer4l tie' lope-. 

iiiiiilil tiS 11i11 1 l/,iiiill idi.p tl mill 1 0i99 

maintain electrical neulralitx . Ilovever. we calcu
latc that tile rcsultant flu. of acidity would be too 
siall to caise a significant p1l drop: at the high 
Iloisture contents and CO , plressures of flooded 
',Oi'I. ptM changes teidIto be proipag ateI rapidly 
ihroILugh the soil. 

hi experimients in which kce exposed cvl linders of 
tile same reduced soil directly to air. greater oxida
tion took place, but tie coicentralion of Fiell alitthe 
air-exposed surface was much smaller. This is be
cause, in the root-plane experiments. the 0, concen
tration maintained by the root' at their surfaces wasless than that in air. and therefoie tilldiffusion OiD0,I I'l'l e2into tile soil was smaller and tile mnovemlnt (Ife 

Ioward the root eMovement of the s(oil solu

ltion due to water uptake hy the roots will enhance 
this effect. 

Acidification lepends oi the allrouIt of l:. or 
othersoil c(Iistituent, oxidized. The Fecontent ofthe 
experimental soil is not exceptional (Table 4(). We 

expect similar degrees of acidification to occur in 

o(ther oils. even calcareous ones, if the\ contain
sufficient reducible materials. The effect of' soil 

variables on the degree of acidification, predicted by!henry. was reported in the 1989) IRRI program 

report. 

A large acidification 's ill increase theavailability 

of sparingly Soluble nutrients such as P a1d Zn, but 

will also increase the concentrations of toxic acids 
such as A l- upla d rice is tlran t of very high 

moisture content was 0.61 ml/ml (soil)and dr hulk density 1.16 levels of acidity. The technique does not distinguish 
g (soil solid/mll soil,. differences in root-induiced changes and nutrient 
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uptake along the length of the roott, whereas in 
practice such diflerence- are lar e and important. 

Thus,. the pan of the root that releases 0 most rapidly 
liax not be the most active in nutrient uptake. 

SCRI INI\(; RI(I V\AkII:TIESltH)R BillIII 

10 sHil\tt t.\t RIIl./SIIIRI MICtROIEIS 

Rice root, release oruanic materials into tihe soil both 

b\ e',udation and tissue d+clpooition. This lia\ 

cause allincrease in the si/C and acti\ ity of tile 
inicrtbial pOpulatioI near tie rotstis benefiting plant 

nutrition, 
We ,rex rice plant ,, ii rhiobo\es" (Fig. 2 

These Consist of 30-inin-x\ ide I ne llnd 50-111t11-

Vi I outeri ctt ipatllents separated h\ stainless 

steel ne,,h ili 2-1111-nii-diatl htoles. The outer 
ctllipartlient. %k roots, is divided Lintohich faces tile 
2-Intlil sections h\ a Ix Ionmesh ,.ih5(o-mm -tin 
holes. Ro ot penetr:ttni is therch prevented. The 
.,oil mic'rotbial b ima,,s. determined at flos erine b 

clhrtiforin funiiation. x as slightlx hlerin thesoil 

section adjacent to the root, than in coitrol ,oil. 

2-mm-thick frame 
with nylon cloth 

1-ram-thirk 1-mm-hicki 
frame with Top view 

nyo -lt 

There was no increase in gram-negative bacteria in 
the rhiizosphere soil. although they are generally 

abundant in the rhiiosphere. We conclutle that a 

thickness of" 2 nun \%as too great for dete:ting 

rhiiosphere effect,. 
Precii) tatesofIFe oxide cere Iornled ol tie nylon 

llesh facing the root,,along the root paths. [hey give 

an indication of root Widijiu,' ability, and the iln

printed nylon mieslhcs can be conveniently stored as 

arecord. Thsl, tile be a useful Screeningmlethod max 

technique. The \Nidtis of the Fe precipitates ranged 

frot 0.2 Ito3 mim. Some precipitates forned along 

t. ito the tips of fine roots. Thus, thefin\ lateral rootstp 

xLouLeesILt part, of"tileroots appeared to be o idi/illg 

the soil. Soil particle ,, \%ithout , sible Fe precilitates 

%sere attached to the nxlIon nes ahng the roots, 

probablx hound hx secretcd nltcilaues. 

Ri v I t\IN (W Pitt!SVIIRI()R s k.i it 

st t.tit IR61)StIi 

Thellate Of P addetld it aerobic. nonsubmer-
Ied stils i,reasonablh %cll utilrstttood, billctm

parati cl\ little is, kno ,liabout hiix the Iro1:ess is 

inf1illenced b\ soil luimervence. Such klO Ictl1e is 

important for dceheloping gerliplasni cfficieiit at 1P 

upt ake. for illlproviic 1 fertili/er Ianacineilt for 

rice andir crttps gri. Ii rtitation %%ith rice, and for 
p lttii-terni of P1in the en ironpredi ting the fate 
illelt. 

Generally. 1)in aerohic soils ,lho%% san initial fast 

reaction that is complete ,,ithiri a mater of hours. 

and a much sl, er rcaction that can continue for 

tllatix nionths. In1laboratory e erinlents. we fol
,los, e'dthe change inlP coentllllrations illsoil solu

iioins after addititon Of soluble P to soils maintained 
under aerobic and anaerotbic cotnditionis at field 

capaclit\ Prior ito P addition. file anlaerohic soils wAere 

li,,roulxl reducCd--c.liemically byrsubinerged 

Plastc -incuahtion--then dried anaerobically and rertois
trame box teled to field CapaCityr. They were stored in gastight 

boittle, peritodicallk flushed %%ith N. Thus, for a 

"ixen stil. the aerobic and anacrohic treatments 

differed ,nilin redox siatus. P):oncentratitns were 

,l.asured periodically in -solution, that underwent 
Iti) nt eschalclgC tof P1 ith the soil. Results fo" .ve 

/"// Philippine soils each with three levels of l addition 
are sho\, n in I-icure 27. Relevant ,oil prtperties vre 

Stainless steel mesh show n in Table 46. 

The lines in Figure 27 were obtained by fitting the 
26. The rhiubo\. data to an equation that has been successfully used to 
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Weeks after P addition27. Change.s v ith lime in Pconcentrations in solution follow.ng 1Paddition. to s.il, under aerobic and anacrobic conditions. The numbers witlh the symbols are P additions in pitnoi/g. 

http:follow.ng


describe P reactions in aerobic soils. The equation is soils were submerged, puddled, and dried aerobi
useful because it summarizes the results in just a few cally gave results similar to those in experiments 
numbers, and itcan be used in quantitative soil-plant with nonsubnerged aerobic soils. '[iTe gradual, 
models. It was derived as follows. After the initial slight increase-, in P in solution under anaerobic 
fast reaction, the distribution of P between the soil conditions are probably due to slow changes in the 
solution (concentration C1 ) and rapidly equilibrating nature of P-sorhing surlaces caused either bytile 
soil -solid P-sorption-sites (concentratien C,) is tie- continuing soil reduction or by reoxidation due to 
scribed by a Freundlich equation: experimental limitations. The increases arc not due 

C, =aC"' to slow, desorption of'P present in the unamended 
where a and " are coef'ficients. To allow for the slow soils because the soils had very low initial P contents 
reaction, the total concentration of P in the soil solid and the increases were greater s,ith greater P 

is described by addition. 
= C' The f'indings imlp hat more P must be added to 

" where i is the iime tollowing P addition and - a anaerobic soils to p: ,ce a given increase in P in 

coefficient. "ranges from 0 (no slow reaction) to solution, but tilesorbed P renains in rapid equilib-
I (c, proportional to time): a low value means the rium with the solution and hence is "available" to 
reac.'tion is last, a high value means it is slow but plants. The rate of P diffusion to roots will be 

persistent. Thus. assuuming the amount of P insolu- decreased by increased sorption, but this will be 

tion is smaller than that in the soil solid. tile otset to sone extent b higher moisture contentoverall 
equation is under submerged conditions. Since P diffusion to 

= [(C,/a)t.- Phi roots is slo, prcesses that lead iefficient P uptake 
where (',is the total coacentration added to tile by tile n the rhi/osplicre..,odil. plant must operate 

The coefficients obtained for the different soils under Soil mic'rohal huima.. india1or .oila.till 1)/ 

aerobic and anaerobic conditions are shown in /i'rtili.v Soil microbial binilass inediaies nutrient 
Table 47 Inote that the coeefficient values depend on mineralization and is itself a labile nutrient pool. Its 
the units chosen ftor concentration and little). qiiantificat0ioncould be a tool for gauging soil fertil-

More P was sorbed by the anaerobic soils. result- it,. Microbial hioniass has been widely measured in 

ing in much smaller P concentrations in solution o'r nonsubmerged soils, but the ftuniigation-incubation 
given P additions. Correspondingly. the Ficundlich methods used are inappropriate for submerged rice 
coefficients a and " are far higher. Also. there was soils or for soils recently disturbed by cultivation. 
little sloss P reaction with the anaerobic soils: in- With the Natural Resources Institute. UK. we 
deed, the concentrations in solution in nost of' tile developed and tested a method hor measuring micro

anaerobic soils increased slightly with tinle. result- hNal bionass in flooded soils. Soils are fumigated 
ing in ;iegatike values for the coefficient ".The \kith chlorof'orm to kill microorganisns: cell con
results can be explained in terms (f the changes with tents co)nsequentl,, rleased intotile soil are then 
.;ubmergence in the nature of Fe-containing soil measred as N fraictioris in t0.5 N K So, soil extract 

constituents, these have a dominant role in soil-P and expressed relati,-e to an unfuinigated control. 
'.'eactions. The results are not due to physical changes This tcllects the site of the soil microbial"llush'" 


soil following submiiergence:esperimeni hich ioni,,,."FeTlh avantilges of tii procedure are that it 

Table 47. Coefficients In the equation C, [(Cr a)t 1' 'fitted to measured P concentrations 
in solution (C., mol/llir) after time f(s) following P addition C,(mol/kg) to 5 Philippine soils. 

Soil 
a 

Aerobic 

b. 
... . . 

r 
. .. .. 

a 

Anaerobic 
.. ......... 

b. 
.....

b 
...... 
r 

Maahas 
Pila 
San M3nuei 
Pangil 
Iloilo 

539 
1.31 
0.21 
1.38 
1.12 

x 10i 
0.655 
1.257 
0.670 
0.801 
0.564 

0048 
0.196 
0.316 
0.369 
0.175 

095 
0.91 
094 
0.93 
062 

3.62 x 10 
485 x 10--
301 x 10" 
7 55 
104 10" 

0887 
3760 
6060 
0.821 
1211 

-0.126 
-0845 
-1 150 

0.371 
-1.341 

093 
0.44 
063 
0.61 
057 
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requires simple equipment and allows large numbers sesbania; in straw treatments, available Ndecreased 
of samples to be processed rapidly. after an initial stimulation. The data indicate that to 

A greenhouse experiment investigated changes 
in soil microbial biomass due to green manure 
(equivalent to 160 kg N/ha), pesticide (carbamate 
equivalent to 3 kg/ha). and imposed differences in 
bulk density in 2 soils of contrasting physical and 
chemical characteristics (Table 46). Figure 28 shows 
the changes in hiomass (gi'en as flush ofammonium 
N after tumigation) and available ammonium. Bio-
mass increased in the organic matter-amended treat-
ments during 0-7 d,but not after 14 d.The pattern of 
biomass development was not affected by bulk density 
(Maahas soil) or by application of carbanate pesti-
cide (Tarlac soil . Available amnmonium decreased 
after 21-28 d,apparcntl, because of immobilization 
in the biomass. which shows a correspondine in-
crease. Although tie levels of available ammonium 
differed between the tio soils. the anmonium re-
leased throuch mineralization of added organic matter 
was similar. 

Field measurements at IRRI ofthe effect of rcen 
manire .eSsbaruia o.lctl wid stra\ on the time 
course of soil biomass aid available anlnioniun are 
shown in Figure 29. Nore N \ as minerali/ed ill the 
,,esbattia-treated thanin the ,tra -treated o,,il. A\ ail-
able N ilicreased M iei inorganic N ,,as added k.iift 

Ammonium (ppm)
 
120
 

80 

40 

use soil biomass as an index of soil fertility, it is 
necessary to characterize both its size and its turn
over rate. 

LON-TERNI STRAW MANA(:MENIT 

A series of field and drum experiments were started 
10 to 20 yr ago to ascertain the long-terni effects of 
straw management on soil fertility and rice yields. 

EfTect on soilfertility. In long-term drum experi
ments with various soils, straw increased organic C. 
total N, and exchangeable K (Fig. 30). The results 
were independent of water regime. Il tie earl years 
of the e.-periment, a gradual change in the C:N ratio 
occurred in treatments both %kith and without straw 
as the soil adjusted to intensive lowland rice cnitiva
tion. This . as superimposed on tile changes in Cand 
N due to the treatments. While C and N remained 
constant in the control. they increased in similar 
wa~ys \k ith stra\ anendment: they increased signii
canitl\ in aln acid and a nCutral s,oil. but ntl in a 
calcareous soil. Field experiments sli0%%ed the ,,elie 
Irends. but ,easonal ani treatmnc t\ ai li ls we.re 
much greater. 

Ell'ect on rice yield. li hng-tern field e.-tcri
tis.,straw ineorporatitn generall produced higher 

Available ammonium 

I Biomass ammonium 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 1 4 
TI T2 T3 T4 T5 T6 

Weeks after incorporation of organic matter 
28. (Chanies knh timei.in JIMIlilil diiC iii.i- Itr.tnl , 1 . 12)t tru ire tile Lonirol. oLrlxtl naittertrd loll niiL rohiA hi 
amended. anti r htt'r alletitdti t hulk tcn2l \ \itilhhal . rediri 14. 1 5., [6 are the mattirn).dIIt. cr'itet I ruall. niatier 
amended, and organL niatter aid pestic ide aierided arla, soil. 
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Change ir,available ammonium (ppm) 	 Organic C 1%) Total N 1%) 
2.50 	 0.25 

50 	 2.25 - With straw
 
Wiout straw 020
+GM .200-

40-	 +Straw 75 0.15
 
+Urea N
 

30-	 - - GM+ureaN 1,25- 0 
I \ Straw~ureaN 10075 77 79 81 83 85 	 87 0057 79 81 83 85 87 

20 , i/ ,
 
2 - Exchangeable K(meq 100 g) C:N
 

10 	 1.6 180
 
I ~'.- - - 1.2 15.01,
 

- - 0. .-- ~.12.0,
 
-10 .. .. 04 9.0
 

Biomass (amino+ammonium)-N (ppm) 0.0 	 6075 77 79 81 83 85 8730 -75 	 77 79 81 83 85 7 7 ~7 18 58 
Year 

t ,ilrl ralti 
------ Organic matter III ,la;ihl , . usIr littil s ai tcIaccd hs\ 'tt a iddillillr. As%,&ltag 

20 - eO 15 pIn.'r)]l',c ar Mid replllnithtin 

25 	 Control 311.('hat c ii 1I gini| ( .i \xsdial.c K. (Cid i 

15 Table 48. Increase in grain and straw yields per crop of 
rice due to straw management practices compared with 

10 - ,. straw removal. IRRI Farm. Block L3.1 

Increase (tha) 
Straw managemen ................ 

5 Grain yield Straw yieldpractice0 1
0 10 20 30 40 50 60 70 80 90 -- .~ ~ 

Straw burned 0.0 b 0.2 b 
Days alter incorporation of organic matter Long straw 0.4 a 0.5 a 

0.6 a"29. 'lt t tl orr nilL' ntiitcar ,itt IAt cilia 	 , ii l lli i le- Straw compost 0.5 a 

,ours¢c ,ito l t.i , it1 I a) t I1111iiITT )iILCIIIItII 	 i 1id ,4)II1 

nl. (it Av ot 19 cropping years and 5 repicationsnincriibial hiniias .s cuimpaicd %iks utlituniiatcd 

greet)irttatied 

Table 49. Increase in grain yield per crop due to organic 
matter addition at varying levels of fertilizer N. IRRI 

rt'c yields lhatu either hurnin,, or rentxal. The Farm, Block 422." 
increase in ield per crop due to stra\\, applicatiill.

iil reni\ al. a%eraged o%er I9 cropping 	 Increase (t ha) ingrain yieldcompared A.A 
N ra te . .......... ...........
 

years. k%,-is (1.4 iha: increases ere (0.5 ta with (kg ha) Straw Sesbania rosrata Chicken manure 
compost applicatiti and /erio btr burn in, lira le 4X I. - -..... .. ........ ......... ........ 

eid I'rin stray 15 i/ha) %, 0 026 0.27 0.38The higlhesi increaseV30in 0.20 0.43 0.32 
attained AAith no inor.artic N fertili/er. ('p t) 12) kg 30 0.0 0.3 0.2C* 60 0,05 0 31 0.26 
N/hA. the hiwherthe inorvanic N addition, the stualler 120 -0.18 0.01 -0.05 
wea,, the effect oI stra\\%addition. At eacl le\el of 

Av oi 4croporng years and 4 replicationshad a smaller imlpact on graininruranic N. strawk 

yield than either !reen manutre or chicken manure 

(Table 49). EC, Na. K. Ca. Mg. B. C. SO4, and ICO,. The 
value, haxe been tairl\ consistent o\cr the years. 

lRRI(iAION WAIER ,il XII Y .Al IRRI (oncentrations of B are (If cotninuin! concern, but 

On the IRRI farm. differences in soil properties and tleasurements (if the other individual solules were 

rice yields have been linked to difterenccs in irrica- discontinued this ,ear. 

tion waterqualit\ . IRRI farm has 15 reservoirs led by IRRI .;ater contains nollnt\ic Na levels and 

15 deep %kellpumps, 12 of" "hich are ct.irrently adequate K levels for rice. In 1990). the generally 

operating. Since 1979. water from the putps and high (p1 7-X) v.ater pl 1mtav ha\e contributed to 

reservoirs has been monitored tor p1. ltlperalure, occurrences of Zn. Fe. and Mn deficiencies. Based 
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on USDA salinity criteria, IRRI irrigation waters 
range from medium (.25-.75 dS/m) to high (.75-

2.25 dS/m) salinity, but salinity has not been a 

problem for rice on the IRRI farm. Levels of B 
toxic to rice (>2 mag/liter) have been recorded in 
water from reservoirs 500 and L (Fig. 31)-
consistent with B toxicity symptoms in areas 
irrigated from these reservoirs. Boron toxicity is a 

serious risk during long dry seasons when 
irrigation water is little diluted by rainwater. It can 
be alleviated by use of tolerant varieties, by diluting 

the irrigation water with low-B surface water. and 
by dry plowing. 

Using the 1983-90 data, we grouped IRRI 
waters into 3categories based on critical levels ofEC 
(0.75 dS/m) and B (2 ppm). The reservoirs in the 
good and potentially hazardous groups are on one 
side of Buot Creek. and those in the injurious group 
are on the other side. This suggests that differences 
between reservoirs are related to gradients in the 
aqulifer. 

Nf-xi s l-t's 
Future activities will focus on II experimental and 
simulation work oil soil nutrient dynariics and 
rhizosphere processes, and their relation to root 
characteristics: 2)experimentaland Simulation work 
on gas transport through rice roots in relation to 0, 
supply to the root tip and the rhizosphere. root uptake 
of soil CO, as a C source for photosynthesis, and the 
release of soil CI to the atmosphere: and 3) work on 
rice root norphology and development in relation to 
nutricnt up:ake. 

Subprogram VI: Rice grain and 
seed quality, postharvest and 
biomass issues 

Grain and seed quality, and improved 
nutritional value 

Theobjectives of lhis projettare to improve methods
fore%aluating rce grain qualit and tor ilenlif', int! 

sources of improed nutritional \alue. and to incor-
porate seeds igor in modern , arieties through a stuld 
of the genetic and biochemical aspects of seed vigor 

and related traits. Results are applicable to all eco-
sN stems. 
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t1. i ini watecttlr on, t Iiwto -wiii fromi reservoirs 5(n).31rS 
and ('S on Ihe !RRI tarMi. 

Ei.:ie - SilIt) \'IGO)R (ON YIELD 
Studies show that rate and duration ot germination 
after accelerated aging are good indicators of seed 
vigor in rice. Within the same variety, plants from 
low-vigor seeds showed delayed flowering, fewer 
panicles and filled grains, and lower yield than those 
from high-vigor seeds. 

GRAIN )1 ALItIY I ( 1CIRS 

Critical moisture content for crack susceptibility. 
Considerable variation in head rice recovery is ob
tained with ,elected IR rices bet ccin seasons. Un
stressed grains give high head rice iclds. hi view of 
the importance of crack prevention during grain 
drying, and in the absence of dala for heat-dried IR 
varieties, we determined for selected IR rices and 
CP/SLO 17 the critical moisture content (CMC) at 
which wet grains became susceptible to cracking. 
For IR rices, the CNMC was 13-14", I'r crack-resis
tant IR6(). I6,' for crack-susceptible IR42, ar'd 12(4 
or less for CP/SLO 17. Thus, drying of wet grain to 
about 2'( moisture ll mininmize deterioration niay 
e acco:.iplidhed rapidly without causilng grain fis

surine. but final (Iryilng to 14'; mIoisture should be 

done more slowlI. 
Rationalization ot' cooked-rice hardness 

method. Breeding lines %ith similar starch proper
ties cannot be differentiated h. henmical nileans. and 
tftiiics cveli bs cioked-rice e\tore ineasulre

ments The IRRI liethd for lneosurnL' cooked-rice
hardness using an ()ttaw a lcxturc \IL'slmlil,. S,,

tell] ( .MS) l)-:tIl cell on al INolit iit dcl IlIt1 ) 
as CealuliiCd wkith f otd Ilt Cislst .1 ( " nell I Ill
crslt,,. F\trus ito hartfl' iiian ( YI\IS cell %%s ith 

1.32-cin hles crrclated p sitis ci, %ith hardness 
ratings (Y) with an I I -niniber sensor% panel (a = 



-54. b = 0.010. r = 0.94". n = 15) and with hardness 
by sincle-erain puncture (r - 0.97-) in rice, cooked 
at kater:rice ratio of)2.. The ()'T S cell %as simpler 
to operate and cleanr than the Krainer shcar cell. 
[ov. e, r rcsh. cooked samldes , ithsin.thr starh 
properties %elCr1nt differe.ntiaited th seitsor\ 

e b\ he 
microla the \'ational Food Re,c:rch I ntitute. Jptn. 

panel or Iti,,tlol .-ell oi en b R elthvre.,rarjnh-

Stora,_c n0[odulus ( ' -. IntC.lre oft"Le hardnes-
of fresh aeousICOeS [ ,tarch ,'els meas,.1;turCd at the 
L'int ersit\ olf .anttlba \ itlh I1ocillatili" rheoeli-
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in llof ,ood, lic it IRkI h\ ---4 It at 2-4 (l Ilt\.ed 
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eriL.r 1\\ i s, I ) Ir.sc t II' \ t tI tl1 t1%hIu ll 1 t11i tl, cIds, 
i, ct.' ll \ "PrthlIt , Of 1 ._u lthILs i .. ,',: 

bit Ii L(i t f lltee. I sIIte tlie "tiblii\ kt.t1 be t t 

than itP, lr2hter tt H H 

ald t iirt It Ittl Ill, 

rlliiteH.'dIii I)et. tiark ttir et tt 

ctttp)ts;c l1pt Ipint, licts 

ttCIllthII l tlII l I\. \IlItt( cii 
,ill l i laIm,s \ is deter

k frL,,trid tit t, cti.keul 
(altill I tt ItIdllcr). 'I lie 
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new method underestimated protein quality by 6-8'4 
because of lower digestibility of protein than of 

Ivsinc in the rice and rice-based diets. 
Nutrient content and retention during milling. 

At the U9niversitv of Nebraska, enerey-dispersive 

X-ray fluorescence spectronetry ofminerals in se%en 
IR browvn and muilled rice,, shov d the mineral values 

for IR rices to be similar to those of traditional rices. 

Silicon content %%as low at 0.0115.'. in milled rice. 
Retention of brom i-rice thiamine 1131; ) during 

milling H1', brn-polish reno' all was less than that 

of ribotlavin (46'; 1. True prolain content v.as 

6.5; of total milled rice protein. 

N;X snII.Fs 

The grain luality acti\ ities of this project v.ill be 

conlpieted b9 I Dt2, ices differing inDriCd grain of 

crack resistance %ill be examined using NIR spec-

trotop. and CMC. Accelerated staling of cooked 

rice prior to Instron hardness measurement v.ill be 

inipoed to iinprosc %arietal differentiation. ('ol-

laboratik e studies Ol rsistant starch and properties 

of dM.\ ,, 1(1'r \ ill be comspleted in%10c mutants 

lt)9I. A dalt hase ingraill qulit.\ for about 2.t9)0 

rices sampled sinc 963 %ill be published.The seed 

quatlil sAItldx \ ill colnlinue. 

Postharvest technologies and biomass 
utilization 

\k\ Fr'SlI,;NG 
Development of low-cost. mixed-crop stripper 

harvesting ssstems. Shortage of labor at harvest 

resuilts in untinel harvests, loss in crop ields, and 

increased vulierahi lit' to storms: hence the need for 

a lo\w-cost. conpact, inixed-crop har\.ester that in-

creases labor producti\ itvand efficicuIc',. 

.\ fea ihilit.\ stud\ for a Ninall-farni rice strippet-
harvester was utnderiaken. To prototype walk-

behind units %ere de. eloped, then evaluated in vket 

seaso n rice. The stripper principle i relex ant to any 

rice eci ,stem that can hear the \k ci c1l of a machine. 

The small, hand-pushCd. In..-cost unit. '\ith 

stripping %% of 45 cmi %%eighs70 ke antid aidtli has 

theoretical field capacit\ oft).5 ha/d. Grain reco%er. 

'\,itli the stripper proved superior to that '\ ith hand 

har,.estine. .. ithItotal losses belom 21 . An average 

of )91; if the collect ed material in u|ndarnaged 

semidv.art varictics %%,as by the stripperthreshed 
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rotor, which is powered by a 3-kW engine. 
Rethreshing of the collected material in such 

crops is. therefore. unnecessary. In taller, more 

vegetative Basniati. crop collection was excellent, 

but only 94(1- ofth: material fron tihe stripper rotor 

was threshed. In a crop where stems had been 
dlamagCd I1 pests. the percentage threshed fell it) 

8t)' and accordingly required rethrcshing. 'Tvo 

people can lift this machine: hence It can quickly get 

the crop in from the field. It requires considerable 

labor to clean the ,rain: thus, significant labor 

displacement is avoided. 
A self-propelling. %%alk-behind model with 

6(-cm st 'ipp ing \%idth has an on-board stray separa
tor/reiresher attachment. v.hich allo\. s it to operate 

in a %%id,' range of crop conditions and with consWd 

crablv less Ibor than manual harv.:sting and ie

chanial threshing. Model S6(0G. \kith 7.5 kW eii

.i1le, 1.2 ha/il. Anlassessment of theis capable Of 
benefits ail!costs ot'changes in rice straw utilitation 
priactice- in Asia mate necessar. hy stripperharvest

iug . ,asconiiecced. 

Multicrop threshing ain( strais los analysis. 
.\ Ie lulticropaxial-tho. threher,,.,asde\('loped. 

utili/i ring dtri .. Ith a staceredl. asil 
fabricaled rasp-type rotorarrangenet: it isintended 
for hanldlin)g long and damp stra%%. Tests 'kith rice 

and mIai/e indicate saVings ill r1bo.e|' using the nec% 

drum compared 'i 1h peg teeth. A built-in concave 

adjustor for the difterent crops and straw conditions 

ill probably be need :d. The design vasasessed by 

instrumentation and magnetic pickups incorporated 

inthe ri earlier by collaboratr,troirthe tniversity 
of Ihlhenheim. 'his equipmett has proven invalu

able for research on stray flov, charal.teristics and 

roror-po,,er demand. 

DR )'0 
Mobile dryers. Economics and farmer demand for 

dr. ing ere assessed through field visits and surveys 

of 35 farming communities in the Philippines. Con

tractor-opented ijobile dryer ser\ ices were sitnu

lat.d f)recoromic viabiliy hased on ad ry itg capac
it\ of I .) and 11.4 t0h, matched to thresher throlghput 

rates. 
Fluidii.ed bed dryer. A laboraltor model Flu

idiied Bed Dr',er %%.',s designed to Operate Otitie 

principle of increasing tile conlvection coifficient 

betveen the dryiig,air amd the grain for faster drying 
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and a net saving in fuel. Warm and cool air are 
alternately blown through the suspended grain, 

Cro ,i feJ in to the inlet gate ofthe heating chamber 
can be transferred to the cooling chamber through a 
transfer valve. Re-'irculation of wet grains depends 
on the desired moisture level. The heating, cooling, 
transferring, and discharging of the grain are all 
accomplished by fluidization. 

A 2- 10( reduction in total moisture per pass was 
achievAb.h, at rates equivalent to up to 507 moisture 
remo, al/h. Experiments to determine the optimum 
combination of drying air teinperature, volume. 
velocity, and pressufe that are consistent v ith cost-
etTiciencs and minimal losses in quality continue 
alom with the analsis of contractor-sized units, 

Pala picker and bagger. A major bottleneck in 
pavement dry;i ng is hmosto bring in the grain quickl, 
itstorms threaten. 

A protot,,pe rice picker and bagger using abrush 
paddle-type of con evor to ,ollect and mo e grains 
to the bagging chute could collect a ,ont 250 kg/h. 
Further tests %kill be undertaken to determine the 
capacity. durability, and other pertinent specifica
tions and It)scale up potentialis. 

RI(t.('I -o.SSIN(; 

Micromills. l-os. -cost small ricemills of three sizes 
are being developed to meet the milling needs of rice 
farmers. I- smallest unit is designed particularl, 
for use by s omen. v,ho traditionally mill rice for 
home consumption. The nedimm size (household-
type-MM 50) can mill 50 to 80 kc rice/h , itha 
0.7-k'V motor and ha,,been released for producLIion. 
The village model s,ithcapacit\ offup to 18( kg 

ith 3-,W diesel engine cail be readil, 
around on a hand cart. It had up to 6)1.' milling 
recover, and 7W; head rice recos ers because of 

rice/h ,,, mov0\ed 

reduced dwell time and iniproed rotor design. This 
compares s,ith 05 and 41 '..respectively, for the 
traditional Engelberg cVkiskisan" mill. Initial on-
farm trialshave established the efficac, andaccepta-
hilits of the mncronmills, wkhich cost one-!hird to one-
fifth the price (if imported models ol equivalent 
capacity, 

Targeted throigliput for the aienati,,e "Friendls,," 
desicn ricemills intended for sma!! processor plants 
s as 25' kc rice/h usinlie a 3-kW mtor. I',. I desigcr 
principle,, ',vere pursued, One usin, a series of in-
veiled abrasive cones. The coal was a design for a 
mill that has very high milling recovery, does not 

overheat the grain, is simple and inexpensive, and 
provides separate discharges for milling coproducts. 
This unit had 70 milling and 851 head rice recov
cry in tests. 

Both designs seek to encourage farmers to cap
ture price incentives from beier quality milled rice. 
Ownershipoftilese mills %kouldelnatllefarmergroups
to take part I prcessing and h.\-product prepaia

tion, where the greater profits from rice production 
are to be achieved. 

Economic appraisal of these small mill designs 
confirmed that %%.here village mills are not available, 
ors, here mill.s are so farthat thcir useentailssubstan
tial transport cost awl s'leivismon lime. sinall-si..", 
mills v,ill be profitable to opeiatc. Grain quality 
inpro,,erent and hy-productianagcci nIlt Offer i ,d 
potential for adding valueIoca ll,. 

Investment in the \INI 50 mill can be recouped in 
3.2 yr (patack period I P). the hreak-even point 
(BEIP' being 265huse/. Model MM 150 has a BEP 
of'3 15 h/yr and PBP of 2.0 yr. ,,hereas a "Friendly" 
mill has a BIE) of 386 h/yr and P131P of 2.5 v. 

NxI Sill',s 
The ne,, stripper harvester principle and prt typcs 
s.lo%% considerable promise across ecosystems, hut 
the socioeconomic rarnifications and the question of 
%Ihat to do \%. intact. standinc rice stras minus theitl 
crain) need to be addressed. In the Philippines and 
else\%.here in Asia. fuel wood critical for hotie cook
ing is becoming increasingl% scarce. Rice stra, on 
die other hand, is often burnt in the field. Rice straw 
is bulk,. has ,low.caloriflic %,alle,needs to be dried 
and has a high ash content. but it may nonetheles, be 
used to produce a loss -COst fuel. 

Briquettes can be made from composted stra, 
:nd rice straw%can be treated to enhance it, nutritive 
salue for livestock feed. 

Oiigoing multicrop thresher rotor (e\relhoptient is 
also relevant to the stripper hars ester. w%hich needs a 
rethresher and cleaning systenmin i,,icase. The 
;traw%flos, research is relevant to improved thresher 
design for Mi tich er, latentthere is still a large 
market in the rice wkorld. 

In response to demiiand. the Iluidied and mobile 
dr.erconcepts k.ill be pursued. as v,ellas the upgrad+ 
in if the in-bin flatbed drviric technolocies. Con
tinuilti the vkork on the n and bv-Micromlills on 
product utili/ation \,ill bencfit loss-incomle people 
across all eco,.stenis. 

Cross-ecosystems research 213 



International
Programs 

Previous Page Blank
 
)1-



International programs 
Germplasm conservation and 
dissemination 

SUBPROGRAM 1: INTERNATIONAL RICE GERMPLASM CENTER 218
 
Germplasm collection, acquisition, and r.-search 218
 

Field collection 218
 
Acquisition 218
 
Storage characteristics of1 rv:a Qahh 'rma 219
 
Protocol for in vi.ro culture of rice gernplasin 219
 
Chromosome races of ()r:aput wa
l 219
 

Gerp! sn cn ,ervation. d,,smination. and assistance to national agricultural
 
research s,stems 220
 

Seed production and charateri/ation 221)
 
Data base nianagcment and dehpncnt 220
 
Evaluation fe 221
 
Passport information data base 221
 
Listing of tspecial types 221
 
Medium- and lon-tenn seed ,tora-,e 221
 
GCennplasm information and seed dissemination 221
 
Tcchnica! assistance to uenehanks of NARS and other centers 221
 
Training of gennplasmn ,.,orkers 221
 

SUBPROGRAM II: SEED HEALTII UNIT 221
 
Seed healhh standard-, 221
 

Wevions Page Blank
 



Germplasm conservation
 
and evaluation
 

Subprogram I: International rice 
germplasm center 

,ermplasm collection, acquisition, 
and research 

FIH.i co)I Lti(I i\ 

During 1991) \, ild relatives of rice were collected in 
renote areas and threatened hahitats in Canihodia. 
Indonesia. iyanmar. Papa Ne,, (1ina,. the Phil-
ippines, and \'itenam iTable I ). Notable finds wkere 
Or , rhtiH8o',,on. 0. ridhev. ()- lm'CrIiti from the 
inland ri\Cr ,ssen',s of Papua Ne1 GuinCa: )rV:a 
offit iiiiih oin tie island of.sarar. Philippines. and in 
tile A,\iad. di\ ision ,t .sannrar:and 0. tmt'-
'rialafrom Indonesia. 

\We collecLd 'ild rice in the Mekong Delta. 
kkhere chag,,es in rice cuhlural practices-from gro;.%
inu Iradi;", _.; deep\%ater riLCS in the k el season to 
ts'i o cops of ni dern ar ic inl the drs season-and 
continuCd d c1hlopruent of irrication schemes are 
causing the diappearnce of k ild rice populafions. 
In Msaninar. p0pl lit ions Of 0, ,,lit iu/l anud 

0. rIfiiol recorded by an earlier collector had 
disappeared becalse ol'urban developmlrit planting 
of eucalyptus stands, and overgrazing 1\1 cattle. 

A(o)isrrio), 
Of a total of 1.737 seed samples received from 23 
countries. 1.45o %%ereof () .\ativaand 2,7 '%erc of 
wkild 0r1:/, species: the latter were mainly from 
collahoratiive collcction ;%ith national prograin.. The 
trend in gerniplasin acquisition over tei past decade 
is silo",n in Figure 1. Major donors of 'ernplasin in 
Ie ere China (51)0). Malaysia 145). lanltidesh1990 \ 
1142). Republic of Korea (I 0. \1',est Africa Rice 
l)evelopmnent Association (77). and Tai ,n China 
(38). 

The total hodlinls of the crnipla'm bank at 
\ear's end totaled 84.592. 

Recistered 0. .ativa accessions 77.175 
0. lahlrrima 2,398 
Wild species 2,606 
Genetic testers and ItanLts 676 
Nes, lv received () 'l.ta samples 1.450 
Ne\s I recei\ed 'ild ()r.:a samples 287 

Table 1.Species and origin of field-collected germplasm, 1990. 

Species (no.)
Species 

Cambodia Indonesia Myanmar Papua Philippines Thailand VietnamTotal 

0. sativa 
0. nivara 22 
0. rutipogon 17 
0. spontanea 1 
0. officinahs 
0 minuta 
0. meyeriana 
0. ridley 
0. schlechteri 

Total 40 
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New Guinea 

24 37 13 74 
17 39 
35 44 56 152 
18 2 21 

17 26 5 4 2 54 
12 12 

1 2 3 
3 1 4 
1 1 

42 133 48 19 5 73 360 



-- -

STORAGE CHARACTERISTICS OF 

ORUzA 	 (;IAIBERRI.4-

There arc 2.398 accessions ofOrv:aj,1aberriina.tile 
West African cultivated rice, conserved in the Inter-
national Rice Gennnlasi C'enter (IRGCI. We corn-

eorima (1(1136,pared five accessions of Ory-u .'h 

103330. 	 1034.53. 1013475. and 102377) \with indica 
variet, 	 IR36 and japonica variety Taipei 309. using,
standard accelerated aging methods After 13 vk of 

accelerated aging, all accessions except 0. ,'hber
riua (1023771 from Liberia had lost their viabilit. 
The loss ofviabiliv as fastest forTaipei 309. Three 
accessions of 0. .,g',crrini, had a slo\er decline 
(t ,iabilit, than IR6. ',No accessions shosed a 
decline similar to that of !R36.These result.,.. hich 
affect conservation llianalellent decisions. Sugcest 
that (. ,,la1wri-ima kill has egood stora ge character-
istics similar to those of the tropical indica varieties 
of .-\'sia. 

(ER ILASM..
 

Among the consers ed rices of IRGC are a less sterile 
populations. accessions that produce 'ewvseeds. and 
accession f(o:hichs., i~ihlc seed stocks are ver, lo\. 
We has e Itrted Io i l esi ie a illctilod, ofelnerat inle 

multiple plants tri)ii a single secd or callus and of 
mailtainin gerinplasrn in\ itrto under slo%% gro%%th 
conditions. 

In one e\perimenl. a single-shnot e\plant s,as 

obtained fromil seeds of the tollo\ in,. ,ices: ()..sutiva 
-race indica.. AcC. 7887. 58 I I.0. wti v.'a race japon-

ica .Acc.752(1. 74365 i.0 ,,)vatrrnnwiAcc.102486. 
113616. 	() rl,,:(mnt I,.Acc. 1134 1). 1034 17). and 
0.pwjuta iAcc. 13,,497. I()14()9). Shoot multipli-
cation tolloed the Finch iMettlod1 usin2 Mur-ashige-
Skoog"s CNNS IllediLlli plus 6.(1'.* sucrose. 2 nig 
BAP/liter. and IIS' agar ICS2BI,\gari v.ithlmodi-
fied protocol. 

Bs o sesc.ks ater transfer to .IS213 ALar media. all 
the culti\ ated rices responded wvith an a\ erage 8 of 
21 explants shi) ing multiple shoots. The %kild rices 
0. rjifZtflis and diploid; 0. 1i/htt rcmained in 
the single-slhoot stage. los ever. one tetraploid 
accession ofO.put tilti' produced Iultiple shoots iin 
hormone-free NIS medium. The nultiple shoots %Vill 
later be separated and transferred to roting media 
and finally to pots in the greenhouse to perniit the 
plants to gro" to maturity. It is hoped that using the 
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methods de eloped will enable us to produce iany 
plants w\hen seed stocks are %er\linlited. 
\e successfully induced .all In front the inna

lure inflorescence of aRavada varietNy froni Jangla
desh (Acc. 27588). for '. hich seed production in Los 
Bafios is pridlenlatic. The call usis as transferred to 
plant regeneration mnedia and allo .ed to produce 
niultiple shoots. The shoots %%erethen separated and 
transferred to NiS213.,Aar nedia or further sholl 
production. Ve intend to sars conditions to deter
mine which conditions best permit mlultiplication 
and ,is oflgro% tll seed-prodducing gerniplasin. 

CRi mRl.JYStE(I)i /I, I/-I1<.Al'IS 0/./4'I 


We recently reccived accessions iof 0.ptn Ictala from
 
iast :\frica. Since O.purtntl) hasia t\so chroiiiosoinle
 

race,. diploid and tetraploid, it is necessar\ to make
 
.chrimosoile count, of these nes acce sioSlls. We 

found that all %kercdiploid. We alo flmound that \,ke 
can distinguish morphologiLally diploid and tetra
ploid race., h using characteristics described by 
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earlier workers such as spikelet size and annual or 
perennial life cycles. The tetraploid will be called 
Orv:as'hsweinThitrhiana,to prevent confusion when 
we ',pply seeds to rice workers. Our continuing 
herbarium studies confinn that the type specimen of 
O. schwein/itrthiana collected in central Africa 
has smaller spikelets than the type specimen of 
0. punctata collected in Ethiopia. The distribution 
of these two chromosome races of 0. I)Inctta 

conserved in IRGC is shown in Figure 2. 

Germplasm conservation, 
dissemination, and assistance to 
national agricultural research systems 

SEITDI 'ROIM CFIIN ANt) CIIAR.-RIZAlTI(ON 
During 1990. 17.601 plots in 16 ha on the IRRI 
research farm and II ha at an off-station site in 

Dayap. Calauan. Laguna. were planted. Efforts to 
completely characterize accessions for which char-
acterization had previously been incomplete 'ere 

intensified. A total of 2.4X0 accessions were coin-
pletel\ characterized in tile field during the \ear. 

A total of 163 accesi ns 'kere compared with 
incoming seed samples: X4 of these accession, 'erc 

considered duplicates. We subtantiall', increased 
our efforts to rein' enhate accessions for %% ' iabil-hich 
it. ,.'as lo" or seeds weere fev,. Solet. 2.3 19 acccs-
stons \.ere planted either in sterile agar media (928 

-

2. Distribution of the diploid . rate of 0. piUn,tam and the 
teraploid (m)race. ako knuw n as 0 ./hH injur hiana m 

or in petri dishes (1,391). About 38% of the acces
sions germinated and were grown to maturity in 
either the phytotron or a screened nursery area. This 
is a lower rate of success than in earlier years and 
highlights the need to devote more resnuices to this 
gernplasm. 

A total of"2.140 accessions of rice with few seeds 
were grown in our contained nursery area. In this 
area. we also gre.' 37 1accessions of wild rice- 221 
were to rejuvenate our seed stocks and 150 were 
newly received wild populations for growth under 

quarantine control. These wild rice accessions were 

all partly characterized during the year. 
We rejuvenated 322 accessions of 0. Iahcirima 

in the dry season and grew 296 0. glahwrrinia 
accessions in the w'et season for characteritation. 

DAIA BASE MANA(G;IEM{N1 AND I)IVlI.()PMIN'I 

In mid-1990. three microcomputers in IRGC were 
linked directly to the VAX. which permitted 
expanded use of our data base management system 
on the ORACLE I)BMS. We ,.'ere able to improve 
efficiency in operations. such ats record :eeping for 
ne'. l\ received seedsamples: printing,of dala sheets. 
field books. sunitnary reporls: and infornation 
retrie'.al. The improved, single-step, information 
retrieval system helped us furnish required informa
tion and ir.crease the number of rice Samples we 
distributed from IRGC toe' aluaor,. 

We developed it s\ sten to inipro e our m11onitor

ing of accessions '. ith fek seed stocks. This moni
toring systeil co'. er , accessions to be planted in the 
protected nursery area and accessions requiring 
seed rescue technique. 

IRRI(;EN. The IRG(" staff, in collahoration 
with the former Statistic, )epartment staff. revised 
anld cm ipleted thle inicroc( 1mtjuter-hased IkR KIGN 
soflt', are. This soft.. are %kill assist in the procesing 
ofnewl, receiv ed seed samples: selection of nialeri
als to be planted for initial seed increase. characteri
zation, or rejuvetnationi: generation of field plot and 
accession numbers and printing of planting plan. 
field books, and data sheets for field operatons: 
processing o: the 45 morphoagrononlic characteris
tics. which ilu~ltdes data entry. data editing. and 
informlation retrieval: and in keeping track of the 
amount of'seed stocks in the ineditnu- and long-term 

storage rooms. 

Seven sets of IRRI(iI{N '.'.ere released in 1990 to 

Liberia. Peru. North Korea. the Philippines. and 
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China. In addition, two copies of the Seed Inventory GI'RMI'LASM INFORMATION ANt) 

Systen (SIS). a module of IRRIGEN. w"ere released SEr DISSI-MIN:VIt(N 

to Malaysia and Taiwan. This software issubject to IRGC staff provided scientists working in six 

further revisions hased on theconmments and sugges- national centers with the entire set of GB-basic data 

tions of users in national centers. for their country. We responded to 26 requests for 

GB-basic inforniation wkithin IRRI and 32 requests 
E 't HIF: troin countries v.orldwide (Table 2).:.X\llION 


During the year. IRGC with support from the Corn- Increasing requests from national agricultural 

puter Center initiated the development of aGEL file research systems (NARS) for special types such as 

for " ild relatives of rice and 0. ghlarrima. In cold-tolerant accessions. high-altitude rices, pre-

Man- ferred grain quality, and widely compatible acceseva lators and tile 
acenent Services and Biometrics Department. %e sions wkere received during the year. A total of 8.219 

no%% haX e a GFU file for kkild speces comntaining samples of both cultivated and wild rice gcrniplastn 

scicening results on 11 insect pests. 3 viral disease, were distributed during the year. One of IRGC's 

and 2 bacterial diseases. For () Q1arrtm,;,. tile task, is to assure sufficient Seed stocks of these 
increasing demands front 

cooperation ,. ith 	 Project 

evaluation file cosers onl\ four insect pests. The Special t~vpes to meet tile 

s for %s. NARS.nunrlberolaccessio hich inforniatlion is a.ail-

able \ aries from trait to trait for both 0. Ohiwrrmta In response to 261) request,,. ' c distributed within 

IRR 149.993 sanples of().,atia in addition to 1.328and ilid species. 
samples of*%iid ,pcc ies and o. Qlahrr,:ma.This was 

distributed withinPASSp )RI INi')RM\ XI V)"i 1\ I \ I,.XM the highest nuniber of' samples 

During 1990. ec further Sought out information in IRRI over the past M) \1 Ir ig. I 

old records and fron data obtained in tie field b 
Ti-II'\i AiSSI FI (;[:\1ti\NK )-icollectors forgerrtplasrn conserxed in IRGC. Much tI 

of this inforriation is fraiwnentar. but identification NARS ANI utItit'.R (INIRS 

of the e.act origin of' gcriplasii. elevatiorn. arld "[hehead otfIRG('visited China to adise the ('hina 

Rice Research Institute in Ilang/hou andculturalt\pe1add(sto ourabilit, t,nser\egennplasni National 

more the AgricultUre Research Institute inTaichung onappropriatel\ and to distribute it to c aluators 
on a total of I1.6.3it) enebank dleoperation,. IR(,C's associatelogicall,. Passport information 

passport data file. geneticist presented tseninar on germpla.,n conaccesions \kas added to tile 
servation for scientists inthe Philippines. C(ambodia. 

Lis I Nims 01 pil'. I \iI ) pis 	 and Vietnam. 

We ContlieLC to compile and update the list oftspecial 

types in a core ,ollectiol of () wnvo gernplasnm. TR,\ININ(; ii. ()I i-RtNASM Wi)RKIRS 

Recent additions to the list are acucssior, with fine Ms. Fadhila II. Ali front Tan/,ainia spent 6 wkk at 

qualht'. arortatic rices,. ard the -s idel\ conpatible- IRGC. learning different facetS of the wyork ol con

sers tng rice gcrinplasn. The head of IRGC also,-arietics reported b\ JapanCsC breeders. 
participated as a lecturer iinthe International Plant 

1 I) SIRA. Genetic Resources Conseratiort Short Course conMi.u;i M- \N1) A it-I Lk\t s 

of 4.474 accessions oi () atita and 392 ducted b the .niversitv of C'lifornia. Davis. inA total 
accessions iof ( ,'Lh'he''imh ,cre processed for June. 

long- and niedium-term storage. This as a 13'i 

increase o er the previous 2 yr's. achieved %ilhthe Subprogram 1I: Seed health unit 
help of c\tra contractual ssorkers. Samples of the g 
accessions %ere prcpared forshipmenttoa duplicLc Seed health standards 
Storage site at the National Seed Storage Laboratore.. 

Fort Collins. 'S.\. A totad of 21I accessions of ild Pbl,,osanitar. certifica tcs were issued for 611 rice 
lots sent torice s..re added to ,locks of these materials in long-	 Seed shipnents covering 114.225 seed 

tern strauec. Accessions now in lone-term storace 	 co operators in 61 countries aroUnd tie %orld (Table 

3). Most of the outgoing seeds originated from thenumber 46.21 . 
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Table 2. Worldwide dissemination of Information on IRRI's conserved germplasm, 1990. 

Requests Country Total no. of accessions 
(no.) Basic, Characterization Characterization/GEU c 

2 USA 147 Philippines 2,772 448 
24 

303
1 Korea 9,033

3 India 45,821 8
1 Myanmar 1,6011 Nepal 1,4911 Madagascar 8813 Japan 5 
1 France 2,892 

20 

1 UK 91 Australia 56 1,208
2 Bangladesh 2 11 Thailand 915
1 Colombia 77,175
1 Laos 1,451
1 Guinea-Conakry 5601 Malaysia 2,785
1 Zanzibar 7971 Canada 11 Sri Lanka 2.170 

32 141.935 537 9,972 
'lnformation cn accession number, seed source, origin. variety name. and former designation. 'Information on 
morp'ioagronomic characters of the germplasm. information on evaluation of germplasm 

Division of Plant Breedin-, Genetics, anld Biochem- Table 4. Seed lots sent by IRRI to different countriesstry (Fable 4 ). lnotin- rice ,eed from 2Y countries through the Seed Health Unit, January-December 1990. 
were prcessed for post-entry certification in 1990 Source of Shipments Seed lots
IFable 5). seeds (no.) (no.)

Intercepted quarantine object,, inluded weed Plant Breeding 233 26.470INGERseeds belonging to nine species ( i:hin,,h/,lb pp.. IRGC 122 76,556207 8,618
Sicirpu. sp.. etc.). storagce insects belongin,. to six Cereal Chemistry 1species lS'itol0,. 'u lcli,. i Stiih .,spp.eetc.). Training Center 

6 
Plant Physiology 2 12

seed.; infected %%ilhfalse 20smut. and seeds w.ith soil Agronomy 
2 
3 27

(Table 6). Riutine seed health test (RS-'I'i o seeds Plant Pathology 36 875
also revealed nine pathogens Table 71. Infection Entomology 5 38 

Total 611 112,622Table 3. Seed lots with phytosanitary certificates sent
by IRRI to different regions, January-December 1990. 

Table 5. Couiit:ies of origin of imported seeds received 
Region 

Ship-
ments 
(no.) 

Seed 
lots 

(no.) 

Total 
weight 

(kg) 

from January to December 1990. 
Ship-

Origin, ments 
Seed 
lots 

Total 
weight 

East Asia (4) 
Europe (11) 
Latin America (9) 
North America (2) 
Oceania (3) 
South Asia (6) 
Southeast Asia (8) 
Sub-Saharan Africa (14)
West Asia and North Africa (4) 

110 
79 
29 
43 
12 

137 
154 
29 
18 

22.333 1090.46 
2.441 101 85 
7,103 138.54 
1,001 34.38 

828 31.10 
36.970 1,270.12 
33,632 1,114.77 
4.611 192.60 
5,306 121.50 

East Asia (4) 
Europe (3) 
Latin America (3) 
North America (1)
Oceania (2) 
South Asia (5) 
Southeast Asia (e)
Sub-Saharan Africa (3) 

(no.) 
22 
6 
6 
4 
2 

28 
20 
6 

(no.) 
2424 
438 
299 
151 
44 

527 
766 
175 

(kg) 
150.79 

2.30 
19.82 

1.15 
0.39 

44.67 
25.80 
23.81 

Total 611 114,225 4,095.32 
West Asia and North Africa (2)

Total 
2 

96 
8 

4832 
5.21 

282.94 
'Number of countries inparentheses. 'Number of countries inparentheses. 
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Table 6. Quarantine objects Identified from incoming 
seeds, 1990. 

Quarantine objects 

Weeds 
Echinochloa sp. 

Fimbnstyis sp. 

Rottboelia exaltata 

Paspalum conjugatum 

Paspalum dilatatum 

Scirpussp. 

Paspalum sp. 

Cyperus difformis 

Unidentified 

Insects 
SItophilus sp. 
Rhizope: ha dorninica 
Sitotroga cerealella 
Triboh; m sp 
Cryptolestes ferrugineus 
Oryzaephi!us surinamensis 

Smut (false smut) 
Ustilaginoidea wrens 

Soil or seed with soil 

•'Baseo or a otal of 4832 seed lots 

Infested 
seed lots 

(no.) 

25 
2 
3 
1 
1 
4 
2 
1 
6 

89 
48 
90 
23 
25 
1 

8 

114 


Percent' 

0.52 
0.04 
0.06 
0.02 
0.02 
0.08 
0.04 
0.02 
0.12 

1.134 
0.99 
2.05 
0.48 
0.52 
0.02 

0.17 
2.36 

rangccii en , 9( ('in lariaspp.~to Ii.X; lyrI1'sl--
luna ,'n~a' Shipmnuits %kith storaue insects \k crc 
fuTmi.Lated before processing..-\l incoi liing Seed lots 
,sere is,,_t the recommended hot.ssater and fung'i-
cidal sec-l treatments before release of the IRRI 
o ns , nee. 

Table 8. Rice pathogens detected with RSHT (blotter 
method) of outgoing seeds, 1990. 

Affected Detection Mean 
Pathogen seed lots- level value 

Trichoconis padwickii 
Curvulana spp. 
Sarocladium oryzae 

Gerlachia oryzae 
Fusarium moniliforme 
Drechslera oryzae 
Pynculana grisea 
Tilletia barclayana 

Aphelenchoides besseyi" 

(M () (M) 

95.4 1-98 40.6 
88.5 1-79 7.9 
68.5 1-66 4.5 

61.2 1-24 3.3 
32.5 1-17 1.6 
18.5 1-14 1.7 
0.5 1 1.0 
4.8 1-57 4.4 

6.4 1-73 6.5 

'Based on 200 seeds seed lot of 2.373 seed lots 'Actual nematode 
count, using moditied Baerman funnel method 

RSIIT 1of mtaLoin ,eeds, resCealed thait i higIh 

percntage ot Seed lots are ako infected with pacho
tgens ITable X. All ont1oittg seed,, were given the 

recOellnlllllded sCed treatllletlls. C\CCI)t llose ,ellt to 
countri tha1do 11ot AIM% treatitients. 

irophcalth inspection a, done oll 2.0i)iuillco' 

in.L scd', lalhtntCd dulr the1 ,Carin desilatCd post
elitr, rea,. Diseases obser\ ed ti inncii.tilill, uatelil
als erc not of tie introducCd t\ pxe.Pre-cs port crop 
health inspection , zas alko done on 24.52) entries 
planted lor seed increase h% the International Net
.ork tor (jC ItiCi Evalutation of Rice. I R( C. ani the 

Table 7. Rice pathogens detected with routine seed health test (RSHT) of Incoming seeds 

received without' and with' treatment, 1q90. 

Pathogen 

Trichocons padwickii 

Curvularna spp 
Sarocladlurnoryzae 
Gerlachia cryzae 
Fusarium moniforme 
Drechslera oryzae 
Pyricularagnsea 

TIlea barclayana' 

Without treatment With treatment 

Affected Detection Mean Affected Detection Mean 
seed lots level value seed lots level value 

789 1-88 28 1 242 1-21 3 1 

88 9 1-80 72 447 1-66 10.8 
39 5 1.24 3.3 0.8 1 1.0 
45 2 1-68 4.4 2.3 1 1.0 
28 0 1-10 1 7 1.5 1 1.0 
640 1-52 6.7 35.6 1-31 2 5 

0 8 1 2 1 5 0 0 

14 9 1.88 20.3 41.7 1-83 18.0 
Aphelencrioiides nesseyi 23 4 1-58 76 31 1 1 54 10.9 

,Basec, or 20 seeds seed lot of 2ti seec iots Based on 200 seeds seed lot of 132 seed lots Declared 
treatments were oenomyl and tihirari, carboxin. beniale and mancozeo Seeds contaminated with Tilletia 
barclayanawere Pected for cerlfication -Actual nematode count 
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Table 9. Entries in multiplication plots of IRGC, INGER, and Plant Breeding Division 
Inspected for crop health and found Infected with rice diseases of Incoming, and outgoing
seed In 1990 dry and wet seasons. 

Entries (%) 

Disease Incoming' Outgoing, 

Dry season Wet season Dry season Wet season 

Without disease 86.39 0.38 77.5 4.60 

Rice tungro 1.44 0 2.27 3.99 
Grassy stunt 0 0 0 0.02 
Ragged stunt 0 0 0.01 0 

Sheath rot 7.85 18.01 12.14 14.29 
Sheath blight 0 0.76 0.08 1.97 
Stem rot 
Narrow brown leaf spot 

0 
0.72 

0 
0 

0 
0.28 

0 
3.08 

Leaf scald 0.06 1.14 0 59.26 
White leaf streak 0 0 0 0.01 
Blast 0.28 0.38 0.14 0.76 
Brown spot 0 0 0.01 0 

Bakanae 1.55 0 1.22 0 
Bacterial leaf streak 0.11 76.24 6.90 68.89 
Bacterial blight 
Leaf smut 

0 
0 

1.14 
0 

0.07 
0 

1.18 
1.98 

False smut 0.06 0 0.04 0.28 

Bacterial stripe- 1.33 0 0.01 0.01 
Sclerotium seedling blight 0.33 0 0.02 0 

'Diseases observed on plants originating from incoming seeds were not of introduced nature. 'Based on 1,808 
entries indry season lDS) and 261 entries inwet season (WS) ,Based on 14.148 ertries inDS and 10,381 entries
inWS -'Bacterial stripe and sclerotium seedling blight observed a: seedbed stage 

Plant Breeding Division during the dry and wet supervision ofthe Philippine Bureau of Plant Indus
seasons. The najor diseases observed in both sea- try plant quarantine personnel assigned at IRRI. 
s')ns ,sere bacterial leaf streak and sheath rot. In ad- Monthly reports of phytosanitary certification ac
dition. leaf scald infected more than 5(K, in the wet tivities were submitted and payments of phytosani
season (Table 9). tary certificates or import permit fees made to the 

All incoming and outgoing seeds were processed Plant Quarantine Service. 
and monilored for crop health by SIIU undei the 
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Information and knowledge exchange
 

Library and documentation 

R,' .*.'c','-aturv upda e is a ne%. publication that lists 
the latest rice publications added to the IRRI Library 
collection. It replaces the selective routing of tables 
of contents to IRRI scientists, and extends the same 
ser,,ice to rice vstorkers of national a.ricultural 
research sstem,, NA..\RS) sorldslide. In 1990. 
wke publi ,hed i,,uC", tscra inu 1,5(00 citations 
each. :lld distritutCd thcnn t10 1(.50( addresses. 
This generated more than 30(0 request', from 31) 
countries, that se filled %kitl:23.300 pages ofI rice 
literature. 

The Rice Literature Search System (LSS) is es-
sentiall, a Conllputerized card catalog that lnow%has 
about 17(0.000( entries. All of the original dcuCtmcnts 
are in the IRRI collection. We filled 35 1 LSS re-
quests. 

We acquired the CAB-International abstracts on 
CD-ROM and use it. along with AGRICOLA. LSS. 
and other data bases' forcomputer literature searchle,. 

Our monograph collection, the \%orld's largest for 
rice, no totals more than 939)() titles. Serial titles 
reached a Maximum of 4.022. but 5(1 subscriptions 
were discontinued to cut consts. 

IMt'ROV IN(; RESEARCII ((Ii It N I( [t iN 
We published I I new books in English in 1990).and 
distributed almost 13.00(1 copies of major IRRI 
publications. About 34.000) were in English: the 
remainder were translations copuhlished by NARS 
cooperators. 

Four hundred key N.A-RS rice libraries receied 
one complimentary copy of each new Enulish-lan-
guage book. Sales of' IRRI books financed publica-
tion of the Enelish titles. NARS ordonors sponsored 
printing and distribution of the translations, 

Almost 250.000 copies of IRRI periodicals were 
distributed to 12,000 addresses in 146 countries. 
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These included the Inter nationa/RiceResearch news
h'ettr, the IRRI reporter, the IRRI research/paper 
series, and Rice literatrcu date. 

We changed the traditional Annual 1epri to a 
Pr;igramn report, and altered its format to reflect the 
Institute's new ecos,'ster-based programl structure. 

IRRI aid the International Center f(r living 
AquatticResourcesManagementoreanizd theInter
national Aracultural Research Center Book Exhibi
!ion at the i90)() Beijing Book Fair in China. 

IRRI also published. otn behalf of all centers, a 
731-page l )9X9 ratu' itfl'rnacatlalog Publi eh, 
tomnal anrii'tu/rrli"'.' t" ilad/ 'h i/t 'ur £ en 
tr %.and a 9V90 .plel'lnt. The catalt)gs are proba
bl the largest compilation of title, on agricultural 
science and production in the dev0eloping countries. 
The combined catalogs w,ill be Made available on 
computer disc in I99 . 

Nine translations of IRR book, were copub
lished in 1990. At least 139editions of33 IRRI books 
hase no% bcen copublished in 44 languages in 29 
coutries. 

A /iller'.\ p)rmr ont gnil ' Ill Qup/and rue was 
published in Ilindi. Viclnamee. and Spanish. A 

"o)/Ir 'ri to i I. te' i nov. available ill 
38 1lnguagC. 

One ne, IRR bt)ok, designe for copublication, 
%%asreleased: Seeds and seedlin,.%oj'weeds intrice in 
South and Soltheast .,.il. 

S:R\'l-1 1-0 Rt-StAR('l 
We made about 3(1.000 slides in 1990, and repro
duced about 120.000 copies for research and training 
programs. We provided 14,000 black-and-white 
photo prints, and printed more than 2(1 million pages 
on in-house presses (all books and the IRRN are 
printed at commercial l)llt,, ill Manila). IRRI artists 
produced 6.00( pieces of B&W and 600 color fig
ures and artwork. 



CO, FERENCES AND WORKSHOPS 

Collaborative research planning meetings help to 
strengthen national prograims and workshops help to 
strengthen research focus and nelhodoh)go on spe
cific program areas. 

Cor:'erences have the larger putrr-ose ofelbling 
scientists. idministrators. polic.inakers, extension 
experts. arid !'arners to interact aid sharpen their 
focus. RecolllleltiLgtions from cor ferences serve to 
guide research planning a lf',ing. 

IRRI \was host to or the cosponor -.,"28 confer-

ence and orkshops. including the 2d Internaional 
Rice Genetics S'mposium. \s hich ttlrl:ctcd 30(0 
participants. and the I99)) International Re Re-
search Conference held in Sim\eon. Relblic of 
Korea. Other contlrnces aLd .orkshops 'ovCred 
such diverse topics ;is rodent control in rice and 
gender anal\ sis in farming svslenrs research. The 
complete lilt oflonferences and %ssorkshopsis given 
here. 

Fe lruaV 

15-10 SARP interratitnal ,%tirkshtop tl cropping 
s%sicris 

13-17 'rain ing %%trkshltp on lietpairticipatttrs de-
sign oft n-f.ir experintcns 

tlar,h 

11-14 Reci iial ,ieering comiitee nIletilie of 
IN(ER-Latiin America 

12-14 liltieic'lcontrol ofrice diseases planning 
nksillop 

24 	 I.lnnim'.%%orkshop: Rice dCiid ald 
suppl\ proj ect 

2(-2S l)iffercnliafiulpact tf the ritidernrice tech-
Ite.- reit ss,,prtidtiinl e'l Irinlireirts 

26-3(1 Kntislcdge aCLltlisititir %ktrkshtip 
28 -. ) Work,,hip ilti err', ironneital aid health 

iipact i) pesticide se 
.A: 
9-12 lBiotiechnttlogp rirctllg 
10-13 Rice gelllplasrn ,.mrkslhop 

14 I S The 2d international rice genetics s irllpl-
sUUili 

22-25 .cos,\ sten al;.I\ sis, fonertnI.ptilatriititta,-

ricurltural Iechlltre ies plaininn! %.orklshlop 
]iH~t' 
4-8 	 Gender analsi,, in fairini, s,, sten s: I.es 

it make ;adilference. 
11-22 	 A-,r )ecos,,sterr all yil ind farnin,, s\,-

terns research intClh)do(ie2\ 

13-14 Problemsofirrigaron management forrice
based farming svstens swrkshop 

I 8-23 'rosperitv through rice-phase III 

Alou.t 
12-16 Third crop-animal farming s)slerns s ork

shop 
24-31 Inlternational rice research conference 1990 

SCPt0?l( r 
10-14 	 Expert panel meeting oil rice rodent control 

.Vrt'lbr 
12- 14 IRRI-HIII ,.orkshop oIl irrigation man

acement for rice-based farminge s, stemns 
12-16 Fifth reeting of the cotoperative research 

oil priblen soils 
12-17 SARP ssorkshop oi prtiduclitil ptiential 
13-17 21st ARFSN %\orking itrip meeting 

I9-21 IEPA-IR RI-SARP korkshop 
23-2L) Irpact of laniilg s\sterns research revie.% 

Illeitllll 

_6O2t2 	 Regitral s trkshtp il rice research and 
productiotur iii S..\ )( (C and neighlrhtring 
countries 

/I)t 'obmt'r 
(i-, 	 IN(iG-R ltohal ;Idsi Wsti\ ctlirn re l

ire 

17-19 	 Re. iC rteetin,.if , I -luridd pro ject on 
strerwiherirg research tin I1\ in I)WR 
firnin s\s%temi, 

t\liklA im\i I'! Ill i( ' \, \1I \I ss 

IRRI pridaced 37 1lCN,, relCases iII IMOl, allt dis
ser.'ln ihil their, htabtiilll I .(I~iR t u nf'.'.hIitte..dthrs ss 

thC IrlCasC', crc' published in leiv, ipaCurs arid 
iraca.ietlIst 201tiinie's. We it reccised II1 

itiing intlrilts. 
IRRI 1tp1ratedi \.\lI-hirlCnri. alpubic 

tele'.si l "Ialitlul in) trC I .SA. in proikl ing, a I-h 
fCatre. ,,',,' Iihl''. lt 1te series IN ,(VA

leN. lheuliccts IRRIsstratcgLic tir plloillI, 
sustuh1ulintle igl rlluril pltIditcli'.!t\ i; dt-l\ lopir1g
ct'Ulrrr",. IRRI pl'il~l:iai, iii ('urrirbdl;.. ailtI coo'tp-

C ttgrairt, Jriill('in CtIll I iisrs1i,,. 
Ar1 I~Al 26 1 S. itbliLc iti Itis ill 

air N,,, is ,il //1, ill ali be r1 Auira-Ir %k ,hov ii 
lian ielcsitIon. WN'IK Ir. i'_Icn IRRI pl-r ntiti! 
tto 	 tre Iilrr .ihllii '\iIV aiirs ill de\ cltIiii,, 

coutrilis,. 

Ifutorrna 'j.n a llttI'nov. !redgtf: v,,K it' i 227 
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Wepublished individual brochuresonFactsAhout 
Cooperation: IRRI and Germany. India. Italy. Ja-
pan, Korea, the Netherlands. Thailand. the U.K., and 
the USA in English and the language of each coun-
try. The brochures weere mailed to all indiv;idualsand 
organizations in the appropriate countries, and to ill 
who indica,.te Thai. Gennan. etc. as their primary 
language. 

This l'eekatIRRI isa weekly newsletter, initiated 
in 1989. to increase communiication o! event, a. 
IRKI and iii the Los Bafios conumunity. Almost 
1,0(9) copies of each issue are distributed. 

Rice data bases and computer services 

We conpleted reno ation of the Computer Services 
facilities in 1990. , ith funds frotn the Japanese 
Government. 

We began installation of a canlpus-wide Local 
Area Network that will give us electronic **paper-
less" communication within IRRI 24 haday. A Wide 

Area Network (WAN) connection was installed, 
allowing scientists to communicate with colleagues 
around the globe. The \VAN %,ill give IRRI stalfand, 
later, NARS cooperatoti.accessto'iiiornationstored 
in IRRI data bases. 

The rice i1 its hitse,tthim as cimipleted in 1990. 
We will use the data 1midel developed lr this appli
cation for other subject areas. Scientists cter their 
observations on viruses ot other data into a subject
specific "table" that links to other tables (for viruses, 
to the gennplasm table of the Genetic Evaluation 
Unit). 

This alloy sscientists to manipulate and analyze 
data from several disciplines. 

The ri ' workcr. data bast colltains ili bormation 

about 10.)0() people: IRRI's worldwide clients. Its 
pritnary data were gathered through our computer
ized tnailing list access system. Itcan be merged with 
other data bases such as the International hibliogra
pht frice researc: to give aclearer picture ofIRRI 
clients and their research interests and needs. 
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Networks
 

Networks link institutions concerned primar-
ily with knowledge and technology ex-
change and field testing of technologies. 
They essentially function aFcontinuing 
channels for different countries to access 
new knowledge and technologies developed 
in other countries or research institutions. 
The growing strength of national agricultural 
research systems (NARS), new technological 
developments in advanced laboratories, and 
increasing concerns for the less favorable 
rice environments have increased the need 
and opportunities for networking for mutual 
benefit. 

The goal of the program is expanded 
spillover of the effects of new rice technolo-
gies from regions where research is con-
ducted to regions with similar agroecosys
terns. Collaboration among network meni-
bers involves the exchange of expertise, 
research methodologies, and knowledge 
between NARS and IRRI, and among NARS 
themselves. 

IRRI is the headquarters for three opera-
tional networks: the International Network 
for Genetic Evaluation of Rice (INGER), the 
International Network on Soil Fertility and 
Sustainable Rice Farming (INSURF), and the 
Asian Rice Farming Systems Network 
(ARFSN). Network in 1975 as means of 
disseminating IRRI-developed technologies, 
evolved into a true network, with significant 
contributions from participating NARS. In 
1990, a fourth network, the Integrated Pest 
Management Network (IPMN), was organ-
ized with support from the Swiss Develop-
rnent Cooperation. 
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Subprogram I: International Network 
for Genetic Evaluation of Rice 

International Network for Genetic 

INGER is a global rice improvement network 
funded by the United Nations Development Pro
gramme. Active collaboration among the national 
rice research systems and the international agricul
tural research systems is the key feature of this 
netv.ork. Its objectives are to facilitate genetic 
improvement of rice and to promote genetic diver
sily for different ecosystems through global 
exchange, evaluation, and utilization of improved 
breeding materials originating from sources 
worldwide. 

1989 NtRSERY RESt.t:rs 
INGER composed 959 sets of 25 types of nurser
ies- 13 for ecosystem and 12 for stress tolerance
anddistributedthemto4l countries. Anewnursery, 
the International Rice Drought Tolerance Nursery 
(IRDTN), was started during !hl year to evaluate tile 
performance of promising upland and rainfed low
land varieties and breeding lines under severe mois
ture stress codImions. An "dditional goal was to 
identify gen. sources for drought resistance for use 
in breeding programs. 

Ecosystm-oriented nurseries. Top entries for 
the three maturity groups ofirrigated ric(. -the Inter
national Irrigated Rice Yild Nursery - Ve,'y Earlv 
(IIRYN-VE). -Early (IIRYN-E), and -Medium 
(IIRYN-M)-arc listed in Tables I, 2. and 3.Tables 
4 and 5 present details of the best performing entries 
in the two rainfed lowland yield nurseries of early 
(IRLYN-E) and medium (IRLYN-M) maturity. The 
highest yielding entries in the nutseries for the two 



Table 1. Best performing entries In the 10th Interna- malurity groups of upland rice, early (IURYN-E) 
tional Irrigated Rice Yield Nursery-Very Early (IiRYN- and medium IURYN-MI, are given in Tables 6and 
VE) based on overall mean yield (28 trials), 1989. 7, re diu eyIURYN-M), inTable 9.t are7. respectively; those for IDRYN are in Talie K. 

Designation Origin Days to Yield Nurseries for resistance or tolerance screen
flowering (t/ha) ing. Tables 9 and 10 list the best perl'orming entries 

IR66, IRRI 93 4.7 in nurseries established for specific stresses. Insect 
IR50404-57-2-2-3 IRRI 87 4.5 
AT77-11 Sri Lanka 90 4.3 Table 5. Best perlorming entries in the 9th International 
BG12031 Sri Lanka 89 4.3 Rainfed Lowland Rice Yield Nursery-Medium (IRLYN-
Ct 136-3 Philippines 82 4.3 M) bas',-d on overall mean yield (11 trials), 1989. 

'Also n,ghlighted inprevious years' tests Designation Origin Days to Yieldflowering (t/ha) 

Table 2. Best performing entries in the 17th Interna- RP1057-393-1 ;ndia 113 3.3 
tional Irrigated Rice Yield Nursery-Early(IIRYN-E) based BR850 9-1-1 Bangladesh 103 3.1 
on overall mean yield (23 trials), 1989. IR21141-24-2 IRRI 102 3.1 

Designation Origin Days to Yield IR28526-44-1-1 IRRI 109 3.1 
flowering (tha) IR9884-54-3-1E-P1 IRRI 107 3.1 

MTU7633 India 113 3.1 
IR35366-40-3-3-2-2, IRRI 95 5.0 RP1045-23-1 India 112 3.1 
IR35546-17-3-1-3- IRRI 95 5.0 

4A!so highlighted inprevious years testsIR44595-70-2-2-3, IHRI 90 5.0 

IR31805-20-1-3-3' IRRI 98 4.9 
SPRLR75001-68-2-21 Thailand 94 4.9 Tab!e 5. Best performing entries in the 15th Interna
$818b-10-2 Indonesia 98 4.9 tional Upland Rice Yield Nursery-Early (IURYN-E) based 

___ on overall mean yield (17 trials), 1989. 

'Alsohgnhghted in previos years' tests Dayso Yield 

Designation Origin flowering (tha) 

Table 3. Best performing entries in the 17th Interna- BR20 (BR2O1 193-1) Bangladesh 84 2.4 
tional Irrigated Rice Yield Nursery-Medium (IIRYN-M) 
based on overall mean yield (12 trials), 1989. ADT31 India 80 2.3 

UPR103-80-1-2' India 77 2.3 
Days to Yield IET1444 (international India 79 2.2 

Designation Origin flowering (t'hal check)' 

IR3646-9-3-1 IRRI 91 2.2
B3894-22C-78-5' Indonesia 99 5.0 NDR97" India 71 2.2 
BR203-70-B-2' Bangladesh 97 4.8 
Intan Gawn India 109 4.8 'Also highlighted inprevious years' tests 

IR68' IRRI 98 4.8 
Table 7. Best performing entries in the 151n Interna

'Also Ng"ilighteo ,nprevious years' tests tional Upland Rice Yield Nursery-Medium (IURYN-M) 
based on overall mean yield (12 trials), 1989. 

Table 4.Best performing entries In the 9th International Days to Yield 
Rainfed Lowland Rice Yield Nursery-Early (IRLYN-E) Designation Origin flowering (liha) 
based on overall mean yield (5 trials), 1989. 

B3016b-Tb-260-3-2-1-1-3' Indonesia 91 2.5 
Days to Yield IR27078-3-6 IRRI 100 2.4 

Designation Orgin flowering (t/ha) IR5931-113-1 IRRI 94 2.3 

IR43 (international IRRI 101 2.3IR33380-6U-1 -2-2' IRRI 105 2 8 chk)check) I 
BR51-315-4' Bangladesh 102 2.7 IR13260-100-1E-P2 IRRI 99 2.2 
IR21567-16-31 IRRI 98 2.7 IR29429-B-3-B-1-4 IRRI 95 2.2 

IR46, IRRI 100 2.7 1R6023-10-1-1" IRRI 99 2.2 

n previous years' tests.'Also inghlighted 'Also highlighted inprevious years' tests 
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Table 8. Best performing entries Inthe 2d International 
Deepwater Rice Yield Nursery (IDRYN), 1989 at 2 loca-
tions In India. 

Designation 

BR222B-358 
NC492 
BKNFR76109-1-2-1 
1R21038-77-P2-5-2-3-1 -1 
DWCB-B-1 10-H3 
Tilakkachari 

Origin Dayseton 

Bangladesh 157 
India 158 
Thailand 141 
IRRI 153 
Bangladesh 158 
India 159 

Yield 

-
1.6 
1.6 
1.5 
1.4 
1.3 
1.3 

nurseries were for brown planthopper (IR BPHN), 
%V 
.hilebacked ptanthopper IRWB3ttN), and stem 
borer (IRSBN). Disease nurseries were for rice blast 
(IRBN), bacterial blight JlRBBN), and rice tungro 
(IRTN). Nurseries ,'or other stresses were for salinity
and alkalinity (IRSTON). acid upland soils 
(IRAUSN), acid lowMand soils (IRALSN. cold tol
erance ( IRCTN ). and drought tolerance ( IR DTN). 

Detailed results and analysis of the various yield 
and stress-oriented nurseries are ivcn in INGER 

annual nurser\ reports, published separately. 

Table 9. Best performing entries in the 1989 INGER Insect and disease nurseries. 

Nursery' 

IRBPHN 

IRWBPHN 

IRSBN 
* Greenhouse 

Field 

IRBN 
* Leaf blast 

* Panicle olast 

IRBBN 
" Field 

" Greenhouse 

IRTN 
* Greenhouse 

, Field 

Trials 	 En7es1(no.) 

25 	 IR13146-45-2-3, tR21567-9-2-2-3-1-3, RP1579-1863-73-32
53, BG367-2, IR74. PTB33, RP1579-52 

14 	 BG379-2, IR15527-21-2-3, IR27316-6-2-2, IR29692-99-3-2-1, 
IR29723-143-3-2-1 

4 	 IR13475.7-3-2, tR39385-124-3-3-2-3, IR8608-75-3-1-3,
 
TKM6 (Acc. 237)
 

6 	 IR10198-66-2. IR13475-7-3-2, IR21567-9-2 2-3-1-3,
 
IR25587-133-3-2-2-2, IlP608-75-3-1-3, IR25588-7-3-1,
 
IR29658-43-3-2 1,IP29692-99-3-2-1, IR74
 

45 	 IR42. B5583C-19-ST-70-8, Suweon 360, B363H-ST-2-16-2, 
Cheolweon 44. Salumpikil, Suweon 352, Suweon 354, 
B5526F-ST-17. IR28228-96-3-2-1-3, IR31775-30-3-2-2-2 

9 	 Carreon, Cheolweon 44 C71132" C722336. C731 110. 
C731135, IRAT!32. In387, IR25587-133-3-2-2-2, 
IR28228-119-2-3-1-1, IR37721-3-3-3-3-1, Milyang 82,
TNAU 8003C. Unborg 5 

19 	 BR682B 23, BR51-49-6-HR63, IR17494-32-1-1-3-2,
 
IR35454-118-1-2-2, IR4442-46-3-3-3, Kalimekri 77-5
 
(Acc. 6613), PDF76.D10.D8-D1, RP2151-224-4
 

7 	 AC19-1-1 (Acc. 321'53), IR22082-91-1-2-2-2, RP2151
192-2-5, RP2151-724-4, RP2151-32-2-11-3
 

3 	 ARC11554, DWA8, B3622e-Tb-5-4-4, Utri Merah (Acc.

16682), Utri Rajapan (Acc. 16684), Pankharl 203,
 
BRC16-127-4-2. BR425-110-2-1-1-6-1
 

4 	 BRC16-127-4-1. BRC16-127-4-2. RP2263934-592-5,
 
BR1045-193-2-1. BR153-2B-10-1-3. IR19083-22-2-2
 

'IRBPHN = Internaticnal Rice Brown Pantropper Ner, IRWBPHN = Internatonal Rice Whitebacked
Plantrooper Nursery. IRSBN =Internaticral Rice Stem Borer Nursery. IRBN =International Rice Blast Nursery.
IRBBN = International Rice Bacterial Bgnt Nursery, IRTN = International Rice Tungro Nursery Entries in 
ooldface were also nghlhghtecl in previous years tests 
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Table 10. Best performing entries Inthe 1989 INGER stress nurseries. 

Nuisery" 

Soils 
IRSTON 

Salinity 
Vegetative 

Maturity 

Alkalinity 
Vegetative 

Maturity 

IRAUSN 

0 P 

60-P 

IRALSN 
0-P 

60-P 

Temperature
 
IRCTN 


* 	 Moisture 
IRDTN 

Trials Eniries, 
(no.) 

8 	 CN540, Intan Gawri, Nona Bokra. 
IR19743-25-2-2-3-1, IR5931 -110-1. Pokkall, OR1 42-99 

7 	 BR11, BR4, IR19083-22-2-2.
 
IR22083-105-3-3-3-3, IR31361-8-3-2-2
 

4 	 IR13149-43-2-P1, IR18152-CN " '-3-3,
 
IR29723-143-3-2-1. IR32809-26-3-3, OR142-99
 

4 	 Nona Bokra, IR14753-49-2. IR19431-72-2. IR2691C,
13-1-1-2-1-1, Pokkall, IR32809-26-3-3. X73-12-8 

4 	 Aus 454, IAC 165, IRAT 170 

4 	 Aus 454, IAC165, IRAT1 70, IR29429-B-3-B-2-3 

4 	 C22, IR9764-45-2 

4 	 C171-120, C22, ITA249, IR9764-45-2 

26 	 IR15569-22-2-3-2-2-3-1-1-3. IR18482-PLP3-2-3-4-1-1. 
IR18482-PLP3-1-2-1-1-1, B4190E-CW-139-29-176, 
IR13105-60-30-3-1-2-1. JKAU(K)450-126-2, 
IR18482-PLP-1-2B 

5 	 B2992b-Tb-73-4-2-3-3-3-2. IR42583-34-1-2-2-1 

'IRSTON =Internalicnal Rice Salinity Tolerance Observational Nursery IRAUSN = International Rice Acid 
Upland Screening Nursery IRALSN = International Rice Acid Lowland Screening Nursery, IRCTN = Interna. 
tional Rice Cold Tolerance Nursery. IRDTN - International Rice Drought Tolerance Nursery 'Entries inboldface 
were also highlignted in prevous years' tests 

Table 11. 	 Utilization of 1989 INGER nursery entries. 

Entries (no.) used for 

Region and country Yield testing 
HyLridizatiQn 

Local 	 State National 

East Asia 
China 33 
Korea 15 
Taiwan 29 

Southeast Asia 
Indonesia 2 15 
Malaysia 23 - - 56 
Myanmar 39 14 4 ?o 
Philippines 27 30 -

Thailand 150 110 8 
Vietnam 45 89 8 1 

South Asia 
Bangladesh 85 319 - 3 
India 1:39 221 29 
Nepal - 13 16 10 
Pakistan 50 140 23 23 
Sri Lanka 83 27 10 

Ertries (no.) used for 

Region and country Yield testing 
Hybridization 

North Africa 
Egypt 

Sub-Saharan Africa 
Cameroon 
Mozambique 
Nigeria 
Rwanda 

South Africa 

Tanzania 

Zaire 

Zimbabwe 


Latin America 
Colombia 
Dominican Republic 
Mexico 

Europe 
Spain 

Local 	 State National 

25 - 42 

3 	 10 
2 

35 
19 

5 	 5 
9 	 78 

14 14 
-	 6 

2 
144 

38 14 46 

6 6 -

Total 803 1162 131 352 
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Utilization of 1989 nursery entries. National Table 12. 1989 INGER entries most frequently includedIn national follow-up trials.
rice improvement programs are actively' itiliziing 
INGER entries either for follow-up trials or in Entry Origin Nursery-,
hybridization pro' rams. A total ol 626 entries froi lR29670-52-3-2 IRRI IRON 

the 1989 INGER trials were utilized for further yield IR32429-47-3-2-2 IRRi IIHYN-vE, MBN 
testing in 20 countries, whereas 456 entries were IR51009-62-3+3-3 IRRI IRON

IR5629-64-3 IRRI IRSTON 
u.Sed as parents in the breeding programs of 1 IR66 IRSNIR66 IRRIIRRI IRYN+VE. IRON, 
countries. Utilization of 1989 INGER nursery IRBBN 
entries 1w countrY is shown in Table I i. The lost RP1897-3790-30-1 India IIRYN-VE 
frequentl' utiliZed entries are listed in Table 12. 'IIRON = lnternat:onal Irrigated Rice Observational Nursery, IIRYN-

Because of their outstandilll perlor.tiance. our VE =Internaional Irrigated R~ce Yield Nursery-Very Early. IRBN = 
International Rice Blast Nursery, IRSTON = International RiceINGER entries \were released in 1990. IR 1(78 1-75- Salinity Tolerance Observational Nursery. IRBBN = International 

3-2 from IRRI and B2983b-Sr-.,X-3-2-4 from Indo- Rice Bacterial Blight Nursery. 
nesia were ieleased in India: Siu,.etm 287 fron 
Korea. released in Gutatemala: and IR 10147-113-5- 5 to Oeania. A total of 1.716 nursery entries were 
1-1-5 fron IRRI. released in tile Philippines. distributed around the , orld Cl'ahle 13. 

1990() M1 ttF' I)ISlRII IIN Ml()NII0)ItlN VISITS AMt) P'L.ANNIN6 %II:tIN6S 
.\ total o(t.1 I Sets (f 23 t pcs of' INGIER nurseries The 199(1diease resistancemonitorintt)urtoChina 
113 for ecos\s tei t. pes andl(1 for stress tolerance) and the Philipi lies oreani/ed bx INGER further 
\kere cotttpised and distributed to 35 countries: 7S8 Strengthened linkages antonL rice scientists. The 
nurser\ Sets v, cre di>stributCd to 18 countries intAsia. IN(;I:R ad isor\ cotllilitee. cwttlpoSeed ol rice sci
2+, to 2 Countries in West Asia and North Africa. 56 entists froitt 15 countries., tt ill Bovor. Iltdonesia, 
to 5 countries in Sub-Saharan Africa. 38 to 6 coun- 6-12 Dec I99( to rcview, the restlts of the 1989-9 
tries iii l.atin Aierica. 5 to .3CotiltriCs ill E+urope. atid trials arid formulatc the nelwork plans for 191)1. 

Table 13. Origin and types of -ntries in the 1990 INGER nurseries dispatched from IRRI. 

Sets National 
Nursery dispatched Entries program IRRI CIAT I(TA IRGC 

(no.) (no.) (no.) (no.) jno.) (no.) (no.) 

IIRYN-VE 60 15 7 8 0 0 0 
IIRYN-E 53 22 14 8 0 0 0 
IIRYN-M 42 25 17 8 0 0 0 
IURYN-E 36 16 13 3 0 0 0 
IURYN-M 25 19 13 5 0 1 0 
IRLYN-E 16 10 7 3 0 0 0 
IRLYN-M 21 17 15 2 0 0 0 
IDRYN 12 14 7 7 0 0 0 
IIRON 97 307 166 115 25 0 
IURON 67 187 101 43 11 11 21 
IRLON 38 146 86 51 0 1 8 
IDRON 25 106 54 51 0 0 1 
ITRON 9 19 8 10 0 0 1 
IRCTN 64 79 43 23 3 0 10 
IRSTON 54 43 24 18 0 1 0 
IRALON 24 22 10 8 1 1 2 
IRDTN 31 61 26 30 0 4 1 
IRBN 83 246 179 46 16 1 4 
IRBBN 38 96 66 20 0 0 10 
IRTN 24 80 58 19 0 0 3 
IRBPHN 41 107 81 21 0 0 5 
IRWBPHN 25 42 24 17 0 0 1 
IRSBN 36 37 20 15 0 1 1 

Total 921 1716 1029 531 56 21 69 
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The observations and recommendations relative 
to the monitoring tour and meeting are pIbljshed 
separately. 

INGER 	 ANt) RI:tvI-I) .('Iritws IN AI:RI('\ 
INGER-Africa, a collaborative prgrrant ofl k R , lie 

International hnstituteo lroprical.,.griculture lT.\. 
the West Africa Rice Development Association 
(WARDA), and African national programis, contino. 
ued to consolidate its plrorans and introduce n'\" 
ones. Ne\o, nurseries %\crC foried and nilitoritic 
tours' w ere uindertaken'f ini somell ct, ''ries nt lro\' ottl\ coeredtakb nIN;Is[R 

1 en INGER-Africa iirLinsrCiC.s v erc co iiposcd 11 
19l0. 1I I989. the \frican Mangro\e Si ip Rice 
(bser\ ational Nurser\ (A\ISR( )N) \a,, addC. In 
tlhe la,t 2 r. INGELR-Arica nl,er\ trial,, hiae .een 
increased. The poirin entriesk fronl I9S9 IN(;IR-
Africa are listed ill Table 14. 

IN(liR -A-\ricai als,,o orcaritled th lh loh inc, 
rllorltoriric, \ sits and %rrrksllops to strerl211CrlerI 
lahoration arion Alricarl ,ciltits. 
] .\lidl-ailtitude"irriLac'tcd rice"tour Ito R' arnda. 2 

-

) 

Juil 
I Rice call1 niie rioniitorin ltr to Burkina l'o. 

1-14 Selpteriirber 

* 	 \MI toririnc tour 1o (i ulea, 23 Septel ehr-
.3 October 

MiMarlu.ove IloliitOrirlU tour to (4iii lea 
Bi',Sau. No~ erniber 
On tlhe riajor objectis of INi;F.I-..frica in 

the illiCtlatC futurC 1, to einsuie tile efective coiti-
iltiI\ ol IRR ilIN L!R a ti\tilics ill -\frica. 

INGER 	 \\I) R-I \I IU I I\ i i ii I, 

Li\t II ,.\MINI .\ \\i) It It C \RlilIt.\% 

F-or 19)9i0. 102 iUr .r\ st,ct, ere distrihte,(l. and X. 
lin-.. tomlirated bi\ ilaiolial pr&gratlns \\ ere incltided 
iTahle 1.'). 

The tolloo ing rre' operational leMttie, of 
IN(iLNG ,-\meric-a adhtCd d.irirncR-Latin ocrc 
tX9-90. 

* 	 ..\ddit0ri1al e al!ratiorl ,1 I, ilateria.ls fromill tihe 
('I\T Rice Pro rari in order ItiiiicldC (I.VI 
lines at Ic ceiferatioti. 

" 	 [-ull characleri/alion ii olalliel;itd h\oililaterials 
naimnil proraril,. 
Nine \arielies . cre reli,,ed in lie Latin .. irreri-

can countrie, durin, 1989-9 l(Table 11. 

Table 14. Promising entries In Africa, 1989 INGER-
Africa nurseries. 

Nursery 	 Entries 

AIRAT 	 ITA304, BW348-1, IR19670-263-3-2-2-1,
 
IR22082-41-2. ITA302
 

AURAT 	 IDSAi6. IRAT147. IRAT144, IDSA10, ITA321, 
TOX1012-12-28 

AIRON 	 IR31837-11-2-2-1-2. IR64, IR65, IR68, CP3-C2, 
DR33-PD5-PD2-PD4-PD1, ITA312. TOX312, 
TOX3093-10-2-3-2. Vijaya 

AUk-ON 	 IR14632-2-3, ITAl 16, ITA183. TOX1010-215-12-4, TOX1768-3-1-101-1, TOX1780-7-1
201-1. TOX 1889-3-102- -1-2. TOX 1889-4
101 1-1-2. TOX1889 3104 3-1 1,TOX1889
7-105-2-1. TOX1945-8-101 2 1-3, Wabis 550 

AIRPSS 	 Bouake 189. TOX3098-12-1-1-1. FAROX317
8-2. MRC2668-2483. P2015F4-128-5-4 18, 
TOX20781-2-3. TOX3084-143-1-4-3. 
TOX3118-12-1-3-1. TOX3133-59.1-2-4.
TOX981 10.3-2, TOX98 111 2-3 

AURPSS 	 IRAT291 iGA4393), ITA130. ITA132,
 
FARO,,299, IRAT239 (IREM779j. IRAT284
 
-GA4475), ITA257, TGR68. TOX1889 3-104
3 1-1 TOX1889-13-14 1 1 TOX1889 22 101 1 

ALRESS 	 IR21170-43 12-2-2. IR28941 1-3-5 1-2,IR33461 39-3, BR51 282-8-HR83. IR33238-25
2.3 2, IR43506 CPA-513 2-1-1. ITA230. 
SPT7106-2-3-3 1.TOX3098-9 12-3-3 

ARBN 	 ITA116. IRAT104. IDSA13 IRAT265). ITA183. 
Milyang 82 TOX3108-43 1-5-3-6, IRAT13. 
IRAT124, ITA130. TOX955 208-2- 102. 
TOX3108 17 2 1 2-6. TOX3118 73-2 1.1-1 

AIRAT Atr,car Irrigated R'ce Advirictid Trta, AURAT African 
Upland Rice Adv -rncd Tril Al IRON Afircan Irrigaled Rice Obser
vtiOnal Nuirsery AU1ON - Atric,in Jplarnc Rice Obc;ervational 
Nur,fery AIRPSS African Irriga;d ice Preliminary Sc¢4ring
,w! AURPSS . Affic,in Uplric RiC t'rilirmirrrry Scrieririog Sel,A RESS A rcarn loiland ice Eva;uatliorl arnd Scrieni Setl, 

ARBN - Africaq Rice Blii Nurery 

lhe lolh\n'.iit \korkslop aid itctitre \kere 

or /cd h\ INGFiR-Iain .\rncrica inl 1990. 
E ScoCnL. Steeril12o('0mrnrItC [We'irn,.(oncelCieon 

del 1'1't11c2I . Arcentiria. I1-17 March. 
U Third (crriplarnI ilat ior arId Selection Work

llop. Villa\ ccricio and aliriira. ('olollnibia. 
21) Jill\- -'s ,stll 
'Io creatc acolluilrnicatior lool for Latin .\nicri

cai rice re earcher,,. INCilR-Lalin \ilerica i. pre
parin adlat . lebase in rice %orkcr,,.A.\ data basc"on t 
Rice ('rossin llro.rains itt Latin America has also 
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Table 15. Characterized germplasm Inobservational nurseries distributed InLatin America, 
1990. 

1st semester 2d semester Total 
Tolerance of 
germplasm Lines Sets Lines Sets Lines Sets 

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

Favorable conditions 
Blast 

Blast only 
Sogata/hoja 

52 
9 

9 
10 

52 
9 

2 
0 

52 
9 

11 
10 

blanca 
Earliness 9 5 9 6 9 11 
Fe toxicity 
Earliness/ 

41 
7 

0 
0 

41 
7 

2 
3 

41 
7 

2 
3 

Fe toxicity 
Fungal diseases 

Fungal diseases 43 32 43 4 43 36 
only, 

Sogata/hoja 8 18 8 0 8 18 
blanca 

Subtotal - 74 - 17 91 

Unfavorable conditions 
Acid soils 42 4 42 7 42 11 

Total 78 24 102 

Blast. neck blast. !ea! scald, and glume otscoloration 

Table 16. Rice varieties released in Latin America, 1989-90. 

Entry Cross Name given Institution and country 

P2020 Cica 8 BG90-2 Tetep Alianqa CNPAF, Brazil 
Taebaegbyeo (Suweon 287) IR242' IR747B2-6-3 ICTA-CRISPO ICTA. Guatemala 
P4382F3-70 17330 7152,,Metica 1 CARDI-70 CARDI. Belize 
J276-43-1-15 J212 Mingolo Juma 63 CEDIA. Dominican Rep. 
P3831F3-RH38-8-1M-J182 Oryzica 1 7152 Costa Juma64 CEDIA. Dominican Rep. 

Rica 
ECIA67-118-S1- 1-5-3-2 CP1C8,ECIA22-8-163 IIAC-14 IA. Cuba 
ECIA179-S-13 CP3C2,,ECIA13-31-1. IIAC-15 IIA, Cuba 

CP1C8&C-4-10-1 
P2030 Cica 4.'4440 Cica 7 Pericuma CNPAF and EMBRAPA. 

Brazil 
IR10120-7-2-1 IR9538,1R9575 Sureste INIFAP, Mexico 

been prepared. Cr;.->-, frot Ar.eenlina. Brazil. i lX7 o.ddres,,ncreasineconcernforsustaitable 

Colombia. Chile and the I)omili-,aoIRepublic. and rice-haed farniine system,, and to d:velop an inte-

Mexico and Peru have heetn compiled. crated and holistic apprat ti Il tri nt tnage
ment in rice. Nlaintainin soil health and increasine 

productivit\ at a rininitln cost without adverse 
Subprogram I: Crop and resource eflfects on tile environment togelther %ith sociecon

management networks OritC and equit' issues are the most pressing chal 

lenees faced by the network. 

During the 19X-90) cropping eason . about 30International Network on Soil Fertility 
and Sustainable Rice Farming collaborating scientists !rout 7 countries participated 

in the main network collaborative restearch trials.(INSURF) 
Research efforts have recently been directed toward 

The International Network on Soil Fertility and managing adverse soil typ..s such as the acid uplanJ 

Sustainable Rice Farming (INSURF) was organized soil prevalent in the humid tropics. Acid uplands are 
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gaining importance as more and more of these harsh 
soils are cultivated as a result of decreasing tradi-
tional ricelands and increasing population pressures. 

In addition, research trials ftocusCd on generating 
appropriate and ecoiomicall, feasible tec:hnl ies 
that involve inoreanic N combinations with mf,.olka. 
green manure. compost, and other biofert iliirs. 
StabilIity of yields and their lon, -term e ffects on soil 
properties are primarily considered wvhen e\alUatinc 
the techinologies. The feint ili trials seek to tceneratec 

Yield increase (t/ha) over control 
4 

Control yield. 3.5 tha 

58 kg N/ha 
3 87 kg N/ha 

a a a 
a. ab aba 

2 bc bc 

ation oI th e lo nl ence s in form -te rm Co LLel :oil- 1 
tiluouS application of NPK fetili/ers aid other 
limmtine nutrients. suCh a, S and /n. On soil heallth

andpro u 'ti it\.PU 

INltiR \lh I I S, I t IN) RG \NAI" AND 

iJR(V\NI(" NilIRma iI.N 


First trial. The sinl'ic.iIa ' lindin s from ( trials at 
17 siltes d i IX8 ,-X1) croppin seisol', \,ere 
reported in Pio",,zti lliVlur 19S9. Results ot the On-
.ome]u trials it eight sites in China, India. Indonesia, 
and the Philippines for I-.190 cropping,easons hlasc 
not been collated. ewllpt for those on the IRRI 
experimnental farm. L.os IBaiios. Philippine,,. This 
trial consisted Of 13 trelttments in,.oline 2 N levels 
s, lth the N fl'omli Oranic sOUillcs eqi, alenit to 29)k 
N/ha. The inoreanic N source,, prille(l urnai (Nl ;iid 
urea supergranule I.iS() \%ere Itsted llole Or cOil-
bined sith o;.inic INsOrllce i/olla Or ritoe slrii. 
Changes in ,oil characteritics at this site ere%% 
monitirred after and (1co ,ecutie crops to deter-
mille the lon-tllleflectsitlie lermiliertrct niitll s 
oil the tertilii sitatus of the Nuil. .Ichangeahle K 
increased. more apparientI\ Irelltnts invols in,, 
rice stra, as N ,oturcc as didi ieaan ic illmr and i tal 
N contents. ,A\ailableI' and /ii smhtamniall In-
creased it ilfo 20L11-csol depth. ho-Il-cli stili \l 2(-
depth. h.s , . a gr il il dec r'..s Ii as\ ailall' ZiI 
%.as aparent after 5and I) crtop. 

RuNult, idictlle that the colibiied illmi ;tiallm',l 
oreanic N sources sr",, e.iccm. s as th. inorcamiicas . 

fertiliztr. I-ieure I .hos,,s a signm iica it crop .ield 
response hii N s,hen the oreaiiic N source %,tsapplied 
in combination with an inorganic N source. In 
eral. yield increases o\ (-r the control for the fertilizcmr 
tr,,atillents 5kere cimpa:ahle. .-\zolla proied to he i 
slightlv better sonlrce o1 N than rice ,tram. Materialss 
with high C:N like rice stras la\ depress yield 
because of partial immobili/.ation of N. 

"USG 

BS +Azolla +Straw DP .Azolla +Straw 
,p. . 

',as;i+ )SI,, l'lllI l \illnc lisr.cdiIi. N "+ii~. ,ld+uic U 

1. Me.an l lhl ",;,ic, ise, ) 1i 7 Imiil,. Iu5- U0dr;
ll tcre lt, 's 

ui.iOIil,' il, MUM1hii. I, ili/cr,. .i 2 ' rle, in I. ,, laios,
l ilippilne, '1 t- _ , 1)11111iplled mre+m.IrS(j I ) deepplalced tU.',i ,,l~l.'i,.iih.. 1is1 A01 i ,L i11i91 Iier lrc" lii 

s1:liis11.%ll, lh in.ui I hKl)\tRtIle S'; ,,,l 

Stcond trial. II the seconmd uleruted nutrient 
inanac IInenttrial Ill irniltled rice. t ile pcrhormance 
fila/olla. ereen nllulei( ((i I. and larsl id iialltre 

il-Yl 1 coiiibinlcsl ,ith inoriigianiic N lertillers %As 
s allluaed. 

Rults from 29) trials conducted at Ih sites iII 5 
couLitrics indical that nioderatiiUC nllltsU,, oforeanic 
material (equidnleut to -43.5 kg N/ha) LOllcbined 
\%tih miorLiic fertili/ers are equall,, eIfective if not 
better th.an inoramic fertilier alone t . 2 A. 
sarlet if ;lltlle lim e N sources call he Itseld to 
suppImi II .Itpeisi\ecnliCiiclferlili/Cerusd in 
rice pri duictaim. 

.\/otla..i' hINt)u, r'+ItIl/. 'l'ld pllir mIamiure 
ere es alatedi's piteitial sour.ces ut s illlcemi

tars N ill rj:inled loss land ric. fin six tria l,, 1198I-9 
\,cml ,asilii \\Sj;I) fin t,, rainfed farmers' fields in 
Nue\s a 'lvi a. Philippiies. Results sLugesl that inor
eoaiic and oreanic N ,source coilhinatins ,ere as 
effectie s Inoralaic 

)i. 

Ue I'11<5)Uii..\sn) (, (. 
Ammoiunl sulfate (.\ 

fertili/ers ipplied alone 

IRI..I 
land pI comhinations ssith 

,rganic materials, namcl,. (iia spp.. G\i-icilia 
,' n. anmd /,liunl/h a mim.i a, oreel leaf ma

nures ((LM) and pioulhry manure as FYM \%ere 
e, aluated. The oraL.,iclources c.intrihuted 30 kg of 
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Grain yield (t/ha)
8 

Bao-lien, Fujian, China 
-............ . . . . . 

Dry season Wet season 
6a 

a a a a a :a :;a: a a 

Siu-Sun, Fujian, China
 
8------


Dry season Wet season 

6 a a a a a a a 

4 c 

NoN USG PU NoN USG PU 
DP BS +Azolla +GM +FYM DP BS +Azolla +GM +FYM 

2. Mean rain ,ield nirr and or N t.rihl\r c at 2 ,ittesot rice (a%of 3-4 trial,. I9,0-t0( asaflected b an,ic ii " in atir ,, inChina ~.. \.,.etalldI sItei India. (li t = ereen'l niarure; [KailIra,'for sea,,ort 

87 1, N/la. Bars s itlh onhoe, or cattle manure, N rate = a coni 

the total N requirement of 6(0 kg/ha. Six trials were 
conducted at [%\o Philippine sites, one kith soil pl1 

4.6 and the other with pH 5.0. 
No significant differences in grain yield of the 

fertilizertreatments including control were observed, 

Grain yield (tha) 

5 Wet season iarof 6 trials; 

4 
a a 

3 

2 

1 : 

0 No N 3 -USG
N o NSUGDP BS 

land ric, trial,. I ,,3. M'lan grainelhotrainted ht, Iav of( 
,
90 ',S / a alected h, inorganic and organic N fertilihcr 

comhinations acros, 2 larmers fields inGuitriba. Nuea Ecija 
Pro ince. Philippine. GM =S rostraa.FYM = xoultr\ manure. 

a a 

.applicatior, 

PU 
+Azolla .GM +FYM 

-


Bars \kith acommon letter are not statistical; differetnt at theoi5c; 
levelb.DMRT 
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W,S trIdal .dSirbl,ah/ l.\ l t[)S trial F:YNt taittlis+ard tltliurLbrlh :
 

ica,,t r.nt at the 5' Ich."cl ,IJ\IRI.Ictierire not %mstat dii. 

except in 1988 WS at soil p1-I 4.6. where response to 
N was significant. PU combined with organic mate

rials produced grain yields (about 3 tih) comparable 

to that with inorganic fertilizers alone (about 3.4 
t/ha). The poor N response in most of the trials could 
be due to drought and incidence of rice blast disease 
during the rcprodluctive grov.th stages of the crops. It 

is expected that under nonnal growing conditions, 

the integrated use of Itorganic and organic N fertil

izers in acid upland rice soils should be beneticial on 
both short- and lonu-tcri basis. 

Lov i -TER.f FE~RTILITY -IRIA.S IN IRk (IGATFO RICE 

First trial. The objective of the first trial was to 
monitor the effects ofcontinuous chemical fertilizer 

and intensive cropping on soil health and 

productivity. By 1990, a total of 242 trials had been 
conducted at 24 sites in 13 countries. However. only 
9,sites-our in China. two each inIndonesia and the 

Philippines. and one illIndia- are on-going. 
Grain yields fron 1976 to 199( oil allacidic 

Aquic Troporthent soil in Luisiana, Philippines. and 
on a calcareous Vertic Trpaquept soil inTanay, 

Philippines, gradually declined in nonfertilized and 



fertilized plots (Fig. 4.5). The observed fluctuations SOiL. FEtRTIITY MANAGtEMNiNT iiR SIRON !.A 

may be due to cultivars used. adverse ,.eather con- .\(*I ['I..Nt stIs (s'11<5)
 
ditions, and prevalent pests and diseases. Nitrogen I pland rice %a, initiali, more responi\ e to applied
 
continues to be the major limiting nutrient in both P than to lime at ites ill the Philippnles. I Io\kever,
 
soils. Hogkcver. tie addition of P and K it N el- grain \ields from plots treated . ith lime aloine it
hanced yield, especiall\ during dr Season i). Cd drhttlght. crop seaproDS s ilh lile. e\cept dur inh' 

Second trial. The second lone-term fertilit\ trial Sons. At the (a\ inti ste. Ilsed iagnLe iFill p110
for the irri-ated rice ecosvstem, initialed in I987. platC alone and triple superiphosplhate at 36(kg 11/ha 
includes treatments on inorganic and organic fertil- cor9bined \vith either 11.75 or 1.50 lili/hal were 
izer combinalion and site-specific problemis. As of' consisteutlv the best treatmeints. ;Is shok, ih\ the 
1990. trizllhad been condltlucltd at M sites: 3 in, India: high averae yield- data for 7 \ rVram Hig. 0). 

2 each ill Indonesia. Mis ulnliar. and Pakistan: and ena ste.,,pecihcall in,,cba.tyieldsmtihe('la, s 
I ill Malaxsia. Prelimimars results shoss ed that the in plots treated \kith either .75 or- 1.5(1 lime/iha did 
tle of FYM in combinltion \%ilh NPK enhanced not differ from that in the control. ()thier tratmenls. 
gramn ield. intrient, such as n tind Sadded to NPK hos e. er. cas e better \ ield tlian the control. hut %ith 
can further incrCae at N here these ele- onl. slight differences anton,. treated lplohts ( Fig. 7).eld siteMs 
m11ents are limiiming. Rcult s ill the Pklridel triall ere Similar to those in 

Grain yield 
10 

Dry seasonNPK8 Wet season NP--- N 

......... Control
 

. .... 
 ...
 

*..* A. ... .... ... ... 

0 
1976 78 80 82 84 83 88 90 1976 78 80 82 84 86 88 90
 

Year 
tcrm \ch t irin intrilc , il 

011 .\t iii op il in a. |'hilippinc, 1 RF. I)l'i 

4. .ow- i , tor d XidIcIul/ed pl tic ir~t imeri, iIling icrm Icnis inntrl!itd Im Lind ri.e 
t~r 1 ifhcini till P.Ii IN 90() 

Grain yield Itha, 
10
 

8 Wet season - NPK Dry season 
-N
 

........ Conroi
 

4 ~ .................... ......... .......... . .-.:
 ~~~~~~~~.......... 

.......
2 ....... .'" .
 

o 
1976 78 80 82 84 86 88 90 19716 78 80 82 34 86 88 90
 

Year 
5. .Lon -trm -Qrain .%lteld rlrn(, tor no)ntrmli/¢tt and fernih/e.d ph il, in ihic hr,I itertit~lonall hnl -lerll Itertlah.N trlil in irrigalted rite onl 
aln Aquh. Fropaquept ,oil in Iani... Ri/al. Philippines INS(L 'RF. 11)76-9(1 
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Average grain yield (t/ha) 

a a a 

1.4 a 

a-d a d12 
b-d 

10 C-ec-e C-6e iil 

de b-d 

0.8 
ef 

0.6 

041
 
021
 

siuoifcail.6 tireAe . diff ikri itli IvD R .. ..... 
0 -

Control 0.751.5 18 9 18 36 9 18 36 9 18 36 18 36 54 

Lime FMP TSP TSP+0.75 lime TSP+ 15 lime PR 

Treatment 
umiitc~n m~er 7 vr IpI fused 

nmagnesItr ptnosphic. l1St,-~triple u'crpho~pl.iac. PR = phosphte iock. thnic rate in itia. I' rate in Kg/lu. liar, %th common leiterN 
6. .- \iau v cid of differentitreillcflI, ft onlintious iicc cropping. (.i% iit. Laciun.Jialitnc.1, ')99i. I-NIl' 

Average yield increase over control (t.ha) 

1.2 
Treatmen
 

Control yield :1.7 ha a
 
1.0

ab 
ab 

50.8ePa c
 

a-c
 
ad0
 

0.6: b-d bd b 

cd cd cd 

0.4 

de de 

0.7515 18 9 8 36 9 18 36 

Lime FMP TSP TSP,0.751ime TSP+1.5lime PR 

Treatment 
7. Average ietd increase ofiffeirent treatment~ s critic controt tor the Ifirst1 w'li trials in Ntisachba. Nltsatis Oriental. Philippines. 
11986-90J Bars ssith commoin Ietticr,, ire not sii ficant ly d ifferent at tire 5' I slev h% NIIRI. 
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Minsacuba. Because little differences were observed 
arnone treatments, the economics of each will have 
to be considered to assess their applicabilit\. 

Yield increase associated with phosphate rock 
application became e ident only after several trials. 
Soil properties. such as p1 ,ld aL atilahle P. chatncl 
only slightl, even after several Near,, of continuotusi 

lime and P fertilization. Results stho% that lime 

togetherwith Pfertili/crnmust be applied inoptiniu 
amounts to Significan11tl1\ increase rice rain. ield in 

acid upland soils. Once P deficienc, and soil icidi\ 

are corrected, proper maiagemnent oftother nutrients 
becomes important to increase grain %iCld. 

MIAN .\(;i--Nt II:it iitlIR NI IRItiI s 
Long-term sulfir fertilit trial. The effect of 
continu~ousapp~licatio~nofhiehanlsiN, fertilizers--
urea. triple Superho1sphiate. Ind potissiiulm chilo-

ride-on rice Ln-mkt in acla soil at IRRI farm s,as 

Csaluated in i IlIn,-term fertilit. trial. li its 17th 

cropping scason. \ icld re,,ponses to NPIK alone \scre 
comlparahle to tho,,e to NIK + Zn. NPK , S. and 
NPK + S - Zn iud siniticantl. hi.her than those to 
in alone in all )s trials I IL. S I. )eDpile application 

oflhikih-ai al ',I lfertili/ers c-(inl;tiine, almost Ino S. S 

deficielic\ sia\ l ot ipparent. 

In I)i) )S IIlh crip i. N conmbined %ili 

tther itrietsl, and oreanic ilianire sinificail. 

Grain yield (t ha) 

8 

7Zn 


6 

55 

4-

NPK 
3. NPK+S 

I! NPK-,SZn, 

2 . 
1983 84 84 85 86 87 88 90 

increased yield, whereas Zn fertilizer applied alone 
or wkith P. K. or holth gave iio response (Table 17). 
Nitrogen continued to he tle llajor limiting nutrient 
during )s. 

Varietal reactions of lowland rice lo sulfur 
deficiency. A trial in at cllS-delicint te i Ilatangas. 
Philippines. %%asconducted il ItM( )s to identify 
rice varieties %fitll relati el.% Lreitr tolertance for 

lot\k S in irri eatcd los land soils. Nine arietics of' 
ditfferent matturit\ jierios were tested 1.ii2 Zattio

niun sulfatc ats S source it 210 kg,, S/ha. With or 
v.ilLi t S. IR34 producCL significantl.k lo% er yield 
than did the other \ arietics (Table I s. IR54 gave the 
highe,,t yield sitl ito S. Mhereas IR2 -,a'e the 

hiehet icld at 2,1ke S/ha. Yields of 1IR42 atltR64 
increased siken ificltitl. \%hen S \%,as addedl ie. )). 

The I t)tJ() WS residualtirial ' as estahlislhed late 

IbecausC floods recurred 1tthe ,ie. The triil is still in 

progress. 
EfTect 01'coibined sulfur and tinc application 

in loxland rice. .\ trial in IPAl I)S at all adjacent 
,ite in lilippines,.determined the eflectPhitii,'s. 

0ItoibliIed S idLc/ iiapplicatioii n ield ;in ild 
CLliiipol eits ol 1 R72 lo%% lind rice. 

Addilion of ill ito lin posi eellectpioiiiim 

onlt tiller ilulCr nd lanl height it 30) ( after 
iraiisplantini Tl)T.andion graini eld ofR7 2 at any 

S rale Tlable 19). With ir ithflui /Al. alditiolln f S 

NPK A NPK-Zn 
* Control 

-

.7 

1983 84 84 85 86 87 88 90 
Year 

8. (jr:tin %ield treds s er .,r ut7 treilietnits durinu dr\ seawii in hikk 421 -.. ItRR,irli. toiui-ieuill S iertilhl. Tr.l iair ivuiel rice. 
eXtrs2t. 
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Table 17. Yield of 15 treatments in the long-term S Table 18. Effect of Sadded S on grain yield (tlha) of 9 
fertility trial Inirrigated lowland rice. IRRI, 1990. varieties. Batangas, Philippines, 1990 DS. 

Yield (tha) S rate kg.ha) 
Mean
Treatments Variety 

DS WS 0 20 __ 

IR20 4951 a 5860 a 5406 aControl 2.9 d 3.0 c IR34 1755 c 2174 e 1965 e 
Zn alone 2.9 d 3.4 bc IR42 20CO hc 5169 abc 3614 d 
P +Zn 2.7 d 3.6 abc IR54 5159 a 4801 abc 4980 ab 
K +Zn 2.9 d 3.3 bc IR56 5001 a 4737 bc 4869 ab 
PK + Zn 2.8 d 3.5 abc IR60 4249 a 3700 d 3975 cd 
N -,Zn 6.5 ab 3.7 ab IR64 3029 b 5815 ab 4422 bc 
NP + Zn 6.9 a 3.8 ab IR13540-56-3-2-1 4439 a 4446 cd 4443 bc 
NK + Zn 6.5 ab 36 abc iR21820-154-3-2-2-3 5037 a 5768 ab 5402 a 
NPK 7.0 a 4.0 a 
NPK + Zn 6.1 b 3.8 ab 
NPK + S 6.2 b 3.8 ab rice-hased farming s dillerent rice environtens iln 
NPK + Zn S 6.6 ab 3.8 ab 
NPK , Azolla Zn 6.1 b 3.2 bc nints. At present there are 17 collaborating coun-
NPK + Straw Zn 5.4 c 3.6 abc tries: BanLladesh. Bhutan. Catnbhodia. (China (in-
NPK (S.rostrata) 6.6 ab 3.5 abc clulinlu laivan). India, Indonesia, Laos. Miadagas

car. Mhlaysia, M\annar, Nepal, Pastan.the Phil
significaillV Clbafteed tillernumeraMdl plant height ippines. South Korea. Sri Lanka, Thailnd. and 
at3O() T.Tilhernumlberand plantneaght at3(111l and Vietnam. Several research activities on pro(lucioni 
grain '.idhavtrage acriss alli n le\exere si'nili- S stems and componenat research are on-goiug. 
ca.0ntl hiher at 20, k (land l{ke S/aS/Ira than ;.t .ill 

CR Jl't'IN(i %'SIISt I[SII(N([S 

Asian Rice Farming Systems Network '\hCst fthe steshlcusoncr.ppinglpatterntcsingin 
differen rice ecologies: rainled lowland. irrigated. 

The ohjective of the Asian Rice [arming Systei'ps upland. alld deep watr. At niost sites. comnponet 
Net,.,ork A.-\RI-SN) nore techinolog or is colis to idetilt\ rio(rLdutll\'. research (adaptive applied) 

Grain yielo (tha) 

10 

No S 
820 kg Sha 

6 a b a 
a {ii b a a !i~iia 

aa 
aa 

a 

aa 

2 a a1. 

IR20 1934 IR42 IR54 IR56 IR60 IR64 IR13540C IR21820
56-3- 154-3. 
2-1 2-2-3 

i-.t lippine,. 199ii DS. 
not sqmniiLkjntl, ditl'.rcna.t the ', Ie\,-! I . .. 
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Tab!e 19. Effect of S and Zn on tiller number and plant
height at 30 DT, and grain yield of IR72, Batangas,Philippines, 1990 DS. 

S rate (kg,'ha)M 
(kg, ha) 0 10 20 

Tiller number m'n 
0 337 a 515 a 677 ab 510 a 

20 344 a 523 a 563 b 477 a 
40 342 a 589 a 594 ab 508 a 

2% ZnO 492 a 432 a 754 a 559 a 

Mean 379 515 647 

Panicle height (cm)
0

20 
34
34 

a 
a 

4 0 
38 

a 
a 

4 3 
41 

a 
a 

3 9
37 

a 
a 

40 33 a 38 a 41 a 38 a 
2o%0ZnO 37 a 36 a 45 a 39 a 

Mean 35 38 42 

Grain yield It ha) 
0 6.1 a 6.2a 6.8a 6.3 a 

20 5.9a 6.0a 6.1 a 6.0a 
40 	 6 2 a 6.1 a 6.3 a 6.2 a 
2% ZnO 5.9 a 60 a 6.4 a 6 1 a 

Mean 6.0 6.1 6.4 

,in a column uner each parameter treatment means ;lv:ng a 
COmMon letter are riot s1gr/ lant y d , ,! ,itthe 5' level y DOOT 

ductei on iirr lroble, suc.'h at,, varieial. lertilizr, 
and crop lnum etnteiit trial, In addition to crop ping 

pattern testing. I,: croppin2 pattern trial,. tMO or 
more csp.rin..mal cropping patterns are e,.alualed 

ald c0tilpa.ildtI \ith the larmer,,' \isliii. doiiitair 

croppinue paillerl. The major obl eclts e is to incrc:ise 

prod ciionl, inco ,. and cropping iniciusit,. takiil' 
ilto itolsidera;trti thC tlrll rs' r,.',, ',. SOic 
findings 1roii1 ScctIcdc mArc ttenCltch here..tntlri.,, IMe 

eHlb. . IM,In (JUMiitl' o ('hilhi ri.c v' It, lnuldCr ill'r-

ateCl coiiditioin is tire 1110',, cirunuon cuhl'Itn!;1 pal-

tern..\ I i.,-i.erri croppine paltett triamltil 

slte iiMl k;d 'ercur raururC - ric - rice.. ucC- rice. 
and ecerablc ric - ric. lh,' l .\il sCehIC ricC 
rice -. rtpii sP- ,_'r re,.:i litlis t. i tt,._+.ttli, anl 

H - rnt et . u:iai.- tl' l .ilVi.( ' ,hlta n ir li trri) lt -.
.ittlriarice.. - ri.erN. I1.534 . rindp Il rrII' trra'rin 111. riuli COICirc ill"licre v,:as airliii,.crlae L i'413C 

imttt'r. N. I'. aridhptttlsi v'oitICrIt iii 5. ', 
liLc - rice.cropitie... paHtrt',,,.t+lr+x+ro. t ~m'trial sotil 

les ' . Il d1I LL,h I I. l -'L,11k ' r C1.'4r cthy.' I),blcl 

Il S.'lluttl. ("hn the1. tridiritirtI vitlt +li_, ith-
t'I'll I . e i ,',, vr pllatl. l Iehis hla d rice 

tlhbrid Shanyou 63 %ZasCs.tlu.ted tinder upland 
conditions ill differenlt crolppin,: patern,: \wheati 
mai/e - rice, wvheat - rice. svheal/inaite/rice., %\'heat

ss, ec p1olato + rice. s\ he.l/linaiie/sss eel polato + rice., 
d Ia/nai/C/,,, eel potato lcheck). Shanyou 63 

yielded 5.! I/ha in ilec .\ heal - rice crotpping paltern 

ho'~fonly'.X I/ha hen. relas clopped )I inlercropped 
vith maize or,,\,,ct ' Thel i,.z c ,( pr. ,ction 

Wkas from \\heat/ni/c/,s eel, pollt) + ri'. 
I, Tai\an, research tocrised on pl;alling Ilize. 

SorIlum, and so bean in ricetields instead of a 
secol'ld rice clop. Since I98,4. khen tile convelsion 
plan statedL.IIpe ri tri ai,, MRbean, a rid cetlable 
\v:.r i e ie s hIa v e b e e I I .chC x d fI r ,) I ,k p u rp o s, . I oll 

term trials oi differcnt croppiii, pIitteriis \ C Con
dueled in IlIuliCn ;aldIliiiai Unel.r iriIalCd coldi

lions. Ill I Iualien. four 'croppiii-paliern, \ crc C\ all
ated: rice - rice, pea.zlit- . rice - soybeall. andr Ice, 
11i.6i1i - so\ bean. h'lietluost promisin in terills iof" 

iCldild ineetirrli ac ipCant - rice and ;1ili/e 
,,r\bea ctimpared %,iih rice - rice. Its o \cars of 
' ilItiltls inaii/ -o\h beaI paltrll iIpro ctl o\

, iriL lyr li iar. croppingbeaill eldic icai I. n.iul si 

- _,, a1- - -tlI_'_ v,,iCr, '\ tlll. d ill hoi02-10111 lMtil illc 
rice,. riC 5 bM1980: rice - + ean - Ill/c. I ic - elr1ell 

1ii llill, - bca -IC.- rM or' ditlill lliiivt'- ntri/e. 
laitotI sitr liil - Iliai/e. auh "otl hlull - "o beall 

lmi/. Net retnrn v5,as riChest Ioin rice - -,o beal -
M sr.N01 n Iv,-niie Aid 2111. - , bean .u'.tcXand 051, 
hi.her than rice -ric re.,pecti, els 

Ill %kalnrt. rice-baed ,.Crpp pItiir trials 

rcC coildIct +d Iat 1to11 kss ,,ites Ot tlhe ista 

YC/in---prtl. irrictd. Sh,+' eln.,ik\ i---deup,,a

:el. lt;iihueiiiti- hIll.,i reated. and laih' -- rain
led loss land. Y'/i lv'.III[iUt CiidIll . Iraiisplai rice 
(Il"k). Tlk - cllrklwca. di\ ce.'dwe IC l)Ski 

cluicl 'pea.ald I)5.1<; t ,. \ , 'i ,,Crc ,',alhi,!,d iii 
Ltarers' ield, and 'tirrpaieMd \k ill Ilre i01uiC1rs, e\

trn croppine patitc irri,-.. - IIR. \ei rcurn ssas 
hilhu imli pvlui- I PI lk h'd bs Ilk - chick
peC. uuelitsi1i0u.1l'P -l. IMkpl-)Ili(\ edh iecrIlei 
rctirn. sshiraI lie I' t1'itlti,11 itt - we<IWed-

IttltC ll thii I h' 11'11.i),i1 . . SIrI- ia'i. iii 
1W bttdee ;,,c ricrtll I)\V1 IL'lt i -i sai'Iv' , 't+i c d' vI+;+C iiiiC'.' 1tJIvIsi'ii ltl lI,.u+v rii\cc.hIssoie 

lh[li rue .+.yr,,tsh~++t 
s 

intl-l l tesiri+.iU's.'tl ljd h liL C tlW,,,UW I ',' J ,tiht111h,1111;l 11 I UlHIi( it L hieh,.erI. ,il -. 

inet reirrn thin lthotr'._it t )\\ I1<. )5k ,t~hv . 

sr.tiiltt. i.itll pimisilg cropping,,,til 
paltcl '.t, e s'iliHWA r trials.s.i i - I' F I )I'C %ittl, 
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In the Philippines, the four key sites in irrigated increased from $483 to $989 and famiers were able 
rice ecosystems are Guimba. Nueva Ecija; Pototan, to grow short-season crops alter rice. 
Iloilo: Iriga, Camarines Stir; and Canipostela, Davao In Nepal. cropping pattern testing was continued 

del None. In Nueva Ecija the rice - rn'eize cropping in Khandbari and Kotahari. representing rainfed rice 
pattern gave higher net return (61,525) than the ecology. Evaluation focused on improving tile crop 

fanner's practice of rice - rice ($1,407) espec:ally in variety. nutrient inunagenrent. and other agronomic 
medium-textured soil:;. In Davao del Sur and Cam- practices. in Khandbari. the improved cropping 

arines, the improved rice - mungbean - rice gave pattern of rice/lentil - mai/e with good management 
higher net return than tie friners'

higher net return than the farmer's rice - rice. showed 4W); 

Mungbean gave additional income in Camarines Sur practice. In Kotahari. rice+inaize - wheai+mustard 
and improved the soil. In Davao del Norte. rice yield was comparable with the improved cropping pattern 
increaseu when munghean was incorporated as green but with improved varieties and fertilizer, it yielded 
manure. 45,'i higfher net return than the fanners' practice. 

The rainfed rice sites in the Philippines are in In Korea. six cropping patterns were evaluated in 

Tumauini, Isabela and Carmen. Bohol. In Isabela. a 2-yr rotation: rice - harley - rice - barley, sesanie 

about 388 tanners with 153 ha in 8 locations adopted garlic - rice, peanut - potato - rice. red pepper - sweet 

the inunghean - rice where before onlv monocrop maize - rice. cucumber - Chinese cabbage -pea - rice, 

rice was ,roxk n. The average net inconie from rice - taro - kidney bean - rice. The most prolitable crop

rice - munubean a two times I higher than that from ping pattents %%eresesame - garlic - rice and cucum
rice - rice. ter - Chinese cabbagc -pea - rice, which were 65 and 

Cropping s\,stenis testing in Thailand is con- 8 11. better than rice - barley. 

ducted at diftcrent sites. bothiiinfed loM'land and 

rriganed. I11 the fonner. farners grow otlx one rice CR' )P-AN I\At. [AR \tN( ,SIIyMs 
crop. In 1987. lnughean %k sted before rice. The The number of farming 'systemssitl Studying crop&,IC 
results after 2 \r of evaluation sho%.ed the very animial sysiems has increased since the start of this 

promising perft0ni anCCc inu nghcan htfore rice. Ill cll ahoratiom in I984. The main objectives of this 

1989. nultilocation tesine Of rounulhean - rice in- activity are to identify and refine technologies that 

volved 80(ihouselolds with ant atlea of 51.S ha. The will improve crop and aninal productivity, thereby 
ntl return from nlunghean - rice \<as 14 1'. better increasing larin income: identity constraints forstra
than that fronl inonocrop rice. In Alllpoe Borabu, tegic research: and develop on-anl reearcih meth-
Mahasarakhan. here rice cultivation ill the Lipper odologies. 
field,, is risky, results indicate that 3 cropping pal- Philippines. Rice-foold/forage legunle + cattle 
terns call be grol %n: ,esane - peanut sho%.ed 296'; fattening and draflt animnal pow er %%ere studied in 

more net incone than tihe larner's noilocr( p rice. Santa Barbara, P~angasi nan . Philippines: and rice/ 
Three cropping patterns evalualed iii Khuan Kha- root crop + pig fattening and Iative chicken produc
iun. Phattalung-nutubCai - S.%eCl Iliai/c - rice. tioin in Trece Martires. Cavite. 

panllut - sweet tnaie - rice, and pe'atilt - potato - In Panasinati. sirlitr,)so'A ed favorable eftfect! o) 
rice-gave higher net return,, thati peanut - rice, the \ieldt of Inungheati, but zl. crotalaria, hich 

which i, tie Ianner'" traditional croppinrg paittern. sha&d tile tood crops. Both forage legunies had 
Peanut - ,%scet maize - rice wvas 195'(' better. similar lierbage yield of 4.8 t/ha. although onlv 2 

In Siaket. representing irrigated ecolog. the cuttings were possible with crotalaria aid 3 for 

plantiag of soybean after rice ',sas introduced. .ov- siratro. The yield of"5.71 rice graini/ha aid 5.8t straw,/ 
bean yield ,.,as 2.11 t/ha, whereas die farmers' prac- ha in plot,,with siratro green manure was higher than 

lice x.ith peanut had been 0.92 i/ha. tile net return in nonoctip plots 14.6 and 4.9 t/ha. respectively). 
from soybean was 8l 1' better. The study ofdrafl aniinal power involves refinenlent 

At the research site representitng rainfed lo\, aind of a simple in-field dralt neasurement and detenni
rice ecology in Mala. sia. the use of' impro%ed rice nation ot the ettect of rice bran supplenienitatioin at 

, arieties IMR84. MR77. and MR7 I1and good agro- 01.5'i livcweight otlsomne draft atid physiological 
nomic practice,, increased farm family rice produc- parameters. Although rice bran supplementation did 
tion from 3 t (pre-project yield) to 5.2 t. Net income not have any effect on livewkeight, there were indica
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tions that it improved the draft performance of the 
animals as manifested by their slower pulse and 
respiration rate than those illthe control group. 
Anothercomponent of draft aninal powei w%,ishole-%% 
ftam economic analysis. Results slroxxed that aillotic 
12 cooperators. the average cash and nolncash returns 
from crops were 40"( ile those from animals 
accounted for 60%. Oil the other hand. crop enter-
prises accouited for 48:" of' tiletotal cost. x.hile 
costs due to animals %xere 52%;. 

A cattle feeding trial lastrig 8nro showed that an 
optimum grow th rate of (1.58 kg/d for cattle can be 
sustailed with a diet consisting of 301. rice straw 
soaked ilurea solution. 3(0' rice bran., and 41; 
weeds. t-fox cxer. the 1 wkSnpp] of forage legume 
xvas amjorfeed problemnll rainfed low land farrming 

sx stemnis. 


In Cavite. tile a for pig feed ilitia-
cow pelcassa 

tixe was conlinlieCL. A trial 11olxiig 612
experimenil 

arid 5 cotrol pi.es show'd that til' the growth rate 

of'bollh grolps %%s sinfiilar. the eperilentl alliils 

xvere more efficient in comrixertiu, feed.s into bieat 

14.22 kl/ead, than the control anilals (5.31 k/ 
head,. Likew isc. the lean ireal eld of tile expcri-

mental aninials xas higher. 


China. In Chlr iin,g. . a new" fodder crop
B ciJin ,
triticalc cro\n after rice IoproducC silace 10r the 
dair\ cow %ieldcd illa\ crae of 30 Ilia. A trial of 
nine triticalc xarieties after rice xxas cOMrILctCtL. Four 
varieties I8-Forace-6. WOH - 13-4. 8.-Forage.5. 
and W )lI .5) ere better than check xarietx It-i9 1 
illTerl s (Afield ald iaurilty. lark ofcULttill 

triticalei sxcrx in iporarlnI for the establishient of the 
fllohx inLrice. Triticale - rice shoxx ed tire hiclest trel 
returilsc 1.1)25 per hat t)lloxx ed b\ xxrt - rirai:e f)r 
silace 6$553). The grain - crai cropprrre pallern of 
%%heat - maitC and xxhell - rice and irirociop fri.i/e 
slwed tich hoer net returi. 

li ZhClijianc. Jialnc1sLi. xasillizC illlOduced ill 

the rice-based crippin pattern tIoincrease the feed 
suppl for xxkilc. The upper ricefields x%ere croxx n it, 
xiheat - maize. rapeseed - rnai/e. and barlc/riai/e 
mulLrcbeal or radish ,ir IfChinese cabbage intead 
ricea- . lr maieh-,tt Or rice- barlex the 
xieldeu 5.47 i/hi arid tie niiai/e after barlex and 
,xIreat ielded 4.95 t/lia. [-ed it trials ol iipro cd 
and traditional feeds cix en rtodifferent sxx ine breeds 
shuocd iliainpro ed breed (Yorkshire Tailr Ifed 

kith imed feed cie the highest feed efficicncx, 
shortest feeding dUration. and highest net return 

followed by improved breed fed %kithtraditional 
feed. In a demonstration in'olving 75 heads of 2- to 
3-wa-cross hybrid pigs. inproxe. maedi erirenl 
resulted ii slhrteni lg the growiihdu ration b\ 21 d 
anid savinu, 410 kg/head of mixed concelltrates. 

At the coopcrati c daiv atanill the Zheniialig 
site, the axerage yield per hectare of' dual-JluripOse 
mai/e hybrid w as 4.54 t grai and I8., t si lage. Rye 
cuItivar )0nglinu 7() and triticale ()fh 1194 were 
e\ albated %\ith x,heat as silage. DOiictgu 7(0 gave the 
hichest fodder yield (71 t/ha). crude protein ( 1.41 t/ 
na ). and net energx for milking 120.250 Mcal). 

Indonesia. The preprodu,,tion trials in lndotresia 
xk cre conducted in si\ villace unitsand carried (ut On 
fi\e farirs pfr village in Batllrnarla. [he echrrtolo
2ies promoted are improCd rice-based cropping 
pKatte'l I rice+nai/e/cass.x./pe;Lt or soybean 
improx ed housing facilities for goats and chickens, 
brooder bhk s\steims for xoulL chicks to reduce 
iortaflitx. x -cinration auainst Ne %castl disease. 

of'feed qllalit\ ,,oil and 
wtroduction of small-scale mriachilicrx 

"[he xicld of tie flood crops waigl1-h dirriri tlre 
x%e Saon bul 10r during tlre dr saoll beca ue of 
drogthl. I'plard rice yielded 2.0 t/lh: urlai/e. 2.2 i/ha 
illWS id unl (0.2 t!ha in DS: cassaxa. 0.4 /i: 
leg-',l I so bca'll. i)antLl, 

inliprox enietill cowervalion, 

linUrirbeall. alld co\ pea). 
less ihan I 1,a: and low lanrd Iice. 2.9 it/ha.
 

The cattle raised by famwris local breeds
ii' xere 
OinciOle and Bali, The a erice dail gain of Bali was 
hi cher at pos,-reiirinc. Therc, as nilrrtalitv. Cattle 
prox ided hicher thall frl lincome that tm coaad 
chicken. The Loati had Irlih mo i1lit\ of offspring 
40' r. Chicken p]er'ftuIillc xx[a. cl\ 'i-'(d. 

All exprimetil on cra/iwir'-o.i uledr rubber 
plilllx a, Conduclted ina bhts. ,'d land planrted to 
4- r-old pltls. [ix e cs'al titaalld rnicht ill 
about 2.175 fin'. mre than erlr'tl1i1 herbue %as 
axailable..\bout 37; of Ihc ooleliial prirducliOll 
xas COSUlIcd. The trees shmowed li damne. Weilht 

cainll tihe bucks vas loxv-3 k, o er 5 Illo. 
Nepal. The research activities at the cr'op-aninial 

kex sites in Naldunc. Nepal, arc fkclsed irrl xaiietal 
Irial ice. irrar.c. and xxheal ).planlingof grain crops (i 
of forace crass on tile bllids fIr use durinm tihe tfrx 
Nea,,Oi. arid plartin, of fodder trees irol)ill for feed 
but alsn for ftelxx ord and limber. Fi'e nai/e varie
tics, xerc evaluated oil.:niir fartms. The local check 

prnducd ile highest grain Ilreall /lha)\iCld 14.83 
atid bioniass (4.87 i/ha,. l-hoxxever f.mers also like 
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Manakamana-2 miaize variety necause it resists 
lodging, is good for making pudding, and has a yield 
comparable to that of tilelocal variety. Napier, 

guinea grass, and setaria forage grasses s,,ereintro-
duced. Farmers preferred napier( NB21 )because it is 

palatable and easy to grow. and can be fed a,green 

grass during tihe DS. NB21 evaluated on 5 farms 

produced an average yield of 0.19 kg/linear meter 

w,ith a survival rate of 61(-' and 5.2 tillers in 6 nio. 

AgroforestrN is an important feature of Nepalese 

farming systems in the hi lIs. From 1987 to 1989. 13 

species of fodder trees %,ereplanted in 63 sets of 

terraces belonging to 4(0 tarmers. Studies indicae 

that food crops close to the trees %ieldCd L-s because 

ofshading. In an observation block ofliXed species. 

several ,spec'iCs had dIiCd and rer'owtl was observed 

in some. The most prom ising speces,at the earl, 

stage isOw n l t% trl tnt'r.coillinnullit\, silvi-.-

pasture forest ,,as established at Chixandranda in 
1987 on a total arca of 5 ha. Patula pine and tUtis 

Alinut.Is n'ptnlciis)s ere tile choice Of lthe frmer,,. In 

addition, other species such as painvu.,Crtoilerica. 

calle steiiiiioni.A.1 ica. and g hargaru ere also planted. 

Tile broadleaf species are nio,well established and 

there is some natural re-generation of' cholaune 

fShihmta i allichi). katus, and other forest species. 

WOtN INRICE F..ARMtN(i 

Bangladesh. A sure, of 248 honuseholds in the 

Gazipur district %kas coIindicted to determine gender 

roles ill agriculture, differential 'ccs to resources. 

and income-generating activities. Constrmints to 

pi'oLductsi it\ and potcntial technology options ssere 

also identified. This \%ias folh sed hI ;an in-depth 

stud%of42 hiuscholds 11orn1 3 housChold cat-egolries 

(landless. marginal. smiall). Restills res ealed that 

most ssiienn are invled in sced storage arid roan 

aement. rice proccs",ng. collecting aninual mn.llure 

for fuel. kitchen gardening, and poultly arid 2oat 

raising. Because of the nollnaailahilitv of johs. and 

lack of capital and niarketahle skills. onl\ 5"' of tihe 

ollen are iriol, ed in iiiCnC-eeneraiilg .icti i-

ties. All agricultural decisions are made by the prim-

cipal male of tilefaily', decisions on sced storage 

and hometead production re esclusively done b 
tilepiincipal feniale, arid dtecisions regarding goat, 

and poultr\ are made %both.Among the acti\ ities 

carried nut by ssomen. rice processing. homestead 

gardening. poultry and coat raisin, %ere considered 
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major activities in which better technologies could 
improve women's productivity and income. 

Indonesia. I tle Batuiarta (uLpland rice ecosys

teni transmigration area, South Sumatra. Indonesia, 

a study on the role of women is being conducted to 

enhance wonien's liVclihood. In food production, 

female labor contributes 42.6'Z, of the total labor 

with the bulk coming from family labor. Fenale 

family, mnmbers contribute 32.6"; to total off-farm 

income and 47',4 to nonfarm income. An innovative 

approach with ,onen isthe target was tested in 

-1 village units where women's groups of' 30 mem

bers each w.'erc organi/ed. Some of the potential 

technologies identified during the nectings of 

,Somcln's groups are I iiprokvcd varieties oft' food 

crops such is co ,pea. cassa a. peanit, and 
murwglbean: and 2)testing of4 irotiLctionand posthar

%est Iools.,/etiui)m1eit. such as the jab seeder. ,.eeder. 

furross er. etliplent forapplying fertiliter. serrated 
cycle. maiie sheller, peanut sheller, rice thresher, 

and sovbe'an thresher. 

Womlen's role in upland farming systclls Was 

studied in (Lnungsari village. \V se g,inn Id(listrict 

lvoolali. The lioiseholds %.ere stratified into three 

groups: stratun I. > I ha (I households : stratLuin II, 
I-2 ha ( 1(households): and stratum Ill,>2 ha ( 16 

house holds). Labor ilpUt by gender and by stratum 
sh1owsthat C llsctributioll ini rice production 
%.ashigher in strata I(42.6t/,) andll (46.Y'/<) than in 

stratum Ill I I 1.3; . iFor Iaiie. fenale labor inpul is3 

almost equal to that of male labor in both strata II and 

Ill. In animal prodluction c;iutle. goat. ald poultry), 

felale labor contribute, significantl\ inall strata: 

3 .;< in stratum I. 48.7<; in stratum II. and 61 .(i' 

ill straltirli Ill hrcattle:; 65.3) i stratmili I. (;.3' in 

,tltIll II. and 8I().(instratumi Ill for piltilry. 

\,',,n\ Cotiiribuliolln iiicreaed as landholdings 

increased. Goal n;anageineni is equally .hared b' 

mell and solliell. In terlms of total inconte. upland 

and rainfed crops are the major sources of incomlie. 

Off-farm income fromi preparation.a(ssages land 

transplanting, and harvestingi cimprised 26.4. 2(1. 

and 23.41; in each strattirl and female earilinus from 

oflffari eimployiietii comprised 4-0(6 of the total 

oll-farni income. Women', nionilrni incomine is fllii 

the making of charcoal alld p~LIltding Of S11111bil'tO 
lea es. 

Nepal. Studies at Nalthng. Nepal. revealed a 
hi1h contributio i of female labor: 58''f ottallabor 

uie in rice production. Transplanting and weeding 
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are their major tasks. Female labor contribution for 
other crops is as follows: wheat. 65%: maize, 79cA; 
finger millet. 781;1: vegetable production, 73, .: and 
livestock management. 51%. 

In recognition of the crucial role of' women in 
agriculture, the f'arming systems research progra'm 
has initiated experiments in crop production, horti-
culture and livestock, and forestry which might 
directly or indirectly address some of the concerns of 
wonen. Training for women will include crop pro-
duction. kitchen gardening, fruit production, pro-
duction of fodder/firess ood/timbcr tree and forage 
grasses. and animal health. 

Thailand. In Ban Pai, Khon Kaen. a gcider-
disaggregated reanal. sis of household recordkeep-

ing data revealed high out-migration of oung men 

and wovonlen during tile iry season. leav ing older 
womlen as sole producers. The introduction of" ini-

proved sericulture has provided a modest increase in 

income to ,, omen \%ilh !;'w other viable altenaLiveS. 
However. several constraints were encountered 

during the research period: I i low productivity of 

niulberrv leaves because of drought: 2) the prefer-
ence of %%omen farniers for the traditional silksornl 
breeds over tile inlproed (onc, as t le fl)nlier arc 

easier to hatch at the household le%el: and 3 conipe-
tition bets',ecn the mulberrs garden and the animal 

grazing area. Given these constraints. prduictisVit\ 

inl silk, orn production %kill be reassessed by ini-

pro%ing the existing practice rather than clianging it. 

One potential solutioti is the introduction of'a reeling 
machine that s ill sa e spinniing time anhid increase the 
volluic of produtlio n of local silks , orm breeds. 

The project sites in Phattalung Province are lo-

cated iii Village 2 of han Sai-Khati and Village 5 of 

Ban Khiao f-and-It of' Phrack-olia siuhdistrict. An 

analysis oflabor in rice production s tws that women 
have higher lahor input than ien, In Village 2. 

feniale labor (iani iilv and hired) is higher than the 

male's in seedhed preparation (66+' ). transplanting 
(94%; ). pulling of seedlings 921e ). and barvesting 

(771, - 1.Pulling of seedlings and harve,,ting are pre-
dominantly womn'es tasks whca,, land prcpara-

tion. irrigating, and hauling are men's responsibili-

ties. r Village 2. rens pend more time in the rubber 

plantation. leaving ',omen to manage the ricefields. 
Men have greater access to banks and coopera-

tives; women, have greateraccess to inlomal sources 
of credit. In general. s,omen keep most of the house-

hold income, particularly income from swine and 
poultry. Men and women share decisions with regard 
to agricultural matters such as the choice ol'crops to 
grow and when to apply fertilizers, pesticides, and 
chemicals. Decisions to purchase agricultural equip
mnii, to join a cooperative, and to horrow money for 
investments are dominated hy men: hiring of labor is 
the domain ofwomen. More than 5014 oflthe female 
respondents expressed a need to learn more about 
crop production technique., animal management, 
and labor-saving devices. parlicularly in transplant
ing rice. Women farmers obtain their imain source of 
inforniaiion regarding agricultural matters from the 
agricultural extension officers. 

Philippines. The application of gender analysis 

to the activities and sources of inconie for ien and 

Wo1lell in Caros ucan . Santta Barbara. Pangasinan, 
revealed that processing of glutinous rice provided a 

significant (13"() source of income. Subsequently. 

researchers introduced improved varieties of gluti
nous rice, which vere suhjccted to evaluation for 

production characteristics hy nale farniers and for 

procCsi Tig and cating qLualitiS h., incn and \%omen. 
Agricultural engineers dcvelopcd, tc,tel, and e.alu
atCd poStha ryest CqLiplnl teit1 itcrease icficincy ill 

processing glutinous rice. The cquiplenl reduced 
\%onen's, time ill processing. increased the volume 

processed. and enabled stomen to spend their time in 

marketing. 

Io gi c iore attention to poultrv production, a 

surs cvsought t0 understand the existing poultry 
manaigenient and colistrailts, that women face. '[le 
findings %.ill fon the bases of experinients by the 

Institute of Aninial Science. Utiveiity of the Phil

ippilies it .os 13aflos. 

Insolvenient o,f , oiiei amnd neiu c(oIperators in 

crification of integrated pest iiianagelCil (I1PM) in 
rice and vegetable proiductlion . I asa ,scsed in Ca-

Iantha. Lagulna. Philippines. The ten are respon
sible for spraving the rice crop oien play awhile %% 
predoninant role ill decidinig about household ex

penditure,,. Women were included with mcn iii sub
,equcnt training. Subsequentlv. women asked for 

IPM verifica tion ill VegctiblC piLlductiOn. I.e\els are 

still being dcieriiincd. but oil vegetables meant for 

their own consurmption. )niein have all but elimi
nated the use of pesticides. The inclusion of women 

in IPN"I verification trials has been expanded to four 
other locations. 
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RIt-misIi FARMING SYSTEMS R-SE.ARCII 
The ARFSN has several key farming sites for rice-
fish arnirg systems research in Asia. The main 
objective of this collaboration is to identify more 
productive rice-fish f'arning in raint'ed, deepwvater. 
and irrigcated rice ecos, stems. 

Bangladesh. On-farm research activities on 
rice-fish farning in the D\VR environment with 

fishpen and cage fish culture was initiated by the 

Bangladesh Rice Research Institute (BRRI) in 

.Mirzapur in 1989 in water depth of 9(1-150 cm. 

Fishpens large size appro,:inatelyv I ha. sinall size 

10 I1me) \%ere made of hamhoo and n lon netting 

materials n,esh size 1.5 cm. 2(0 x 25 mi. Fish caces 

measured I ',1.5 ,"I im.Fish species %,eresilver barb 

and carp (silker. unirror, grass, rolh. nirigal. and 

callai toithe fishpen aind Nile tilapia for the :ace. 

The fihc rcl. ho tter illthe net IIIeld[l.5ie/ha.pet haliilthe 

bamboo Pell. The increasC ill od., '.eih and leneth 

\'as 40(1 , in3tm. 


Thailand. There iS A stead, incr.ase in area de-
Imcdito
rice- fish fartmiL in i Ibm. 'tLrstIliorri. and 

Sisakel. in Thailand. 
On-Il6rirt research on rice-fish farlnin, ';as.'ii-

ducted b different unit,, of la'rmI m'. Stelis Re-
,,earch Institute. InPlioi Sai' air subdistrict mnNtkh'm 
Phariom. represeltillg raiiifed lo',%land rice ecos\ s-
ten.thc e\pcriients in'. olviuc ise laruercoopera-
tor sho\ ed that the averace rice ',ield %%as not 
atfected b. fish: the net return ,.' higheras $245. 74' 
than for tie fLrrer's ronocrop rice. [lHo.' e',er. the 

reIld of fish \.as oril, 144 kg/ha. In another high-
potential rairiled l'vlaii site ''.kith \shallo ',aer 

table at .lnuari. Yatsonhro. three patterns, 'ere e'. alur-
ated: riceifish. ric -fish - pcant, arid rice - peanlo. 
The \ ield oftfish '. as 187 ke/ia. Rice-,-fish - peantlt 
had the hriChest net return of S673. fiflh'.cd h,, 
rice+peanut %\ith ,520 .The ret'rr trrtm the larner', 
ri.onocrop rice %.,,oil', S2, 1.. 

In Yantlad',l. Kalasin. representmc irrigated rice 
per.ll - rice and 

riL.c-lish - rice-lish i \crc cmipared \ith the 
former practice ,frice - ri.c. Yield 4Ifish ,'. 

ecol .htm(- pallcrns ICn - iitce-fish 

as omtl\ 
I38 keiha. WlichiCt rtrtirn las niltnC V. sered''. the 
peanut - rice--fish - ricc--fish $.1.13(0). v hich ''.as 

S,2) higher than rice - rice arid 61 ; higher tiian 
rice+fish - rice-fish. 

China. Rice-fish farriniri in Sichuan and Hlunar 
is in (1.31 million ha arnd ( .227 million ia. respec-
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tively. In Sichuan. the average fish production 
was 157.5 kg/ha wilh a high 2.25(0 kg/ha from an 
area of"112.2 ha. In Hunan, average prodtiction was 
900 ke/ha from a 63-ha area. 

Rice-fish research at the IInaiitia site hy the 
I-hnan :\cadei of .'\cricultdura Sciences aimed to 
refine and eXpand rice-a/ofla-fish in ridged fields in 
1o% -lying areas. The ridge'\ idth trial slIOv etl1higher 
rice \ield in the nonrideed than in the ridged fields. 
The fish yield decreased as ridee width became 
narro.er. Ito'.e, er. the fish yield ',,,asmuch higher 
with ridges than .%ithout. Fish ield ( 1.13 t/ha) was 
highest ',%ith 53-cm wide ridges. 

To maxiniize the fish vield in the rice-azolla-fish 
fariin, svsten. a trial on hiichi-.'ieldinc techtniques 
for fish .as contducIed. I)Doble stocking multiple 
catching '.. ith supplernentlar\ feediri, ga,.e the high
est fish of I ll'ed by single sthckine 
and with feediug (1.36 t/ha . Rice ,icld was also 
iiher %\ithdolble stocking and ullLtipIle caflchin 
%kitli leeding. Suplcirentar. fceding is necessarv 
for hilher i',hiclds hecalse tie !:iperalture ins 
Ihlan is high from Jtl hit Septmriber. With high 
ltriperaltuie, fish croL',s itiore rapidly arid refrire, 
morc feed. btt azolla gross,,porrl.. 

lhe rice-azolla-lish s\ stein spread to 1lf.2 Irha in 
t1989111I lUalln %k 1il.(Cro()sl r.ice. ecropoffish 

and azolla. A'\crage rice \iclid %as '; higher %.ith 
fish than wvithout fish. The a%eragce net return from 2 
crops of rice and I crop of fish and azoliahi. a.IsS1.965. 
7('; higher than that from rice - rice . ith azolla. The 
pattern I rice crop w.ith azolla and fish spread to 
7.041) ha in 199(. Average rice \ield (8.48 t/haf %,is 
also ' hiigher \.kilh fish. The net return of rice-fish
azolla ,.. S1.444/ha, better than that fromas 1(14' 
rice %kill azolla. 

Philippines. lhe on-larm research at (uiiba. 
Nte' a Fci;a. sho v,cd that :he pond refuce Is better 
than the trench. A.\erage prorduction of rice+-ifish
rice-fish %.itthe porid refuge ''. a.s t rice/ha and91.8 
388 kc tsit/Ina. .. hereas the a\.crace \k ith the trench 
ref ucec ', as 9.21 t rice/ha and 379, k fish/la. The 
pond reflutre a net X'' hicher hi thalcave retur-r thai 
,.1.ithrhe trench refuce alid 22' richer thanthat Inini 
r-ice - rice. 

Initial rCsutlts d riccficld flo ,dt ater ec'(l g. 
indicate thtt durirnc riil'. :\ inrice cro'. tli i.e.. after 
all fertilizer ha., been applied arid the rice canurpv 
inhihits light penetration ).the a,'ailable natural food 

http:narro.er
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for fish declines drastically: hence. supplementary IM'PACT ()[ -ARIN( SYSTAIS RESI-AR(tt 

feed is needed. Studies Oi the ilpact of faririg sy,,tenis research 
Pilot production programs oi rice-ti sh were (FSR)con!irued in the six collaborating countries: 

organized in t.io regions in tile In tile Bangladesh (BangladeshPhilippine,. Rice Research Institutei. 
Cordillera Autonromirous Region, tile Ihndoniesia iCent ral iid (F t ij5,),pilott iroduction Research Ilnstitute fOr I 

program covered 07.78 ha and in olhed 310 farmer Nepal (National Agricultural Reseatch and Ser ice 
cooperators. The aserage rice yield local %ariet\ Cenleri. Philippines IFarrmig S,,sterns and Soil 
was 1.5 t/ha and fish was 218 kg/ha. In the Bicol Resources Institutel. Sri Lanka Ilepairtnlent of 
reion. fish ,ield ha ins 37 farmer .\,ricultLre). and Thailand lFarnriii S,,steiris Rein I1.5 3lvin, 
cooperators s,as 135.6 kg/ia. search In>stitute ofthe Departmient of.Agriculture and 

Vietnam. Cantho Uri\ersit, is currentl, coil- Chian Mai Urrisersits i. In addition. IRRI is con
ducting experimeits oi tile stern ducling a stud\ in Ilacan. l,,abela.rice-fish/shrimp ,. 
in rairited. irrigated, and deeps ater riceco We >,ought to determine tile, sterns. extent of adoption of 
A lletsork oI canals \as ewcas ated in the ricefield, tile land laraintld l(os orale rice cropping systellis 
to provide tie hriips with shelterduring tire gros Illt echnologies anid their inpact o l res)urce Use, pro
period. A total ield ol 7 t/ha froln 2 rice crops and ducti\ it. arid ImIO111e aiad expenditure patterns of' 
an average of 41) kg of Jhrimp,,iha itqui\ alent to tile at tsso sites inBatruladesh.farming corrimutnits 
rice yield from 2 hall The extent of adoptiin \%a, determined on the basiswere obtained. Intensification 
of the srenrl can increase production of both shriip Oflplting lime. \arietal seqtleICe. cropping iten
and rice conlponents,. siI,and fert ili/er use. Prelniiar\ results slted 

One experiment in Ciu Lone Pro ed otll llas techince shlos that at site,. housewhold, e adopted tile 
that h excavatinig a large rinucanal and a checkered nolou,. aild prructi i6t.of land and oither resources 
smaller canal s,sterir across tile .field. atsurrotding aried pisiti, el\ according to the e\tent of adoption. 
dike. high enouh fOr fruit trees Itobe planted. kas, ()rie ,ie has iore adoplters s ho ha\ e ins esrcd in tile 
forned. In tile itiside field, one rice Crorp % ith a e\tra1 inputs retquired for tirnes prdritii rtwtOc.. 

traditional nldiuln-terni rice sarilr. as rossii llcotrast, rt.gularo -farn ell neri!\t,, atthe 4tlher 
sinMultaneuMsly, s itll I's upland site has, ineanut that absolte land mismed is not asshrirmp arid fi,.l. 

crop, s),bean or nitbgean t ilohed Irorir IVc- critical I()deterllilie ecoollriric position: hell,:e. tie 
cemnber to Mas. The rice s ield raneled Ifront 3 to 4.5 nlllact ot e\tra inicomire iltilalaill thlrough.ll tie 
t/hlia: tilerough rice equi\ aeit ttlrtile 2 uplland crop,, s ri,,otadoption (fthe rice leclrI)e as lliarked. The 

sa, 1l-12 t/]lt..\bout 200ky offish andshrimp %kere stuLdy ',uge'sts that inirastrustural deselopileni al 
uihta:lled. Illadditioli. arious trtits liore con- the.ei.ssrcr les.el aridthed(strsits rilni ilhe,,sor e. 

,umlpioi ssere tobtairied Ironll tire ,UrroUni'ie2 dike. both lirllr1 ald IoIlntIIairi. are e,sential to prts ide 
Korea. Weed is i rajotr prublei inKt)rea. and euntuch r;iniiai stanirnore it) and miprte tile 

rice reid i,, %% herbicide applica- dard o'isI\ rI ill tireriuch her ith1o011 of tine taring ctiriri itlrlt\ study 

lion. Studies ssert cc tinduted to)Ce il.c cIlec: of aIrea. 
herbicide ointileeld (4 Rice \ ield i.o li Indonesia. tire studs concertraierice aid ti,,i. io tIte degree
 

,
rice-caltish ard rice-tilapa lar1.1 iri[ s, iparalriM e Ito s Ich rice-fish s has eas c12% atir'riri stenuis increased 

mith that trim rice ni)ocullure. es ,rr sas Lirnn lamiit 14'; real nictrile aidl)urchasing pto,,erof thle 
taken omr h, tire pond and trcnlh. Rice sield Sa, lie,,. and trie,, to deterine tie leselito sslrich this 

snenificantlIs reduced h 40(; s tll()l herbicide. increas,,d pirrclasing ptser has helped impr-se the 
Alter 4 m() in the field. Iisli %eld s%a,1.26 i/ha lor qualit, of'conLilrptiori. The stud also pts toaltelli 

catfih and 2.72 t]ia for tilapia. tlerbicidi did ri)t n&eaure the extent to v,hich introduced teCIllli)L' 
affect fish Ield. Sur is al rate %%as 5(W' 1or catlish has affecled tire inarketahle surplu,, of rice. 

and 92( ftor tilapia. tihe fi,i sear indicate intrtduc-Results, fron hilat 

The illher oi lari loluseholld, practicirig rice- tlin ri t*is to rice pr tuclirrn iinirricated lalld ill
fish farimini iincreCied to(i2 Iin I )9l). an increase ()f ire pcer capita oi-fair i incomire hs ahout 34';crease, r 
27' fronit specie, are ]lach. catfish. relaminse to existirl arii Svlerl,. There is 1t0t19X9. The fish fL, 

and carp. The rice-hach as erace tret incore in 621 iLiuchn changeC inlexpenditilure hor lrod. liosever, 
household,, ska, S17.295/i[a. expenditure Itor asset, increase, almiis three tinres 
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(284,) that of farmers in the existing fanning sys-
terns. 

A si nifican, variabili6 in ihe elasticities was 
found between the 1'xxocroupsI 0f ctoItnumers. The 

demands of sI hg ronl,, 'psithi in the food sector are 
price-ine lasiic ini farmers adopting the mtiroduced 
farmingn stein but \,,Ir\ in farners practicing e\ist-
in s\ cls. Sinlilar fuigures \xere ftound in the no)-

food sector. The nmarkelted strplu its' fain fal iile 
belonging to the new technoigx %ias de teutined by 
the rice yield onil\. In the eisting st eill, howver. 
thi urplus was deterimiintd h%ric \ield. oinfariln 

incl.Cc, and planlilig SaSit. 
In Nepal, a alin eis seeks toltld\ lull IIarlit, 

determin tiltIle of';doptliovi of tileh recltltl- t gie 
ilieil.ded [SR tcithni1h,,icS. Result' itdiCtC thill 
tariters adI)td ic NCcar'ICi -Ic 'M1 tile IldeCd crippi ng 

patterns bolh In uilanld uiild Ilxlait areas and that 

m1ost tIanner adopted iittpro cd \arielics t hitJor 

crops anid their cultural lracticcs. Vegetable gro 

iil hecailte \Cr\ poptlir ,alttojg interx i\xxd fariit-

ers\x ho iitlprx edtIheir nitial statl hr cotnsuill-

ilg xc\Cabl'es and also _Cicralcd casih itcoline b\ the 
saileof ecess \cL_,tahls. In1-rters aisol adoplted 
rCcluincidcS I 1 I ldtCrtCS -t, 


1bctaulse lteir hilghlx ilItllri cx ,lite. Milk ltdtcC-

CttiCilix1111 Aid sile Increased cause (If ill-

crease illallital it/tttlbcri and ax ailaibilitx tlfsiiilaihc 

cstlck ftodler.li\ 


In Sri Lanka, a more in-depth analysis of the data 
alrcady collected was made to ascertain a suitable 
nethodologv. Additioinally'.aclose nionitoring field 
surve \was conducted in Katupotha amtong selected 
tarulers, both adoptcrs and ionadopters. The survey 
revealed that lack olstipp(trl services especially sced 
supply and nlarketing. has ihiihited tihe adoiption of 
ilexthltiogx 

In Thailand, a nar' is thati)relinliCOttIiiSion 
while new technology exhibits positive efects on 

the ollnllltiiities under stud\, it needs to he seen in 
tiliecoitext of canges taking place in tile area. In 

Dok Khan Thai Where tile studx' is being conducted. 
othher soc.i occonlnlitI chances are gaining force iti 
tlhe lttinlul itiCS While Clailgne Lie tI FSR tehltlol
o,\ are sitfferiig front iitstabilitV and disconlinuity 

f ee dc't-ioplltet. I tmolite eflect front tlhelehntloi 


tnexx techlilolo snceis iitadeqtiaLtC to sltiW diwn 

mligration of tihe vliing. Much of the xxealth in the 

district is a resLlt Of ()tilter c'iIOcOttnOlliC factors. 

Nlitltbat beforC rice and dr\ sceded rice hadIposi

lilc f it lit pilt it\.iicoiite. and security I* 

the farl household. I loxxcxer,these pIosii\x'c effects 

xcrctot largecctiltghll r tefarmeirs h1feel ulibtait
ill. upri1ll!21aded hr thC iltexICChnIIolg\. Moreover. 

x iteit railliall x, i tot eiottigh or xkas excessive. the 
a sourcellir.e risks iet\, tccihntlolpl as nte of to 

farlters. 

The IRRI Stud', conNiders ite iitlpt110 ace (fnIItitri

at ixx.(4 sites sIn tie Philipplines the Ilutt\ -cifi-tiotnalaspects itt I-SR. The to -,iteshave todistinct 
callx seekst10 ilCiip.,:it,i.cssniclt illilodol-

o2 ii the 01cratiOl dtit&iilosf ,hadlptcrp .ild 
,
ItOll-adOptCr, aid 10 dcx ,ll and intitutionali/c a 

co~li-ffec e iltlliact ttt lilllnritg ltllt4ltlgr titat 
tllhe i-cd riiilultlAn icalh\ Aulo'lillls.
antlvl 


ci~lstr ;iltaix ,l xx~~t.d',.l 
ite datla a ailable f1tirone lite.: dr\ secded and xxl 

Needed rice plois appearcd i4 taxe it() significant 
dilfretC'cs in pl)Ii4JUL1 It and ptl'itahility. 

the stutldltoxx.d thce;lpllicatit f 'littntilr-
s,,Isi classihin tlIoii'l xi loplts. particula_:ril 

v.hlt Clealtin\kitlthc ad, 14ll (If a packawe of 

tceitlol g\. It also shi xd that liillClciltt tfarit 

plols depends ()lf the l\ ,ical aid locioccotlltlic 

characteristics. ol farntiers. 
At aiolther site. iolliadolptrs slto xxed higher a\er-

ace rice (1h0t did adOtllr, of Ciltpp1Iing 

Itechhtiiltic titni ,'isasc1SH LC 11"Il..11,11 \ aadoptedi(CCIII(IIC I xx]itt 

iClids ill 

pattern,,e\ccpi !allosx%- rice. I Ioh\xe\ er. adopters had 

Iliglter net bnetits rit n ir hbeauilsitnottadoplers 

had other ohligations that ther paid il kind. 
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laitiforlilS: ilte rice-based area is rainted xxetland 
Mile the iai/c-hased area is raiiiled drxland. The 
avcrag' farmn houttse ',IMctiti \aleatsI i 3 hita distrib

ted a1i OtloICUltiUlr bctxvcet thc ixx() lantdfOrlts. All 
iltOLi htOld, therefore lit "tile O ptIrtiu ity to grow\ 

xxCtlaitd antd (11lanrxo ),ii id
tidt cropsl.
 

Ior tite purpose lf ,
coitparis tlhe sailiple farin

ers xxCie dis idcd itito three categics based ointihe 

dc.re of' adoptioln of the introduced teclnolgy. 
(irou,:p I. 1CII >1511: (0roup II. 10ii<lCIl>15(: aid 
Grol.pu Ill <110. Loxiitand croppitig intersit inldex 

x Us isaused sutituie for the hecl of Iechnolog' 

adotllion, as the basis f'or farn classificatioln. 

The initial fitldings indicatetat adoiiofl:"R 
Iechiilolgv aloxxsthoustholds to pirducecnergy 

altd plotei ttood inexcess If their requiireiivns. 
I l\lxcxer. after LcdLitiitln Of landlord share ofr land 

rent. hired laborpar nlents itt kind.and sales receipts. 

tihere is barely entllIt f'l'od lefttI nieci the holse

hold' nttrient rcqUiremnelts. 



ironitm ents 

derees of tchnolog adop1tioll. Furthermore all cotlldiliOll,. Since IRRI la, shillted its research pro

farn .ioups, c\hil~ilcdecliining nutlrienlot ad iuc\ grains fro) a predul iiillui\ discipline-hased it)an 

l-ilicilt tratllle'Stlti) ne miiks Iust like-

Actual Inutrient ConsuUtlpion| did 1101vary across icclhillol! o ldaplt)at i in to speci ftic enm1 or 

otmel, I'1C. 

The 0hSCIiMIIIL)II thalt lt0l1diOltPl i hMMIlad 11i1Cidtjust.
 

irllille til" ltli/.and The 1N( II&K \R\lSN and INSI 'l"have'e 'lted 

ltnti Jrlilt tort 0 liN i , Ciist sMdi 
lechilolin ale Ittore from it 

other ill n' atiX tie,'sstiec"sts thit ct ill t C, t Ciiltilo

the tecihnoliou,' introlucel Ilt.i\ he pr cl ttltI."lll! Pl')l"li . I his ,itt1 %%Ill killtilt isfllt as ltitahl nllo 

is ha, hctl prest dilit \ . pi t Il liltil \ SIclll O 11C,,tllie ple s. t slil S 12ilil11 lVii Ithe-,c;aIctt 1'7o 

hle t'liners ti%c a rclati cl er['ill'i Ict" lei tai tnabllic c\ illt.llnlt. TheresOitilcC-I10r 'ilteMe 
, ile tMCd research constiarti\.st chtoice ill ill\ ."tliltllt )l lttiliitics the\ 1illiI 0i1lr ili/;llItl ot ric' 

MitlIt'in 1 iilliorir lhC I'lrc'"luit fIi r[iil IItt 10i%% uatil fd. ik tedd ep\ . I'lcCli %cIl C'. SA, tiii tI\ li\. 

I' tll.l ,%killInIcc'a,c tife pirticipati li o l ,NARS 

Il "leclC>ll . %l.. 
l iiland t iiiltl e , Ilohihl. llt olic ill 

d %ill speed
Till', LOiuld h ec leisull %\ha Ilslllitt cl" .ire at IIclcl ,\ tc -lt' lllci 

par %ilh Ichnlldl \Il') r n I Icv ,or ti".i lpt' it as. Ittrtilllllllll ihc"h ill al 

ilicd. Ili t c .\RI-S RI'.St,,.l ird ill thu. Ie iii hilld IS .' eiL ulilulp- lalltmii il s. I\.S iid IIMN 

Ulinder ( 'ropand Remic \,aiici.Mcana lcimc Nct oks,.a,lers ,ul))cilicll1 thcll lit thiough hiutieir c.rlllns 
W W 5- rk % ,t[iltrlti otlli ctlhtrlprics. ilidic 'tiillI, I :'-, c,. s pl n. %ill l he 

i}UllU %'diiil010 i'\.i Thl 1,ilL d(111c iihhe ul CinisitI

1Pi i.hic" Ill liatliollll pror allluas.I l2\i llt fllel"llilll
D irections 
Jip CC.-\t I c" clti,ii ALtp i'sc i Illi1 i (l aId Re o 

Rc,,carch and c\tcl,,l 0 ,\ IcllN al a ctnuiiilll o %,ct, il kS .\d\ iNI (( llni ttllCh. %k111 11 ssIll llpiIlC 
-

. kl'%%ll l.c -mcrlali- i l)rllll ilt ileh l illqll{li tolc'C.'iis stillisLh scl te iteil ,itIl li Irlt", 1 ' Ic 

tll)) tlrliLh reseirch. lcchtllh0uI.\ tdC\el(lllltlli. OTIC t'lll l he ihr'et ic", ;'155u,II al litulIailillli f 

tc hlllulie Cs aliitiiiiid. .itl tis,,ill ii[ liil. ! idtetsiirks. 
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Training
 

The newly established IRRI Training Center 
completed its first year of operations in 
1990. After a major internal reorganization 
within the ceoter, a Training Policies and 
Guidelines document was developed and 
approved by the Board of Trustees during 
the September 1990 meeting. This working 
document will enable the Training Center to 
accomplish the objectives of IRRI's worK 
plan and to meet the evolving needs of the 
national agricultural research systems 
(NARS). 

The IRRI Training Program, the goal of 
which is to develop human resources in 
national rice research systems, is composed 
of two subprogram areas: degree and 
postdegree training and short-term group 
training. 


Subprogram I: Degree and 
postdegree training 

Management of degree and 
postdegree training 

The objectives of this project arc twofold: to assist
national s'stems h-increasing trained professionals 

at keN. strategic national institutions and to strengthen 
collaboration among IRRI scientists. university 
professors. andl national scientists, 

IRRI has fomal memoranda of agreement with 
more than 30 selected universities worldwide for 
collaborative MS and Ph D degree programs. IRRI 
awards degree scholarships for thesis or dissertation 
research (Type I scholar) and for course work and 
thesis or dissertation research (Type II sclolar). 
IRRI Tyvpe Illscholarships are awarded to trainees 

2r4 IRRI program report for 1990 

from developing countries for in-service, on-the-job 
training at IRRI for durations of less than I yr. IRRI 
provides research accommodations only to Type IV, 
collaborative research scholars wlho come to IRRI 
from institutins in developed countries. 

During 1990, 169 scl,olars from 28 countries and 
5continernts parlicipated in IRRI degree and n,nde
gree research training programs. Among them were 
8 MS and 32 Ph 1)Type I scholars. 31 MS and 54 Ph 
D "rype II scholars, 39 TypC III trainees, and I MS 
and 4 Ph DType IV scholars.'ypes I-IV scholars or 
trainees are listed by country in Table I. 

Postdoctoral research and midcareer 
training 

During the year. 73 scientists participated in IRRI's 
research fellowship programs. Five were visiting
 
scientists who spent their sabbatical yearal IRRI: 51, 
postdocloral research fellows: 5.collaborative re
search scientists: and 12. collaborative research fel
lows. Distribution olscientisIs and fellowks I'region 
and country and h\ dis ision or center is showrn in) 

Tahles 2and 3.re"ptcCively. 
In 199). IRRI assigned ftur research fellows to 

key siles in Kenya, Indonesi. Tl'hailand. and ('ambo
dia. to strengthen collaboration with national programs in irrigaed, rain fed low land. nd upland rice. 

T ko more fellows will be assigned at key deepwater 
and tidal %ellandrice and upland rice sites. During 
the year. 27 scientists compleled their fellowshipand 
returned to their country where they are expected to 
continue their research in collaboration with IRRI 
scientists. 

Nine new positions for postdoctoral research 
fellowships were approved effective 1991: six are 
core-funded and three are special project-funded. 
The new positions will supplement the work on 



Table 1. Research scholars by region, country, and type. IRRI, 1990. 

Scholars (no.) 

Region and country Type I Type II Type Type IV 
III Total 

MS Ph D MS Ph D MS Ph D ND' 

Asia 
Bangladesh 
Bhutan 
Cambodia 
China 
India 
Indonesia 
Iran 
Japan 
Korea 
Malaysia 
Myanmar 
Neoal 
Pahistan 
Philippines 
Sri Lanka 
Thaildnd 
Vietnam 

5 

2 
1 

4 

4 
2 

3 
2 

-

3 
4 
5 
-

1 
1 
1 
4 
-
1 

3 

1 
3 
7 

Subtotal 8 27 22 

Africa 
Ghana 
Madagascar 
Somalia 
Tanzania 

1 
-

1 
6 

1 

Subtotal 1 8 

The Americas 
Canada 
Mexico 
United States 3 

1 

Subtotal 3 1 

Europe 
France 
Germany 
Italy 
United Kingdom 1 

Subtotal 1 

Grand total 8 32 31 

'Jondegree 

characterization of strain-, ot rice Ituniro and 
stunt v'ir,',s. upland rice tohe hased in Ita.aria2h. 
lndjia . ph'., t, h.i'rnl nlal hba'i,, fnutrienl uptake. global 

',%anlinii. hioloii.ad pesticides. ecoon ics of deep-
Saterandtidal V.etind uatiaCemClt.ald idCntitila-

tion of audietnce, of IRRI puhlications. IRRI contin-
ues to search for appropriate candidates to work on 

11 1 17
 
1 2
 

- 1 2
 
13 5 22
 

- 2 6
 
1 4 8
 
1 1 2
 

3 
6 4 12
 

1 1
 
2 2 7
 
5 1 14
 
2 6
 
1 1 9
 
2 2 6
 
3 1 7
 
2 9 18
 

49 36 142 

1 2
 
2 8
 

- 1
 
2 1 4
 

5 1 15 

2 2 
1 

11 4 

1 2 7 

1 1 
1 1 

2 2 
- 1 

2 2 5 

54 39 1 4 169 

sr,ite characterization. v ide li hridization %'ork.and 
research related to .,omen in rice .arruin ,tens. 

[,l(\A.1 ,. S(ll()l %R-, %%I) \Ni lARIJI- \ll-[S 

V.u1I) C(At'l.klt:l) IR\l'l; IN 199(0 
The folloh. int reearch felhi, u.edrec schtolars. anl 
nondeL'ree trainees completed training in I9)(). One 
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Table 2. Distribution of scientistsand fellows by region Table 3. Distribution of scientists and fellows by dlvi 
and country., IRRI, 1990. sion or center. IRRI, 1990. 

Scientists and fellows (no.) Scientists and fellows (no.) 
Country - Division or center 

VS RF CRS CRF Total VS RF CRS CRF Total 

Asia Agricultural Engineering 1 2 3 6 
Afghanistan - 1 Agronomy Physiology 1 14 1 1 17 
Bangladesh 3 1 4 Agroecology 
China 
India 

3 
21 1 

3 
22 

Entomology 
Plant Breeding Genetics and 

- 3 
14 -

1 
-

4 
14 

Indonesia 3 3 Biochemistry 
Korea 2 2 Plant Pathology 6 2 2 10 
Nepal 2 2 Social Sciences 4 - 1 5 
Pakistan 1 1 Soils and Water Sciences 1 3 - 1 5 
Philippines 9 8 Soil Microbiology 1 2 2 5 
Sri Lanka 1 1 Project Management Systems 1 1 - 2 
Thailand 2 2 and Biometrics 
Vietnam 1 1 Training Center 1 - 1 

INGER 2 2 
Subtotal 48 2 50 Seed Health Unit 1 1 

ARFSN 1 1 
The Americas 

Canada 2 - 2 Total 5 51 5 12 73 
USA 3 1 4 

Subtotal 5 1 6 Sutoa It .'.'leeLee. Repuhlic of Korea 

Europe Mai Van Qu)cen. \'ielanil 
Belgium 1 2 3 . B3.Kalod. India 
France 1 1 
Germany 3 2 5 I,,v andi I laan ri. lndonc.,i 
Netherlands - 4 4 Nal.rajan Saklhi,,.l. India 
United Kingdom 4 4 I S1,hra.Iiidli 

Subtotal 2 3 12 17 Jiendha Kumar tihra. India 
Total 5 51 5 12 73 \a. Fra ci., . \'Al ()ut.\ .e. itf l!11u 

-VS = irsiing scientist RF researcn fe.;c .CRS =coltaoora'i;e M KIC3D12,ik11h1. (ic1rin1ani\ 

*esearc r sc enta CRF =collatoraive researcr te low IMuhaiminiad Ralihid. Plkl'tan 

Natlilhe Iain,',.o France 

atcrt,,k I ndicatc,, the MIS dc ree: t\.ii attcrik, Liii Jin tll. ('11a 

. nitilpletion (4 the Ph 1)decr .c. L niveriti.,, () I)a aiill hlii .llpra. Illtia 

tho,,c kho co~mpletcd desrc,, are noted after their Malie"h P. Jaualrla 

ci) untrie . A/ucena I, (Carlenna. Phil lnpi,, 
NurUL Islaill aluih. liallh,1ttC,,h 

Visiting scientists 
Jalle , ST ii eid. (alladd )egree scholars 
Alan K. \\,l,,on.('anada Ma. (abrielle Rriso'onn .Nladacacar. Urmeri, of 

Nlad:wagi,,ar 
Postdocloral scientists Randrianananor Jean Jo,,eph. Madaua.car. I; PLB 
Anil Kuinijr ('htidhur%. India Ra/alinjara Aine Lala. N1adea,,,car. UPllB 
VIji PalS n h. Iidia F. (.il/alC,,. MIc\LO. (ClOlC i ( i t ePoIr;id 

.Aunion K. Ra iuitlji.(, PhilpBine, Iiai Jiihnra. (China. t 1I1IF 

Reaul Karim. HancIlaic-h Sufl Hounr. ('iuial, tP.1B 
Hari K . padha a. Npui Tene Shiihio. (hina. IPI.i 
%thllamladF.M~ahudi. Indonesia Nirnnal P. (yalsng-. Nepal. (iPI 
(JaneTh Thapa. Nepal Vi'4tn.a Ranjan .-\niat\;a. Nepal. UPI1 

K',ung Hee Ree. Republic ofl Kr.'ea N. P. Adhikari . Nepal. UPI.I3 
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,(eninia Encaniac ion Philippines, Arner , Unieersit' Arthur Mundl. MNIvainnar
 

Victoria M. lDe Vera. Philippines. t:i'Li 'Fi \lung SIhsu. %1iannmia
 

J. D. K. M,.Javaska'de:il, Sr' Lanka. L PLII Nornil Joli .c, Nepal
 
A\. Au\ aiilihlim '. "'hlilaund. {L .11B Raid J. [Lair. Philippines'
 

\aintiila l~ifeL.pchoni 'Illiailauid. .i,,etart U niver~i' 1). 1). B. [)odaiiikeia. Sri Lanika 

V. [D. Pen,. Victiiiii . L I'lIB Kakila\iupkdiichiaiui.liIailinf 
F:erdOu', Ara Zata , Hai lade',h. U LP[ (CmXg Doillati. VIC'li iii 

Nur-E-H-lih,'. Baileladesh. Cornll Unikersitv LC Thu Thuv. ViCliiii
 

Dai Quiiic, Chinai. IPLB Le Vaii Du, Vietiian
 

(4il Ytinjie ' ('111iA. I 'P!.B Le VailTill. Vieliailn
 

Iluane JIkuIn ". ('1i11a. I PL.I Ni.ruil Val Dan. Vietnai
 

Jil(n (lli ('hili. ['P[ Claudia Piati.ltal]
 

Zhan Jiiha" ('hina. L PLII Clelia Moroii. Il|Iv
 

(eeth,i h+,,iiir,iliru
' ".hdia. Ohio CUnkiersiti
 
1). S. Redd, IndixI..I Ib , ilu'e\ear.
-\t. Died duri 

Rusruadl l"Adiun" I idonesia. t PLt 

fL j.-ia AYs d,,in . I ,ndones'i..liersitN of Mivsouri Subprogram II: Group training 
H dIte'hi 'i ,lni "" Jatpaun. K Lliu I i'ii 'rsit\ The suhlprograi conprises short-termi group train

[.)re_n Ji co" K~ret. 1 [[3 inu courses conducted at IRRI. exlensix course-

JaC D ulkKim K ic. 1iPr %%,Zie dc Clopnlellt effors tihat ,upport and com ple-

Koera. lentK. Sik in t11 L rp oulres, aLId colabor;tivC ill-cotlnry 

IIc [in' . \%\ illllir. .PL. 
] PI.,Itlw trainin actl i\qla it., illl na 

PiBRShort-term courses 
R \Maiil ''" 11,1,ik' <I . I '11.I+ 

t \lut,1 
' P'aklirai. I IlB The ot.Cbeise\, ol IRRI " gIOIp traiI courses are.in 

NI \ i"Ii!. Pal'la1. I PI+I to alsst NA,S scietltists ill de\Clopin, research 

Any. r Ari" ".akilan. expertise d in rlli lfelitle ito nationalI PL teclunolous 

J.-irir[ Iii, , ,. 'hlipincs. t PLI si tcns. Reqular ald special ,hort-terfuicurse-s xc 

N. NnhheC riOII'" I hI,id. I lI'l. offered to aldres, specific ICeds of nati al research 

R. IL I)ickriini ". (Wcrnui'. .I n cr lo t esslteellml. IRRI', trainir.u tnethodtloLiis is I bleid of 
.\urorai ( jai :r ". I iilcd Kii ii.ri I ilicsrsits of ,usse\ theoretical ltl [;rohletli-slxilie cxercises. IRRI 
FdiIiiid LcIl . I SN. I oil~crisS of \lhchian adiheres to the tiainig, phililwpho of 'lcarning h 
Julie [.mnec N. (,, N'wl I licrs dlinl": thus. atlIast 50( 'fn p trining aisl ies 

are of. a praclical nature. 

Nondegree trainces l)uirin' I2 .252 trainees attended 17 IRRI shorl

dii, i.r I / ih' termr grotltp Iraililliug uLirs,,s,, hich %erc oriented 1t) 

Qa LIli PAIrsCl. 1,1nikid'ehI research methodolo\ atnd rice prodUcill Iclol

(hri Phal,1cnIL. ( 1thla and speciali/ed onfi oLe inchided courses rice bio-
Jn I -I,- (hin, teclnobl )g. hioloical contro. geo,,raphic inlturla-

XlingIihac . ( 'himi itioti so,t and Sittiltiotill and s\ stelmlaialsis. 
14. Salindhu. India The nu\ber nf [:irticipanlt by course and coltry is 

Sudir. hrid nci,m indicated in 'Tables 4 and 5. 

\Vidi;1ll ,. Iid l.ila 

Moll Hlai \ lirian. Iran RI:I i i. \R i i,,si s 

Giyjiie Su Li. Korea Agricultural Engineering Course (,AEC). This 

.hine [I ('hoi. Korea 3-ksk coirs supplements IRRI's oni-larn nuachin-

J10nc SU R%u. Korea er des elopnent proramni atnd introduces all facet, 

LI BHsnm Li.. Korea of'desicni. manufacture, and field testine of'lRRI-dc-

Lee Ak Ka... MNalala signed machines. 
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Table 4. Participants in regular short-term courses. IRRI, 1990. 

Participants (no.) 

Country 
T3C 

AEC FSRC GEU IWMT Total 
I II 

Africa 
Liberia - 1 1 
Madagascar 2 - 2 
Nigeria 1 1 2 

Subtotal 1 2 1 	 1 5 

Asia 
Bangladesh 1 .4 3 8 
Bhutan 1 1 2 
Cambodia - 2 2 4 
China 3 2 5 
In.;a 2 1 1 3 7 
Indonesia 1 1 4 - 6 
Laos 2 - - 2 
Malaysia 1 1 - 2 
Myanmar 2 5 2 3 12 
Nepal 3 - 1 3 7 
Philippines 2 2 1 6 - 11 
Sri Lanka 2 1 3 
Thailand 1 2 1 2 6 12 
Vietnam 2 3 2 2 7 16 

Subtotal 17 23 13 20 11 13 97 

The Americas 
Dominican Republic 1 - - - 1 
Mexico - 1 1 

Subtotal 1 1 	 2 

Oceania 
Papua New Guinea 1 1 

Subtotal 1 1 

Total 	 20 25 15 20 11 14 105 

FarmingS ystenis Research C'ourw (FSRC).Thi, and Jills for eflective maiiaement of' irrigation 
17-wk course dee ps . otIedc ji.d ,kill, ,,ter. II enrphasIz,'S engineering. agl[ronoi(. cCO

in c.ndLItitinC f;ll'112 ,\stellls IeNC rch ([SR)Znlld lionic. sci(oinstititiona, Mirtd C lltlr.itiMI falC
etenion as it relates to research in rice production tot, ass,,)cialcd kith efficient IarIia.lcInc'll t*t irric;l
and ,,,tainahiit, oilrice ecos\ stens. W ith the lraini- tioi %alter. 
inc iild TCeChliltl Tiranler ('t)itrs.ipi nt Training Techniolog, Transler ('okursecmi and 
atdded to it,.urriculul. i dhCrC., I the 13(T0. 'lhis I 2- k coLur,,e leaches educational techalst l1 rarinin 

tealll tiOncept. iiol ie% and ad,ipti\ deign ,rt,,,. and fr(,\ ie', 
(j.ne-ie ] haluation an( I tilizalion ((;I'LThis tlemr, amid practica\lepelise lihr ind techi. 	 tiaillin, 


' 
16- k course emphai/, rice .lrimlam.i.i ,ipi-o 	 h l r I It atis lt chlI illici Lee- rtr.iC'r Cld aiid 
llent and lnaiaLllic lli, clillirsev. is sil)- ii)il)etc.I i eedsk ;isse miiInll ,1i1il ciiriiCiilmilllnnt. %llii 

i)rtcd 1. 1 .DlP , paltl Ced iai 	 t nIc'dia iandtilsel: nhipmnerit. imnlil. 

n:t% .rk.,i tuctlrur-d .r,.und IRRI G irm'n e alalmi of r pf i,,.III- t ilt' Wi!,l ('N itEL the C', tlliiii, all 


Irligation Water MIanangemnent Training iatei2d the Lit tdcMof i rain,_, rp
u' arlici-

Course I1IV ,I( . Thi h-,,k cilue ,Irenethel ant,,e l W rsIdC ill the sai1ie ills:tulioll.rll re.'d 


participant,' cL)ricptsn. Utndcrstadili. letg'e. 	 ofCred ill1)901.klov.', v.i0,esNi",tsv.ere 
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Table 5. Participants in special short-term courses, by country. IRRI, 1990. 

Country -Participants 
(no.) 

AZOL BPCR GEUP GIS OFTV PALM RFFS RBTW RSHT SARP SRPT VTUC Total 

Africa 
Madagascar 3 3 
Mozambique 1 1 
Sierra Leone 1 1 
Tanzania 1 1 

Subtotal 1 5 6 
Asia 

Bangladesh 2 2 2 1 2 - 9 
Bnutan 1 12 
Cambodia - - 6 6 
China 5 1 1 7 
India 1 5 5 - 2 10 23 
Indonesia - 3 2 6 1 2 4 1 19 
Iran 2 - 2 
Korea 2 1 3 
Laos 1 - 1 - - 2 
Malaysia 2 1 3 2 2 - 10 
Myanmar 1- - 3 4 
Nepal 1 1 - 1 1 4 
Pakistan 2 2 
Philippine 3 3 3 12 6 1 5 3 1 2 4 43 
Sri Lanka 
Thailand 

-
2 4 

1 
3 

-
6 

1 
1 

-
3 2 

2 
2 1 

- 4 
24 

Vietnam 2 2 1 1 - 6 

Subtotal 13 25 22 12 21 7 11 13 5 25 9 7 170 
Oceanta 

Fi;i 1 - - 1 
Subtotai - 1 - - 1 

Total 14 25 22 12 21 7 11 13 6 25 14 7 177
 

t((\l [t Genetic Evaluation and Utilization - Problem 
lnternational .. zolla Training Course. umded h Soils t(;EUi-Prollein Soils). "l'his 14-%k course is 
theAustralian Internaiiinal Development Assistance designed for plant hreeders and Soil sciCnltists in-
Bureau iAII). f.his 2-k%k cOUirs, ais to make a ,olVed in analSis and ulilialiol of rice gernplasm 

'nucleuis 1or t'ormine national and reirinal net\rks for prohlem soil". It enhances parlicipalls germ
otaric.ultur: research s stems lordis,,cninalion of plasm evalnatio and Selection Skill' and acquainlt, 
azolla culture. Scientis .%erc trained in Ihe techni- dhem fill pcs ofl iecullure. \arious screening[hc t. 
cal and practical aSpC t of aio/lla ulili/atii in rice and hv hridi/alion metlods. and c aluation o progc
and rice-a/(flla-fish stemis. hseciitd dfering of nie. 
thiS coursc %ka in [u/hiu. Fu;Can. China. N) J1.1 ( ;eographic Informalion Systenms (;i *I'rain-

F\IJul, ingon rapolat ion ol'AgriculturalTechnologies. 
Biological Pest Control in Rice-Based Crop- Thi, 2-vkk citi.rse is intendled to measure the impact 

ping S%stems IBP( C . Jointl. (,r2ainuli! hf\ of cnSRIW( h irminiental panmelcrs to increased Ifod pro-
CAB lnternatital Institulc Of Bi4loL'i'C;:l (onlrol (luctit, ifti'onC. and livclihd()0. Participants are 
(IB('i and IRRI. this 4-%%k course aldrcSses nef pro%idcdLI iih kn( lcdec andskil, inc\tralktlatiii 
c~ccplS and methods tor re arch intoitiie hilobl- (i aericuftural tcclllttihlCs. Three sessiims %cre 
cal ciinri iInciIp(ill.nll t pctlanagemet illrice. It colnlucted. 
%ill enahle scientists ti,make \ aluahle coiltrihttios, Ph sical Aspectsil Attl'nd|1.ll.algemientf in Rice
to their national S stemS h.e\lpandine their kno %I- based (Cropp)ing S' stens IPAIMI RCS . "'This 
edee ofhioloLical research methods. 9-%k course replaced the Soil-ilhsical Manage-

Training 259 

http:ciIp(ill.nl


ment in Rice-Based Cropping Systems (SPMRCS). 
It offers tutorial instruction and practical experience 
in field experimentation for riceland management 
and for land management of dry season wheat and 
legumes following rice. It focuses on soil-physical 
measurement techniques and geostatistical methods 
to determine required sample sizes and sampling 
densities for effective characterization of physical 
properties of rice soils. 

On-Farm Trials for Technology Verification 
(OFTTV). Conducted in collaboration with 

SEARCA. this 4-wk course provides basic concepts, 

philosophies, principles, practices, issues. and con-

cerns related to on-farn trials for technology verifi-
cation. It emphai/es knowledge and ski!Is on data 
management using computer-based anaytical tech-

niques.Eden
niques. 
Rice-Fish Farming Systems Training Course 

(RFFS). This 3-wk course in Central Luzon State 
Universitv (CLSIJ) Mufioz, Nueva Ecija. will en-
able trainees to acquire practical experience in dif-
ferent cultural and management aspects of various 

rice. fish, and rice-fish culture systems. 
Rice Biotechnology Training Workshop 

(RBTW. Supported by' the Rockefeller Foundation, 
this 8-wk course amiiarizes rice -scientists from 
developing countries %iith nes VI:technology tools 
and their potential to solve problems encountered in 
modern rice improvement programs. 

Simulation and Systems Analysis in Rice Pro-
duction (SARI). This 8-wk course develops exper-
tise and capabilities to implement systems analysis 
and simulation of rice production. It emphasizes 
modeling as a tool to improrve research and extension 
work in rice production. 

Special Rice Production Training Course 
ISRPTC). This 16-wk course provides theory an( 

practical experience in rice production and experi-

mentation, irrigatik.n. training and technology trans-

fer, and farming systems extension. It exposes par
ticipants to participatory management in irrigation 
systems through a I -o training by the College of 
Engineering. CLSU. 

Testing of' Upland Crop; (V'I*UC).Varietal 

This 4-wk course exposes participants to differet 

techniques of varietal improvement screening and 

selection of upland crops for rice fanning systems. 

and to methodologies on the establishment and 
management of trials, data collection, analvsis, and 
interpretation. 
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PARTICIPANTS IN GROUP TRAINING COURSES 

IN 1990 
Regular courses 
Agricultural Engineering (AEC) 
Md. Abdur Rahlman (Bangladesh)
 

Liu Hong (China)
 
Cao Hongguo (China)
 
Liu Yundon_ China)
 
Lope/ Julio Grullion (Dominican Republic)
 

Suresh Narang (India)
 

Er. Mansha Ramn Vartna (India)
 
Ilarnel (Indonesia)
 

Ahd. Rahimitassan (Malaysia)
U Mya"lhein (Mlyanniar)


them (MN'anar)
I' Thein Swec Myita Mal~r 

Philip \andi Kwaya (Nigeria)
 
Yowat Pulas (Papua New Guinea)
C.Gagelonia (Philippines)
 
Eden Flos I Philippines)

Virgilio Flores Muvot W~hilippines)
 
IH.P.N.S. Fernando (Sri Lanka)
 

Karunasena Thrikawcla (Sri Lanka) 
Annuav Cheircharl (Thailand) 
Quang Thu Nguyen (Vielain 

Vo Van Than !Vietnam 

larmin, Si'stem.s Research (ISRC) 
Md. Abdul tlati/ (Bangladeshl)
 

Abdul Quayun (Banlaladesh)
 

Abhijit Salia (Bangladesh)
 
Zahidul Alam Zahid (tBangladesh)
 
Sum Sahak (Cambodia)
 
Miak Socun (Cambodia)
 
Guol iang Zhou (China)
 
Wang Deren (China)
 
Sivananiam Nihalinaii ndia)
 
tunphasouk Phailthavong (Lao PDR)
 

Ilounthiai Phonumasay (Lao PDR)
 
Nirina Rabcmanarnsoa (Madagascar)
 
Rolland Raafindraibe (Madagascar)
 
Aye Ssse (Myainar)
 
Myint Zawv (Mvanmar) 
U Ihun AN e0Myanniar)
U 

B 


U Myiii (o (Myanniar)
Chiranjihi Adhikari (Nepal)
 

Janejai riai (Nepal)
 

Mia aih paul (Nepal)
 

Alnro . Pajario lilipp s) 

Digna [opc/ Sandhval (Philippines) 

Sor Sam Ath (Thailand) 
Teav Kim Yee (Thailand) 



Genetic Eialuationand Utilization(GEU) 
Men Saron. (Cambodia) 

Sok Sophal (Cambodia) 

M. Nain (Indonesia) 

Johanrsen T. V\oker ILiberia 

T":o Gien Kheng i NIala.,,ia 


UZ M,ni NI. ann,,r) 

U Khin She I'Maninar) 

Leticia Ta%j a iMemxlco) 

Van Hone Ngu.en IViemnam I 

Yolanda Diin aano IPhilippines) 


Sanua' Duba I Bhutan) 

Ekasihl Skulkhu (Thailand) 

A. If. (iunadaa iSri Lankai 
Ilu\ nhIQuaL' TiII (VI'ailn I 


Tranl Vall ("iiCIi ViL'Inali
 

inr,,,Ut ;ilIt tcr .lMna,'me'tI l MT, 
.id. Ahdu' ttalcm IIlanglideh) 

Ti'.' tiqul I"an i B.1iLlade.,h) 

Natil Jahan Jiarder fBa.illeh 


l,:ziplia (;elthen Bhutan 

B.R. \:da. ,lidiaj 


AInur [Farid l[ndt ,lneia j 


DlKd! Ruadi Sunandaika Idonesia I 

I PuLu \VL' rd,"aIII d(IIC'Ii I 

So' ai .- h h cii\r,\ ad Ind 

.iadhusudal Siii2h Basn\ at INcpal I 
Heriniw A. F:athir (Philippine,) 
Re'.nid Julian Guilman Philippines) 
Nlar:laniw M. lalinddo (Philippiies I 
\ict i I).Nora 'hilippinii 
('Cesar M. PIihrc i(hilippineR 
Emininucli V. SiaittIIhilippines, 
Pree.ha Sukklam i Thai land 
%ianoch kaidnacl)liic I1hailandl 
Thanh ('an Neu'.e n %iinai 
('I-ll hicn I ran I\'iCmna)I 

"rWilin , Wn I' hl ,'.)"ranl.ier ,TACh 
I"Scm [1A in i .I%annar 
T Tint 1.%.in INI'. anmar I 
LiChit Ko Ku I'. anmari 
Ara'.aphong Lhiil:an Thailand, 
Chal sa' an Saranan i Thailandi 
Pon a ckNlek'.atanakarin Thailand i 

Suthep NuJ .' ,adi i Thailand i 
Supvluck Ph( ,n.earn i Thailand) 
Nida Sakka~i~itjakul iThailand) 
Van Chuo I)i,V'ietnam i 
Thi Vien N.,u'.en (Vietnam) 

TrIainin and 'ct n'oy Trans/',r (T3C/) 
Mounehsh ar K. Chandrakar IIndia)
 
Rajiv Joshi (India)
 
Brijendra Kumarj"I.avi (India)
 
Bahuri P. Chaudhar. i Nepal)
 
Devendra K Imar ('hiudhar. Nepal
 
Madhav Joshi fNepal)
 
Izonebi Rodiier Ohubo t Nigeria)
 
Thanh Be Iran (Vietnam I
 
Nguyen Van Cong (Vietnam
 
Tran Dac Dan I \ ienam
 

Ha T.in ttiep Viimani)
 
Le HiCu IluI (Vietnan)
 
Ngu~en 'hanh Nghiep (Vieamn
 

Le Ngeoc Thacl I\IIiani
 

Special courses 
In'trnooti nlIA: ,4a"lifining 
Yfan Yorig Duan iChina)
 

Tang Jian YVaii (Chlai
 

Xu GtiO Zllme i('ihiia
 

zheng ( iuo lu (Iina)
 
Zj.hane Xia( Tin 'hinal
 

P. Suhraaniai IIndia,
 
\10iih11ii1ind ladi Nas'irian (Iran)
 
B, (ihare itahie i Iraini
 

\'i',laciii P l.a" s iPhilippines,
 

L.ida J.(uCruhiill I'lhilippines,
 

Arsenia G. Cacauia Philippinsc,
 
Charle,, A.,odehi-Iji. (Sierra Leonei
 
\'iha aThanaiiLuusmi iThailand)
 
Chirausak Arunori (Thailandi
 

Btol, ig al Pe't ( e'inRi( t-B3wed 

Coiqr i m 'tilBPC"RBC'")qqmln .S 
Mhlibul I La,,llIBiieladesl) 
An arul Wslani i( i. Bailadleshl 
Nareridra Kumar Pradliaii i fhUianij 
Zhall2 Kanchua ChiaJ 
. A..-An an IlIndia 

Jagpal Singh iIndia)
 
Jagadish Sanniallapa Ilenur ulndia)
 
Vatchasia Baluhhai Nathubai (India)
 
"I.jpalSinch IIndiai
 

MIappalainLang S. Pahhag.c ilndine, a)
 
Firdaus Na ian. ara 4 IndmclitIJ
 

Au,Sahlin Yah',a I Indiiiesia
 

Kn,,a'. Si' athat I. PR)I
La 
Mkd. Nair Kulari i .laki'Nsa i 
Mohaned Saileh INala.sia 
Samudra Lab Joshi (Nepal, 
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Alejandra T. Burdeos (Philippines) 

Gilely C. Santiago (Philippines) 

Alex Corpuz Pulnano Philippines) 

Popaitoon Narongsak (Thailand) 

Sopapun Botpibul (Thailand) 


Nusaya Na Sonukla Tlrhailand) 


Rav at Pattrasudhi (Thailand) 


Vu Thi Thang Vietnamn) 


Le Thi Tuvet \ictnam) 


GEL'-Prothh'rnSoils GEL.'-P) 
Md. Shafiqul Alam Bangladeh) 

Md.Hanif Mialh (Bangladesh) 


Ara lendu Bik ash NIandal India) 


K. S. Sh, laraj I India) 


Indra Bh,±nu Sinuh Indtha 


Rake,,h Kumar Silli lndial 


Vinauak (Iinpa S derci India, 

.Muhri/al Sr ani ll Pndtnesi 


IHadis Siregar I ii ,IIiiIt I
t 


K\u SCO;:ih ot Koreaj
lce iIcpuhlic 

YcnGl Kini RlulofKra 
(Jlar Bin Tilb i N;lti. 

Tin TiniM\ iit [)a, NI annarI 
Theima F. Padlllina IPlippinesl 

JiOsNCIth QLIIll mi/Oil I Philippines 

Ekel, n BiTahelin dPhilippincsi 

Nimala Kainlhc Sctuie (Sri Lanka) 

SornSak Bioi0dI imn(Thailand) 

Bunpriluk Jinal-iridih IThailand) 

Ranghit Scnghaphan (Thailandi 

.NL L Vn loi"w i Vietnam 

Le Thu 11lhus 1VI.illet 

(eoi:' 1 liu,hti/Uhir tion S.mtelt5 "itiiig ((IS) 

Nlar A. Adaie Philippinesi 

Jecela A. -)eiIcgilh!l i Phlliplles 
Cher,I L. )Philippinesl-leriande, 


Russll I) Juinaldal i lIlippinles, 
T mul'las i a A , Ca', g wOI 11hd lll llipp lle ", 

-nmma' Cipillo (Plllippiici) 


NIa. A. ( ieraldilIC %. Vranai. Philippine ) 


Helen J. IiNlquilr IPhilippIneC I 

+ut', nlIIPh c,,
A l ja nd r eI.Ti trnja il p pin 1 

Andre B. [)a'.m \ . 1-1iPhilippilie,) 

Ro(dlfo) S, Dc laCru/i PhilippiiesI 
Anila AtinLci()n IPhilippine , 
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On-Farm Trials fir""e,'hlinology I'erifictition
 
(OFTIV)
 
Adiwimian ( Indonesia) 
Wahvudi Dyarka: iliIndonesia) 
Anischan Gani Ilndonesia) 

Agus Flennawan (Ilndonesia) 

I. Putu Wardana (lndonesia)
 

Zubachtirodin Ilndonesia)
 

Mustafler Bin Abdullah N alaysia)
 

Mohd Nizam Klamrns (Maiaysia)
Faui Bin Matnat iMala sia) 

Lilia C.Barbonio IPhilippines 

Vilrx'a E. ('olnslante IPhilippines) 

Reynahdo (. Patricit. Jr. iPhilippincs 

Elizaeth N. Rcyces (I'lnlippulcs 

Le(oilardo I). Surcla hiliFines) 

Arlene L. Vthar (l'hilippincs I 

Kniisat .AiiuItLsit ihailanL I 

Suntarip rn I)t"ia ail lliaillatl ) 

, ci Mck. akaini (Ihailand i.ikaiiI 


i 1)111111linikkd I 1 llIailid 
Stit Kci-p.'d ~ il ld"ihogl (lla~lla 


N;ilii n ipit;irik,, Ihailand, 

Ph\v.sI ul I.it I. Lamd .llgellci'e'm,,f ill 

Rhe -Ba.s, Id(roppil,,, Sv.\tem PALAIRCS) 

A.K.M.A/iial IBaiiladc,li
 

Md.Nuruiainan I(lanld,esl
 

S ahrial Abdullah i Indonesia)
 

Wilfredo Sanidad Philippines)
 

Pri antiha Weerasighe Sri L.ainka)
 

Stlhiat Pril iakul
(Thailland 

Valn Tinh (NiiViiliiV i 

Ri(eIj-idi Fvninn' v' t%m. (RFFS) 

Miuhalinniad Na~iln IBIalIglaideslh 

Itirar lal Bhusal iNepall-

Wilfredi I.IbUi(i )lhilippiies) 

HIcnr\ P.Ainiparado Philippinesi 
I,ene 'l lilrnt in e r iw(P h ihpp ne ol 

Mar\ Algne S. Sasrillo Ihlippines) 
Ne,,ror 1). \'.rdellor IPhilippinc, i 

Thiiini Chiltkikir llihailaid 
K-;ic hi mlP clidhritilll mithld 

Pliat IlM'nlh
Vi Hoi l ;iiLll I I Jliliind 

N,-uscni ) (;illu C%itiianl 

Rit i,te',ho ,,'.,,.raunjtinit' II urkshop (RBWV 
A- aiiar Manickai IIndia i 

Aruna.a Paltanayak India) 



Masdiar B'tamair (Indonesia) 
Ida Hananda Somantri (Indonesia) 

Latifah fit Ahmad OMalaysia) 

Nazia, Bi Basirun M:alaysia) 

Muhammad Ilvas Pakistan) 

,.limSaid IPakistan) 
Antonio A. Alfhnso (Philippines) 

Loida C. Malijan Philippines) 
Ma. Teresa Bantilan Peralta (Philippines) 

Monton Poonvarit (Thailand ) 

Siravit Ruangsook (Thailand) 

Rice Seed Health Testing (RStIT) 

Thinlav (I3hutan) 


Suraj Kumar (Fiji) 


Hycong Jin Jce Republic of Korea) 


Namkham Phoousangicine (Lao PDR) 

Gyanu Dei Manadhar Gurtng (Nepal) 


Josephine G. Aguinaldo (Philippines) 


Simhlation anttd ,S.vtu'nrs..\lv.\is inl Ri ' Prodctwion 

tSARP) 

M.Aminul Haque Biangladesh) 
Md. Musherraf Hu,,ain (13an.fladesh)
 

Wu "iufl,.inC (('hiihi 

Rabidra Nath Dah IIndia) 


Na',een Kalra (India) 

Sendass Mohaidass lndia) 


NI.VR. Nlurt India) 


Selaraian Muruhesan (India) 

Prad, umna Kumar Pathak (India) 


Ramasam\ Sakkarai )India) 

R. A. Singh (India) 

T. NI. Thi\,aearajan (Indtia, 

Narasiinmhan Varadarajan lIndia) 


Aan Andang I)aradiat (Indonesia) 


Raha,,u Tejasarkana I ndinesiai 


Susant ' . irjono (Ihoih
lirl csia) 


Sutorf Irdniriia) 


Mohd Noro i I lanrid i .Malaysa 


Rajan .Mala,,,ia 

Jesusita L. Orno (Philippines) 


Lndo G. Villacoena lPhiiippiLks 

Vithanage Penajaaniha Sri lanka 


Dalmic Lalantha Wickremasingha (Sri Lanka) 

Sirichi Kanlanarat (Thailand) 

Krirk Pannangpetch iThaiand) 


Special Rice Pr,,dution (SRPTC) 
ThoChea (Camldiai 

Sokchea Hieng (Cambodia) 


Mao Monyratana (Cambodia) 
Seang Chhocurth (Cambodia)
 

Tea Neang (Cambodia)
 
Ung Sopheap (Cambodia)
 
Justin Rakotonjanahar (Madagascar)
 

Joseph Randrianampy (Madagascar)
 
larinivo Razanakiniary (Madagascar)
 

Daw Win Win Nyaninar
 
U Kyaw Thaung (NI.,anmar)
 

Than Tun (Myanriar)
 

Antonio Sernente Gaspar (Mozambique)
 
Julius Magesa Magoti (Tanzania)
 

7cirietalTesting in UphtidCrops (t TUC) 

Rudy Soehendi (Indonesia)
 
Tufail Akhiar (Nepal
 

Vilma A. Cristobal (Philippines)
 

Emilia D. Llabores (Philippines)
 
Lorenzo B. Palaca (Philippines)
 

Braulio B. Tarnayo (Philippines
 
Budduiac hald ('huOnChi (Thai land) 

Courseware development 

Coursew,are documents technical information in a 

manner that can be readily transferred, adapted, and, 

if necessary, translated. Objectives ot the Training 
Center courseware de elopment project are to de
sign and produce training materials ;n multimedia 

format to support and complement group training 
courses and thereby facilitate learning. IRRI course

ware has proved an invaluable asset in resolving 

language problems in information dissemination. 
IRRI corurse are lines that were completed or are in 
different stages of production (Table 6) are in the 

following forruat,: 

M Print on paper P(P)---printed instruction al 
mate rials 

U Slide tape module, (STM)--learner-drive pro

crams consisting of a slide set. taped instruction, 

and self-learning and self-test booklets 
N Interactive computer-based instruction (ICAI 

irteractive computer program modules with 
graphic text displays 

U 	Video instruction (VI)- -modules documented in 

8-mm videotapes. 
Knowledge-based expert systems programs can 

potentially assist in problem analysis and decision

making. The International Development Research 

Centre supported an IRRI project on knowledge 
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Table 6. Courseware materials produced., IRRI, 1990. 

Courseware lines 	 Titles (no.) 

Print on paper 

Basic skills series:

T3C 8 
GEU 4 

Objectives manual 
T3C 1 

Guidebooks/brochures

T3C 
 1 
General (training) 	 1 

Slide/tape modules 
FSR 131 
RP 7SARP 5 

interactive computer-aided instruction 

RP modules 
 1

Video instruction 

T3C 
 2 

Jln various phases of completion as of 31 Dec 1990 were 2T3C basic 
skills booklets. 2T3C guidebooks. 1 RP objectives manual. 2 RP 
sloe,tape modules. 1RP ICAI. 5 SARP slide lape modules. :Re
visions 

acquisition as a prelude to development of expert 
systems. A workshop %,asconducted during 26-30 
Mar, to introduce concepts, principles, tools. and 
techniques of knowledge acquisition. Eight partici-
pants from diverse fields of psychologN, education, 
computer science, and human-computer interaction 
attended the workshop. Participants from six institu-
tions in Indonesia. Malaysia. and the Philippines 
%,ere involved in the development of expert systems 
progratms ranging from identification and manage
ment of Southeast Asian weeds. beekeeping, and 
rice maladies in irrigated environments. to the iden
tificalion oftcotstraints to farm productivity. 

Collaborative in-country training 
programs 

In assisting NARS to develop and strengthen human 
resource capabilities. IRRI adopts two approaches. 
One isthe collaborative training program or "course 
transfer" approach. %%hereby a version of' a tradi-
tional IRRI course is adapted to traitin, needs of a 
particular national s\ stern. Expertise and resources 
are shared among participating IRRI and national 
program scientists. The second approach is to pro-
v;ide training specialists who can conduct in -country 
courses. During 1990, IRRI assisted in conducting 
the following: 
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* 	 Trairin on rice production/irrigation waterman

agement/extension course. This 4-wi, training 
course was conducted in Kilimanjaro Agricul
tural Development Project (KADP) at Chekereni, 

Moshi, Tanzania. 25 Mar-20 Apr. ield in .'ol
laboration with FAO, this course was attended b. 
30 participants. 

• 	 Training workshop on agroecosystems. This 2
wk iraining workshop, locusing on FRS/E meth
odologies, agroecosvstem, and economic analy
sis. was a collaborative program between IRRI 
and ICAR. The training was held in Hazarihagh,
Bihar. India. with 28 Indian and 2 Bangladeshi
researchers in attendance. 

5 Training on computer applications in FSR. This 
2-wk course provided skills to 16 [SR practitio

ters from I I institutons ti data base manage
tnent and analysis, graphic presentation of re
suits, arid report writing using Computers. This 
training %.,s conducted at the Chinese Academy 

of Agrhu hural Sciences I(,AS), Beijing. China 
15-3(0 Oct. 

U 	Trainingon problendiagnosis il rice. Thiscourse 
stressed principles and concept, of integrated 
pest management. particilarly retoids oflprob
lem dianosis iti lice: identiftication of diseases 
caused by bacteria, fungi, virus, and nematodes: 
and sampling tor insect damage and diseases. 
E-ighty-six agricultural officers and extension staff 
participated in three training sessions 15 Oct
3 Nov in Cambodia. 

Conclusion 

The \,ear 1991) saw internal reorganization in tile 
Training Center. Adiustlments ,,ere made it) better 
accomplish the otjeclivesolIRRI's ,kork planand to
ieet the changing needs of NARS. Future training 

activities will be linked to IRRI's ecos\ stem-based 
research progranis through research consortia in
volving collaborating institutions. IRRI will co'i
tinue its efforts to strengthen in-countrv training 
capabilities through collaborative training activities 
.ith national syvstens that demonstrate tile interest. 

capaciti\. and commitment to conduct training pro
grams. 

With IRRI moving upstream in its research focus. 
priority \%ill be given to awarding scholarships for 
Ph D research while gradually reducing tile number 
of candidates in the MS program, particularly since 



more national systenls are strengthening their capa-
bilities to offer graduate programs at the MS level, 

Six explicit objectives of IRRI's training pro-
grains \,.ere identified in the Training Policies and 
Guidelines document. These are to 
* 	 "planijointlywith NARS rice-related training needs 

and define IRRI's role in training acti, ities that 
are linked toecosystem-bahsed research program,;: 

* 	 focus trainine efforts on strategic national institu-
tions selected by NARS ,othat a group of core 
scientists can be formed in key research institt-
tions: 

" 	 imle IRRI alumni, agricultural universities,. 
and td'.anced laboratorie,, in strengthening train-
ing in their respective s,stems: 

U 	redirect short-tern training to areas where IRRI 
has comparative advantage such as biotechnol
ogy. sustainability, and integrated pest manage
ment.as well as t)refresherand midcaicercourses 
that will supplement the training program: 

a 	transfer short-term courses to national and re
gional institutions. %,here er feasible, and de
velop training niethod, and appropriate course
ware materials. incooperation with NARS, to 
eliminate communication harriers that impede 
learning: and 

U 	maintain sensiti,,t%to client needs through a 

!Ledback mechanism. v,hich evaluates the rele
vance of IRRI's training activities to changing 
and emerging needs. 
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Country and regional projects
 

The broad and interrelated objectives of this 
component of IRRI's international program 
are to 
n facilitate research aimed at generating 

and disseminating rice-related knowledge
and technology; and 

a help strengthien the rice research capacity 
and capabilities of national agricultural re-
search systems (NARS). 
Country and regional projects emphasize 

collaborative research and training as the 
principal means of strengthening national 
rice programs. 

Our firm commitment to research-driven 
country and regional projects is demon-
strated in our 1) project formulation process,
2) recruitment policies, 3) personnel evalu-
ation procedures, and 4) reporting system.
Related efforts include an annual meeting of 
IRRI staff posted in Los Bahos and in other 
countries and increased opportunities for 

the latter to visit IRRI, Los Banos. We also 

aim to strengthen iinks between country

projects and advanced research institutions, 
where the latter can complement expertise 
available at IRRI and the concerned NARS. 

Recognizing IRRI's mandate and compara-
tive advantage, country projects do not 
incorporate extension, seed production, or 
development activities, although we accept 
the need to ensure that research findings are 
communicated to our target groups through 
E participation of IRRI scientists in national 

workshops and conferences; 
U documentation and, in some cases, 

translation of relevant information and 
research results into local languages; and 
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E 	 inclusion of extension and development 
personnel (including those from non
government organizations (NGOs]) in in
country training programs and adaptive
 
research activities.
 
In January, 1990 IRRI estab:;shed the
 

International Programs Management Office 
(IPMO) with the following responsibilities in 
relation to country and regional projects: 
E ensuring high quality and relevance of 

research and training activities; 
a coordination of technical and administra

tive support from IRRI Los Barios; 
a project design, appraisal, and review; 
U recruitment and personnel management 

for outposted scientists; 
R liaison with NARS officials and scientists; 

and 
a 	liaison with donors and related interna

tional organizations in coordination with 
IRRI's Liaison, Coordination, and Planning 
Unit. 
IRRI continued to work closely with
 

national rice programs through the imple
mentation of several country and regional
 
projects. Currently we have scientists in 
Bangladesh, Cambodia, Colombia (for Latin 
America), Egypt, India, Indonesia, Lao PDR, 
Madagascar, Myanmar, Nigeria (for Africa),
and Thailand. IRRI also collaborates closely 
with Bhutan, Sri Lanka, and Vietnam, with 
the support of donor-funded projects. 
Collaboration with China is supported 
through appropriate core-funded research 
projects. 

All country and regional projects are 
executed jointly with NARS scientists and 



therefore represent collaborative efforts. The 

followinq selected highlights from country 
and rerjional projects illustrate the range of 

collaborative research and training activities 

in 19A0. In some cases more detailed reports 
are found in other sections of the Program 
report. 

Bangladesh 

draw strongly on the excelleInt CoMputterized 
agroccolhgical data base that Bangladesh has for 
identifing research priorities. 

The botanical pest control project is al illiortaillt 

part of IiRRI' re,'each prograln. It is funded from 

BRRI's core Ifund ,,s AeSl collabolati%Ca throULh ;I 

pr ,laln betw ee¢l I ith suppoit fioniRI aid BR I %% 

tie Asian I)cx elopinent iBatik ,\[1 I. It rItcent %ears. 

connercial I)ioacti% eIproduitt haI\e een deC\ eloped 

t iiro ill .oilltrie,S. Sonic are beingneein ditfereil 

crop pests. The sectond ph aeprinaril throughciiu ,, ',iriners lga.llt
Collaboration \k ith liailad¢',h I,, 

the lBanladesh Rice Research Institute BRRI) -

IRRI Rice Research and Trainihl Pro ject. v,hich is 

supported h the adinLl Ite11llaitionl [' elop-

(DAI aLndthe I 'IrIted States .eIenC\ 

for International )e\ ehliplntn I SAIl). A nmiajor 
Imert .II Wnc 

t.Opltetil ir\ project till lo .rnri'c israiftd a 

supported bI.the Interilatiotnal Fund for \ric-uhurah 

De\ ehopitei t IIF- ). 

Researc h uiii\, ieta+ll ;ntpri\ erinent for the IFA )-

of the BRRI-IRRI collaboratie research prIgrarin. 

v hichAcilneed 9I0tt)l. w l testthe neen-baCd
 

'Olllilercial plidilts against lmor rice isect pests
 

Il lfar r, fields. 

It deepwIte lt.Il)\R cnttotoli,,\ siudies..06 

rice cl-,, ar w rSCreened ill2 C\perltilelIts. ()Ile 

stript ca.h c \eperitiett ,A;,kept Iree of ellhw stein 

birers IYSIi hI\LOl Ic trih ari11ddest+lrultIlLo 0!1 lnale 
ppl i t t i it'.secti llloths a1id C2 I sscs and b\ 

, 
 Ill fl Lacds .I le t.c.ssar\ .NItatta ll 	,tetattiiwasalsuppor'ted Ratulfcd RIce Proj0ct 1 ull,foIera.-

1l|.Fti r BRRI stiff pariu pited iII %ilkshop tii 

raiit ,ml : ta ningrirlr , ,i-' , maidllltS ieklrtilt allLl 

itl ll Is,' 20_2 1990)iI11 1 lai,',irl,,_li. Indii. \\L.I I iJUI 

,\ep.,t tll pi ec v,ill Ai tclrat 't bordel C\-

chalc 11 !ernipllasin rld e r11c l.hllthi'2\ 

Sur\c\'s oi iIt l iUCLUiiCrii it', Ill 1 slalhl. 

ChrttU::tIL. anld Khulria D)istri tsre. caleti tIe [)It:; 


ereice t tarers iIll and Raliah treas
(liittl.uinu 


for hih-, ein. ,arteties vithitierniediatc plant 

her-cliht.earl\ ratnrtti\.'alndledinnll-fine¢ grain. Farmr-


cis illKhulni l)rir tprefer hit-\icldini \arietie, 

l wif the p , At ttitiul. il iiiiutlrtruiln b\Cd Ill the tril 

tlit- ttl llas ii. littadllII tc1 \ j tllits 
+ Scpl lt 

S, i l u, t of.\)eIIIIIllt v, .tlst set tp t itiAC the ,tih.' 

lia bcetle. lrllage t thillcillcr [p Li l. stl' 'es 

llL,1 %rtItel IM)VR ee e\pIoscd tIodultd. lants 

hIispa bcctlc al 11h1\11111 11lba'slt tllerrnI., earl\ 

eln.llon. and l,it, clonigatriotI stla, . 

IlnIM R platholo'.g studi'es. I 5 breeding Ines 

and proln llnes Irtill BRRI and 2) brcedirit lines 

frot IRRI were screelltll fur lntetiatode resis

taie. Scores were recrtrifetf .tthe ee'ettiS e stdLe. 

V lih tll plait hClhLt. toleraie torltidal s,,ubtlier- l tiltetIlltance of liiratirattideSolli dala tilthe 

Ielicc. lCrleInii-late illaitits arid iretfiti-ctarse 	 iesitallice has I)been lkell all will be aial\ ed ill 

Citllabitraittli w il he Ile I lreedlnri I )i.ts it llOf cram . 
IIRRI. lre br¢etinic plurati totlcfes-elop t r-tesls\tteT strlst (i)I)IIical ItiLe" we.re 

tra r at arli e s Iso proLres Silicoll ainti Ilill
-rt) ni iII t tebitt i e'ahiate spc lic Mill', Its al, ll 

tt1.'else itcrtll it,iii lt Icaf sheath allts i fllllra-ic tIlit,pirIible fr their d apalintlinllr 

e \ tricic", will be (ttli'ted Ilii .itd -,uscCpible \artelics under dillleeriti siliconir cn. irUrnitclius l'roii t,, 

asac~pii ,_r~iirileet: liptitentlit ew arileties t-'Ircatliirlls ar te airal\/¢ed.L tra iactirtll and
 

fir ramirctf iWAArid cON,\isstn I a111,itilll0n. crrs-

ronitcilt,ir.itai ll1i 1ionf Iriui i feret- rice -ci, s-

tlei, A1i1 be sItlrted soti 
+
-it the fa trlbt_ itth loiand mrid hwuncit 

prin- c r lclils. c\trap latiili area, hlr Litjp-rutiir 
pine stlern re,~ai .h itlli¢ ,tehaseben lterer 

fur i. I-or the dtrlichr-priicrine~d Ori)!4)4i hai ajich 

analssi,,. ile lianalitesh ALriculural Researdi Ill-

,titute (B.\RI anl BRRI ,.orketd itintlt aid it i.t 

e.pected that the BRRI Lrrsironitunital 'ilt ill 

rcldfitfise ufra-resistlait and tit -- usceptihle err

tries ulder ar ifitlls irtictlated ctiitiitis in deep
alcr tanks haic been ,tutted. 

lie reciiral h tl ¢spert lhrliuh ,'.ice I'iase 2 

PI R -2i Iiolcct tnrilctcd all ieli Studties arid i 

tnlital wtrksl,hp , halsrd at IRRI I,:-2 rJui 1990. 

Ihc results i1 tilerrrpicl -lud\ of I'TIR-2 ildicaed 

adoiplo itfiliderli ,allei. , tINs) 111RI I and 

BR141 Increased b\ .9' iInKisnalIIaiLd 3(; ill 

Taillsitha. Rice \ild iiclea,,seS ¢¢ I -24 o\,¢r 
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3 yr in Kistuat and 2-191/( in Tatisotha. Income due 
to increased rice yvields increased by about 5ff'Win 
Kismat and 43', in Tatisotha during the project 
period. Labor use iii rice production increa sed by 
I IV;in Kismat and 811i(ilTatisottha because of NIV 
adoption. 

Farmers" ktIo)ledLc of nodem crop inanage-
nient practices increased. Cooperators used higher 
doses f'tertilizer compared to betichniark Surve%" 
rates, anld their know ledge of proper seedling ace. 
tile of planting. and intercultural operations also 
increased. )emonstrations of sinall agriculiural 
equiptment such as %Ceders., spra\ers. %lknrtiocr,. 
and thre,,hers,e\posed the techtlolo, toIfariners hut 
also proided reea:lter, opporturit. to ield-les; 
eq uipittent. 

Detonostrationt Of inakiil aid uLSiti urea-treated 
straI. hor catlle feed attIL the fuel-efficient sto,e 
created inaA laritnir po tentialareness anlot ol'lthe 
use of these techtolo.tes. llo,,e%er,tle added costs, 
and chance,, ilttraditiots cotilsrailled adoptiotn. 

A trainiic program otlirri.,attoi and \tler itati-
acemeat ..as orcatiiiedl at BRRI arid conducted frorti 
Id Julto 2 Ati It)(A).T ,kent,.-three participant, 
fron seil ien g io"t lrCIIIiittCS partciI)ated Illthe 
traiumti progravi. It e.as de ided that. based ott 
research re,,ult, froti ,es-Klh ,,tidthe (at dak [lit 
North hiatigladesh ltbevell Project areas. ecottt-
mendatton0s shlould he lornulated scparately tor the 
researchers. ,..\ictsiot personnel. tild irrigation 
en iucers. Stratc,,es should be de,Cli ped f reac.h 
gritlp hbr iniplenIntitIc the rcorttntildatiotis. 

ResearLh otl v,,inert In riceFrtlitic sste'ns,OCtI, 
(WIRFS I ., iinliited illIllupland area iC.r J)\ 

i h 

ce,.'nder roles lttioti hliriil, ntteithr., arid Ilae idletn-
tilled t)pportunties for \%kotitcli to iniprii\e Iltit 
prutleti,.it\ ,nd itIiconie. In tll rC2trd, pi)tiltry 

debpu. BRRI stIll ha% OIi idclearl deniarcated 

raising ,eeins tit)ot pi lIl IN' Illl t .lelltllt t. 

hence. a research proeraml oI thirs hl ee illitiated, 
A kitCheilcaI rdeninl dennltistrantiol for \imlCr

vec,,.tables', an~d htglh-, tithn cura' a platitatituis hai,e 
ben e'stablis+hed. I~ts ril ith.scstoils eredcaIrrie.d 

out %ith ihe cooperator, coceIIIrIIII layo1. aIid 
preparation, use of fertilizers. so tllc. antd other 
manacilerit practices 1t Irlipro\ e their plans antd 
technical kno" ledge. 

SoCioccotIL. studie, are cotiducied lh liar-

ecosystenms. These studies have indicated that farm
ers %k a orable twoith less than 0.6 ha, even ill ta 
rice-crop rainfed environnent, are vulnerale to 
,iosing land: hiteever, adoptlOin 01 inn aivaIiye local 
techlthogy along w.ith recomnended rice technol
ojy can greatl~ Increase productiton and cash in
conie. Inters entiots %ere initiated %%lilt 16-31)fann
ers at each site to test these strategies. 

Bhutan 

After the Conclusiots of Phase I oftihe International 
)elopnent Research Centre IIDRC)-funded 

hlIhutan-IRRI Rice Farniin S sterns Project, Phase 
2 hean in April 199)0: support iII the allioutt of 
L SS34(.0) )aaitl caime lioil I[)R'. ()lieotflhe key 
thrutIs of Phase 2 is to de.ehop inatitinal capacity iII 
CotiductiIe baselitie and dia:,nostic sur,,s lor tile 
dual ptrpoises of inpat ',assessme nt and re ,arch 
priority settitng. Suire' xs during%.er,. undertaken 
March-April Ititin (ia legphiug District ill SOuth
erln BhuIn. %.tthI represents the hO~,-altiltude, rice
cri ti llione. A range of rice resarcht needs ,ere 
tdCntIied blaSCd ot tie cause:, oIfl.Lic IClds arid 
10%%l fa llit IdUCti' it'. 

A ] -\r etliotr ralthic ,study, Of ri.c farltt1r11 Ill 
ittItn ti 1l0i -)-1 arid htigt alti))1)itt (>15 )1Ill) 

tudeS Of l iutii v,as siarted ill()cltber 190. The 
sud is I ,collahoraili e effort of BIRhutin, M iistr, 

it .\griculture arid IRRI to iipro\ e kntuledge of 
faritlti practices and resturce allocatioti in stlongly 
seaisnal rrigated rice eco, sten arid to strengthen 

sietice tesearch cjpacit\ ill lhutan thrtui 
traIing arid idlance1.fot IRRI. 

Cambodia 

Acti. ties untr tile RI ('anihodia cathll< P'roject 
e ed uinstIderable ttUill dUln1CI ItrtirntI 1990. Sicriifi

calt progres, as nlade illtie area, ol \arietal 
ittiirii\ e ieni. iicgritcd IIIriI'llIInaenerli. rice

artlecoste,,tic ,sis. atid traitinnue. 
i, 


V %1k I \a1i' I"Ii\NI 

\IOre thtatn 3.00ttIraditliiOutia aid Iodern %arleries
 
\.cre tested durlii II(I)itt 27, lof.itoris illuplid.
 
r-inled land ican ly . itiediut:. late. and aroliatic
 
,arectles. Ihatiitcdeep..atvr. arid dr\ season irri

1inal and small at four sites representilg ort trials CottilCted ill126sriers ,_ale eIm irotienis. 

favorahle rainfed h . and, dteepater. and upland farmers' fields during tileyear. pr lising %.arietres
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for upland. irrigated. favorable rainfed Ir\ land, and 
deepk ater siluaLtilns v cre identified. Sita (t A257) 

and Rinlkt IT,.\l SI joulvielded local %arietie in the 
upland: R06, 11,72. and Kru IR134211-15t1-3-2-1-

2) wkere superior in the irrigated and fa\ orable rain-

fed lowland while l'e\da. Khao 'ah Petch. and 

Don HTAFR 770,22-45-3-2- I pertormied xell inl 

the deepvxater em ironnilnts. 
A large-,cale c, IluaiIIn if' thle Cambodian rice 

germpla,,n+ a'. als.o -tartl durii.. I0t0. W ith the L 

support ot local aericultural tic~r"., acollection (0 
I .358 dcce.' in n' Il I I plx inl'k III ( 'ainlbodia 

xxa'. made. All x irictie', x.crc clx, iut l ii tx. . 

' '.Ill ild c. aCluatId oir 2 .'hdracter'. in din cltol t 

field-ic-,t, vaalllil t i'. corI',. r\c t collection. 
lie cl-,,, icd ,.i .lle:ctil %,ill be ,,haled %kithii\(j( . 

Lo' Bar~ll-1SOrIe 'Crrnplj'i \k as,'.t',cd nrirc iat.lx 

t (r th e d C e OlIpn ch111i t li bid ' dld Ilaed,l_,7) I- ri x 

e '.' 1. 11rC x.Ar.the 

A%',.d I',llt~iI Ill pr rarll hrl ilic u'.xa tieL'. 


xi-' ,1nltd b prox Irh lt aI,inrl ,nII d prr ir 

n1rc' than 2.110() 

the rn11,,i prelk'tetred .rici\. plauncd lt ,Ckd ILlt 
pilVk irth il 11i11i1i ic Ill llI dix s'.ai ill. I I1 
illethCu x ed Mt thcc .illcrlr. ofill I llxer 

lir..c trc.t. ili iri i,tlc lic rrex' dcli,.ii 

prqe ,:,, rc',uiNell'_ In 1 ha Ill W ith. 

.xill ,h cdmol 

('arrlh uiria 

.I i \ l [I \l I \Nl Vl ".Nr,rI\! 

lltlrr ,-Ii'lllx'rii recatch trial, 
e'lltraicd rl cx\ .lhiilhti I xrloppirr '. tICII' ald tlc 

It all i\ i ,llellhlIC ph' ,philc r k IltR . itirp ,lIttl 

Inicu drared li liat clil-

tcriili/ r'. .iti , e.ril I IrL'. 

, ,'hiJ :',/ I.',.',lJ,',I 'xi. s<li) parct '.x ill three' 11.1 

lx'_xifld'- cuilnt ! li'hrire rru!l.liitcil rie 1lt, 

iil',' p i l xrliit n ,i, *'\ii'liIC 'l', \ u.ile b x 'ti ' ,I
l I 

,ln~ul~t l Iill , dttillh' IC"lhv", ( A( 1'idn,~ POP) 

'iru I in)1 Irairiu-lo -e.rnt''1 uidr'. (' 1( s 
'., 'il h ', li'it, .xeu.' '.t''..x'ell ihlli '.;ill t _ti,',-. ' 
-lie.',. xhctlhi tre Nl.' ' ,' i., .:,se'tl x~,'l..t.I1u 

irr \1-,i',. r.r+_' ,t i ~ic kll(.ith h I V 

tilr1'i'ht , I the ntiu e'M. t': c1C'. 'AxL're 

ifrh.,- ,o C lllii lIncdiuscp i tl 

fq ll'r iI . '.; ' lith'.',',ix-in .v- . n .,.hIii h 
.l,.~t,lq ,., l iii .,' I .U i, t .iiu lii i ' ,, 

}!!!:l,,iI. 'I-p , l f ill'''-ir.'!x0'ixx'- Ih' 

l ''i .1ic', upt lii it 
., i ii ,ar_'d PR k.ith!ifi u' tt,!,,,h I sl',~ ....c I 

ilt, I c.p 1lie12 'ix -. \lan. rIII,:h1 -lWd - - -'iriri 

cantl' to both sources. Doubling of the grain \ield 
%\ith 25 ke oITSP or I10 kv ot PR \%as common and 

residual ,ffect ,.,as also couiderahle after I .r. 

particularly with PR. 
The effects of P and N applications x. rec greatly 

impro'ed k%ith organic riatter additioii',. 

R l. I.( (s,sli-M \\ \ I ,, 

Mapping of" the rice co'., 'teuI in1(arihodila l',iii 

l m.a,,at Th.nlatiC Mtppcr NI Idata and I : lttt t 

toporallhh'L nup,, ,x , artcd in I t t. The rice 

arei '. lthe cointr\ \r C i, id\ d iLnto LcepatLcr or 

floaHiii,. v .c.,i1. arid trx '.'.oii ri[xco' ' ". cni',\11.1 

S .I_ lalc llap'., ti cacih ()I the 12 licc-pro lnciiLg 

prl icel. \k ill Il: prcpared to i',,.'t iii CNiii, itirll 
,..rp ilca and 1tiomil rixe plodnei. 

" ,Ba'.clile nrx C\ lt. tile tl.cpx'I tcr. rairit, d l x,' 
a ndrllicec Hl c . \ Ci% Lii li cl'. ,,,.c 

it I Oi)i . lfeiri1 ii calx l, c rihcr. I omipte

hri'.cllix 'e 1It() xilp ll t. llarl I, ic, il rallted 
lcxc lii. n ili( Iili ithl he"'.. 

a ',11oi linter,, i'. ,1 i01i(tc l I tili itt'il,, ktll 

cerrurlI_ crll ' citC. t ,2,il and 

::d ri C ' takC . x 

1111111 'riid midpla',ai 

c (Ilk i , l.Jii ill . ( t ItiC \dIlCI\ . .illl tillit'l., It'-, ii', 

Ill.r( c, t l l'ailu1r.it'[ xe rl\ 

IiIx,i ''.", rix' C i li pilii.illk lii th 'ir x'il, 

Iriarlirrtill itI li ic i xllCh'. , IDI xiilii l'Iiii 

tll'[l llt. , .11d Ilhc Id. li ad h1A ,,l ,,cl HliX1 1,, , c . 

YIxIld llfl 2 r( tlll)1,ixhiia 'Ii .ix' '.ll.l a' p.ahilllcIt: 

,,/c'. itmier tt pxr pariM ill ()IttCr IllilatC",,cIlT I Ix. 

,,nxlr a' rillmr rextoxci\ xxcrc l Iemo' IrxliCiitl\ 

i t1I c',i'.oir' i Cf1 11( iiicdltiUl iithii(liio icI 1cIll ' 

Ccrlc';llx, 'il 

!,,It I IiI l)ilI It) h ,kICi lxSihii IIIl It1rn arild 
s ,lrcie.,. I .Irc-dliial li rx' i c'-i II 

their h Ir~ixi ' 

I lic t lxli .x 'Ailr x l i , 1 i i.Ii\ - 'lx ilI',lrl1) e 

".Ilk . ,ilid I c MLa'd 1lll0 1111C , ii di'HO,\t1tilllc'L.\

-
l[uui-.IIuiiqa ~i~lue lli tl i'l J C 
'.l Muiid,..x iil irtlh ifrre'~. -a'.li s c111r~

xCi' rlli'lill ', l IiiilIx'
 
'Cxi'lxii/iti~ thri Irix'dr h i x i.rllltil', ixihll
rthrtlll i 

ii : he bet i'. l nl2it\ll , cd b\ carl, ,Illd 
xrx xa x'c hli thc betx ll\x1cl ,irlc 'r. id lic i axx 

x'.ll)t.Jl11,1 ii" I'ilt- Hi. 

Ilh,' lk'ptIII rx'd.rxri1wi iii lix''.e diii, 'Id .il ' 
h,,a '.nl uul ' j un iixi't'uiic'jugri'l ilx i h i'.'Itll 

Iif. .lliii i ilpllti . r, ihl r'i -. 'x"hii h 

., .. ' t ll it 'I.C P -IIle l-2i iA ill,Ii h '11ii i l .lPh i".1 
. h,,'i ' III 111Cci.i~ ll' ,lld tilt i i I~ 111Aill ( I 1,111dIL(1 t 

rilc c'rix iiii eril. 
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TRAINING 
Cambodian researchers are severely handicapped by 
lack of training and poor facilities. To improv tihe 
capacity to conduct field trials, in-ccuntry training 
incided 	courses on experimenit nuaemi inent (4 
courses otf 00participants), English foragriculturists 
I course 	of 20 participants), and field problem 

diagnosis (3course,, of 30)participants each . Elc\cn 
Cambodians, alsoattended no'de,-ree trainin, course!, 
it IRRI. Los liafios, %,hle another commenceu a 
rnasteral pro,,gram at the Central Lu/on State t niver-
sit,. 

Eastern, Central, and Southern Africa 

The Southerr Afri-'ttn ('cnlte for ( Ooperation 1n 
Acricuflturail Rcsearch ( S.\CC.\R )arii IRRI Joinl. 
or, :id a re(ioial s~orkshop on 'Ricc Research 

nd Prdution in the SAD('C Regiandand Nei.hb 

rine('ountrie'' inLusaka. Zanmi. 26-29 l. I )L). 

The sorkshop % ia-.lleded b' naional SCtIt.'l.is 
trimi Burundi. Ken'. a. MadaScilcanL 
Tai/.a. Zanlhii. and zinibab\e. a, %%ella, repre-
senitari\es ot S.\('(C.\l arid hIPRI. 

Parricipauits highlihted lte rapidl\Ille'arinedciiand 	 r rice in the ast,,in.(citral.and , othern 

Africa reuino. \Whilc current ptrOdUciil aInd rice 
are al a~reI().M ( C'el l 0 ,1 t.a ',i,, hoi i, 

there c\i,,t,, !rcat potential for the dcselopincnt f 

hydromorphic dcpicssiOlls kio it ,, tiih,,, i /ie ) 
tor rice productiorn. The Vork,,hop particitants rcc-
OniiInCllttL il we i1 collabiorati c research and train-
ilIu. aid reLiest ,l)[ppo(rt of SA,(.AR and IRRI in 
strenthCniil the lciitflic and technical capahili-
tic, )t rice scicnti,,,,hi Ihe rt- iri. 

Egypt,,'i~ini 

Prelin;mir,, c,,tiaai.., "tr[glit sho' that rice .t,, 
2roVn in 435-0) hi '.ilh a rccord priduciio ot 3.2 
mi illin 10 o rcgh rice. Natiinmal acrace '.ielde ,-
CceedLcd 7.2 t/ha. In t o llof inwthe ricc-eros' '. eill-
orate\,. a' eraic %icld reached Xi I/ha. 

D)urine the past 3 \r. the ,e\pt-IRRI Prolcct. 
supported h\ a grant roiiil 1SAIlD. ha, einphasi/ed 
ttc ,trcnticren oflihc Rice Rese'arch aiid Train,';, 
('cnter, RRT('i al Saklia. Kair I1Shcikh. The proj-
ecl helped operationalic th RI1RTC as in eftccctic 

national instituse..Aside from research, RRTC traii, 

extension workLrs and supports demonstration o 
more productive rice techno!ogy. 

Ri~sl\Ri'lI 
The varietal inprovenient prograi aimed to de. 
velopf higl,-vieldine varieties fOr nonnal and salint 
soil.. Desired aeronon-,:c characters included earl) 
inaturitv and resistance to blast (bfI and stern brer. 

Two promlising breedin, lines kerc registered fo0 
commercial cultivation as %arieties Giza 175 and 
Giza 170. Gi/a 175 v%as the breeding Iine (;Z 1394
10. . a derivalive )f the cross IR2Xf/R 154 I//Giza/ 
(;iia 14. It mitures in 14() d and has short grain. high 
lexel of HI resistancc, and high \ ield potential (8.7-
II .5 i/hai). 	(u/a i 76 i, the breeding line ( 1/2 175-5
6. ajaponica iype derived from the cross ('alrose 70/ 
Gi/a I 72//GZ24_. llecause of its earl,, niaturity 
(145 d). pild MPotential ,.7-13.3 t/hai higher than 
that o' local cultivar (i/ia 172. and -,ood rain 

quality. i 	occuried about 2W; of the rice area in 

In uiltil.ica.ilioin , ichl tiii. I.X2 ad'.anccd breed
ii- lines %%ere-%.liled.Anioii lhciiil Ilic iilosi 
promising cultures %%ere 1R-25571-31- I. 1(. 31
104, and (iZI368, S 5-4. l'e \'kcrc CIniIpar)lC ito 
hih-\elini checks (i,/a 175. (;i/ia 	 176. and (liia 

IXl'lhcc hi-hl HIresistantIarietiesdlenonstrated 
aa%ild poicntial of 9.X- 10.4 I/ha in no ial soils andtrhaiill",,littli 

5.3-,.5 tih iin saline soil'. 

Si'\ iitcrnatii;.l trials HIRYN-Vli. IR YN-I. 
IRON. IRSATON. IRHN. IR('N . consisting if 
46) test entrics. v.re .Calated at Saklia ald Sir. 
locilionsi. IL_1 most li-uiiisiiit .. ere IR39357enlr.s 
45-3-2-3. IR5397t- 100-31-3-2. and If<_,89IX--. 

Inan area of I .(i lia. -oniiiierca] tiilti,,ar, (( /a 
171. 	 (i.' 172. IR2X. (ii/ai 175. ( i/,a 11li d 

ficetlite !iilcsi( i/ 2 175-5-Cr.nd 112557 I
31-I) .'lr grs,. n b\ RRIC*or oseed producilmi iii 

collaboration iil tht-C Seed Bmd aid (tie Depart
mIeit of . \criculturc. l)i,,tribultdtl fai)rmers %%ere 
4.464 t of pure seed coniprisini X t of breeder seed. 
335 if founldati<ol sei. aid 4. I ) of rei,stered 

sed. 
,lii the 12roinoi priigraiii. iilhods Io ilniprive 

tcrtli/cr and .,,i!cr ic et'ficicnc", '.cre ,saliitled. 
fr~ direct seeded rice., a seedini rate of I It) k2/hi 
aid application ol% kg N/ha in 3 split dhiics basl. 
at tillering. and il parniclC initiationi restilled ini 
Iiaxilul Vields ( 10.0-I H) t/ha). Water inage
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ment experiments showed that grain yield was af- Disease severity (%) 

fected wb,.n the interval between irriatitfns was 
prolonged t6-d intr\ ill . especially at the reproduc- 100' * Giza 172 

reprduc-Giza 2175 
tive stau'e. IETI 444 and (i/a lI ere inoredrouglit 

tolerant than the other evaluated ultivar,. 

Weed allil.iLcIllent 1,tudiCe 'ShOed that ipreplanl 

application ot thiobencarb it 3.6 kg/ha or m\adaziuin 

at 0.6 k,,ina %A.Lis eff,-cli, e in controllin, A.eed flora 

in broadcast seeded rice. In drill sed'd rice. preeller-

geence application of ouadiazon it 0i.75 kg/,'a or

thiobeicarb + primnil at 3.6 + 1.8 kg,I aLInd 

ot 5.2" k! Idin e!Ili llro -pottloodi 1ig treatlent 

Aid euodt Celocltl -irct, .tp trol drc 
To t& %erll I-IC",i< tillt C1.uitiir< , Ct.' Ii . ;Illdl 

Inienu ermtpkaini breedin, ]line'. XndILre
ndli t, . i ,-

att.i in, i l t tons C \,dre' nur,cric, inluatCd I.- Il 

Sakl and threc other rplrctcnati\c i, ,itill'v. The 

f1lltl\ i ...' uhi\ .r< and ]rhreedii, line,, had iot,. dIs-

eas. l.ncidcnccLhri\ .. D, . le:uand t-CrillP(i< Chi-'Ii 

retitsi (ia 17, . ( ;ua ISI. (i/a i.365 S-0i4. 

(/2-147-Si 1. ( 2-1 !-I10-4. ( ,Z4121)-"'5-2. (1/ 

41 96-30-2, IR-,R . IIt 155- 1-I - I. 10U71.146-2. 

R . ,--+.. 11<t54tt1 7-49-2 A thitti Illctltuithlt . 

oln-tarlil test ,it, i 2M .l,t iL.tlltiLr', .il5 aR (Gil/a 

IS I aind cit brc itie line,, Ik22 7 I - I .l ,t_4 1lT7 

.. ) ( ( i/ /2:,.-1S14. 17. 0-2,'i 4-1_S Int ( ]/.-l N 

i i l 

test< I,,aI1n t tile pre%\ ilin. BI rilcv, I ( 17.1(U 2.5. K' 
.cr t.re,i<t li the\ \,,e r 'all ) t- alic ilan 

29. 11) 1.. 11) 15 1 f ile Nilt! delia. 'hIle (i,.I li 

Ilitter!,> it nvJM rcleaed 'ari-i' (iia 175 ind 

(ii(i/ 1 7 aiatu,,llre ailing,,\iru ic,nc ,,cothet ., 

2erti li e Nile dltdr,' a arei lll i 'lUn-e I. 

T R k <' 

il 

tIut_ i l llikl it the ut-' (it iith T tiliure tch-

liiatlC' lir iil) lit .tiI.I itlil)rl,\ itijhtul. \ltillt i' -,10 

eni'.i t ,urk, t at IRkI tIr 2 ii 1 ,i N tlllibilrli\A: 

pri ie LI In lite ili-t'Ui t1, l l i gt,I)i-wgriti. li, l 

,cintilit , ltt ti Rl - trIr t t 7I ) NCilir e\teilnl 

'kor.cr. 

()tic l[g1')Ilal N ",it I llitleilt 11 I ii. all 

!f .\ ",[ 1l+ ' )I',. i l \ w ik \ i 1lW . 

IRI+',I l tlh,, he l:n'. tali rice prilrati thri uli 

rapir lt ,lice' AI i b--,i liT ' NCarl,-micrl~i it ,il lieT-". 

'25) ,,_N-- v.,ert [pl- ntu tI il ia MlItCr ilur< er\ In 
c o l d i t I I; ,k \ i l l ! t h t_IR k I l anitil B~re ed in u i ]%l 

,illI. L'' phuti atllii ,lral(ir ild clti< , parli-t-

pated in c',.eral IRRI lrai/cd technical ciinter-

ce,, and ttiop. 

Giza 175 
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ICAR-IIRRl I itttiilk. \t1\1.I'ltHR(il \m, 

)tirig 1987 tm i ,,pecial Itdian ('i ncil (If A ricul

urai Resc'irch (-ILAR-IRRli cillahoratxe ro.ects 

1torde hiIpnIen r .ainf'dric u tiiil rte.ichtcrilrll ri dtlro 

itdia \ere Initiated \Allt tnidi,hh\A )B Lnd lAl). 

1 lie ,I\ Is 'Cslt II I Il)ee tC 'rI "- t eIeTI;III 

RicLantdthe e,.muid l)c\elhopimetit kiited e 

PlrIKdntlulii InILa'teti h itilt." 

M,ilu aL.htc"cic'tit< i lithe tilrtnklt t lice 

iiipplli i t file deep.,ili-la t i-,i iI La't" India, 

dlunhs,, h l ll i t tiiili ul\ ntlilic illealed i [pl 

Iliill il itL p l-. ,_iNItnltnre llhI\.ut i rice-Ii'h e 

hrt-C din ti r rt11 it-ce. idCulra t, entIut- ,,urv\ .'\ 

Lrlwp l,, ;i,,et et 

tiuntroil ot YSB. <etnlO 

di ,, ce. ic'ie t lt-,. \ 

Ilt YSlB. ,licilli ol. 
11im,l pl (lt ;is t: 

it il 

pc'li itdc (Allfli< h 

IliIlCl Ci 

[teiie.l. i talul 

etulld pluit.e 

I ,ii15 rLeINICI-ti illh 

CrrHtlIl i Al llr tI tan 

ti r diseases. chemtiical 

iiiallnl ilirinl2 l it )lI 's, . 

t-'l<: ,reenir- tiir tuleticiiLe 

I bl 
ll_ I)MlICll ALidic" I1n W est 

t. eteri ll ilt iMll , 

lI (it k,c' 11.ltl Ic Al 

l. \kL rtk iN hk l. ca cll mt ili 

l i IJliiltriaL< x. illlihecllil) 

I 5, aIrl r,. I lie celiler,Cii 

repre et,il ,pccitic i rtiect)hllic l ni\ irmulitlnt+ ot 

ritull t tplall. <htdii . ,tALgllt. andL dccp atcr 
Jlt i tlii iil,, 

i l 
F] Nm i i l ict-'nn c h mi +;ic t-l l / l i a nl l t ] &i ,s i l i c a t i o ln 

".\ tcll , li-ue li ii, lo 

"t'C II1ie the tIe Il at.I Cc' tIehl IeN, ll u%;litllu 

(A lltllicl l l 4lluhi.iitt-' ttel-IItc 

it Ihililli;ilil lice cc( 114)\ iI '2 

Aint utu lil lIe 

C_'i" la l l li l l (dl 1 1 1 C " lC " .\ l
d , I lI ,C 'i [ hI < .A Iul l l l ' r i l ui

colne i, thei_ ctlim L,%for -\n l datini itctc li 

Iindii , triii C\pelitllitdnlkil "itc IWiprthitMtiti 

r.iu in,. 
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Agroecosystem analysis has provided an ecol-
ogy-based framework for understanding farming 
s stems and identil' ing problems hN land type,. The 
interactions betseen hiophysical Cates and so-
.ioccrlo tnic contraints toIt'arners' problen, .ssrc 
identified and prohlem-, ranked considerinic the 
number of farmers alffected. tile importanct- of the 
enterprise inN o; ed. and the losssc, in productioi and 
incomnre entailed. 

On-farm research Site,, i;c!lude se\eral %illaes at 
cacth of tile Is center,,. Agroeos,\t ll alda, si. 
problen rankin,. and s\ stn, diagiios,,s hasc heen 
carried (i a ',amplecaC Itlei ins, ds, iln a lv. 

iFi, til cotIII itle"Iihl 
studie's ii other %illac,, at cach ptiject ,ite and "he 
Outlwce 0f tei, Wtk %tOuld form part of a luture 

'r<t--'t repo~rt. Socic oUUminaiissisindicatesihat 
farlnicir adopt % ioutntd Ititt heih sieldinu at 
the (tn-Irimi rearc-h itsC,., uili a hi.ch, .ichlds i 
farmr,, filds. l prdtticis its of rice h\ fari si/c 
appears, bt related tlSC. Ili particular tohe' I 11pin1 

fertili/r ainli rh. [Ilie: \ i-d ot rice per imecar.. 
htsmsc cr. di.s imb sitt trend il tit reas ima11n\ %k t 
lt1111 si/c+1. Iarmic Imitaic lhb r FiCeL lpa)l (I Ui 

Ultl dtiiui r, quit icL'h i all ric eC.teiris, 
lfi. aseraee i.'e ( t)Ihtliri+ i,, cII,,itirahl, 
biceh'r inire dtpi s t'r eIttss ,ti ihall 1 the Il.o 
()tlter e tii.h l 

L.nderdilerent I AR-IRRI tlolh(rati c resarch 
project. It m orsltps. niric f'lanniiic tr res e-
me'tines., and tine s\,N)linUlli look plcc during the 
sear. 

Indonesia and Malaysia 

An important activity in the Indoncsia-Malaysia-
IRRI program is the visit t9 internatioifly recruited 
staff (IRS) from IRRI headquarters to diSCLISS COl
laborative research and ,exchatge information. In 
1990. 29 IRS spent a total of 16 pero -dayvs in 
Indon-sia, while 7 itlily r-crtiltd staffsp.ne 67 
person-day, l-i,,, IRS. including ile liaison scien
tist. visited Nllas 'ia I'm altotai of 28 persl-days. 

Traininc of natitinal pr. n:tlrc,,carch staft con
tfle's to he a ,r\ illpitlaIll activity. Twenty-five 
icrsarch staff front indont-i a and 3 front Malaysia 
participated in 14 training activities at IRRI. 

Sccd eschIllc and collection are two imripoirtant 
-clmtities beiric undtertaken hy the colt lahrative 

prohgram. ',elrts shipments of seeds, sscrc received 
hv 17 Indonlesian researchers. ()f the 2(0. 16 ssere 
I N(N-R ril!serie,. One crimh 'IaSiCollecttion 
Iis,,ion to( North Sumatra va, undertaken jointiy 
hs ('ct ral Research In,,tittc for Iof! Crops 
duriie lhe sear. ( )I the 2- acce,,sions crtilected. 17 
%k:rc (. wt)it(1, 0 el-ce t). '1//14 tu(id. aI one \%as 

. t'iitl/IU. 
(diaboratil e rscaicit lcillt,, i illlthmcsia 

tili lie \the r%e'le telatefd th) lie mleit tjlialhillal 
titlttrk,: INiER. INSt 'R-. .\RI-SN. anid 1lPMN. 
peft.' resear.h ativites, arietalsin forSI)cr sLI 

tolcitic, ftl irthlt.iii ,oil, N fertiir-relliciencs. p 
stNtiil. III l lidan rice. soil airti ssitr lia n ct nt 
h\ brid rice, rice steI hotrr, bit I '.ical ctrofl ti riceL 
discases, rice blast. uland rice., rice firtlndlill and 
c)dlectitui of sk Itl rice 2eriiijililsi. ( tire-funded 

c\l)eriitieits tII upllaLiti anid rainlfetd Iti lalld ic. 
initiated duruilt thw t-ar. are nllaied jointls h\ 
Iiitttimeslall sciclitis ant IRRI stall stlallttmiet ill thl 
c'tnrtrs. 

Indilnsia rcmains sell-ilit mit in ss ericedespiteere Kc% sitc ir rlirch clor,,rt;iahac eci idleiti
drO)uhii I (oic parts ic te c it iurimp P)9(lant f 
tile Ltii crol;1 (I stlit iicabtiC ricClialid, to lel 
cttiitlliit.c ' Ute.". lhit.e ' tts r ill i t.tliti c, it chil-
+hAil/e a fricul tMur)l tileltl)lltii, -spccilll tt 

llimaiiAri h4t t-i l -sUifiCmltl.\ anlti lixrst frmr,' 
IIc l' 

\ilas lik-sis, sits, pItI llill1i ctitiili 0, it 

.t' 

With mi',r.asi prrtiictioii LiC alId [i.C 2W2Ctril

-ner O.lCit..i for itod .cLrilt. tle rite esCiJIcl 
prtirzii ift the ,las siai ,\,ricLtthuraIl R:,cirt h 

llc l~~llc 

acliee 65 * 'cli -suiicict \ iii ric pro it'ict itlii. 

[c~,,aid lkeciircm ]l,tttitc +Me\ARI), l hltRt, ~ l 
cisi redulionm tilriuLh (hi'i 

il Intt I~ , ft~imses (oim 
i ct_'dmi anid lmchani-

/atiti. 
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icti: ftile\ ail Sitli- Station it- West Sumatra for 
uplaintl ri.ai ;lilt] li Clsia nll ini(emttCil J. , for 
Iriillctf Ils lliti IfICt. 

\ki]I)sla c ittll , to p icip I, in tie activities 

otf te intcrimtmal rnet. orks beimm ctordilated b 
IIRRI. a's .kCI a, in1imbrhrid rice. anther utltlire. hi 
lt it. .l ioilr l ti1 ri,.c disc ss.tan limt collection ol 
%IItd rices. 

Lao PDR 

i It i Ij, Itill [,\N PD)Rn.iiLiI1 

Ri e, thc sile ititost ipiortant crop in tie Lao PDR 
is plaited in 59) Ih rcplireiting apprttsinail lv 

http:staffsp.ne


84% of the countrN's cultivated land area. Less than ple:ely destroyed and the area intensively cropped 

2% (10,200 ha) of the area is irrigated: about 62% is until tie soils arc exhausted. Regeneration ofai area 
SOlliC Cases whererainfed lowland, and 36"1 is upland. Yields are low, is belie%ed to take decades anti, ill 

utplands to about serious soil etision has occurred, regeneration s,illvarying troni less than I t/ha in tile 
2 thi in tile n iievyer he cll.iplete. This s\ stemi has to be completelyrain ted lowiands. Total productio i in a 

average )ear is1.4- 1.5 nillion I. 

The rice %arieties currentl\ gro\sn arc largely 
glutinous (861" of tilearea) and traditional Imlore 

than ( I.Tile natitmal rice production program has 

two bro,,u objecti\ es: II increased and more ,table 

produ-:tion to ensure ,,eIf-sufficiecy, ard 2 stabili-

zation of areas of production hased on shilting culti-

vatton. 

Tilv I.,-IRRI i sl- \ AND 

IR\ININ(; IHRItlI 

The Lao-IRRI Research and Training Preiect for-
inall Iegan il.-\ugust I -It)() %\illinitial funding b, 
tileSikis, l)e\eloplieni ('operation (SIX'). The 

project has 1%%o inaitir comlponents: IIrceslch pro-

gnti desehCInient, aiti 2) trailtine. 

The prl iect las three long-terl IRS positils: 

lowvlanld a.iirlttn.is/teil leader. re,,poible for-the 


de.clopment it reseaich kills and techIInolo', for 

rice-based ecos steins ilithe rainfed Ii.hld- and. 

to a inre linited extent. tileirrilated los lands: 

upland artliotnist. Ites:,.ilsihle 1l)r the kit.'..,hplelit 

of research skill, and flr tile riceltechnolg,\ tllanld 

ecos sienl: and Ilat hreeder. resptnsible fur train-

illgalld des eCttpnell to ,>stlniticalls e aluate rice 

varieties for each o,)the tai r rice ecoss\ slellls illtile 


lao PIDR. 
Rainted Imoland research. The protect ss ill con-

du,:! ott-farill and ol-statiton research ilthe It9, %sci 

abandoned if the atfleced areas are o be stabilie.d. 

lhe second tye featurC, a lllllaged ccle of 

an.l croppin'g: altertineictt t ocrops on the slash
and-hitrn svsten lor a gi en area. Icarea is left to 

regenerate before heing cropped again. When crop
ping is based on an S- to IS-\ r c\ tic. this 55 stem can 

often he stable. I los c' er. in areas l'the Lao PDR the 

cropping cycle has been reduced to 3-4 Nr. 

In late l90I .ldianostic ',ir\ ' of' areas of 

shiltil'g cUtisatitin ill pr,tile inces of ()udolnsav 
and .iuall:Irabang defined ftutlure tesearch priori

ties. Research ,.ill he directed all a betteroltainin 

understandig t tacttirs affectig the relati, c stabil

its Of tileslash-antd-burn upland I 1:e cropp1l1ilig S s

leils. At thle -allie lite. collectioll of tilediverse 

ra.nlge tIt Ical u1 ,laid ,.glut1ious rice 5alietilS \kCerc 

tiLIClltkeii. 
Irrigated I),,lantd rt..,'arch. Aprt loiit ,()ile 

,arietal es aluatitm. Itlilic rLesp .sestuties. and 

ins1,ect pest iCld loss sludies. r,_earchIlnIt irliated 

areas mill tecci\c less cmlphasis taian in areas of 

itfd iss land aid railif'd upland ic,.e pl'mdtic'titll. 

('ooperatis e research links. (Uooperatise re

search links are being de eloped \k ith other national 

.ind interiational researth agclcies such as ACIAR 

i..Australian Centre for Interntititial Agricultural 

Researchi and thel FA.IIl"M netsorks and pro

grains. ,\rraigenellts have been made for .ao PDR 

to participate actiselv illINSI. RF. 

seast illtilemain ratnfed loss land rice p-idtLLCillig 

pro tice, of Sastaiilakhet. (lattpassak. ntd iell 

tiane. Research tn varietal e,;.iluttin. the Use Of 

organic ald inorgatic fertili/ers and green nlanure 
rtpN,. ;l11lt lle.tuirelllellI of \ill loss deC to pests 

and diseases %lillinolsc close ctllaboration sitll 

the Tlhai-IR RI research prigiiii io raiIted hs land 

rice in Nortlheast Thailaid. 

Upland research. 1 o bitoad i pc, ()t iliW6tin 

cultisatlllI are -cCilited ittihe l.ai P)R. o1ne 

destructis ealld eXpflitatis e and the ofIlter piieIitIall. 
,,table The fortner is coil ilotl\ praciIced h tiheItI
 

hich the main etltnic group is the ItngM 

%kihi tu,,uall,.i bill,lopcs alo'e I.()1()I .iaid 

Sung. in %k 
(c,.up.\ 


has.e a s\steml of culisation hased util nligratilL 
, comu-eserN 15-20 sr. Forest cLiser in nes areas, is, 

Tk\l\l,i
 

.\ ina.or constraint to participation of1L.ao rscarch 

,ciIclltlls inIRRI lioldegree training cOlrses is the 

its lc%el (tproficie.c\ ill English. In the short terinl. 

traillilel colrses %kill he arralged using tile pool of 

IRR I-,.s ed expertise in Thailand.The first Iasic 

ice Pliduclitl ('our,,e itl Iai lacnguage for Lao 

scleltist', is scheduled in [ebruars-April !991. 

Latin America 

IR I oIItLibueS tlie research scientist Itille Latin 

\merican rice reearch tieatil. coordinated b tile 

( entrhlternaclnal de .riculturaFripicalI('TI.\. 

The scietist ser es as liaisonl ili Iat illl Aleritihe 
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can region, coordinates the regional International 
Network for Genetic Evaluation of Rice (1NGER) 
network, and provides the regional team with direct 
research backstopping in geniplasm enhancement. 
Only the results of the research activities are high-
lighted here, the other activities are summarized 
elsewhere in the Pron report. 

PI.MIRA AS A YIEItD SELECTION SITF FOR
 
-xirN AMEtRICA. 


Yield data generated in replicated trials in Latin 
America during 1977-84 were used to evaluate 
Palmira. Colombia. as a yield selection site for Latin 
America. lo.ations "ere classified as tropical, arid. 
and temperate irrigated, and favored upland accord-

ing to planling svstenl and climate. Lines were 
classified as discarded and selected as their vields 
were statisticall less than, e.'qual to. or more than that 
of the best check. Proportions of coincidence in 
selection and divergence in rejection kere defined as 
the proportion of lines selected in Pahnira that were 
also selected in the rest of the retiion and the propor-
tion of lines discarded in Palmira that were selected 
by the region. respectively. Te difference between 

the tw oproporlions was calculated as an estiniae of 
tile to discriminate amnong the lines Ibr yield.abilit, 


'hose cars in which more than 75; of thL lines 

,ere select,.'d in Palmira showk ed better discrimina:-
ing,pow er. suggesting that selection at the site should 
be mild if' materials useful to the region are to be 
saved. 

LYONI 

IRkIC AtiFD Rt(TI 


Gi-st:ij I(ii \5i1- 1, Amti<iou.N 

The pedigree of 143 Latin Amerecan rice cultivars 
released during I'" 1-X9. was fdlowk ed back to the 
original land race,,. The contribution of each land 

race was estimated. assulinug that cachl parent pro-
vided 501; of it,, genes to its descndants in each 
hiparental cross. ..\ group of 14 land race-, wkere fiund 
to contribute to cuivars released in all periods 

(Table I ),and was defincd as the core for the genetic 

constitution of the Latn Aneriian ilTigated rice. The 
data showk that parents f the culti%ar,, '-k'rc increas-
inglv more related-a simple wa of makine sure 
,,egregants accumulated the basic gene,, for adapta-

lion. Thus. when incorporating new genes. breeders 
put them in the core background acting as a carrier. 

Not all land races had the same level ofcontribu-
tion. Land races Cina. Latisail. and Dee-Geo-Woo
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Gen contributed the most They had been used to 

develop IRS. the cultivar that triggered the Green 
Revolution in rice. Lines introduced from IRRI ,acre 

found to be avery irnporant 5chicle for the co re land 

races. 'he illost important cros,, ".as IRX. found 

7o'; of :11culti ar,, relcased iTable 2. 

M ada g asear 

TheThird Phacof the USAll)-funded Madagascar-

IRRI Rici Research Project began I Jan 199( iith 

finanirls,,istaicefS5.0rmrillion o crthc next \ r. 

Training. partiuularl.\ dcgrcc trainin. rCmainLd a 

high priorit., l)urin 1 )9(0, t,,i \lalagas\ ,cientlsts 

began M"IS r,1Ph D prouran,,: at preSent a total 0 2 
cientists are ,tud" in'-,tor the Phi 1)aid .5 for the %IS 

degrees. In additrh'r. MO, scienlists participated Inlm 
short-terni trainL . Sinc tie bcgining. ')I the pro)-

ect rn I984. 43 Nlakiga,; rc,,earch scientists hasC 

partcipated in ,hort-tcrn trairng progranis. 

Si~[441I(4 Sil, 

Early rice crop IAntananari oarea. ( )n thc ('entral 

Highland,, I 1.))0- 18(10 ii: . aboul IX0.)I00 ha are 

gro, n it) tihe main or r.n%,,aaonti rip tralplamcd 

in No s ecr-l)cerrier and hars eted at the ,.J ot 
the rainly ,,ast March-April. 1hssser. i., about 

l 8.00(4 ha earlv season rice i, lransplcnted Ii poor 

drained plains that ma. flood during Deccinber-
Fehruary. L%en kithl earl\ tran,,planting i .-\ugut-

Septlbecr. farm 'rscan espect to bhse their rice cr p 
oncec\. r 4 or 5 .,I 

Rie scit itClll',Cinsid rist , o ,ratcres t 4 rcduc 

the risk ofl OtOd-iliduced crop lih,-c,: IHgros ig 

earls -naturr g sarictic,, t0 e ,atpc ihidilg ar.d 

2) imrs , lntlc_ Ill , ,riarltlcisthat tLanl"ride out-
thell]t duIdiln.A rial,, c hi palJ, rhasclnduct) Ier 1 

idenlfied ,e eral sarlires thi,t i eled at le.at .is 

Table 2. IRcrosses most frequently found in the parent-

age of Latin American irrigated rice cultivars, 1971-89. 
. 

Ctias Genetic contrioution 
Cultvars cultivar 

Cross participating 
Mean Maimum 

IR8 76.2 036 0 75 
IR262 26 6 05 050 
1R579 36 4 029 100 
IR661 9 1 0.22 0 50 
IR665 34 3 0.28 1 0 
IR841 16.8 0 17 1.0 
IR930 51.0 0.38 1.0 

high as the local varieties and also matored early 

(Table 3). 
Main rice crop. 'ariewal improi'mIn I I 

farmer- managed tria I, coMduc ted in N jakiandri
ana and lalit,,, 4 if FtI"IFA', advanced varieties 

2067. 2822. 2787, and 20) v%cr' tested it'ainst [lie 

flnier,' preferred variek\. e .ir le.) part cipat!
tg farmers to cirrrplerc , Lluetiornairc thal v ouldMi ide u, informiation to explain .artia! pcrfirni

arice. identif\ research isue.,, atd i ,side a data 

ha,c itf farrers" raclntgenut practices. I lh new% 

varrctie,, %%ere superior to the local varicis 2067 

and 2 '2 rri iarijakarndriaa arrd 2787 and 2822 in 

Nlaiit,', tile best pertornu",s.Mcrc 
B,caue ftarmcr pfticlp tor\ rals pcrmit kide 

,pread tvsti but rctltilre tiinl!iriniim i,rcher 

anae.tt and re1,sources I(1-1..\ ,,rice prlgral 

I, testing 14 nsc% ,,,.ctlarld \arlcltie ili about i') 

farnier," ih-ds ol the Iligh Plateau il tile l1990-)1 
rice ,ca-,onl. 

1ht'11)phot' o c/1 '(lli o Isl,. At tto locatioll,, 

te1' 0tedt-,e CInfiIcic, of ditlcrcrit sourcc,, it ' 

hci applied at 13 ky P/ha as a ,eedl Iu lo diport it 

M.lien broadcat alld iricorporitcd. Reull Indicate 

io dicretce bem C. ,(ilUrce,, a,, root dill or broad

cat alld t.rp'l'i.cd. ltus cos.tpcr unit P Should 
deterririnelcthe fcrkih/-i choice. lasses er. dipping 

Il ileclelliri' rltcritals ks Inroe ea tectis, c thaln 

broadiattl ;tld uirnortrio..\t .-\lAI batornt 

dipping plant )1t , ItP cmrplete tertilizer 16-16-16 

retarded ,eedl ic, cro ., tiand reductd .\ic %dI herea, 

it Soanierana. 16-I ;- I' applied t\ the 2 incrhods 

e;.\ e cqurs al.nt \ lctds 

We tested rhe %alucii appl.,inc the mio're Coln
rrtliorlll\ as .ila leciiiiJ' U l e tlel r I1-22-1" )i'LOlii)t 

1i0tdil) becaus prCil i ali h at Indiatled thAt 

thli c cause nr rtaIt,, . pIihrbIl\ bt.tould ,cediltL' 

Table 3. Yield and duration of deepwater rice varieties 
grown In farmers' fields,' Betsimitatatra Plain, Antanan

arivo, Madagascar, 1989-90. 

Durator, Yield 
Variety Idt hapVae_______ha 
IR,3146.1 3.3-3 156 6.7 
IR21 !88-87-3 32-2 149 66 

iR637Ok.-23-1 156 6 3 
IR21363-13-2-2-11 139 57 
Rolomerna 271 10 icheck, 156 52 
SPR7297 432.1-2-1 143 5.2 
IR9763 11-2-2-3 143 5.2 

t;anspiantea 28 A-.g.s " zeoi.!",50.26-37 'g 
HPK ' ODays from ransplartiy 
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cause of the soluble urea-KCI component of the 
fertilizer mixture. At P rates of 0,6.4. 8.6, and 10.8 
kg/ha, we found no seedling mortality: as P rates 
increased. yields increased prortortionaltel y 
(Table 4). At 8.6 kg P/ha. dipping roots in 11 -22-16 
was about 17 more efficient than broadcast and in-
corporation of the fertilizer. 

7"l -himsloi,'.v' ''f/it-Will rial-'id..Ninlcfancr,,.under 
theirown management. tested the researchers' tech-
nolkg) package consisting of improved varieties. 
application of low P ratesias root dip. and shallowk 
(3 ci) transplanting. Yield increase fron the re-
searcher,.' package was 0.1-2.0 t/ha Imean (.8 t/hlta) 
compared with the farmers' practice. 

In 1990-9 1.15 farniers \will follow the researcher 
package. wlich has been amended to include dilp-
ping of roots iii .-omplele fertilizer 11-22-16 and 
transplanting 35- to 5i-d-old seedlings. 

Based oii on-farm research and experiCncc over 
the past 5 ,r. Ae riite adetailed technical bulletin on 
growing rice lUilo ,-fertility. P-fixina soils. In 1991. 
wre plan to %rite an abridged bulletin in Malagass for 
disseninatton to farmers. 

E]/ct-I U. oi ri We te,,led tile!,,n t'weld. effect 
of silicon in the form o burned rice hulls on the Fe-
toxic. l,-ixirg fsoi trial,in Manjakandriana. Intile 
roots were dipped in 13 kg P/ha. The application of 
0.48 Si/ha increasod \ield, 1,V0.6 t/lia. or 1l ,o %r 
the no Si treatment. but there %%as no difference 
bet, een broadcat/incorporation and the root dip. 

Elft' ( iwl~- oi I'vithl. Many farmers in lie 
\lihitsv region hase riot found NPK application 
prolitable: ctn,,equentl,, fertilizer use is low . In 
pre%ibus trials %%we s(ik %fould ihtll were deticient in 
S. TherLfore. a Jt-d wi, CndL1ctCd to determine the 
be,,source and rate of S. Sulfur at 4( kgi-i produced
higher yields Ithanf did 20ike/hai [ able $t. Ati2(1 ke_S<. 

Table 4. Effect of applying different rates of 11-22-16 
compound fertilizer as root dip or broadcast and Incor-
porated (B&I) on the yield of 2067 (Chianan 2 Sel.).Farmer's field, Ambatoma:ana, Sambalna, Manjakan-
driana, Madagascar, 1989-90.------------------ourc. 

Rate Method ot Yield 
Fertrizr kg NPK.ha) application otha) 

Urea - KCI 12 5-i)!5 
. . .. 

B&i 
. ... ..- -

13 c 
11-22-16 7.5-6.4-9 Root dip 2.2 ab 
11-22 '6 10-8 6-13 Root dip 2.4 ab 
11-22-16 2.5-10 8-15 Root dip 2.8 a 
11-22-1 10-8,6-13 B&I 2.1 ab 

CV (%o 14 
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CaSO, was more efficacious that, ainionium sulfate 
but equivalent to elemental Sand Spowder. At 40 kg 
S/ha, all sources were cqui%alent in value. 

tn e-6raic h'L'uttt. Durinp tie dry, cold sea
,¢m. most fiChl1t,,u falloV,. I)fflii ltie dr, scaso, 
cale lose v.eitt. pfrodlt less milk, aild often 
b.-comW -i if i oi fhae. l, 5ets a,Jfrtla Iatck1 
we tnlfld.WC' iId- seas,'nlil I Iu|iher cf iorapy- or 
green inadll't' c.2Ll'llo,tes rice.1i) after wetland 
Certain ,;'etie uf ci,. on uloverilrti i.tar
natulnt), red cclve1 prtlhn. e(), whillciver (T. 
rps'tn, .and C(ommon vetc Ii0 ia aatva froin the 
southeast U.S. ere ver , proiducti e. Berseei clo
ser (T. ali'eaoIIdtI1n) f1r1111l~tand hairy \etIh 
(I vilh.vloa trionm China werc ;il , cr, proniiing. 
('rinsoin and red clhier wcre adapted itpiroductioi 
%ith no tillage. Seeding as carll ;ispossihlc iApril-
Nla\) before temleratLures became oo cold or lie 
surface soil too dry \was iiiportatit for e,,tablishing a 
good stan'j. 

C(,s i .l.,.\I\s 
On the lorihest coast. ,arictal trials ove the past 
seecral years have idltliiCd a numlber of1varieliC, 
hias ing higher ield, earlier inalurity, and acceptable 
grain characteriticts. Trials this year hiase identified 
varieties that yield 40-X0I( more than the local 
saricies (lable 6). IR21015-8O-3-3-1-2 and IR38 
oere widelv lesled in litrctrs fields. I ll9) .o hese 
arieties and IR36 and IR983( -26- ;- ; Illbe placed 

in inuhilthcalion farn icr-inata.ed trials -

At lanandava in the stuthiwest. sarieties 1136, 
I1B96. IRS. 11(64. and 2787 (1 54/)kn/ 112/2) have 
Ienti found superior to the farnieCrs ariety'l aichune 
i 78 kllii if,, IR cd valietiesh).Tiprllilps are 
bellLe [iot e idel\ tieisd ill lartlle-inalaed irials. 

Table 5.Effect of Srates and sources on yields of 2787. 
Farmer's field, Soanierana, Mahitsy, Madagascar, 1989
90. 

NPK S.kg ha sourc- (Lha) 
(t-ha_ 

0-0-0 0 2.45 d 
60.26 50 * 0 3.14 d 
60 26-50 
60-26-50 

- 20 
- 40 

Ammonium sulfate 
Ammonium sulfate 

340 c 
428 ab 

60-26-50 *20 Elemental S 3.68 bc 
60-26-50 , 40 Elemental S 4.45 a 
60-26-50 20 S powder 3.65 bc 
60-26-50 - 40 
60-26-50 , 20
60-26-50 + 40 

S powder 
CaSO,
CaSO, 

4.65 a 
4 12 ab 
4.60 a 
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Table 6. Yield of early- and medium-early maturing 
varieties when grown at two levels of fertilization. 
Tsararano Station, Marovoay Plain, Madagascar, 1989 
dry season. 

Maturity Yield (tLha) %of 
Variety (dl check 

No NPK 3-13-25 
kg NPK ha 

Early-matunng 4.8 140IR9830-26-3-3 120 4.3 
Kaohstung-sen-yu 120 3.5 4.3 119 

IR34 115 3.1 3.9 107 
Boira 1329 (check) 135 2.9 3.6 100 
Medium early 

IR21015-80-3-3-1 2 136 4.9 5.8 183 
Taicnung Sen 10 136 4.9 5.0 1694.5 161136 4.9IR54 
IR38 145 4.0 4.7 149 
Tsipala A (check) 136 2.7 3.0 100 

Mya nmar 

Techlniical collaboration ,,ith Mvanmar involves rice 

farmin s\stcrns research, varietal iriproerilent, 

dexeloprnent of' farm implements. and technical 
manpower dceloporir thiroigh degree anti uonde-

'2ree training. An agroon st/IRRI represerlttix e 

stationed in Mvanriar xxorks clisel\ \ ilih the N an-

'iar ..\riculhural Serx iceCMAS . Re,,carch prograns 

are cordiiatcd throtuch the Agrreultural Rec,earch 

Institute I.-RI ill P\ ilatua. I DR('pro%ides finan-

cial support. 
Computer analy.'sis ol'30-yr daily rainfall data for 

Pathein, Ihna bi. Itllriuot. P;lllllarn. and Man-

dala%to%%nships predicted tile onset aid terinration 

of ilolnrsotoin and x.as the hasis for testing crop eslab-

lishmewi and rice-hased cropping patterrns hle 

models predictetL that rice double Lropping is pos-

sible illPathein. itrna. bi. and 'Iatuiloo. btIt iot ill 

Pyinlinia and Manrdaha% %here tlie Onset and term-

nation of rionsoon are erratic. 
A diagnostic surx.e indicated that head rice xicld 

and millin rcoxciy are not correlated to ambient 

relatix e humidity and temperature but are affected 

by tle practices at ,iauyes tf harxest in some hca-

tions. ['he current practice of threshing by animal 

treading oiutire threshiug floor may be improved to 

minimize losses and prevent grain quality deteriora-

tio.a. 
MAS started apilot prograin onSeshanaroxta 

use in four rice townships. Results in legu and 

Daik-U sites were encouraging, but those in Letpadan 

and Thongwa failed because of poor sesbania stand. 

attributed to poor seed gerrination. Sesbania seeds 
are sensitive to waterlogging. therefore. the Nmust be 

C, 
so\, n before heavN rains. Aver-tgc rice yieds were 

3.74 /ha infilLIS wkith green manure (GNI) and 
3.31 tla in fields %ith 60(kg N/ha. Fields with GM 
anld 3(0ku N/ha, sidedresscd at pairicle initiation 
yided an a%erage of 4.) 1/llra. M.,AS embarke.l on 

arain fed rice pilot production prograi using sebaitia 

as GM.:Availability of seshania seed is a constraint 

to expanded prodtiction but. to ox ercoile that. AR! 

propagates sesbania with sten cuttines. 

Our research w ork on tileestabliishment of black 

gral, chickpea, cowpea, and mungbean alter rice 
indicated that the farincrs presox ing practice oflone 

plokinrg follo cd b\ t\%o harrmingsIst) coxcr the 

broadcast Uplad crop Seeds gax e belter crop stand 

than using,tile slit lcoder and deep seed placement by 

dibbling.
ARI ,stafand tlre IRRI rice geniplasi collector 

undertook collction in 12 MNanniar townships 

ill DccenhCir1 990.) Thc cll.-ctoiri vicldedl 31 

Iradithoral \arictics arid 23 samples of 3 Vtild rice 

species. 
Rice varietal inprOVCCnt ,trUdics idCntified 

IBP3 146-45 1and YII-63- for rainted lox. lid, Yn

114-47 for irrigaoed lowland. X7 I - 1 -1 and BR-I IX

3X-17 for deepwater ecos\ steii. Ilie arietics rec

omniided for release iii 19Q(1 xere B912113 from Sri 

Lanka and IR 13241-X-2-2-3 froi IRR L both for 

lowland: and ARl-dCvelOped Yar 8 for upland. 

ARI researchers i.nd the Ariculenineers from 
tural Mechanization DepartnCnt , CarTied out(AM) 

research and developnient ol rice barn ig svsteris 

micehanizatnnli at ARI-Yezin. The A DNIre,,earch 

tcarl focused Oinimproving the Ingon m.aize sheller. 

corstruction (iba prototype hydrotiller rising local 

mrriate rials. and evaI tltio of thlie dru ni seeder for rice 

%%et seedin. The ARI team developed ar efficient 

single-animl drawn, wooden-frame plow and 

adapted the IRRI drum seeder for upland crops 

soxxing. Ongoing work includes collection ani 

improvement of iindigenous farn implements. de

velopncnt offan efficient work animal harness, a 

low-lift irrigation pump, a rice stubble cutter, and 

popularizing the use il the slit seeder. 

The Myanmnar-IRRI Farming Systems MIFS) 

Project was reviewed iii February 199() and a p.

posal to extend it was submitted to IDRC in Decem

her 199)0. The proposed extension calls for the fol

lowing outputs over a I 5-mo period to June 1992: 
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* 	 Revision and characterization of key sites for the 
major rice ecosv.tenis. vith emphasis on less 
favorable environments. 

I 	 Identification of technical and socioeconomic 
constraints to rice production Lod riceland pro-
ductivity, also %%ithemphasis oi less faorable 
environments. 

* 	 Continuation of research collaboration betm een 
M\anmar and IRRI scientists, %. increa,dith 
emphasis (ot agricultural economics,. social sci-
ence. and rice-fish and rice-forage research, 

* 	 A propc.sal for establishmen! of the M\anniar 
Rice Reseaich Institute, 

Sri Lanka 

During 1990. research and training cooperatiom 
betsseen IRRI and the Department of Agriculture. 
Sri Lanka (DOASLI. continued to be ,trengthened 
,sith financial aissistance totaling USS3 13.9(X) from 
the Skedish Agcenc. for Research Cooperation ,Aith 
Des elopine Countries ISAR[C. (.inder the project. 
IRRI scientists ssill undertake short-term Colsulta-
tive vi-its in areas Of mutual interest. Sri Lankan 
scientists. on tileother hand. sill have increased 
Opportunities toundertake degree and nondegree 
training at IRRI and elsws here. and to participalte in 
relevant contcrence ,.sympiosia. and %%orkshops. 

In September 1990. the DOASL organized a 
m;ijor rice congress in Kandv. The congress. 5' hich 
was attended bv the IRRI director-general. discussed 
challenges and stritegies for rice research and devel-
opment in Sri Lanka oser the next decade. 

Thailand 

Exports of Thai rice dropped to 3.9 miihom t in 199)t 
from more than 6 million t in1989. ProiductiO was 
reduced by pest outbreaks and a shortage of Aater in 
the major c:itchmcnts. In September a se%,ere bro' in 
planthopper (BiPlI infestation deastatud 
250.0(X) ha of rice in 2f5central pros inces. attinL 
80.(i0 farmers. Most damage %sasto sameyt 
Siiphanburi 68. Tis highlight,, thc need tOr intc-
grated pest nia;agemcnt in farne:rs" fields. .hich is 
one of cur cohlaboratis e research a,,c;ivitics..An IRRI 

entomologiist as.,isted In deigning a strateg, i'ir 
dealing kith the BPI outbreak. Plan:, for 1mlo10%-up 
research "*ere made at an IPM Network Meeting in 
Lopburi. Nos ember 1990. 
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The first International Deepwater Rice Fanning 
Systems Research planning meeting held at Ayut
thava in July %%,as followed by a farmers" field day to 
demonstrate collaborative research on mix:d deep
water rice ID\'R) and upland crops at the Iluntra 
Experiment Station. Farners \%ere keen to adopt the 
use of sesame mixed %.ith deep,%ater rice as a pre
flood crop. 
DWR breeding esperiloents skeie expanded by 

mechanized so,,,ing of experimental plots. Iligh 
floods gave intense selection pressures. Short lines 
%sithpoorelongation sere destro',ed. but many with 
good response %%ill continue to be in tie breeding 
program. 

For rainfed lo. land rice the collaborative shuttle 
breeding pro.ject (i ,an etal inprimencnt has pro
duced some promisin line,. Soil fertilits studies 
hase shoiis i the effectieness of green manure crops 
such as-,sesbania. Nitrogen use elficienc, is being 
e 	;.l 'N.uated b\ e\perinents using 

In NO ember. an internatlional rkshop exam
red pri igress ifn pri ilein soils. 'Iionewresearch un 


tolerant rice liles selected inl'hilalnd sscre lead' for
 
yield ic,,ting.
 

ThroUghiiut 199), the IRRI office in Bangkok
 
provided imponant higistic and adininistratie sup
port services to our countr\ projects in Cambodia,
 
1.ai,
PDR. and Vivatnm. 

Vietnam 

Dt-c()ji Ii' / t,is\ vNi) 
,
Rt(ct: 191RDI (I VI I ) (;\ IIf 

Vietnam's re-enlergence in 1981) ;.X9,rice exporter 
atter ts1 decades of being a net importer can 
be 	attributed at least partly to the de-colleciviza
lion pilicie, pursued since 1981. In I9X8l, Vietnam 
started to allom indi%dual househiilds to cultivate 
land independentl\. rather thain as inenibers of 
c,]cctise %,irk griUps. aind to be responsible tIor 
prosidine a cmitractcd aniou; t of Output to the 
state. 

The productivil\ impact Of th contract system 
5kas empirically, etimated. Separate priduction 
!tlnction()s sere fit tor the imrtliern aind southern 
pros in~es to &apture the ditlerermial etfects (it poilicy 

reforni in the Iornier Nirilt and Iormer South 
Vietnam. A data set consisting of provincial data 
lr the years 1976. 1980. and 1985 was analyzed, 
using a variant of the Cobb-Douglas production 



function. presented below. This function is similar 

to the one used by Lin (191;8) for China. 

1ACi, 

exp (,Zj+ :4: + ,,Z, + 1/I, + O4. + 7R 

Total rice output per province per year (ci is related 
T 

toproduction inputs. provincial characteristics. time. 
input,, conlsid-and regv-,oral dumites. IIductioi 

ered are total rice cultivated area \ pos oni 
a pro% ice k 

rural population b pros race i k, , used as a pro\ hr 

agricultural klbor force: and buffalo Ppuation b 

province i.i,), for draft aninal poserused as a pro\s 

Provincial characteristics are proportion ot rice area 

under modern arieties i/, proportion of rice are'a 

irrigated (Z,) and proportion of farmers --kho are 

merbe.'s of cooperatises (Zi). 

With 1976 as base ear. ear durmiies tor I 91M 

(: I and I9X5 I I were used to measure the inipact 
of t o distinct polt- regimes. Since all three \ears 

and showed n unusualwere nornial-,eathc, %,ears 

des iattons ini rainfall or temperature patterns. (he 

year dunimics were designed to capture the inpactof 
i/ation policies.collectiszaiion and de-collecti 

which are not captured by the ra~i,, ot cooperatli'e 

farmers. "]h,percentage change In output for \ears 

19901 and 19X5 relatise to the base sear 1976 is 

measured b\ Jexp (0,) -I]and ley t0, 1- 1!. respec

tively. 
The Northern uplands and the Central cotastal 

region crC used as hase recions tr comparisol tor 

the North .u11dSouth. rcspecti\ek. The p,.rcentige 
to thedifference in oUtpult tfr retoil (R relatise 


base regCUot is
PiCasured h, Iecp (0 -II. 

Reutession restlts are presented separatelk for 

Table 7. Rice production functions for northerr. and 
southern Vietnam. 

Intercept 

Log of area (X 

Prop. of area under MV 
Lop (area) 

Log of ,ural pop'n (X-, 

Prop of area under MV 
Log ofrural popn 

Log of no ofbuffaloes (X.i 

Prop of area under MV 
Log ofno of buffaloes 


Prop of area under MV (Z 


Proportion of area 
under irigation (Zt 

Proportion of farmers 
membersnp
i,ncooperatives Z 

Dummy for yeai 1980 T 

Dummy for year 1985 J 

hqgonai dummy 1 

Regional dummy 2 

Regional dummy 3 

R 

DFE 

Norlhern Southern 

0 0492 0 7466 
(07297) (045561 
1 5260" 0 9702" 

(0 3108) 10 0723) 
-1 0290 -0 5774" 
(06779) (02214) 
-02315 0 1533 
(0 2283; 10 0962) 
04539 0 1236 
0 5411) 10 2441 1 
0 1109 0 1105" 
!0 15881 0 0427) 
-0 2900 0 3891"'" 
(0 3779) i0 12351 
2 7438 3 1191" 
1 88881 i11126, 
0 2722 0 2893" 

1063,0 2918; cO 

-0 7336" 0 1292 
10 3600) 0 0869) 
-0 1420" -0 0187 
?0 (1428; 0 0455) 
G 1116" 0 1503" 
0 0477, 0 0571 
0 1685" 0 0421 

10 0754, 0 0788, 
-0 1643" 0 0186 
(0 0724,1 (00801, 
- 0 1990" 

10 0853)
°° 
98 20 9846°a 

40 44 

than 30)l 0Iiall southern farlers belong iiit)(pera

ises.''he cooperallemili \clnellt \a s mtore success

fill in the less producLis C.upland ric Iroduction 

areas oi the C'entrI cLoa,.al and \estrti alcaU 

reuions oflthe South. 
ncga

the North and the South In "[ablc 7. Ihis anal stis,, The car dunutyn, tfr I9Xihada swiiiatl 

IllpctL 0itcl-

lecti~attinion productisit In Ac Production. lhe 

producti, it' difference betmweui ciscrati se and nion-

is nCasured h lep ibL'-Il. 

underscored the si-gificalll rIcLat 1e 

cooperati.e tarners 

When c aluated for the northern proirlces,. this 

lead,, us to conclude that cooperatise larnlcrs had 

52(; lo''er productis it,thai non-co-peratis, tarm-

ers. The ratio of coopcratlie to total tarmers in the 

northern pro, ince, 5' as.,.93: hence. collecti 'I/atlol1 

accounted for a total productivity decline oi ,bout 

48%. 

The coefficient on cooperatise farmers was not 

significant for the southern provinces because less 

iIe ctecl nirice OllipUi Ir the northern prm\ icems. 

Rice output ssas tosser than the 1970 l\el h 13. 

The priducti\it, dccli ti during 976-8(0 can be 

attributed to tlhehieh decrecolcentrali/CLedcontrol )1 

rice prodUucti in the mirth. The scar dunnsm lor 

It980 \\as nut signili.ant In the soutllh althiiugh it had 

the espected negatie\ sign. There ate tworeasitus hr 

the relatis,- stahilits of southern agriculture durine 

this period: Ii southern tarniers had hulpUt, and 

equipntennt left iver trtn before the rllicatlltin 

period. 2) centraliation and citllects ik/alin etffirts 

were not made inearnest till almist the end of the 

1970s. 
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The time dummy for 1985 was signiticancll 
positive for both the northern and tne southeril 
provinces. Relative to It76. rice oltput ts higher 
in l985 h, 11.8 and 0.25(; to the northern and 
the southern provinces., respectiel,. The contract 
s\stem of product ion, introduceud at the ,.nd o 

1981. rew arded individual effort by incru'menLal 
oilutLt thal theLarnercould keeporsell. The produc

itv gain het en the tM o lime peritds across 
the northern and stitlhern region, can lie attibuted. 
at least to sonic exent. to this de-collectiization 
polic. 
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Research support services
 

ANALITI(A. SIERVI('I LABIORATORIE-S 

The Anal) tical Service Laboratories IASL) with its 
three component laboratories-the Chemical Analy-
si, Lahorator\ i ('AI . the Mass Spectronetr\ Labo-
ratory (I.SI.). and tile Radioisotope Laborator\ 
RILi---ConltilUed to pros ide aiial'tical ,er\ ices and 

special laborator, (radioisotope) facilities to the 
IRRI reNearch projects. 

Analillical ser ices. The and!lscs colpletCd in 
19)(0 totaled 9.9378. The samples %e generated b 
39 core protects and Itspecial projects. ()lthi,, total, 

nearly L))'; %% ater. andere performed on soil, plant. %k 
sonc fertilier samples inI the Chemical Anal'sis 
Lahorator, (Table I I. 

The as erage rate sNas 2.X anal. scs/man-hour, or 
21.34 man-minutes/analyis. This ,ear's a%eragce is 
slightly better than last Near*,,. prohabl. because of 
the implcmentation of the computerized data acqui-
sill(ifn Ind pro ,.c,,sinig sse ll. \khiCh %kas designed 
In-house id used ,, ith thc autoanal\/cr,. 

Other ser'.ices. Special lahorator, and other 
support er,.iccs vkcrc pros idcd ti the hollVrm, 
acts ls thal Inl ,dsd theuluse rathioltraccrs: 
1 I ptake and ditibutonofll sucrose through tile 

,asCUiar bundle. of detaclhed paiiIcles of rice 
(U- 14. 

* 	 Effc.t oh fertili/cr dppl'ictIon method on the h1t1he late 
01 N and S from urca-clemcntal S and urea-aml-
mon(MilIt sulfate iiu\lr.s iS -35' 

* 	 \s,,a, of soluhle starch s ntha.sc (('-14. 

Table 1.Analyses completed in1990. 

Determinat;ons 
not 

Chemical Analysis Laboratory 89.356 
Mass Spectromei:y Laboratory 8.348 
Radioisotope Laboratory 1,674 

Total 	 99.378 
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U Restriction fragment length polymorphism map
ping of quantitative resistance to blast (P-32).
 

U Analhsis of DNA introgression from OrY:a mi,
uta to Or'-:a sauta P-32 . 

U Restriction fragment length polymorphism of' 
.Vathomola. 'I'\-ac p0. i\'a population 

P-32). 
13 	 Assc.iationi of ph.topathogcnic and nonphyto

pathogenic bacteria in rice seed (P-32 I. 

(ualit.% assurance. A useful tool ill a quality 
assurance prograit i,, control charling. Conlrol chart-
Inv indicate,, licthcr a nicasurinent procis i,,sin 
stltistical cotliroloro fitol.Wesetlup :onirolclkiris 
for tle methods of anal\ sis ro ltinel, emlio.cyd in the 
ASI 

Bulk samples of %Iaaha,, cla\ and iR42 rice stra\% 
sere ohtained for use a,, control samples. Those 
'.ere pared. homogeni/ed. and analy ,ed. At least 
25 miasurentcls for al\ (olie paramleter tor cacti 
sample \k crc taken. [lie mean of !hc measurements 
IXI and the stantdard ic itI1111 is) \%ere calculated. 
Th'n the lollo kin vscrc plted n eraph p;a'er: 
icall. Iii ± 2,. ;tand leant ;s. Warning llits 
,crc marked at 2 s andaid det.i and+2 and ,ions 

rection htis s crc marked at +3 and I standard 
des Itions. Sbtl euitlj ,. tole ion-,rol sample s'.as 

ed Illtna s of eactth hatch t 51 samples. 
Fac.h \,1.hC (obtaliled for the control sample %%as 

plotted on the appropriate ontrol chlart. Three otf th-. 
rc,,ultin charts tobtaincd in 190I aree sho. i ill 

Figure I. 

ti i ",l \ I vIIiii',sI Ii'l 0)< 
The Inftorniaion ("lnter pro ,s Ides In-house collullu

lcatns support setsices tol IRRI prograns, ad
1uristr,altin. anld oilier entitie,. This support in
elude, et rial, t pl ting . art. deign . printing. 

d 
photography. and audiovisual series. 
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h ntrogel ol Soil. and .-IB 1prin ,(,iItoxq 

The Intonnalion Center printed I X million pages 
of tet in-house in 1990 (rot including IRRI book. 
and periodicals,. hich are contracted out). More 
than 12.(H X)original slide,, ere produced. and4).XX) 
slides teri.duplicated. About 4.50(f pieces otblack-
and-white art~kork %ece dram n. and about 7.5() 
pages vere laid out. We de\eloped about 52.0)00 
black -and- hite phottgraphs and prepared 50 
posters. 

In addition, " e edited 135 journal and miscella-
neous papers (conference papers. proposals, etc.) 

totaling more than 3,0) pages (tables and figures 
included). 

The other work of the Information Center- library 

services, scientific publication. data base.%. confer
enCes alld wkorkshops, aind public awareness-is 

prograun-driven and is reported under (the Inforina
tion and KnI.tledce E-xchangc Program. 

INITGRAII-I) I!XPIRIMIENI,.\I FARM 

.AD (iRot NiS 
Installation of cul erts in the main drainage canals 
has been completed in the old lowland areas and is in 
progress in the ne\% lo~land areas and the upland. 
This should allow easier maintenance of levees where 

rals build their nests and should help destroy breed
ing p!aces of golden snails. 

The administrative. threshing/drying. and chemi

cal storage buildings in block Fwere completed and 

fully operational in November klien the Centralized 
Research Fanri offices crc tran,ferred. Five offi
cers were appointed. ('Ie each for mechanical opera
tions, laborand seed prote:ssing. planiprotection and 
surveillance, plant grotlhfa6ilities, and grounds 
de yeloplllelnl and lmaitenicalnce. 

('cntralization of farm hibor on the farin began 
with tile transfter of laborers from Entomology.
Agrononry. and Soils. Space %:asprovided to 

different di\isioi, like .gronl Physiology.
and Agroccology (.\PA). Plant Breedin. Interma

tional Netksork for EBaluation of Rice (INGER,. 

Plant Plalnologv. and Fntomnolog. : laborer', in the 

threshing and dr ig bitiis \ere plOVidCd with 
lockers. 

All acant plots %khich erc f,-rnrerl\ utili/ed for 

seed prt dticlim arc n o% planted t grTeen manure 
crops: sesbaria iti tile lm%land and crotalaria in tire 

upland.ltA ol; of57.78 ha ere planted to different 
\aritei, for milling. Of that area. 7.92 ha %%ere 
planted to IR22. IR26. IR42. IR61, IR04. IR66, 
IR72. IR74. IR41985-111-3. and Makiling for seed 
increase. 

During the , 7.381 rats werc killed with the 
use 01' electric fence, bailing. irappni'.,. and flame 
Ihrov, in!. 

Contract lahor in I '-((c'st $337.43.4.65: 09.351% 

%as paid to phinters/%kccders. 28 to hirdboys.X.I' 
and 2.47',; for land preparation. 

We reali/edP 1.361.384.14 from the sale ot palay 
'or seeds, palay for milling, milled rice. and other 
farm produce (Table 21. 
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Table 2. Farm in'om: for 1990. 

Item Item 
uOantity (kg) 

_________P 

Seed 
IR60 620 
IR64 1,503 
IR65 289 
IR66 1,644 
JR68 556 
IR70 4,918 
IR72 8,506 
IR74 9.838 
IR841 106 

Mil~ed rice 100,741 
Palay for milling 41,251 
Glutinous rice 26,287 
Sesbania seeds 87 
Pole sitao 151 
Supersweet corn 
Supersweet corn seeds 8 
Rice bran 263 cans 
Soybean discard 359 
Tomatoes 329 
CLcumber 238 
Cabbage 45 
Eggplant 43 
Gabi 15 
Patola 625 
Jute sacks 

Total 

As of December 31, 1990, vAC had in our seed 
room 5,534 kg of seeds valued at $1,778.78,. 

PESTICIDE. Rli-Sl)1: LIORATORY 
The Pesticide Residue Lahora!or\ (1PRL) recei,.ed 
351 satiples fir ccniplete anasis in 199(1: I92 
water sample, cre for residues of t\ pical insecti
cides and herbicides Ia/inphos-t-thyl. bualachlor. 
carbar,,l. carhofuran, chlorpyrifos, cypermethrin. 
2.4-D. DDT. deltaiethrin, diaiton, endiisultan. 
endrin. isopricarb. lindane. malathion, MC'P,.\. 
mrethon,,I. monocrotoph is, parathion-mcth,,l. and 
piperophos) applied bN Luzt farters. 114 %kater 
samples forthe IRRI v,ater',avs pesticides (acephate. 
BPMC. butachlor, carharyl. carbofuran, chlorp, ri-
fos. dia/inon. and isoprocarb) runotff monitoring 
project, and 22 paddy water sample'. for carb iuran. 
Pina,i's AL-ricultural Chemicals Etvinniritneital 
Impact Assessment Pro iect suhmitted 23 %ellv,atcr 
samples fior identification and confirmalion oifresi-
dues of chlorpxritos. endosulfan. and Inonocr,to-
phos by mass spectronmletr. 

Five hundred and three extract,, w,ere submitted 
for chomatographic analysis only: 128 fatty acid 
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Value 

$ 

5,374.08 191.93 
11,629.13 41533
 
2,210.85 78.96
 

10,727.55 383.13 
4,575.78 163.42 

46,205.96 1,650.21 
69,000.24 2,464.29 
82,350.21 2,941.78

761.50 27.20 
645,252.85 23,044.74 
182,008.00 6,500.28 
247,455.07 8,837.68 

1,305.00 46.61 
1,300.60 46.45 

26,666.00 952.36 
120,00 4.28 

1,052.03 37.57 
897.50 32.05 

1,530.66 54.67 
4,118.50 147.09 
3,965.20 141,61 

269.46 9.62 
129.00 4.61 
150.00 536 

12,779.00 456.39 

1.361,834.14 48,636.93 

methyl ester ,.tracts submitted h INGER for gas 
chronlatograph v and 75 extracts,, 'ubmitted by Weed 
Science for fractionation by higeh pertrtiiance liquid 
chromatography. folli ,ed b, infrared ',pectroscopy 
and mass speclronietr\. 

lTable 3 ,unnlari/,es the sork of PRI. i t1(990. 

Pi' 1. iirtIRO.\
 
'Thephytotron pr i't',idd 'Stvice,, tir42 e\cperitnents:
 
16 ne\ sudies and 26 continuing projects. The
 
experimentla.,ted frm14to 32dand involved65
 
research staff users from 7 divisions. The major
 
users %%erePlant Breedin (Plant Breedine. Genet
ics, and Biotechnology Division) ard Plant Physiol
oLN Unit IAPA Division . Other users wsere INGER,
 
Soil Microbiology. Agroecology. Agronomv. Plant
 
Patho)igy, Soils, and IR(iC.
 

Most of' the esperitments were on the effect of 
temperature inc(mhination w.ith various subjects: 
direct seeding, seedling vigor. root and nutrition. 
,.,ater stress, salinitv. a.ither culture. genetic map
ping. plant gro, th regulators. nitrogen fixation 
lazolla). seed dormancy and fatty acids, pollen grain 
germination. embryo rescue, low light inteasity, 

http:48,636.93
http:1.361,834.14
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http:4,118.50
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Table 3.Summary cf analyses performed by PRL, 1990. 

Complete GLC_ 
analyses injections 

(no.) only (no.) 
-- - -___ 

Acephate 114 
Azinphos-methyl 192 
BPMC 114 
Butachlor 306 
Carbaryl 306 
Carbofuran 328 
Chlorpyrifos 329 
Cypermethrin 192 
2,4-D 192 
DDT 192 
Deltameth-in 192 
Diazinon 306 
Endosultan 215 
Endrin 192 
ls.rrocarb 306 
M,iath-on 192 
MCPA !92 
Methomyl 192 
Monocrotzphos 215 
Parathion-methyl 
Piperophos 

192 
192 

Others 503 
Total 4651 503 

,Gas auic c-roiratcgraphy 

it,+brid rice, bacterial hight, chhoropthvll tluores-
Cetltc. photos illithes i,. and LIllraxiolet-B (UIV-Bi 
:-adiatttmn. 

Thc elassnouscs are the most used facilities 
ilabli 4). Ihe\ i\cd settint, ithhate of 2 units %o, 
27/'2 C and 4 ,iit, v,ith 291/2 I "c day/niuht 
tenperatttrc,, md 7)1 relati,.e humidit\,. ReqLues.S 
tior diftfcrcmiii temlpecrature Scumti-, raniin. rtrot 
17-41 I.da amnd 15-33 C'night teniiJeratlles, v,ere 
done in all th,:imv.th cabitets. Relatlle hIiiidil, 
settinLis rant'ed fr(it 55 tim8;)' an(l lighting ranged 
f'rom 10 to 25 kluX. .\ total (-,! 216 requests for drying 
o.,er. cold room, and cat area meter ,,ere received 
from 6 divisionms. The aeroponic setup was used by 

Table 4. Growth rooms and occupancy rates. IRRI 
phytotron, 1990. 

Total Mean monthly 
Growth rooms floor area occupancy

(m-) (%) 

6 glasshouses 240 00 97
 
(naturally lighted) 

12 SA-L cabirets 18.72 77
 
(naturally lighted) 

4 KB cabinets 1.76 53
 
(naturally lighted) 

11 KG cabinets 15.84 82 
(artificially lighted) 

1Conviron bench 4.46 99 
(artificially lighted) 

1 HNL cabinet 3 015 98 
(artificially lighted) 

5 darkrooms 32 50 55 

tile A, non iNI. nit and IRG('. The Plant Ph.5,iology 

In Cotltl ' til I'iV-B Sitip occti USNly ,Used Ipyifing1 

tile ,hole 'l.lssiotie I ho de'terilll h theciaIigcs ill 

ri't- plant aisinduced ll'tV-B ra.dia+l inl]. 
N) major lecmtIical prohletms %'cre nCteICOntered 

dilrtligthte I t)()operations despite 1-4scheduledand 
uinscheduled potier itterruptions. ,'hich ,,,ere serv

iced hv tvmo 511)-KVA ,tandhy enerators. .Mhost of 
[he poer interruptions lasted I It, hut tile hong'est 
v.a,9h on 14 Jlnk durine th, p,_ak of Summer. The 
total po,,,r ilterruptitms lated -3 h and 13 rin. 

[he Crowilni. period for cxperimlent', lasted 
I 1.5 mo. The phyttmtrtmn was shutl dhini I Nov to 
I5Dec 1 -o fr reuitlar anmual naitilenance for all 
motors. cooling units, Leneraors, and control units. 

Infortation and orientation services wkere given 
to neis research staff users, graduate students, and 
visitors. 
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Publications and seminars
 

Under lnstitute publications are listed ihe lOmajor 
books inEnglish. 9 translations of 5 books in 5 
languages, 6 monographs in the IRRI Research paper 
series, and 5 meriodicals published by IRRI in 1990 
All translations ere produced hw other organizations 
with assistance from the Institute. 

Subsequent sections list the output of individual 
scientists by division arid additional bibliographies 
produced by the Librar, and Documentation Center. 

Institute publications 
Books 


Climate and food sccurt,. 602 p. 

Crop loss assessment in rice. 334 p. 

Dihb!e sticks. dotkes. and diesels: machin s in crop 


producton. 329 p. 

[RRI 1YM,: planning for the 199(s. 72 p. 

Phosphorus requirements for ,ustainable agriculture in 


A:,ia and Oceania. 478 p. 
Program report for %9.. 306 p. 
Publications of the international agricultural research and 

development centers: ,upplenent 1990. 332 p. 
Rice: then and noN. 44 p. 
Seeds and seedhng, ofxs ceds in icc inSouth and Southcast 

Asia. 63 p. 
Sharing inno, ation gloial persp-ctNeon fool.agriculture. 

and rural deelopment. 265 p. 

Trunslations 
A farmer's primer ot growing rice IVietnainese c,.litoni. 

b%B.S.Vergara. 221 p. 
A farmer's prnm:r on griv ing upland rice V'vietnamese, 

Hindi. :nd Spanish editionsl. by M.A.Arraudeau and 
B. S. Vergara. 284 p. 

Field problems o/ tropical rice [Iyvanmar editionj. by K. 
E.Mueller. 172 p. 

Heipful insects. spider,,.and pat;iogens: friends of the rice 
farmer lB. Malaysia. Myanmar. and Vietnamese 
editions]. by B. M. Shepard, A. T. Barrion. and J.A. 
Litsinger. 136 p. 
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Illustrated guide to integrated pest management in rice in 
tropical Asia J.Myanmaredition1. by W. H. Reissig. E. 
A. Heinrichs. J.A. Litsinger. K. Moody. L. 'Fiedler.T. 
W. M,. and A. T. Iarrion. 411 p. 

Re.searchi paper serie. 
139. 	 Choice of rice crop establistl mcnt technique: 

,ransplanting %s,,,etseeding. h.A. Erguita. B. Duff. 
and C. Khan. I0p. 

140. 	 Rice production in the Wangdiphfd;ang-Punakha 
Vallev of Bhutan. h,N. Doiji. J.C. Flin, and C. 
Maranan. 21 p. 

14 IM N aniar', experience in rice impNsement. I830
1985. by KlMn Win and KN i1) p.Win. 

142. 	 lranslormiation ol a Laguina \il.i,,evin the tM,o 
decades of green reolution, b vY. [Ha.,ani. M. 
Kikuchi. L. M,Banbo,and E. B. Marciano. 21 p. 

143. 	 Agroecossteni and fanner practices and kno, ledge 
in Mada_:ascar'sCentraliig!nlaml: ov/ardimproed 
rice-hased s%stems research, by S.Fujisaka. 15 p. 

144. 	 Rice research prioritics for Madagascar's Middle 
West. by S.fujisaka and theiFOFIFA team. 15 p. 

Periodicals 
Deepwater rice. No. 17 
Hybrid rice nesssletter. Vol. 4, nos. I and 2 
International rice research nev sletter, Vol. 15, nos. 1-6 
IRRI reporter. 1/9). 2/9). 3/90/. 4/901 
Ric--- literature update. Feb. Apr. Jun. Aug, Oct.Dec 

Agricultural Engineering 
Bonifacio E V. Duff B 119901) The impact ot postharvest 

operation, on paddy and milled rice quality. Philipp. 
Agric. Eng.J. 21 I1:19-24. 

Bonifacio E P. Quick G R.Pingali PL (199( Deriving 
design specification, for mobile dryers: at end-user 
perspective. Proceedings of the Interaationai 
Agricultural Engineering Conlerence and Exhibition. 
Decenlxr 3-6. 1990, Bangkiok. Thailand. Vol. 2. V. 
M. Salokheand S.G. llangantileke.eds. AsianInstitute 
of Technology. Thailand. 



Bregt A K, Wopereis M C S-1990) Comparison o!" 

complexity measures for chloropleth maps. 
Cartographic J.27:85-91. 

Diestro M S. SalazarG C 199) Factors affcting belt aid 
chain drive durability onia hxdrotiller. Proccedingstof 
the International Agricultural Engineering Conference 
and Exhibition. Deceml.er 3-0, l990. Bangkok. 
Thailand. V'ol.2. V. M.Salokhe and S.6. Ilancantileke, 
eds. Asian Institute of Technology. Thailand. 

Douthwaite M B,Quick G R ( 199 1The feasibhilit of' 
developing a small-scale stripper harvester tr rice 
based on a noi.el rotor design. Proceedings of the 
lntenltion.i', A_ criculturai Engfineering Conferenceieand 
Exhibition. DUcern be 3-0. I1990). Bangktok. lailand. 

Vil. 2. V. M. Salokhe and S.(. ilangantileke. ,ds. 
Asian Institute o0Technolog.'. Thailand. 

F) field T P, (reor'. 1) J.Woodhead 1. Pasuquin F.M 
1990)t Effect If tilla ce, seedilng nethods and time of 
st'lsite ointhe ealihinent (If n une eitn il dr. in . 

pre,iousl\ puddled soil. Soil Fillage Res. 18:333-340. 
Padilla JL. Buresh RJ.De Data S K. Bautita E L(!1)901 

Se Agronom .,Ph.,si(;Iog. and Agroecolog. 
Pagliai I. I'ainuli D K.Woodhead T( I t(9()) icrostructure 

and poro ,it , in ri. e field ,under di fltrent ntanacment 

practices and their relation to post-rice cultiviivaon, 
Trans. XtV ISSS Convr. K.oto 0: 192 190. 

Pineali P .As. kadhssal N K. Quick (;R (I 'i)tSe Social 

Sciences. 
Poimaentier ItI It9)t )I .ianaugclnent it~rident populati~ons 

at the Intcrn;,tiilal Rice Research Inistitute. IRRI 

,pecial publication. 4(1 p. 

Quick G R it 1)9M1 Lessons or tie Asian tlann equipntnt 
market friim an anal. 5i,of thle Au,,tualiatn iract(Ir 

itdustrs, Proceedirtic, of theIntenttionalAcricuhtrat 

Engineering Conference and E-llibitior. Dcceniber 3-
6. 199(. Bangkok.'Thailand. Vol. 2. V. M.Salokhe and 

Asiat Ir, tujtc otfFechlnoloy'.. 

Thailand. 
Recel M R. WVidhtiead I. Ingrain K TI.,lootd K. IPaL1LltUl 

E NI. l)acana\ E V I199) i :tteralti oif %t% 

S. . Ilancantileke. cds. .

alter short.we 

and sseed stre,,,,,,. cro th otoh'.'. land ritc oiltsso 

Philirpine soils. Trans. XIV ISSS (onr. K otil 
4:461-462. iabstr.i 

W(ldhead T (t]990) Problemis and oppilrlunities in soil-
ph. sical management in rice-based cropping ,. stems. 

Trans. XI\' ISSS Concr. Koto 1:14()-145. 
Woerei, NI C S. Wosten J II M. Stein A. Boulna J. 

Wiodhead T 1!99) Spatial patterns Of ph'.stal 
properties in rice soiils. Trans. XIV ISSS Congr. Kyoto 
1:239-241. tabstr. i 

1990 patent appliu'ations 

A%%adlal N K,Quicl G R. A pesticide dispenser and 
application (Ref. 2.92- 1358. 

Bautista E 1, Salazar G C. Quick G R. Micromill for 
fairmer hou,:eholds. 

Bautista E r.lminend JS Slit seeding machine. 
I)outhwaite i B. Straw ,eparattr/rethr¢tier hra stripper

har.'ester. 
Kianico 1. C.Quick ( R. Nlul'.iplc-coine rice Mill. 
Quick G R. A cul:i'ator asseinhl.. ith sCeding and 

fertilizing meants (Ref. 2.92- 1357). 
Quick G R.Bauti ,taEL . Wheelbarr transport niodalit', 

fior transploilting mn equipment.achines and other field 

Agronomy., Pysiology, and Agroecology 
Alin J K. Pateia ( I-,Vergara B S. Visperis R %I I98) 

Reltionship bet'kcCii grain filling at! some 
imorpih oanaton ical characters ot tilepaich. Abtr 

Philipp. J.Crop Sci. 14 (suppl. I :S42. 
Akita S. Blanco L. Kata'amna K (t99t1 Ph. siological 

lechanism llfheterosis in seedllng grossth of ildica F 
lice h.brids. Jlp. .1(CroIpSci. 5913):548-556. 

Basri I I I. Merc ado A Ji.. (iar it,I) !' I I99 1, L plind rice 

cltitio iiig ILeguLniltOustreelhedgeni .son trongl\ 
acid soils .-\gron. Abstr. p. 53. 

Bekhasut P. Puckridee 1) W. W1Xinv-.secri A. 

Kupkanchanakul TI 194) Se(Ju..itial elirgatiill (i1 
iiternodes (If LteepWater rice at d!tlereiw '.all depths. 

Field Crop,,.Res. 24(3.4):t1)5- 209. 

Burcsh R J.De )anta S K IW90I n)llntrificato in losses 
trom puddled rice soil, il tie tropics. Biol. Fert. Soils 

9:1-13. 
Buresh R J.VIek P 1. G. Harnnsen K ( 1490')) Fate t 

tertili/er niirogcn applied it)" heat under simulated 

Mediterranean eni.irolticnital conditi ns. Fer. Res. 

23:25-36. 

Chaihan J S. l.ipei l"S S. Vc gara B S i 19891 Genetic 

anal sis if rallolliL abilil,of rice (rO :i %alll L). 

Fultl ica 41:97-1)12. 
'.haUthani JS. Lope,, F S S. Vergara Bl S 1990) 1lerilability 

and uenctic adsance iii earl segregating po~pulations 
of rice. ()rs/a 27:15-2). 

Chauhan JS. opei F S S. Vereara B S (19911 Ratoon 

gros, th adrl devhelipinenu in rice I()r%-a SOMWi L.) 

under ,arious temiperatire regilnes. J.Agron. Crop 
Sci. 165:212-2 0 06. 

('halhanlS. lipe/FSS. Vergara B S I119) Regeneration 
time and pattern of ratoot-tillerdeveloplenl in"1R44' 
rx.e ()Or'v"a .ati'a). Indian J.Agris-. Sci. 5900I:72
174. 

Chauhan JS. Vergara B3S. Vinnani S S. Lope/ F S S, 
Chauhan VS( 87)Inheritance of regeneration ability 
in rice. Oryza 24:371-373. 
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Coronel V, Akita S.Yoshida S (1990) Aluminum toxicity 
tolerance in rice (Orvtza sativau seedlines. Pages 357-
363 in Plant nutrition - physiology and application. NI. 
L. van Beusicliem. ed, KILuer Academic Publishers. 
Dordrecht, The Netherlands. 

De Datta S K. Broad,ni F E (I 99)I NitroLgen u,,e cticienc% 
of24 rice genot peson an N-deficient soil. FicldCrops 
Res. 2381-92. 

De 	Datta S K. Buresh R J. Obcemea NVN. Castillo E G 
I Nitrogen-i15 balances and nitrogen fertiliier usc1990 

efficiency in upland rice. Fert. Res. 26:179-187. 
Dingkuhn M, Schnier H F. De Datta S K, Dorftling K. 

Jas ellana C. Pampona R ( 1t)9 Nitr een ftertiiatl ion 
of' direct-seeded flooded %s. transplanted rice. I1. 
Interactons ainon g caniop. properiies. Crop Sci. 
30:1284-1292. 

Dingkuhn M. Schnier II F. De Datta. S K. Wijangco E. 
Dorfling K ( 9 tiriaI and deselipmenial chaiges 
in canop\ gas, exchange in relation otigrmtl, in 
transplanted and direct Needed tlooded rice..-\Ust. J. 
Plant Ph%siol. 17:11 )- 134. 

Dua A B. PenninL de Vies F W T, ie,,hu 1) V ( t t)90 I 
SnILlation It support es altiioa 10 the production 

,potenili! (it r;c lS trities II liill ;il ciliilac P cs 
I iS5- 1194 in Traisactioin of the Aniricaii Societ lit 

Acricultliral FrnilieL'rtng. Vol,.-Aicricai Stciet\ 
if Agricultural Fngiiiceriiig. Michit,al. tS.-A. 

Ekana.ake I J. SICpoiku', P I., Dc iaiia S K ( 19 9 01 

Sen,,iti il,t Oftpt lliatit t, t.'irdclti!, at n1thesi, it) 

upland rice. Crop Sci 34: ,1 -3i5. 


Ela/egui F .-\. St'rianlt J. [andiLii J. F,trmio, I.. Joiisoiii 

1. Teng P S. Shepard B M. Litsier J \. MitiodN K. 
Hibin tif I tt){L.4S_,e,Plant Pathoim.y 

Frene\ F R. !'re% itt A C F. De Datta S K, Obcnicea W N. 

Real J ( i I t)t) The interdependence tif ailntiiia 

viilatili'aion il l denitrificalitin as nitrogen loss 

pricesses in flhttiied rice in the Philippines. Biol. Fert. 
Soils 9:31 -3(t. 

Fuji aka S. Vejpas ( 190)) St Social Sciences. 
Furoc R E. Manguiat I J 1190)1State i tlIhe art ot vrecii 

inenuring. Piaces 2 l-22iti ProccetdinLsofth Nioinal I 
Sxinptsiunl on1Hio- and OrganiL Fertliers. October 

12. 1989. to11ersit tif the ihpp:nlies at .its, Babis. 

Philippines. Natioril Aolla Action Prograi. LP ,, 
Los faios., Lagna. Philippines. 

Garriti D P( 199014 Agroniniic research til bi'itertihi/ers at 
IRRI: toerctiinir,g,, sten-Ic' el tlill,,. Pages 344i9-
324) in Priceedi-gs, of the Natitnal S,,ipsini till 
Biii- and Organic Fertili/ers. (.oi,ersits of the 
Philippines at Los Bafio.October 9-12. 1989. Natonal 
A/.tllai Action Program. I,P at Los Bafitis. Launa. 
Philippines. 

GarritvDP< 199() Hedgerow. ,,ystcms fttr sustainable odih 
crop production on sloping lands. Contour Neksi. 
2(2): 18-20. 
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Garrity D P (1990) Sustainable land use systems for the 
sloping upland, of Southeast Asia: solutions for 
resource ste. adship in snal-scale farm ing. Agron. 
Absir. p. 57 

Garrity D P, Bantilan R I (J 9944 Indig'te'a inttotia: 
taricr-proien gxel nanure tor tainted ricelands. 
Pages 261-284 in Proceedini, s ofl the National 
Synposiun on Bio- and ()rganl. fiertli/ers, I ni, ersity 
of the Philippines it Los Bafios. October 9-12, 1989. 
National Azolla Action Proi ,,rain, UP at Los Banos, 
Laguna. Philippine,,. 

Garrity D P. Bantilan R. Bantilan C. Pye ln, Mann R 
I T1)) bit'oaThe potential oflhl, nottnttorio is alegume 
green Manure tor tropical rice. Agron. Ahstr. p. 143. 

(iarrit 5 1) P.(ines I It1t)4 4ll',..d.lihtpieitofrice-corn 
rolatiolis li tiopical h. land ci'. irtilinllcots: it s' stei's 
research appriach Food and Fertili/er leinology 
('enter. Extension Hulletin No, 3 16. IDecen, her 1)9. 

Ilerrera C It. Penning Lie \reS F W' 1T199044 -\lalutioni 
of a miodel for siinulatigl ie ,Olteiitial prodIuctoio (11 
rice. Philipp. J. Crop Set. 
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N. El Bassam etal, eds. Kluscr Acadeii c Publishers. ('abanilla V I., Itargrosc1 I 99)(i [cclhnology transfer 
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flooded sois. Paes 225-242 in Phosphorus Acron. Educ. 1911:59-63. 
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1989Oceania. International Rice ReseardL Institute. P.O. International bibliograph. of rice research. 
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Optimizing economic returns from rainfed ricelands with 
limited water in on-farm reservoirs. Mr. A. L. Galang 
and Dr. S. I. Bhuiyan. 

Simulatinv soil nitrogen tranf.ormations and crop response 
to nitrogen using the CERES-RICE model. Dr. R.J. 
Buresh, visiting scientist, Agionomy, Physiology, and 
Agro-cology Division; Dr. U. Singh and Dr. D. C. 
Godwin, International Fertilizer Development Center; 
Dr. J.T. Ritchie, International Benchmark Sites Network 
for Agrotechnology Transfer-Michigan State 
University; and Dr. S. K. Dc Datta, principal agronomist,
Agronomy. Physiology, and Agroecology Division. 
IRRI. 

Saturday Seminars 
Water deficit and %,eedpopu!ation effects en rainfed 

lowland rice. Ms. F.D. Bueno, Dr. K. T. Ingran. Dr. K. 
Moody. Mr. P.Pablico. and Mr. J. D.Janiva. 

Water relations of upland rice in response to phos_' orus 
fertilizer. Mr. J.D. Siopongco. Dr. K. T. Ingram, and 
Ms. F.D. Bueno. 

lnieractions of physical and biological stresses on the 
growth and yield of lowland rice. Ms. E.M. Pasuquin 
and Dr. T. Woodhead. 

Ischatnumrugo.sunt--A potential %%ced problem inraitikd 
lowland rice. Mr. R.T. Lubigan and Dr. K. Moody. 

Faliow svstems and nutrient status of rice soils. Ms. A. NI. 
Robles and Dr 11 I Ne,,, 

Tillage and soil-water management forhigh production of 
legumes tollowing irrigated lowland rice. Ms. M. E. 
Tenedora, NIs. T. R. Savares-Salire. and Dr. 1'. 
Woodhead. 

Qantitative theory and flooded soil chemistry. Dr. G. 
Kirk and Ms. J. Solivas. 

A comparative study of.Al /h grow th under sub-desertic 
and tropical htulid cond itions I,r determining its 
environmental requirenents. Mr. T. de Waha. 
collaborative research fellow. Soil Microbiology 
Division. 

Electronic monitoring of fleeding behavior of green 
leafhoppers on rice, wild rice, and graininaceous weeds 
in relation to tungro virus transmi, *n.Dr. A. N. M. 
Rezaul Karim. visiting scientist: o Dr. R.C.Saxena. 
entomologist, Entomology Division. 

Upland rice cultivation v ith leguminous tree hcdgerow on 
strongly acid soils. Dr. I.H. 3asri, postdoctoral scientist; 
Mr. A. R. Mercado, Jr.. research aide: and Dr. D. P. 
(larrity. agronomist/crop ecologist and acting head, 
Agronomy. Physiology, and Agroecology Division. 

The spatial distribution of rainfed low,land rice flowering 
(fates in South and Southiast Asia. Dr. Mai Van Quyen. 
visiting scientist; Dr. I). P. Garrity. agronomist/ciop 
ecologist; and Mr. P.C.Agusin, Jr., research assistant, 
Agronomy, Physiology, and Agroccology Division. 
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Staff changes
 

Janypn% 
Dr. Keith Moody, agronomist. Agronomy, Physiology, 

and A-roccology (APA) Division. returned from a 1-yr 
stud, leave. 

Dr. Ernesto L. Aragon, postdoctoral scientist. APA 
Division. was appointed associate agronomist and 
coordinator ofINSURF. 

Dr. James S. Fujisaka. associate viSitine Scientist. 
Agricultural Economics Department, s as appointed as 
,,ocial scientist. Social Sciences I)i'vi ,ion. 

Dr. Minoru Yamauchi. fonner senior researcher, Tropical 
Agriculture Research Center. Japan. was appointed as 
plant physiologist. APA Div ision. 

J"chrutrv 

Mt. Michael F.L. Goon. fonnerassistant director general, 
ICRIS,,kT. Anidhra Pradesh bld-a. was appointed as 
deputy director general for tiii.iin and administration. 

Dr..Anthony J. Ringrose-Voase. Division of Soil, CSIRO. 
Aiostralia,joined the Agricultural Engineering Division 
i k solultant. 

[)i Kc'iro Otsuka, associate professor. Faculty of 
L.iin'ilics. Tokyo Metropolitan Uiiversity, Japan, 
joined thc Social Scietnces Div ision as consultant. 

Dr. Frank .1.%u! Schoubroeck. from Churchill I 670)7 JA 
Wa"ge|iitei, joined INGER ts consultant. 

Dr. R(o nc I;iruce. professor. College of Eigineering: atid 
"ra inine ('.intcr for Applied Geodesy atid 

I'litograninictr,,. Unisersit, of the Philippines. joined 
the APA l)i%iion as con',ultant. 

Mal ( It 
Dr. Dale G. Bottrcll. proicssor. I)cpartnient ofEntomology, 

Lniersit, of Mrylatd.(*ollcgc Park, Niaryland. USA, 
v,as appointed as Sntonilognstand heaid. Entomology 
Di%ision. 

Dr. Yujiro Har ami. proftsor of Economics. School of 
Politics. Economics, arid Business. Aoyama Gakuin 
University, Japan.joined the Social Sciences Division 
as visiting scientist. 

Dr. Robert E. Huke and Mrs. Eleanor H. Huke, visiting 
scientists, Social Sciences Division, left aftercompleting 
their assignment. 

April 
Dr. Paul S. Teng, rejoined IRRI as pathologist and 

coordinator, Integrated Pest Management, Plant 
Pathology Division. 

Dr. N. Panda, lonner professor and head, Department of 
Entomology. Orissa University of Agriculture and 
Teclttologv ()UAl), Bhubail-sv. ar, India. joined the 
Plant Breeding. Genetics, and Biochemistry Division 

as consultani. 
Dr. Keijiro Otsuka, consultant, Social Scil' s Div isiot', 

left after completing his assignment. 
)r. Yujiro Havain, visiting scientist. Social Sciences 

Division. left after completing his assignment. 

Mar 
Dr. Susan McCouch, former research assistant and graduate 

teaching, Department of Plant Breeding and Bioitetry, 
Cornell University. Ithaca, NY. ksas appointed as 
associate geneticist. Plant Breeding, Genetics, and 
Biochemistry l)ivision. 

Dr. N. K. Awadhs, al, agricultural engineer. ICRISAT, 
Andhra Pradesh. India. joined the Agricultural 
Engineering Division as project engineer. 

M,. GinaOrdofiez, principal, NGO Project Finder. Manila, 
Joined the Trining Center as consultant. 

Jutne 
Dr. Dennis P.Garrit. agronomist, APA Division. left for 

study leave at North Carolina State University, USA. 
Mr. J.Bart Duff, agricultural economist. Social Sciences 

Division, resigned. 
Dr. Lesley A. Sitch, visiting scientist, Plant Breeding. 

Genetics, and Biochemistry Division. resigned. 
Dr. Baij Nath Singh. visiting scientist, Plant Breeding, 

Genetics. and Biochemistry Division, left after 
completing his assignment. 
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July 
Dr. David J. Mackill, plant breeder. Plant Breeding, 

Genetics, and Biochemistry Division. returned from 
I-yr study leave, 

Dr. Jamies S. Towlisend, visiting scientist, Agricultural 
Engineering Divison, left after completing his 
assignment. 

Dr. Keijiro O.suka. rejoined tihe Social Sciences Division 
as consultant. 

Dr. Leonardo A Gonzales, agricultural economist. Social 
Sciences Division, returned to IFPRI after completing 
his assignment at IRRI. 

Dr. Ellis L. MathenyJr.. professor. Entomology, University 
of Florida. USA. joined the Training Center as visiting 
scientist. 

Dr. B. B. Shahi, plant breeder. IRRI-Madag ,scar Rice 
Research Project, left after completing his assignment. 

August 
Dr lohn Schiller. former tean leader and adsisor. 

Manpower Planning Project, NL-..onal Agricultural 
Research, Thailand. was appointed as agronomist. IRRI-
Lao Project. 

Dr. Frank J. van Schoubrcck. visiting scientist. INGER, 
left after cotipleting his assignm,,ent. 

Dr. V. A. Samanarayake. associate professor, Department 

of Mathematics and Statistics. University of Missouri-

Rol fa. Missouri. USA.joined the Poject Management 

Ser, ices and Biomctrics as visiting scientist. 


Dr. Dan R. Ninnicl,. training specialist and head. left for 
sluds' leave at University o! Florida. Institut,, of Food 
and Agricultural Sciences IFAS . USA. 

Dr. A. K. Watson, professor, Depar:rmient of Platt Science. 
MacDonald College of McGill University. Canada. 
joied as visiting scientist. APA Division. 

Mr. Klaus Walil. general manager and ef. Maniburao 
Beach Resort. Mindoro. Philippine.,. joineJ the 
Administration. Food llotsinc asand Services 
consultant. 

Septe'iher 
Dr, Gaston Anedee. prof,-ssor. Soil Science l)epartment. 

California Polytechnic State Uniersity, USA. joined 
the Soil and Water Sciences l)ivision as visiting 
scientist. 

Mr. John M. Dowling. consultant, PhilippineTransactional 
Analysis Organization PHIL-TAO). Manila, joined 
the Office of the Deputy Director General for Finance 
and Administration as consultant. 

Dr. Gerard Second, senior scientist, ORSTOM, France, 
joined tie Plant Breeding. Genetics, ind Biochemistry 
l)ivision as vi.siting scientist. 

October 
Mr. Suvit Pushpavesa, fomierplant breeder, Rice Division, 

Dep, "tment of Agriculture, Thailand, was appointed as 
plant breedei, IRRI-Lao Project. 

Mr. Jit Bhuktan, research scholar, joined IPMO as 
consuhant. 

Dr. A. K. Watson, visiting scientist, APA Division, let 
after completing his assigiment. 

Novembr/ 
Dr. Martin Kropff. fomier scientific researcher/lecturer, 

Departmnent of Theoretical Production Ecology, AK 
Wageningen. Netherlands, was appointed as 
agronontist/crop tnodelcr. APA Division. 

Mr. John M. Dowling, consultant. Office of the )eputy 
Director General for Finance and Aditiinistralion, left 
aiter completing lii:, assieitnent. 

l)r. Philip Williamis, Caiadia:i (irain ("omiin,,isson. Grains 
Researth Laboratories, Winniper. Matitoba. (Canada, 
joined tie Office of' Deputy, Director General for 
Research as consultant. He left the same month after 
completing his assignment. 

Iccember 
Dr. Robert E. Huke and Mrs. Eleanor I1.Huke, rejoined the 

Social Sciences Division as %isiting scientists. 
Dr. F. W. T. Penning de Vries. agronoinist/crop modeler, 

APA Division. left ifter completing his assignment. 
Dr. George C. Krajcsik. computer soltware coordinator. 

Computer Services, Information Center. lelt after 
compleling Ills assigItmitemit. 

Mr. Klaus Wali. consultant. Food and Ilositg Services. 
letI after completing his assignment. 
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Finances
 

Summary of financial support to IRRI core and special projects committed for 1990. 

Amount (US$) 

Source Core Special projects Total 

Unreo.icted Restricted Essential Complementary 

Japan 6,350,332 759,812 212,900 7,323,044 

United States Agency for International 5,285,000 26,738 1.348.493 6,660,231 
Development 

International Bank for Reconstruction 3,400.000 3.400,000 

and Development 
European Economic Community 2,579,571 2,579,571 

Canadian International Development 1.523.594 291.070 1,814,664 
Agency
 

39.650 1,734,236 
United Nations Developmen Programme 1,695,300 1,695,300 

Overseas Development Administration- 1,557.812 1,557,812 
United Kingdom 

The Swiss Development Cooperation 378,121 5,450 1,000.954 1,384.525 
Federal Republic of Germany b90.715 41,367 644,201 1,276,283 
The RocketellI. Foundation 400,000 284,043 504,707 1,188.750 
The Netherlands 161,840 151,484 685,722 999.046 

France, 234,445 709,420 943.865 

Swedish Agency for Research Cooperation 814,986 814,986 
Asian Development Bank 403.466 338.733 742,199 
Danish International Development Agency 587.929 5,398 593,327 
Finland 501,746 501,746 
Belgium 62.166 282.766 51,514 396,446 
The Ford Founoation 150.000 60.500 108.042 318,542 
International Development 288,696 288.596 

Researcn Centre-Canada 
Italy 85.583 200,000 285,583 
The Philippines 103,961 105,505 209,466 

Australia 758,901 935,685 

193,757 193,757 
Norway 121,899 121,899 
India 100,000 100,000 
International Food Policy Research Institute 66.490 66.490 

People's Republic of China 50.000 50,000 
Food and Agriculture Organization-UN 45.975 45,975 
Spain 30,000 30.000 
International Fertilizer Development Centre 26,206 26,206 
International Centre of Insect 22,169 

Sweden 


22,169 
Physiology and Ecology 

Republic of Korea 10,138 10.138 
Others 141,064 141 ^64 

T o t al 18,241,697 9.564.873 2,087,472 7,621,974 37,51',016 

'The Government of France (through the research orgar.,zatons ORSTOM and IPAT) also provided IRRI the services of four resident scientists, the value of 
their services cannot be quantified 
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Weather summary
 

The 1990 annual rainfall totals were 2,445 mm for 
the dryland (upland) site and 2,261 for the wetland 
(lowland) site (Table I). These values were higher 
by 349 and 234 mam, respectively, than the normal 
values for both sites. Dry months were from January 
to April (Fig. 1). The longest dry spell of 25 d 
occurred in Los Bafios from 27 January to 20 Febru-
ary. The longest wet spell wras from II to 28 August. 
August was exceptiunally w.et, with rainfall of 
527 mm at the dryland site and 410 mm at the 
wetland site. The heavy rains were caused in purt by 

Average rainfall (mm/10 d)
 
300 ...
 

1979-89 

250- 1990 

2001

150, 

1 0 0 

the 5-d-long typhoon Gading and tropical depres
sion Hiling. 

Solar radiation averaged 16.5 MJ/ n2- per d at 
the dryland site and 16.4 MJm 2 per d at the wetland. 
For Los Bafios, solar radiation peaked in April at 
21 Mum2 per d and was lowest in Decemher at 
13 MJ/nr per d (Fig. 2). 

Average daily maximum temperature wa, 
31.7 'C at the dryland and 30.8 C at the wctland site 
(Fig. 31. The daily minimumaveraged 23.3 Cat the 
dryland site and 23.5 'C at the wetland. 

.. 

111111l Il111 III 

J F M A M aJ A S 0 N D J F M A M J J A S 0 N D 
Month 

1. Rainfall by IO-d period, wetar.d site. IRR. 
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Table 1. Monthly weather data for IRRI Outreach and cooperating stations in the Philippines, 1990._ 

Annual total 
Nov Dec dailyJan Feb Mar Apr May Jun Jul Aug Sep OctSite avcrage 

Rainfall (mm'mo) 
145 485 404 590 445 447 388 408 285 3872
 

Banaue, lugao (16 56'N, 121 00-E) 127 M 148 

27 77 234 379 285 464 299 266 326 15 2400

Bet;nan, Zamboanga del Sur (07 54'N, 123 27E) 28 0 
425 245 655 608 485 3886163 84 128 57 413 380 243Cavinti. Laguna (14 17-N, 121 30-E) 

226 156 258 373 632 78 2244111 20 11 16 136 227Clav,ria, Misamis (08 38-N, 124 55'E) 
73 50 0 2277(15 39-N, 120 47-E) 1 1 0 151 181 669 358 274 519Guimba, Nueva Ecija 

215 370 253 527 213 291 343 164 2445
IRRI, dryland site (14 13-N, 121 15E) 15 2 34 18 

6 242 346 255 410 206 295 319 136 2261
IRRI. wetland site (14 11'N, 121 15-E) 14 3 29 

(15 45-N, 120 56-E) 3 0 2 38 177 439 393 386 454 59 55 0 2006
PhilRice, Munoz. Nueva 


Ecija
 
14 14 2 29 43 378 
 176 327 87 189 103 124 1486


Su;ana, Cagayan (17 39-N. 121 41'E) 
478 475 571 274 144 156 25 2403
(10 32'N, 122 34'E) 20 2 11 7 240Visayas Experiment Station 

Iloilo 
Solar radiation (MJ/r per d) 

13.5 M 16.4 207 17.5 14.9 17.2 15.0 16.2 14.3 13.8 12.0 15.6
Banaue, lfugao 

15.9 18.8 19.3 20 1 18.7 15.0 16.0 14.4 16.6 14.2 13.6 13.3 16.3
Cavinti, Laguna 

18.6 20.2 17.2 20.2 19.5
Claveria, Mis. Oriental 15.8 20.8 20.4 21 3 205 17.7 21.0 19.g 

176 21.0 18.8 17.8 17.1 19.3
Guimba. Nueva Ecija 19.0 21.3 21.4 226 19.0 16.8 19.6 

16.1 14.3 16.3 14.7 13.8 13.2 16.515.3 19.4 19.7 21 5 18.0 15.5IRRI, dr-yand site 
19.1 15.5 16.7 14.1 16.4 14.6 13.9 12.9 16.414.3 18.8 19.3 21.3IRRI. wetland site 

19.7 17.5 17.0 18.2 19.319.1 21.0 21.2 21 8 19.7 17.5 21.0 172PhilRice, Mutoz. Nueva Ecija 
19.3 15.7 13.9 13.2 17.4

Solana. Cagayan 14.0 1'.0 182 24.2 18.8 18.9 M 17.6 

Visayas Experiment Station 15.4 20.1 208 20.9 18.8 15.4 17.2 16.3 17.0 16.7 15.7 16.6 17.6 

Iloilo 
Temperature (C) 

27.8 26.6 27.2 26.5 26.1 24.8 24.3 22.1 25.4Max 21.6 M 24.4 282 
Min 14.8 M 16.3

Banaue, Ifugao 
17.7 18.2 18.8 18.7 19.0 18.4 17.8 17.5 16.2 17.6 

30.4 30.7 30.2 31.9 31.6Max 32.6 34.2 33.6 33.7, 32.0 29 8 30.0 30.2Betinan. Zambales del Sur 
22 1 21.8 21.7 21.5 21.4 21.7Min 20.7 20.6 21.4 21.9 22.7 23.1 21.5 

29.8 28.9 28.9 27.6 27.1 25.8 28.3Max 25.5 26.6 27.5 31.3 31.0 29.5Cavinti, Laguna 
21.4 21.2 22.0 21.4 21.3 20.6 19.9 20.8Min 19.4 20.0 19.9 21 2 218 

28.9 301 29.3 28.5 27.5 28.9 29.0
Max 26.9 28.9 29.5 30.4 30.0 28.7Claveria. Misamis Oriental 22.3 21.6 21.6 21.2 20.0 21.420.6 21 6 22.5 22.5 21.9Min 20.5 20.1 

32.5 31.3 31.6 31.9 33.0 32.1 32.5Max 31.2 32.0 32.6 353 35.2 31.8Guimba. Nueva Ecija 
23.5 23.7 23.5 22.7 22.1 22.1 20.2 22.2Min 20.2 20.6 21.4 23.3 234 

31.4 31.0 30.8 29.5 31.7 
3 IRRI, dryland site Max 30.3 31.7 31.6 34 6 33.8 32.1 31.8 31.2 
3 Min 21.2 22.3 22.0 23.8 24.9 24.2 23.5 24.3 23.8 24.0 23.3 22.6 23.3 

31.0 31.2 30.4 30.3 28.8 30.8 
IRRI, wetland site Max 28.8 29.9 30.2 33.0 32 7 31.6 31.4 

Min 21.4 22.0 22.0 24.0 25.0 24.5 24.1 24.7 24.1 24.0 23.6 22.7 23.5 

0continued on next page 
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Table 1 continued. 

SitSt Jar, Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual totaldaily
0
)Temperature3 PhilRice, Murfoz, Nueva Ecija average

Max 30.4 31.2 31.4 33.5 34.1 31,6 32.2 iC) 30.9 31.8 31.5 30.8 
Solana, Cagayan 

Min 21 3 21.7 21.6 23.1 24.5 24.5 
29.9 31.6 

244 24.4 23.5 23.0Max 225Min 29.0 31.3 21.8 23.020.0 20.2 32.3 36.2 36.2 33.321.6 234 33.3 32.5 32.424.5 30.6 29.624.7 24.6 27.8 32.0Visayas Experiment Station 247(D Iloilo Max 24 1 23.2 22.831.1 32.9 33.6 35.7 34.4 21.3 22.931.7 315315 3310 31.7 3. 
(i 

17 31.2 3008 . 30.22 32.3 
Mil 21.7 22 9 22.4 23.9 24.0 23.8 23.3 23.2 22.7 23.8 23.3 23.1 23.2Banaue.Ifugao 
 0.5 M 0.6 0.7 0.6Betinan, Zamboanga del Sur 0.6 0.5 090.6 0.5 0.3 0.30.9 0.8 0.8 0.2 0.5Cav;nti. Laguna 0.6 0.9 0.6 0 8 0.5 0.5 0.52 ' 2.5 0.5 0.72.1 2.0Claveria, Misamis Oriental 1.8 1.4 120.6 2.2 15 1.5 2.21.2 1.2 2.7 2.0Guimba. Nueva Ecija 1.2 1.2 1.0 0.7 0.9 1.02.4 2.2 2.2 1.0 0.9 0.6 1.0IRRI, dryland site 2.0 1.3 1.0 1.0 0.8 0 8 1.1 1.61.8 2.1 1.7 1.8 3.0 1.6IRRI, wetland site 1.4 1.4 1.3 2.6 1.51.8 1.9 1.1 1.5 1.81.6 1-7 1.3 1.7PhilRice. Munoz. Nueva Ecija 1.3 1.2 2.3 1.3 113.0 2.8 2.2 1.8 1.6 1.8 1.6Solana, Cagayan 1.3 1.2 1.3 1.5 1.4 1.10.8 0.7 0.9 1.5 3.6 1.9Visayas Experiment Station 1.1 1.0 1.1 0.7 0.8 0.8 0.5 0.62.0 23 2.2 0.6 0.81.8 1.6 1.2 1.1 20 1.0 0.9 1.7Iloilo 1.2 2.2 


Banaue.Ifugao 

79 M 100 138
Betinan. Zamboanoa del Sur 134 120 137 119 116 106
128 140 149 144 144 92 80 1221
Cavinti. Laguna 134 133 142 
 130 142 124
118 131 151 131 1641
Claveria. Misamis Oriental 174 166 128 135 123 
 125 111
108 134 179 181 173 99 78 1539
Guimba.Nueva Ecija 144 166 168 
 146 153
162 160 171 168 125 1799
IRRI,dryland site 151 126 152 139 152 154 

122 

152 186 198 236 196 135 136 1806
IRRI,wetland site 134 137 140 
 141 136 
 127
124 154 124 1507
PhilRice, Muoz, Nueva Ecija 

174 204 171 125 131 135 126 123 

Solana. Cagayan 

147 156 175 174 154 120 141 
116 106 1689

118 138 
 128 133 126
110 131 179 218 1710
Visayas Experiment Station 211 164 167 155 149 127
150 157 101 91191 194 175 1803
140 147 154 135 138 76 143 1800Iloilo
 

V - missing data. 



Windspeed measured at 2 ill above the g-rouid Temperature j-C)
 

was hi,.1hest in Aug,,ust. sith 2.0 i/,,at the dr land 40
 
site and 2.3 m/S at the \%Jtd. ht I~ its 35
1a: il 

Ocloher. 30 . ."
 
Tota! class A pan e\ aporation \,as 1.907 min at
 

the dryland and L.6SX9 min at [ihe %,etlandsite. 25
 
Of the 20 tropical cclones that entered the Phil- 20 

ippinte area in 1t). 3 affectCd Los Baf'os. A er1 15. 
destructik ct, phoon Ruping Casel',d serious daniage 
to the Vja\,as area inl Nonember. 10 .... Dryland site
 

-- Wetland site
 
5
 

Solar radiation (MJ m2 per d) 0 
25 

Windspeed (m/s)
Dryland site. 1990 

3.0Weland site. 1990 

20 - Wetland 1979 892. 
20. '..I
 

2.0
 

15 2.0 -° ", , 
1.5 

V 
V " 1.0 

0.5 
10 

0.0 

Evaporation (mmimo) 

250
5 

200 

0 150 ""Q _ 
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Meth 100 
2 S,,lar radiai n at drland v ,it.,. IRRI.d la.uihd 

50 

0 
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Month 

3.Temperature range. indspet. and c%alration at dry land and 
,Wetland IRRsu ehite. ma3. 
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Keyword index
 

A 

A. aJiasperaSee Aesch'yn'otne Afr'spera 
abiotic stresses, tolerance for 153 
Arena..c''harini 191. 193 
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acid sultate condition 164 
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acid upland conditions 107, 108, 110. 121,237,241 
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aeroponic setup 287 
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