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IRRI toward 2000 
and beyond 

The goal 
Improved well-being of present and 
future generations of rice farmers and 
consumers, particularly those with low 
incomes. 

The objectives 
To generate and disseminate rice
related knowledge and technology of 
short- arid long-term environmental, 
social, and economic benefit and to 
help enhance national rice research 
systems. 

The strategy 
To increase rice production efficiency 
and sustainability in all rice-growing 
environments through interdiscipiinary 
research and to ensure the relevance of 
IRRI research and the complementarity 
of international and national research 
efforts through close collaboration with 
national programs. 
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Attaining sustain
able, environmen
tally-safe rice 
production de
mands creative 
research. 
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Since its inception, IRRI has 
reached out to share 
knowledge and new tech
nologies developed from 

that knowledge with those who can 
benefit most. The 7,000 alumni of 
the IRRI training program and the 
thousands of publications the 
Institute distributes are only two 
indications of the ways IRRI has 
met its responsibility. 

Very early, we also accepted the 
responsibility of strengthening 
cooperation within and among 
national systems dealing directly or 
indirectly with rice research. As well 
as being a research center in its 
own right, IRRI serves as a scientific 
clearinghouse for knowledge gener
ated in both industriaiized and 
agriculture-dominated economies, 
as a promoter of across-national
boundaries cooperation in rice 
research, and as a facilitator in 
bridging the gaps between scientific 
disciplines, rice ecosystems and 
agricultural research institutions. 

Over the years we have learned 
more about how to use knowledge 
developed elsewhere-even out
side agricultural research institu
tions-to strengthen our own 
activities and those of our partners 
in rice-growing countries. Historical 
divisions of labor and strict differen-
tiation among scientific disciplines 
can hinder mutual learning, at IRRI 
and within and among national 
agricultural research systems. The 
growing complexity of the problems 
and the necessity of seeking envi-
ronmentally friendly solutions 
challenge us to seek innovative 
opportunities. 

Sharing knowledge includes 
sharing the responsibility for its 
acquisition and use, by highly 
sophisticated institutions solving 
very specific problems and by 
national agricultural research sys-
tems across a wide spectrum of 
scientific capacity. 

IRRI also has successfully 
experimented with alternative 
approaches to sharing responsibili-

ties in rice research. The latest and 
most promising-the research 
consortia-are linking several 
national agricultural research 
systems with IRRI to conduct jointly 
planned research agenda. 

Similar developments can be 
reported in other areas. IRRI is 
shifting its training program from 
providing most activities at IRRI 
headquarters to collaborative 
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training in-country, cooperating 
closely with national scientists and 
using local facilities. This devolution 
will make better use of national 
program resources and reflect the 
growing 	independence and expand-
ing international responsibilities of 
many strong national agricultural 
research systems. 

The strength of evolving 
national systems, however, must 
not be over-estimated. Knowledge 
base, physical facilities and the 
financial resources to undertake 
research are different aspects of 
strength. Many national agricultural 
research systems with extremely 
limited budgets are being forced to 
allocate most of their financial 
resources just for salaries. This 
makes funding the needed research 
virtually impossible. 

IRRI obviously cannot fill the 
shortfalls in national rice research 
resources. Our prime responsibility 
is to enhance the effectiveness of 
rice research in general. As an 
international center, however, we 
have an obligation to increase 
awareness and understanding 
among donors, national 
policynakers and tile concerned 
public of the need for increased and 
more sharply focused investment in 
agricultural research in general and 
food research in particular. 

In evolving a mnore equitable 
division of labor with national 
systems, IRRI's role will more and 
more be defined by strong involve-
ment of the Institute's scientists in 
strategic research. This move 
demands close interaction with 
advanced centers and national 
agricultural institutions in industrial-
ized countries doing basic research 
relevant to IRRI's strategic agenda, 
particularly that related to the 
application of biotechnology. The 
work will involve many scientific 
disciplines. 

An example of such interaction 
is IRRI's cooperation with basic 
research centers that are studying 
fundamental processes relating to 
climate change. This collaboration 
is applied in IRRI's work on meth-
ane emissions from ricefields. 

IRRI has a broad research 
agenda-from developing small-
scale agricultural equipment suit-
able for use by resource-poor 
farmers to simulating the stress on 
rice plants of elevated ultraviolet 
band radiation. As traditional 
resources shrink, the Institute is 
being forced to focus on fewer 
projects and to mobilize new 
resources. Sharing responsibilities 
with others expands the effective-
ness of the work done by IRRI 
scientists and by rice researchers 
everywhere. 

Enhancing public and political 
attention on the need for strength-
ened resedrch to enable the produc-
tion of adequate staple food sup-
plies into the 21st century is 
another responsibility IRRI must 
share with others. Even stronger 
research efforts are needed to help 
protect the world's agroecosystems 
and environments from overuse and 
destruction. 

Rice production has a history of 
at least 7,000 years. Our contribu-
tion into the 21st century must be 
to safeguard the ability to produce 
even more rice, to feed the growing 
number of rice-dependent people. 
To achieve this objective without 
negative effects on the environment 
of which we are all a part is a task 
not comparable to any other in the 
world. N 
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yields. Concerns about impacts on 
the environment also are raising new 
questions about agricultural practices 
that involve large applications of ferti-
lizers and pesticides. 

Technology that will alleviate 
economic and environmental prob
lems and, at the same time, increase 
productivity is urgently needed. Yet 
public investments in agriculture and 
in rice research are decreasing, and 
that jeopardizes future production 
potential. 

The slowdown in public invest
ment seems to have been caused
 
primarily by short-term factors
depressed world rice prices, macro
economic adjustments to reduce 
budget deficits, foreign debt-not by 
long-term considerations of social 
profitability. But minimal and short
term funding encourages recurrent 
food shortages and oversupply, which 
in turn pressure world and domestic 
price fluctuations. Unstable prices 
lead farmers to continue practices 
that deplete the resource base. E 
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dl IiL~i )( lit iVC [ct i\ it 1(2. QCCI Jit 

Pu11I~CC(l tiitB SILI(IC.S, hI)iIcLIiIidg 

IleC glIIi);Il IFAcid'iC i Lita 11 O)ILK-iC 

iiit IhIc ill~ci11ni i ThCSamiisi I .1 

tIL' geCraI'ted~ I\ill CX)aii( tIIC WI Idt 
[Ic( sI.Ilstac's cIanaixnsc ilx.1nilnccI at 

IiRRI ii;it is ;lIulhIe I() rice I-c~secII-c-

O'S tilil hciIll()Llt IC' MIC TIR.' O(2IIAaI-

Iiativc :l'jIpplcil iscII w\ill Icilitalic 


i.SSLICS. U*Need 

Cofls~j ia: a new 

j jt j esim siiiW 

exc e~ise 
1'I1Cp n() IiCI 115 ()f! i lCI-ClSilIg 

ju IhIIlct (WIllIiic i Ctirlg 

t111'(.'hIiil()IlllUit illt ll.' ICS.S 
fhl(W)lICk, 1111lit' IICICIogC'-

iiC( IlS ' rid i 1()c l-iCa1c ce1CCcI I.sV-

tCIl5-llii~l"II \\ait dllJ)]:l(]. il nt 
dilcIi\Vatcr midiciil \\ttiI.IncS--art'c 
(I ItIt'X. RUC~ft'CI IllCthfgiil 

le.S-laIM IaIleCd 11(St taki'IS'St'I1 

.1COilil ldCI 111 

to iiieT_'IaC JIllItILlCtiVilV ill tIlt' 

short 1cf1111and t( III1111( scistliii-

* hiit('~a Ill 'VCIII iicl tI lik' Il1 lll. 

ai 'IlldU11, icd11 hilgiod;l1141 IcOdlctiVitV 

,SIi)Ilistlc';htc'dI c'Cllli(jIc'S I( WiS.u-

rCSC;I1.1 I il(() IioiII)(giC' Ii CSC 

kL11ILT~ kill(\\IC(IgC-I xSC(.I cICSigl (I 

1iC\\ tCIiIIIg 1I( lICCi. 'I'lICJR' 
id';h.ciI h1(s ill Sik"C Cl)iIRtWi 

JI1lt OWi'C~ttl ()I'II(AiCII )IiiCiV 

i CC 11IcOlIClioll tV.StCII15. It) C(AIII)! 

1,()\I. a~~l and I( OIdilltit\ alit! 

addrecss Ic'vanxItl prill iut's. 

This Vt .ar. .1 11(1\ AP )iicl )IajICf ill 


Ilk wialk~tCds'.rI l lrAV:
R-S-J II 

tux stiailgtis I ic"" )k c c( lIIiIcN
 

pliI Ills is c11111Iiill tOc jpliVl
 

ha~t ICaIld tnilc )'ilI it II5L1I 

16CCIcdLodil Iai IIi 1()1l ic' :Siail 

NW1111L\ lH5 ill hOLWItdchIl )Il l\'. p~II 

i 
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c()lnputer-5ssisted mde(lling are 

COI()Ir\ (jticl5i()nis, \ ~ui\n nliti( na] r. Dividing strategic tasks 
pr.) ,o lis h:ve Iaitge, \Ilrflinlsci- in rice research consortia 
,.lntIli' stIld]) \'h,() ihITid , )illtil (uItC 
SuihStltntflhV r) i0 crcasin-g lr()\IlgC f 132 million hectares planted to rice inAsia in 1990, 37 million 
al-)(Aul ricC in Ilhc dillrlirt lc)i.lvs. hectares was rainfed lowland, 11 million hectares upland, and 

C()l-s()rti- l i';I \\,I\' t hurnsswyl 9 million hectares deepwater and tidal wetlands. These less favorable 
tilCscIVS)IS :til 1p\lyhul t() rice ecosystems account for nearly half of the total rice area but produce only 
hbr),d ,tratc(tic i'usS. about a fourth of the rice harvest. Their marginal lands are highly degradable 

\ C('0)r501tiLlil is [tlc5Li'ri (Ar1,11n- and, given current knowledge and technology, cropping is risky. 
iZ/ioln \i11S \lMk1rShil) is Opportunities do exist to enhance the productivity of these systems. Much 
linlikd to0 il:rticti i inslilutiflnS t1hit of the work is being undertaken by national programs and IRRI. 
tln t()llll'iltl1C' i'S )[Ift'CS 1() CM;Ilv (tit 

S1h1,111; l')CuhCd. tralcoic rescarcll Rainfed lowland rice research consortium members have committed 
pl(oic is. lFd IN1L11lckr is c(mulnlittd resources to research key ecosystem problems. 
i) rin;ir;1- I ' ckcilc o)ntril)ulilti r 1()

ih'\in tile+gon .Member Key site Ecosystem problems
(research focus) 

T\vo 0 Coo'~o CiII l1;I\c hl) n l l- .------ -------- - - - -- ------- - -.- _____

lislicd \\ itl inlitiIl lun(din, h\ IIh Bangladesh Rajsahl Drought prone (moderate drought,
 
Asian )LlOiCnt l ,1nk: the photoperiod sensitivity)
 
Raiinld I.(A\lld RCC R,c'h India Faizabad, Drought prone, submergence prone
 
~()nls timrndII.h, I plarool RIc Mosodha (salinity, shallow flash flooding)
 
Rl'k.;locl (o)ns, rirmn. \\liik' CAch has Polba-Cninsurah, Submergence prone, medium 
its ()\vn OIYld il 1d \\(k r)l;n, (lc\' West Bengal deep water (stagnant flooding) 

Indonesia Jakenan, Drought and submergence proneha'c Central Java (dry direct seeding, K deficiency) 
\ c(h).,(lititii stccring c( mittillc IRRI Tarlac-Pangasinan, Drought prone (rainwater conservation, 

i1\'()lvo\Cs rcCIcurCi, rpleIscnting Philippines nutrient management, tillage) 
ca1ch n1in)Cnir instiluti. . '111C slc1,criig Philippines Batac. iocos Norte Favorable (long-term sustainability) 
C()nmitt2 lC ul(2oIoS 1l1 Co)nsollinun Thailand Ubon Drought (severe drought, soil physical 
'v()rk Ia 11 niZCS ut problems, low soil fertility, P deficiency,h 11i 5R0' ;Cl()-
c )tirlS, ch blast disease, weeds)giich.Cs rcs1oC.S i'lh\iti('S, Sst 

i\ CI s latigiCl 
nuh,ornpliS.r0)ljc( c \c.nd 

liinolif hl, . If Upland rice research consortium members have committed resources to 
research key ecosystem problems. 

flC\ fll(!111hc-ls andI key -cscaiclt siles. 
' I~c'rio olic lanin-g nc'ctis rc'n'w Member Key site Ecosystem problem 

()AC.l:il Atkilk- i1inl C\V-iitu;i c 'dCC'11- (research focus)
plishiunt + 1 gliinst ()1)ic'li\'u,' 

At (aic'h rcstarch site. i kc\v site India Hazaribagh, Moderately acidic soils, short rainy 
co( fdil-tiin4 c(mililittc'C ini)c,s Bihar season, tropical savannahs, old 
scielists lo ni the pallicipt-ing msri- cultivated land (drought) 
lutro in antI a1pl1ticiJalting IRRI scion- Indonesia Sitiung, Acidic soils, long rainy season, 

Sumatra equatorial forests, slash-and-burnlist. hlu c)(rlin-iaiin c()ni ttetC,set.s 
cropping (soil problems)

prio(ritics :ltd plains and +lrhnilisters IRRI Cavinti, Luzon, Very acidic soils, long rainy season, 
thE r.'2SCarch hcing cnrical o)tit at the Philippines highly deforested (blast disease) 
key ruscarch site. Philippines Matalom, Acidic soils, medium length rainy 

IRRI. is a mcnlbchr (d ca'Ich con- Leyte season, old cultivated lands (weeds) 
.(:tiufl. colntrilttc., to the slritegic Thailand Samoeng, Moderately acidic soils, short-medium 
rsarch rhneclccld. In carly stagcs (4, North rainy season, deforested, slash-and

,)lc,\o()pfl~nt. I ,burn cropping (land management)
COn)f50 iia l) l I {1llRI0is also 
pr. iding coo)rlinalti()n. U 
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PUh( )lL0(1 :fn,.+iti~ f)und illtyr,..s,,; 
Soi tlicast Asia and the flOwtaiirlV 


ill ITransferring international responsibilities i I' ,*u,*!*t ,,,Itjcsish 
gcelteraite first g,+'rItrmti()l ( )'+-C,.thatt
 

to a national rice research system ,-Vdiflicllt to alhike at lrtChiilri 
cl l)i( .c'
D cep[x'!u I-ice teclhli()l()tgy Stiti( ill lead iA sei''lit1<g,tCstilg, ':II*\' iit raItitlgenerilill i Vtrlt'C'.
 

Antdi 11,ntr1i ai: l)\it [cilitiCS to) 

must be aclaliteti to) ny\ "Iiien)t_'1+,tl_sa+:le i vc()''ieua.:tirng.. anti cilistnliutirng hreeuding tie.. nnt ()I 

di\t'SC ,11d difiCii It C(lni- matterials. l:'tcilitic'S ItPlit g erriplasm i to lltl(rlt1,,ahumn "lili ihr It11 
tiolinS. .\k()St of IRIeepI)- Rice lesearch Cetetr anrd Suphanuri IRRI will listrilitte atcllnced lied

water rice W(rlkItAs )(201 Carrietd Ot Stat i(i ISCtl ing mnelrialIs and elile lines in <(2)r(di-Rice ExpTiriit-,et will he 

x tieral i for plant typo anld
illC( ripii with nt l:I pro)- lowiCrly selectioi nati) \itl lN(lR (International
 

,-r:iiils sig4nilica'Ant a*reisf iCSt resiStincC ind 1'0r .'s inreaTC'e.
'IhCre Nt\Virk iir Gc'nliCt l"\iluti(Kin (f
 
clcepwatcr rice are platecd. The Is.ai' Rice). U
in civir()llmilenlt. 

.%linistr\"(dtAgrictuur anli ( ScientiI n ()lCi- Ric n ul.nati(iil p m()
tives (d,the (i mvrniin'len ()fl'hailald al'tins will Visi. "'Ihlilaui t)i )lis'eLV,
:u11d IRIRI 11,i1\C t' ii(r hruecdlhlo 111"ite'riils, illthe
itll this ,I.r(i\\inu,"t "I hDr. Klaus Lampe, IRRI
 
researchift 10ir i' \L'cii5. ffluiCl1I Tl'hli SciL'lliSts Will ViSit the director general, and
 

Thiilnld hs s-taff expl'riCnce2d in deeal)\iter area.s (Ni (4ther ct(ml'iCs I() Dr. Yookti Sarikaputhl,
 
lwttCer lxcelhent esearc.',ui c()irinte itsc.h, permanent secretary
rice-ad 


;ic'iiit ies... W k 1of Thailand's Ministry
\VMrk the're' has.+e'xpiideld,l IRRI'i ~le\\ithl~ ti t e i it p - of Agriculture and
 
In nl priar ily pIlit IlCClii )Ioii dit
in to aJ gra ili ct iset Str it 11ci" Cooperatives, signed a
 
I) Utl SOc',trum lf r(c)',SkJIiI bIasic rsC.earch, paticlaitrly the apli- Memorandum of
ii lan111t 

rtClill,. C-(601 N'bi(2lch()h).V I()tchgIIttc~ir- Understanding
outlining new modes 
m:ii gntelt aiid cirlplin, s.ste.1 i~ing lnLx[)t()ittt tratliti mnal ctep- of collaboration on
 
.\I1\°lv'thi scientistS andl tCdhiIiciaIs \vater rice varietics N, the heig! 29 August 1991.
$ 


were tralintld at IRRI.
 

This Si(uifiCntn caia).citv hais led
 
'IThlill t()acceplt a r,lger ii le in
 
inicrna iininl rice resircih. ()n 29
 
Alg.ult I991, dtrin1 the Visit N'
 
(rwi Prilcess \ill (li i Sirinld

II)n
I)IRRI h1CA;i(itKi;.rCi.S. "'h11,61:111d 

anI(1 IRRI Si,iitcl a i1-\V 'it ,i(i(aiinctiti
 
l Lincter'iit liiiflg )CS lint
cst:ihih aI i( 


rIt'L'ihVlt ani training ii ugrani in
 
tl~-ittt.r r~ic.
 

'lliilail l ilI IRI1I Wiii iit' 
ilW intl hilr(d rite \iri

tit's 1nd tttliral l)ratices 1d i n)11

dL\ 'lip d viecl 

(Ihimt 'esCe ch tk) betlr unlltl'Sldl 

tile dClep\Vattr ric, eLiirinn()ltiitS i )i( 
S()tlt1Ie St:.\si;t ,r.'i11ti613nd. .\l)itnni 

l.a()S. ( :iMil ii \ielniii 1i1c 1:ilS 

if I1Hin.'i icl Si ili AsiI India 

ail 'i 

hrecli li rii i,expal)nling o(
 

']+Iic'lhI1iricl tIe'pwaI ter c'u 

tI iVc' 1 ()l ( tit C' inlc'reVst Ih).;eIt in ries . "S
 
SciCntit.SlS at l-'hiniuri Rc'ei'l 
(C'ltt aildlI nltl ilCieCnnl 
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ha\ckccd pki:1(11ihppcr. insi5 in I( t 

h1:1st :i ig Id kitctcr-i:l dii4 c s'l5 

A gol approach to 	 caiptured( illiiiIii11(2IfL linios. 

genome manzipulation 	 Genome mapping and gene tagging 

( cIIt1i( )itic in \\'itl L i\:tiiC'L Stij)l)li.S 111C tILii111j)kL.Stil 1(W1. C .IficI1 /.\tLl ntittkCTS IIAiL' I)c'..tiIcl(C'itiCd (di 

n dlogy i's alcccvkrat ing IRRFs :pplica- Wide hybridization 	 is nnldvrwA\;Vlt ccc!()l[ivO Cenhicl'vivtv( 

Iio li ~i.l liii c i)itl (& g 	 II pa i n( k io vt icl C l IOw 	 :ti I L gvtlI-s \ i IIWRk I Ow c liNcII 
s o h (i s cI cL . 11tll 	 :il I ci1 i s cc"hiclccti C V 1 11 v~a L l n . p ~ vl L gCl'lliv v c l tl ~l tt i i t c ct ;S.\l l I I ( lk itic cI'l i tV 

Ill()Ikcn'larl and cLIlti1,1r1kL-1. id(yt1iiiv SL\LCiIa S.Sil 11 hliglliI\ ivis i 1(1(ft:iiititalCtiLhil 
N(ickyfyllvi Ii idindatlii i i.s Sciic- Wi~~Sliii tic itl'wtant11 iiisvCts and di.S- I(ici I ) 

1)( ct ligl WSCARic ifii\I iiig gC110i1iic CASCeS. Iraliii'Cr (A,cisci i ey lx ii 

tL~iihtltilciii 1itttlc in c ii \il SlcciL'S tc1() .S(Iilti ltic citgltl 
t( -iL'S ill itidlciStliili/z d iL'( iiltl'i(,S :iiid ilIiLTSICl'ifC IL\I1iiZiAtic iiFllhk.i( liS 
i.ShC[id"1in ild tcSCacl t (alixacitv inl 11t "lIC 1n()il 1'(I r'icy iiitpil()VC\c1 L~lt. Mapping the rice 
621 CI+ ciMn (Actitiii. IRN! i.s ',t ftll(21- The InV~si ()I* G(woii:i I 'SA. genome Involves 
Iir of[1ihC Ad\ iciT Cl ililICC. that,1 CN1cilahictL'S il cb'taICiriig tIivIM peering deep Into 

liels iclld' rc scd ill~s.S()1'.1% rsis-'liccplant tissues toI'l)('al~ics"Indilll.(ccvI*Iic i i il iiSai t icisc i tS l ~i.tS1tItL Identify genes 
11i(I~~S ic Ini Itt tilc'c . IRNNIaR c ian IY andLwli i-1(i )ccxi :i 	 adapted to 

environments. 
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Genes Iir resistance to white- Engineering resistance to Insects 
backed planthoppcer and hactcrial I'vall.ati(m Of the pat)lt(genCi{ity Of 
blight have I'een tagged with random lmore than i,.t)00 Bacillus ,,.uri,,I- ,. 
fragmentt length )( ymorphism 
(i011)P markers and effots are uider-
wavto tag QTs for drought and 
salinity terance and lr patiial resist-
ance to blast. Linked I )lecCUlar mark-
urs \\ill ill prxe efficiency in 
selecting geL1npl:IsIn with dc-esirahle 

trits for,\v rie :ivarieties. 

Identifying pathogen races 
RFF data has helped identify' new 
races () the bacturial blight disease 
pathmge{.n ,'mllbo lo,,"iu.zel. pv. 
er)'zac In this wCk. IRRI iscollabo-
rating w\ith the t'niversity of the Phil-
ippinlcs and \Vashingtoln State and 
Kansas State I 'nivrsities, ISA. 

)aa frmi repetitive I)NA problbes 
revealud that races I and " each con-
sist , t\\'CC distinct lineages. Wh'ln 
patho' ign strains represi nting the dif-
ferent lineages were te.,tcd (ml rice 
cUltivars containing knCiwn genes fOr 
resistance. staitistically significalt dif-
fer::nces inl I acterial blight lesion 
lengths ()CCITrCd. This c0mnfirrieCl thalt 
the different lineages are distinct 
races. Several genes giving differential 
reactions to the new races ha,1ve been 
identified. The new races can be 
used to c{.hatracterize c1011o0rs of resist-
ainice to l icterial blight. 

Developing transgenic plants 
\ lonst trnsf rination work has been 
carried ,Mit vith ja pC ica rices. Yet 
much ()f the rice area in tr pical Asia 
is planted to indica rice. Inclica rices 
h1ad no t beCn transfornnCl because 
their protoplasts mull nC)t Ibe regell -

Crated. Pr tCc()Is k w regenerating 
improvud inclicis Rm3 and 1158 have 
been developed and experiments to 
int rdlIi ce no)vel genles iniC iniicais 
a1ire unellvy, in collalboration With 
the Universitv of Tokyo,.lapan, and 
\Washingto n State University, [ISA. 

sis straiins collected fr( )fl vru ius IC1c
tls in the Philippine'sle.nt ifi{C.d 
severl strinis that are to)xic t1()Ste-
b, rer and leaflO dcr. Now IRRI is 
dvel()ping collaLl+wrations with 
advanced l)()it(ries t( clCte the 131 
genes identifid. \\'hUn the gene Coln-
sIMructs I)cC C t(ra nsfra-CilXavailalle, 

tion Will be used t :;'..!Cdi icethem 
into elite rice lines. 

Engineering resistance to diseases 
Engineered rice platnts that express 
coalt protein genes of tll viruses that 
caus(ise tungr(C arc likely to)CI e resistant 
t the disease. ( t r i genes ,1 
the rice tungr( ) viruses Ihtave bee1n 
clI ned in col lal Cttio in with . Cn 
Innes Research Institute in Norwich, 
IK. amd \Vlshingt m I niversity in St. 
l. )ilis. t A. 'Ihese genes ire being 
intr ILuccL itolt) apr)mica rices ill Coll-
lab(,ratiCin with the t iniversity ()f 
Nottingham. lngland.I 'K,and into) 
indica rices in c(illa o)rat inl with 
PlulrduI tnivcirsitv. I 'A. 

A Co{.lurl.e at IRRI to train rati-ma 
program scientists in' the advancled 
biotechnology methods \w5is taught 
by resoIurce scientists fnini IRRI and 
other ldvzinced inStituti,ins. U 

IRRI and the private 
sector wo to develop
insect resistance in rice 

RRIS increa.ilg use ,CIbiotuch-
I ilog to, speed inipromCemient 

Ifrice has created a pressing 
need 10r input fi')inl advanced 

lalo(CratC ries. Although coqipurati, n is 
nCstl with pubL~lic ilstitutiCns. \'k 
in ct llab, atior with the private 
secto r is beginning. 

One example is P(;S (Plant 
Genetic \'StemlS) ill Belgiuni. PGS 
hS Sl.itl Sklls.111d iuC(i ipient t0 
handle \w(irk in pr)tein chemistry, 
gene iso latiC n Io)NA seuNAncing and 
c.1cne iOflStrlmcti()n. 
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IRRI and PGS are coilaborating to 
delq)p a system for deplhying IBacil-
his Ibui-niwqnsis t,, 'ri i(.eilSct 
pests. One lp(osil)ility invol\'ves inscil-
ing 131genes into engineered rice 

plants, to C()ntrol \ll()w stilbo)rer. 
:\ transgenic system Ii)r Control-

ling yell(ow stmle),wr, is especiall y 

ppea~ling bcause n) cuiTCnt ric 
Vaiety' has resistan1ce1tohids pCS. 

arn rs tA to sel sten-
borer with insc.ticides, hut th SllrY:.\S 
are rarcly elffective and the c ici.icals 
tse( I coUld be a hliza-d to humain 
h(:tlth an-d thel\ i()'in)ntent. 

l'the first step invo(lved identif'ing 
131t(xin.s thit cln I use(Il iil 
gcnic 5syicils. IIRRI c()llected samples 

,() 131p)pulation in the Phili)pines 
'11nd extracted iierl -t.))) strains that10 
shw()\\- activity a;.l l.ast rice Insect pests. 

PGSI, W geld c, ti)lresi and 

nA. ie-liiked inlnLii()(0 )mfC'it [i.S:I\* 
(EI+ISA) witi , ntilitics Specific for 

different Crystal pr( 'ei ns to).character

ize the strains. 'This yielded -it spec
ic t,)Xifs auIL t(,mhinatins. At lea-t 
t\\,() t)xins are nvew identiic:tions 
and_ SCveril ofI the c'o)inbinaiti )I 

urn us1t 
I I+RI's ;irecinunt with IIS )i( 

tects the interest f I)\\ ircoifll. ici 

farmers in the tropics. l)S ,ill lt 

a,1L1 ISB. 

market inlthe less developed ii 

ties :Iny' materials )I.h ( x that 
resLilt fr, mi the t+ llah(rti n. IIRRI 
will make miaterials and techno)l(). 
aVlilahle thr(l iglh its n0ri:il ,lh 
rattions. \\'ith those countries.tm  

The crystal 
proteins produced 
by Bt bacteria kill 
the rIcA pest
Insects that eat 
them, but can't 
harm humans. 

BaclIus thuringiensis 
t Is a spore-forming bacte
uni that occurs naturally 

B in the environment. It pro
duces crystal proteins that, when 
ingested by an insect, break downinto toxins. Those toxins cause the
cells of the insect's gut to rupture. 

Ingestion of sufficient amounts 
of the crystal, and hence o the tox
in, will 'kill the insect. Bt toxins 
affect only insects; no adverse 
impact on humans or nontarget 
organisms has been found. 

Commercial formulations of Bt 
sprays have been used for 20 
years to control many insect pests 
in the USA and other countries. Bt 
has been exploited for decades in 
China, using bacterium generated 

in small-scale fermenters or from 
pulverized insect larvae infected 
with the pathogen. 

Now there is considerable in
terest in putting Bt genes into 
transgenic plants. Such plants 
would mimic the insecticidal action 
of Bt sprays, but without the need 
to treat the crop. Several activities 
at IRRI are interacting in work to 
achieve that objective. 
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tIChnl()yV in tuill t()a-rt tin-
Rice impacts global imlrt()ant ishricl,,ing tile intersticecm

Rice iI11fASIc'tW,.flcI\'in - greenhouse gases,c( d r l':tIih 
warming, climate 
change impacts rice 

RRI isthe first international 
agit-ul icst,ir h c.entel tO 

inltiate ,I c(mlpiellensi\ 
)r(),grllll () tile interaction 


-itweenragricuhluu-1e anI clinlmte, 

(1:111c',C. R 'CC)r() ion 111111S (All to R -C. L 'rllllli dtile.'lern (.
h iis 

pll a dual role . lii ge(oheiistrv ItsitulC Of I.()iisi-
a Inte-+nsiliniic- culiv'atitol 11)[) rs)[C,11'S State [niversit\'. I'SA.ana 

ti<,1 ,:,t6,n1 

. rh e,tirtitCCIlt et-s ir()nm~l , ine. ,- Elln 1(+ 


Protection Agency and IRRI have1 

iiniti:itt.l Cl 'nprelteni-'e rjt t, 
\\()i'k Oin I()th isIsICs. in 'n 


With tile lFraunhofe1'r lnSittt-C l)r* 
In\ ir le'nta ,t(1111 -r 

t()ilcreisc c()llntrtti(ins of tile 
greenhoegas Ilelthale in the 
tsrhe-'re-.Increasing oncentrattin of 

carzln ndi XidC. highe'r tepllCra',tue, l 
an1d CleVated irraialk--,ltrla;vioICi anC 
ti()tn ailect rice- gr(v\th and 'ield. 

Applying the exp-lrtise ()fa 
nuneher of scientific disciplincs is 
Cessential fo)r icquiring the' nedel(V-d 
kno \lclge. m )gies. andnet ho)dl()1( 

StudiCs on1 mthanC Cmissiiol h 
ricC 1im the me1cChanlismso eluc'idat' 
goe'rning, ne'thaine lixe.,iul(- litigation ,trfl)iC,n. 
identifV 
raunh)fer Iitute prxides epe-

tise (ln gas fLux illC'iiSLIrts'1lir( 
s()il aind plalnt svstelms. I.S1 hais 
expertise ()n the chcmnfistir ()f 
\vetland soils. II{I has integrated 
exprieCnce- with riceL, 

How methane Is formed and emitted from floodad ricefields. 

Oxygen 95% from rice plant 

smethane 

5% from soil 
and water 

t 

Water 
.Q.Occ
8V00 

.already 

increased UV-B stunts 
iice plantsp anl 

ice cultivation annually 
releases an estimated 60Ro)perattomillion tons of methane into 

the atmosphere. Methane has a global 
warming efficiency some 30 times 
greater than that of carbon dioxide and 

an Important sink for OH-radicals, 

the only cleaning agent for the atmos
phere.
 

Intensified rice production could
 
further increase methane levels and
 
that could contribute significantly to a
negative feedback system, with
unpredictable consequences for 
atmospheric chemistry. 

Up to 90 percent of the methane 
flux is mediated through the plant, the 
rest is ,diffused through the soil-water 
interface. The rice plant itself acts as a 
gas vent: a special tissue, the 
aerenchyma, supplies atmospheric 
oxygen to submerged rice roots and 
vents methane. 

The complexity of the interaction 
between methane formation and 
oxidation, rice cultivation and methane 
emiz.sion requires integrated, interdis
ciplinary research to understand the 
variables, to discriminate more reliably 
the strength of different rice ecologies 
as sources of methane and to develop 
and adapt technologies to lessen 

emission. 
Finding a way to reduc2 methane 

emissions is only feasible if the tech
nology also increases rice productivity. 

The other side of the rice produc
tion equation is the thinning of the 
ozone layer by chlorofluorocarbons
gaseous emissions from industrial 
chemicals-that is increasing ultravio
let band irradiation, Higher UV-B stunts 

the growth of rice plants. 
The tropics, which are located 

near the equater where the ozone layer 
is naturally the thinnest, 

receive the highest UV-B irradiation. 
Much of the world's rice is produced in 
the tropics. U 
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Additional collaboration with and alapt methane mitigation All this CO(mll :lter tile c nleti
the Agricultural t TniVersitv of" techn(l igy t0 r ,i(inl a1nd l(al eill:.. hetween rice lhilnts, 
Wageningen, 'T'he Netherlands, is cOnditio ls. diseases an'! weedIs. Experime.,nts in 
seeking to discover the methane StudiOs on tihe eIcts of' Climate .spe.ially-desigtled gieenhinses and 
p'iduc_'tio lpotential fIifdifferent changIe i)' p01IIlct itin cUts (in speciai lly-eluijppe.d field )lots at 
soil types. The [ liversit, oif Calif,(Ir- ho>\\ higher templraCtures ndl IIRI. ibritor\ \\()ik 'it 'ILI
nia, tSA, is cotnductiilg isotOp-ic increases inl [V-B irradi.tt iii imllpact V;'incfd institnti in iin 1:1u_0)Le and 
studies of methane emitted. I S-EPA rke gr wil and vieli. IIRRI and tile I :1,A, are a1iiassing a xviide range 
is developing a global geovraphical collab irating sc.ientists are1studying o"dta. Computer simulations \\'il 
in ,rm:itiotn s\'stem o n mllethantte h i\\'ditferent levels ofI VX-I affect help trace tile interactions. U 
emission frimI ricefields. the struCt or lad Iunli (ti5lI rice 

IRRI atls)is leading an inter- plants. 
regioal pogm fulnlded by 'NI)P Respoinses 'ary. Rice is 10(1st 

(United Nations115 ,le)lpnint sensitive to I'V-I during early 
~r igram) t( strengthent lethane groiwth, hut S(me rice varieties are 
research in China, India, Indonesia. less sensitive thal others. Content 
tile Philippines and 'hailand. This (oif the plant p+igments that filter Measuring the 
work \ill more reliably discriniinate It'-, ilcreases Ithigher levels hut methane released 
aimitng tile maijlor rice-gr( )wing ec(- root acti'ity, pr(itei o()ntent atnd by rice Is a fitstep toward 
systems according to the strength of nutrie,nt Uptake decrease, lesseing the 
metlantleSoumCe Md W\'ill clf release of this 

greenhouse gas. 

-: . : ++ :*,"*7 

7 71 
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Australia and IRRI
 
join forces to help
 
rehabilitate national
 
programs
 

ndochin--L.oPI)R
Cambhodiai, \"ietn~l-'l-filced 
a. 111(l-ls, of, Prblems>cn' 

S)ll( )\owing devastation ()f" their agtricul
,uralIb:ase-;csCduring the war-wracked 
1970s. Collab )litioll t() alleviate some 
of the problhms, started in 1986, with 
a ifci()randtrni off unLdlersta.ding 
sigrned by the Government of 
ALI.',mtl~a.nd IRRI. 

The oliective is to train scientists 
'Ind tchnic'ialns. Traininlng helps up
graIC the resea1rch undertaen and 
accelerate transler ot, impr)ved rice 
techn()logy t )tanners. A,+ustralia also 
is .ssisting in the developmient oft 
rescarc alrlnd training infratstrtncttUre. 

Ani IRRI scientist initiated activ'i
ties ill Clt()dlii and established 
continuing c'()( )iperati( n with all three 
c()tintes. 

Cambodla-IRRI rlce project 
Al eamly achievcment in Camb)dia 
wa.; the reintrc)clucti ll of traditional 
rice varicties l)st during the POId Pot 
puri)d. hlehvarietiCs Collected inl ear-
her years had been conserved in the 
IRRI genebank. lPronnising breeding 
niterials intr )duceUd fr () IRRI 3L,() 
matched plant characteristics with the 
m(saic oft rice pr()(lucti)n '2nVir( cn-
meints in CamIcdia. 

More than 50 Cauihodian scien-
tists and tech cians have heel 
trained in the last I' lr years. Ani in-
countl-y training programl is extending 
their new knoCwledge an11d skills to 
moire ;g'iCuItuti~iLt inhlicians. 

An IRRI farming system agrono-
imist works with Calnh)ldian scientists 

and agricultural Officers to design, 
iml)lemnl t and analyze )n-stati(on 
and on-larmn experiments. Aplant 
breeder assists in developing a sys
teinatic program to evaluate tradition-
Al and mo)dern rice varieties. A 
techn)l(ogy trnsfer specialist cc(llahc)-
rated with libdia scienti(sts for 
two years, to) ('evelolp apprp)lriate 
rice mnallgellient recc )inllendati()n5 
and ltirmer's field deny)l(nstrati ns. 
The next ph'se will involve a sosil sci-
elntist, a cro)p protect ion specialist and 
in igricuIttral (engine'r. 

The Project SippoillS cstablishing 
and develcoping the Cainbdiian Rice 
RCs,1carclh and I)tvec nlii Instittite 
(CAIRI)I). A j)int Ministry' (ofAgriCL1-
tiure-IRRI design team identified i 

Suitalhe( site And d(2fIc)lpd bhluC-
Print f(r CARIA1 lI rg)1izaltioc, pro>
srain thrusts atl.Ind itfitiUc tur . 

Lao-IRRI project 
The lu(-IRli cc llahorative Project 

c'u) oitln (Velpmet ()l()wv-c )sot 
tcc h l()gies Lor th, uMnty's m.iin 
rice growing enviir(onnients, with 
cO'Cle1c'mnt'rv' training )1rice sdcn
tists and tcch nicians. Additiconal sup-
Pol1l cocmes fr)nl the Swiss l),evel

pilent (C)(perati()n. 

Vietnam-IRRI project 
\/ictnaum and IIRRI have beell c)llab 
rating since 1963. E.irly activity 
prinarily in\V)lvCd CxcIhiilging gerll-
Plisn :and training staff. So fir, 251 
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NGOs accelerate 
re..earch and technol- Resgedch on 
ogy transfer in the integrated nutrient 
Cambodia-IRRI project management involves 

he Cambodia-IRRI rice project IFDC and IRRI 
supported by the government of 
Australia is helping CambodiaT n LIXni 'r)L Iiltikcd ;lnld

improve its rice research and develop- l!i!I r~ irknl'Cd I)\l lnd :rca's 
ment capacity. Major aissistance is I )OLIO'" lll()r Ih-111Ji _0) r'cn ()I' 
tapped from a number of non- \ia's riici. ( )n tic lIs ilnin1Cc i() 

' L governmental organizations: i ()() L'\i ltic11 'cIi't ( )I ,J \'',PADEK (Partnership for Development in 041n 11n('r1J11foI'ilili(' \\ii l i u () 

Kampuchea) hc tilL iii(il i' I1 nitrI )itnIICIDSE (Cooperation International pour ,'4iNli h r ViLIc.S-it It' Ilc' i lC 
le Developpement et la Solidarite) 

ACR (Australian Catholic Relief) Iit l ILIizCr lltII)I2Lcfl 
RB (Redd-Bama) 
WVI (World Vision International) ilit() Inii()rc ri(V (r i1( A\ing riC ' Liiinlt 

GRET (Groupe de Recherche ed ICSS ,ll litt cil iliL'iti lhc li

d'Echanges Technologiques) gL01 ti taikt (.ltiOfiL.N , 11(1 iiI lrLi(' 

Regular meetings of all organiza- ili\ ( ic iiili tilist 
tions involved inagriculture research ( icas'Cl. SillIHiltauc.() ]Sk,thc (' iciitll 
and development-govemment ()I, s(ils t() ll intci\ t (ii lppitu. 
agencies, NGOs, IRRI-are making it tuISt hC ililIpil X'cdlnd ilvc',c c'ii
possible to pool resources and avoid r Tt ,i)iIts f ( )LlIill I'l"()il r lit I'I s1 
duplication. t1tti.t hlc rc_'(hlicc'J. 

NGO centers use trials designed ihis rcLtijics itict r~itcd t caiclt 
by the Cambodia-IRRI project for farm
er training (NGO volunteers assist CXPL'riS. I11I Alnd 1hC Illk i(1nhil 

with in-country training courses). The LTili/ci I (knil c 
Rice farmers need uriform experimental design enables Ixcf wI Ilkiti I)n ilic p11 lls tr 
production tech- trial results to be collated as a basis 1.1 \c';u.t. IrXl Ic'iIll foctscI (n
nologles that are for government agency recommenda- ttltnllnill Ii iil I. tiat g(lI'tl 
environmentally 
sound and eco- tions for improved rice production nitrngcil I()155. \ IlililIll \\;is ii
nomically viable, practices. tilic'da i Ih t i ]US l c]C fhininl1 

The collaboration also speeds l'hC inltclc(ti\c Ll'i(d,'tS1. ILrtiliZLr 
delivery of good quality rice seed to placc'nlc'nt 1i1d lilnillg and \VltCrlI )i-
Cambodian farmers. The Cambodia- tI N (Mfnilk).C1 I(IScS wrIe (IlUititilicd. 

\iLtnairtL"s sciciltis s have hLfln IRRI rice project provides the breeder 'lnI tli;it kil )\\ldgc. ticLI' tod(cisL.I() 

tind.I at IRI{I, 18 ctned nclastLr of seed, NGO-sponsored centers super- sli,iticgcS tiNru')cc ll ()IC'tl LiSL 
S(IcidL- CILclc' S,0 L'lrn2d H)S. vise its multiplication and distribution cllicicncv.

ill \ lijLtprc~v tglin ill to farmers.lhi tX() 'C C tl The benefits are large: multiplier N(I\v \\C I hkll clllJh;ISics inlCil i l()j 

1U)III is in) tILcII id S)L1tliltik) fluiiid'l nii;in Micclcl is c'x-
Ip effects from training, improved supervi-
cclhnfil IIh Iqicj',S ta t c' SListama Ihlc'- sion of experiments and field trials, )lhig ()1)p(irltii's t() ifpr(t\I , thlL 

c \ri:( inlu l idflII\ ' ',()u l uacl cOCl)i(lli- extra resources, considerable syner- Ltlili/ait It ()I,ilitt( Icfl 'lI lhiLLt
 
(;I i all iliLilic , Soil
;Ic'. \lliI Ir ~sciLflilic gism derived from close interaction. HSo )uirdc's--iiIcligc'1()tl L'()huL'S, 

At! intLgi;itucd , nLiitagcIlictil. iiitL- itn((nht)r(witddc plalit rcsidu'cs. Iinkll).Ii
4 r i' l iL'l t lll ,11l 1 "(l L 1 ,111ln c~dlln itl() tT tcli i ( )6 1 - l( ) su lpp l ellIL,n[tllrM1 - ' 1ill F-

lIpr)Xucl X;ItL" llai lI _'illLIlt. i'tI(AcIts (A'rdltuc, L() nlltt(2 iAl lt'liliAct itijiuits. 
;It darf'icc it 1)V \i-tflallcsLC sctiUn- THIL Lru'suich cl'lll;lSizcS Il'carting 
lists ;an( \isiting IRRI sc'iltists, U 
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in(re a[l)OuI LitiliZ':tio1 u)'Soil nuLtli
ents -aridNi dl( 1it1 igc1n.) i)g,.llv-ixed 

Itseeks to ilClCJLd' elflicicnt Use Of 
l'erlilizr inputs by natching timing 
,Ind pltIccment N' t)'r1iliZCr W\ithI 
S(a1M',n:1l C0) ClC1iMInd ard ricC 
r'()()t tcti\'itv U 

Year-round management 
of nitrogen from soil
green manure-fertilizer 

he fallow period between rice 

crops has a large influence on 
the efficient use of nutrients by 

a cropping system, partic,:larly in 
rainfed lowland systems with long fal
lows between annual crops and in 
upland systems with even longer time 
between rice crops, across years. 

Incorporating the weeds that grow 
during fallow can supply the equivalent 
of 40 kg nitrogen per hectare to the 
following rice crop. The weeds capture 
soil nitrate that would have been lost 
when the soil is flooded for rice. That 
nitrogen is recycled when the incorpo
rated weed mass rapidly decomposes. 

Aquatic legume green manure 
crops can accomplish the same thing, 
but labor and the cost of legume 
seeds are a constraint to adoption by 
resource-poor farmers. 

Inthe more adverse rainfed low
land environments where soils may be 
deficient in both nitrogen and phos
phorus, fertiliT~r needs of the rice crop 
dpend on planting method. Rice wet 
seeded in puddled soil utilizes more 
indigenous soil nutrients than a crop 
dry seeded before the soil is flooded, 
Wet seeded rice yields are twice as 
high as dry seeded yields, even with-
out additional fertilizer. 

!,
 

A bountiful rice 
crop depends on 
year-round
 
management, of 
the soil and of 
fertilizer Inputs.
 

20 



- -

France and IRRI 
work on sustainability 
and biodiverji 


in rice


F rench ;itncies OSTO•NI 

(Instiltut 'niuLcaiS
IC 


RedCitichC Scientiliue fJOtlI 

Icdevellppnlent en Coop 
crat'i and IRAT (Ilnstitlt icR'chCer-n 

chc 1 l l ii)iiliIues TitipiicalesCt des 
ttlillircts Vivricres). a dep lilnlellt if 

CIRA!) (Centr diCC ()()Iple'liin hnterl-
nitiol k e1n Reclierche-i :,\gt)nkiue 

ii r)ll' ixAC cOi)-Ic I )evelippemeCIt ). 
i)i'wiattd with inllny .'lIRRI fIOr rs. 
\,, are.LiseSI uc geneic 


cli\I.sit\ i>rite and<1 the sitaiilllbilitv 

ihc I;tr,,ircil lnd fragile upliand 


ricc ct(),\ystcilll. Sllic F:rcnch 


,,sca
Rcles ashssigned aIs (n-ieriii 
\isitli , scicintists at IRRI. (ithers al' 
in\dvcd in s1hrter-teri t(lllbOri-

ions. Ikcl 1 lilalins ilic dkevel(iped 
(tirig bienial Franice-IR/l/l l:CIpin 


I:tt)(; I:rciitlichscictitiss auC' trll-

ik assignel at IRRI: thf oiuCi 
()iST(\ .ltri rking (n ,cnicvi 

c-\iliiiIn. lltInilliCntle. a;l cllhirclCri-
atli(ii if rite pet 5t(l.s: (ilClSfri i)i 
RV I'N\\(Wil 

Iretin,. Ilie IR..!I scienlist is iO 
leAic'r ()Itile' llll 

I. is n:()i ulnidl e 

IRRI rite 

RSart",lih priiralllantI t.iOii:il(r 01 

ilkt-ii' aiil Ri(C ResCrt'Ch C(otisloli-
uil). t ntil rctCliv. an(ithir scientist 


\(irked i)n iitiir in1d ()ilgelifxhtiti a 


I'filitv illinteliiantc. 


Iinpi irtant otltt i1 1teliits (& 

lFraincc'-I~il ti illalit raiIl in hhthitle 
A. ie ith inli Igv1'()l'tlitCli .ikiling 

rite. tisiii ciiivilles I()dil-fcre tiitf 
ili(Mii g ritt tlul-speci. wiih nlliah 
sisNl the ii ite i Of 1hesC Sl)CiC.S 

illthC upAnutls inlltIll rate 
'tlI;lIS. 

• Init!il studieS on genetic markers 
Mnd (IevLi pnilent of spcific rice 

I)OpuLlltio)ns tI~t :re useful in biotCch-
l(lOgy w rk at IRRI and in advanced 
LbIt,,ries. 
ehi titive t.')ncelits t0 idifprie 
knowledge aihOut rice l)laSt .liseatse 
:1nd identil'icalitin tI new sOUrcs if 

1 rabCltnile rCsistince. 

0 ldCntiflcaiti in Of nC'w sources of 

chuglit resistance. 

* A c(iIiprehensivC Un11"derstanding 
O1 ifle n1 I algae an11dlu -'e-greci 
()thC'I lil'tgCtg-fixing Ii(I()gi 'Il 

Oirga nismiis in tle nlitrigCen dvI i nllics 
f Ii oded riceilkls. U 

n 
M U M 

iin ssing, 
Sl 

CoUnItlhi s StUdv
biological control ofh 

sneath bliglt 

,,i chrtnicnn Asia, discases can 
c:itlise I(iss if up tIo 2()0percent 
tJif;a rice' ciT), 0'2e witllitl1 n 

ii . epidCnliic. PIali Cins thlat inlfet 
rite seetls afectJ Iri inquilitv and tlh 
V\lliC iii tilec iT). 

,\in liScis(!.s ;a1'e t Veni 
cUlhcl itv ti hnrt diet!: silrt'es 01, 

ltic reSistan1c haivC lot bCCn 
Imintld a11 l t irc-il)(irifr 1n1terslrCs 

nt itl pesticides.. \Vli01 pl'.Sii-
tithes aCre 11SC.l,inpriae atppliCA-il 


til iiC11 th letnthe elviril iiilit 

ald ItiiLiiiiJ licilil. 
-Shea;th hul CaiUSeCl hv IRhIilUoil 

nia . itelc1pr( so/ulli ismn eXilc 

kii. Ch umic iifecti n isallaii n 

c A hi)1'ritec pit itluiti10rl llinlK)rcI.
 

( n nlid \ in ;icts fii Icliman lll 

ltldit il iln ()ili Lr ASi ii cOiuliC'.s. It is 
l tntill 1t leml(l rite is Vini 1 \vheCre ,'(Rt 

ill inicinsivc prniitlttitn sv'SIctiiS. 
A w( rking gi tip Ooil ILi )iial 

ti )CEn(ii I f i'it'' disCa.Cs is .liti
ilig thC tLIsC i1J Ill-[SS(Wicilietl 

n!icr, )i'glOMisilis, such as ant1iglistic 

bacteria froiii floo)ded ricefiekls, to 
contrl Ihin.,il diseatse!s ( rice.Of with 
special funding rlim the Asian I)evel
opient Bank. An initiail stidV .tIRRI 
cl ii lstratcdIitthl Iigc pipi()allhtioins 

()lsici oratnislfls ateA angtIhiii-ilv 
ilistic to rntiiinvIl p;tI(IiCns tIlatIln+', tht 


attack rice. 

Scielntists in Chin;i, ,()ia. India, 

Indlelsia, Mal!aysia 'IlaHaliid, tlie 

PIhilippinCs a1nd IRR!I aglreCd (oIiicus 
on she'atih blight as 111iiipolant dis-

Case inirrigxa lice. IRRI dCvCllpCd 

sintlrllt! nlet fi)tIs fi isi5dating ild 

screeiOliLe' Ixiiceii. Th1e c llak(-
Nililg sciCntists c llected ild 

screnCd itIsa ( ii, ii iSO

titesIr :Intlltllnisil to0 P. somli. 
I(nn istdtes were idenitified in 

(()uric-: 
it Cl-IOI ilIt.ilt (ifsheath iight arid 

li,e ii.plait .i,(i\\il . 
SeedtCiIrellcwilltlts An plalsprays
 

, Sce ghueicaigniitaiitlvin!hi

,-e te tet s.IbCin inall tI untrll' 
I10evalute Imitlt icil iho( lr 1 ',inIS 
chemical CI ntril. 

Noiw scci tist.s fi il Ioiniladc.h 
d ViClntiai lhavC j)iined thiC w(rkig 

gir(tip. Ill -i sc oi i [ra-il-idI l
i.,1g \1t hik5 i( )at1 idIRRI. l;licilints 
:iglrC(tI tIrlv (tllStl;irtl cxperi

tlis milto 1iitld A n() kr'ddilitail 
.studiCs tin I)piiptilatio in tl\niunic.. M.\isS 
pi(tltii(i (if bacteriai, illipr cillcll 

(0if ffectivC StrlitiS. dCel ipilniC l01" 
Aiplic'AtimicciitlUCs. aintIe'XanlXliini
tioll Of Eln]er ctl)Atllle Of bio ingi

cal ti ntri will be addresseId. U 
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The Interactions of 
scientists from 
IRRI and other 
advanced research 
institutions speed
results. 

' 4tries 

Belgian university tests identify bacteria 
associated with rice seed
T ie rice shliath disc)l()rati( nC(

:11ith( )I iitg allnc I seecd i(I ,l

i'.atio i' l'ii IRIeading to 

rii)Cnlinlg Iil(ll \vid'l' ill 
tro pical ric '.lells a:ppumrently a.re 
caused h\ Cw llpcLx interaction (dt 
StirtS..,s. () I causil taucto ' iS IaCte'rial. 

Alth()uigIh Im iWV lctriiasso-air. 

ciated with rice sced, their )l-es-as 

p1') p)aii(tgellnic pests ( ', is I'llr~iiIH 

l)i( logical agents-are not fillly till-

dlerstood. Nor is their diversity"classi-


fied. ldentit ing"Il tilt r ;itJ rtIiV 
step ill unde'standin the iprOll . 

IijksuiniVe'rsite-it G(ent (RI G) ill 
lide ill is the \Viu cntl'rf(r c0laissi-
icatioin of pathigeliic (i ganislls. 

RI G Ind IRRI ale c(llil Ntitihg to 
identifil the bacterial pathing- ass)-
ciated with rice Sheath aind Ilralin dis-
c A l'ati( ill. 

(o ' lll)e .ith n,11 (0 htacteria is()-

sheath and seedated f'rn . SlilleS 
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llcCtel in the Philippines, 185 wCre
l I(uncl t()ik Ci ic., I(at Ii():lh~ C'ditSe, 

h)ssesC ill grlil (Uj.tlitV or production. 
( )t1 1t t'pes )l"sItll()illS 
appeared ()n rice s-ecllings in( ('ulal(led 
with the plith() gcnic Ilcterii, i)()me 
w;is distinctly Ai.S)ciaticlwith- aJ pl--

tic ulur is(olate n)r WCle anlV si milar to 
tho)S caused hy /iOld'(/of Wl(IS 
pat tIl()ign.S. 

Similar" ICteiial StraillS do varly 
bihchenliicall\. This lmlealls their biol-

l iatgcnicit(ii Pithand . ()uI iall()nica 
and indici rices ill teilperate a11nd 
ti<)pi'il elivilflllelt-S C'iiC bIh dilfe'-
etfl. R[ '(I used hi(ChCnlicai testS t) 
C()Mpi' its i''le-rence stl'iils i' 1);t-

()geiii I(/l)U/dol s wili tle Philip-
pine isfl ates. Fi Spcc'is inltiiie 

clustCrs wu'e idelificd. 

This wide array indicates hi' Ild 
divr'sity' ill tie ;icte'lia i.a(ss c'ititcl 

with rice g'rin. [ 

Rice researchers 
take advantage 
of special climates 
and special skills 

ha've~ ()tI )le 

to &t-C10)+the '\wVVMuiC~iCS iltr 

.llt to sustilnin, anid incr'.asing rice
 
I)dIC'ti~ty t )Mee't ORA)wirilo Sup'ply
..

andM (II Mild lI)rWsuIrS, lI)idM gellra-

tiCCC'nlIatCS the I lt-l)R-ii,.

'Ihlc l',gypt-I lMdI (0)1l-a~tti( )n
 

itliudt-e.s gr()\\i1fL A \\ilt urIEIU'
 
lg'yptian lelt.ing materials at IRRI.
 

-T"lt- (hinal~Llla c. )r1;)t iVt-' lh r..,d 

iill Ip'()i'C'i iriV< )IVC.S ( ).S.Sill (;hlinL',so' 

VarietieS With elite I R huelLS and grV- w(A-
t\\V()t-() \ill rlitM.l1 rcM. ater<)a\i gciieit'tti t.,, aixear ate-rnatl 

.11IRRI andi tl Chinl" Nati()nial Rice.etl~ts'ih Institute, in '.heiang 

province.
'l ic*.shillt ' €)i I)reed'cin i laltriatIs 

Cnilles gi-(A\\'ing and e.'a'uatilcJ siX 

generaions ill tlhr'ee years. 
adaptive ca ew varietvcal I he 
l'CiC;lisec I1)lii tcrs 01ill :- )' War' ;I'i'er 

eiit \"ith l)cal 

tWtlt ficSl (TO.S ilsltCai ()I' then i()iii;l 
I I (w 12 veca;irs. 

A similar"shule- in tite Kwiea-
IRRI ct)lltll1cir is dClVC(ilgl iinLg rices 
a )lcrnti (Ofl(v itellp)CrltlC and cNld 
ihrig;iti(in \\iti'i. ((A)llil)(iativc Thai-

lind-IRRI shttlC i'cdiing is devlo)p
ig pillsii suitabile ' r aiCrs' 

raint'led 1hV\la1nd 'iCc' t'viri()ilieInlS. 

ULvaliaic )n if the iiv Of CiN)ses 
iruaIce At IRRI is c()iie' at sits ill lhii

;ld tiait have dlilfer'ent S()il f'rtiliit', 
WtC'r i'egiiie adillt disase I)r_'S.S'ei. U 



I _______________ _ 

Scientist shuttle 
taps special skills 
and resources 

hatl,]l rmtil ,l i ,]vc..; 
inl]( )ii': izcd cxtlliUlt (II 
l'ic SCiCuIltii.S-. t0 lI k .lvAll-
ta4 -ills an, ICqlilit

:il u Attl\;ImC',.CtI irl.Stitl.tY)IIs J ILt 

CxpnCnc ,ithl ricc and .. \ riin-
tal falcilitics atlIR. (C>llaixwati tn is 
JCCClcT.ratii rcsc' cIh ill gCnCt ic ct"gi-

.. uctiru1 . plant pithI II, plant phIvsi-
h, )iCli(1v .amd i 

scicncc.,. 
\ numhilIc.r ()I'ictiitics 'r' UllC C'-

w\a, ,\itl li\c insituti ns in lpan. 
(A<)rircl I nif crsit inthcft"SA and 
\IC ;ill Ii'ivc'rsiiv in Canaia..\licIh (M)u
thIc \vI Irk¢ is sc'icu iSit-tI I-scicntist intc'r-
liti' W(W. ishl :ils< ) \\( inr-) -S;udiC~liic's 

th11i i-SCAil It IRRI. 

Ill lilpan. 11I li-IRI and )kkidh I 
\crstv icI w lking4 t() c hc tralls-

nIliliIti(I NII(inlic:l ricc. I IR111Ii l 
Nv\ushu t nivc'rsit\ + arc tagging gcncs' 

It icsis'tilico tI) NIcicrial blighIt anldr 
trIing gcnc(. IIarIIkcrIS to0 111:11IV tile 
risc :1i1d clliciclicv (od Ilic c lll 1( i 
lI llS. IRI1I 1ild Il 'i i tl Agriciuh-
tUI'C Rcc,',r'Cli (Ctcrltritc, ~II\)\ I iciillcxillinuti'c'-+dl\:lr Iilhat I v tlic\Ii( :C'l hV~ iC CliitiIW -I:iH l i~hsv11.lie' CI 

ic :clu <id,, htr il s y agond:cn sil 

iieiAi tcriliiv I6I li liug Iiwlridrc I 

\\kl Iiil XIil()git\ 'illilitv 
lt'cIV ()&C )Ilgig Hlicli( hum\aicrI 

HCCS'. tSillI1.11,1 l Ald hclIi()dCIcliC~iI 

iiiln ,s. I1R1/ ;il li h l Iilliversitv 

SILrKIstill+ ;ll'IiC iR.lIi i1i.,liil)S (A1 

Thei ("(4ii1CII I an'd'siv:ucIRII 

\vWivk viih (:<)rnc'l's \\t )rk ()n+ gC'iI(M)ilt 

il:ililldltilin il e'llti
(la i
 

gcn( l ic). :\n I 1R1.scicillni issigncd 
It( rn-ull givcs IlRI iilinic-liatce 

acss t(tle I'ltcst tecIln( l()A, ._ 

I lIcl iai-kCr-. it \, C hCCL!IlciRAV I 

lhotigllt Ro ,RI an1d thi,hi. gC,-0c 

selcctions l*rdck,sircdut'ts 
rH,.Mt;iI ti\rsiiv llRI'lll 

OrI ,jucct rclatcs : I t[hI lrlCHI 11)11clI 1)1
itt"itc ,,c.. n,,,...,I" 
toin 11gIlitc aIjtlhlC) tiCt 'rlioil 

c tlLlgl-il\' 
gulls. In 1111 VCO'(\ts.t dc _,.+'cl, 
hiwet. ,,.\')]\'Cdc Ihlilt au( re simnilartlo( 

ttc icicCilat.,.C tilvts, I,_..\c(_ ill haIs 
idlntilcd l)ctcrtih anOtric (IWgan-Altl l 
isms that r.licc ' IWCCJS via Iiitv. 

Stidics ( )fVa-iaiiilitV in tile cllcci ()I 
these nattually tuin lricMnI I:tc-
lIia'l ()ln ust11C\vcxds and w\ys to hic 
i() (XIntrl \\ (Is ar'c" l nc' at MR1. 

Better under-
standing of the 
way green leaf-

hoppers transmit 
rice tungro-causing
viruses will help in
disease control. 

'V" 

UK and IRRI 
collaborate on tungro:
vector ecology and 
disease epidemiology 

. l it diS,-,rc 

diI'iu t.akCd hlcvtthrc(ac,
So)ltll 1111d SOUt1t A ,\tt,,1COSt 

cal (ais'.,. sigfiCau.t yi'chd 
( )ss (WcVci crop) lailur,._. ( )itc ,csti
iuatc pllut Anua.l ri1 ti h s. t. it 
SI . hillin. Itlcnsiicid cr ppinl
 
ttCClhl() I,,iUs t_ dl~litt
tisc.cS 

M Il:itIciiillct. 
T l,'cscd hy icclhc discasc is 

Itlgl I slhcrical virus (I 1\ntd 
icc tiIrI() IhcillilWinll iil>I II1V). 
It is irunsiiiitcdl Ihv tIh crICc Icai
hI( plplcri .\Vp]holi.ti~t.t#s 

r v/)ctlls u 

(In th'c cli(ll Iy and t1ia:isniissi( In (I 
lilgr(). With rc'latlivc'lv littlc millcniol 

.. 

c 
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to its epidemiology in relation to tle 
population ecology and dispersal of 
the vixtor green Icaohopper. 

The Nitural Rcs Lurc.s lnstitute.(, 
aIsCiCntil'ic Unit of tile tK OUK0Veris 
l)evelopment \dministration, and 
IRRI are Sx-stemaiicalrddressing 
re ilr.h gaps. to establish a basis for 
integr:ted disease mana17tmentt. 
Research is f0cusiig Oiri 
, Sj atial and t ip(oral Inaltlre (Of" 
.c'Crn ieath( pper beIhavir, dynamics 
arid dispersal ilrelati~In t( Itigr(1I 

disCase, as inluniced hV\ W(at(2r, 
CrT[Pculturc1 and tie rice plalt. 
* Spat ial and temporal d'na n ics (oft 
Iuigro) viruses illepidemic's, Isinllu-
enced bw the type and strength of the 
Virus Uld h char'atctCristics Of the rice 
cclO.Steic. 
* Strate"ies l+ tMgr )m11 ,.agementor 
Ilhascd l kno w l,.d .cguof green leafI-

Ioppcr ecoloogy and dynamics. epicle-
nii()logy of the disease, rice crop 
IingeigieC'nt alttnld cliract(ristics (Of 

frnners. 
'wo NIRI scicnrtists are studying 

gien lell1loppe.r ec olo ogy and tungro 
epicMcii olo gy at I Rl. Ano lthier is 
stulying the flight belhai\ior Ofof the111 
green leafli oppelr v'ctors. 

IRRI sciCntists arC stclying thC 
relative iunp orta cc (I \veccls anId 
OtHic'r nattiral \'c'tatioIll :1 .d iC' 

eb1USoLIrcc's (Ifttllgrf-cl'O:Cl-stt l at', I iilgl. 

Xil Isc's amd oIfgr'c'n l]ilhl)Ippc'rs. A 

sCicntist at the NUI has cl(eLoccd af 
1r 0tItvetyp O()liputc'L n1odlel that11 silin
kites tile dVnilIics of tulngrl' \'irluses 
ill Ihc' field across time. U 

ang-term coservatJon preserves 
the world's rice genetic heritage 

( itsrvatin (n rice enet ic 
te IrcoLl'rces is at\kI.VS a 

Collabo rative vetnti.uC. IRRI 
began actively panticipaling 

ill col lecting il19-2.geninplasi 
N.,ore than 7() coll,_cling Illissio ns 
have netted S(olme 12.(0)( samples ol 
cultiVars aid wild ricecs ill1 tcOlln-
tries fl Asia. Africa and the PRicific 
regi(on. , CO)lntries haVeIa oI I 
paiiicipatCd ,.A'ping make rice 011hC 
of the best conserved of)lall the 
W,,rcld's cr0 ops. 

l.1l\ clUolhc'ti(orts )frif'ce g(en-
plasm il C;hina. India. lapan aInd the 
L'i tel St ates, iI(loi;g thier c . iritus, 

laid the f(IunclatiMo loi the Interna-
ti onal Rice (,Ckrplasi Cente.r (IRGC) 
aitIRMII. 

( 2CletiIn I 1isoils lIre FIIhn 
inultidisci plinaryr:a11d muI hinalid. 
(krmplasnI collected during al 
Illissionl is shared mungCList itutiis. 
to IISI Sa'd lup1lcat e storage. 

RcCntly, the IR( Ihas returnCd 
cn tirec ICnserv,.d nat iorla lge,.'IlapkIsIl 
c ollectioIns t(o Calb(odia, Nepal, Paki
stall, the PhIil ippileis, Scnegal and Sri 
[ianka--m)orc than 9,()()()
accessioni s 
Of rice. 

Safguai dilIg the W,,or's inva.
lHe geInIlu~'plasm rc.so tLllces f(or use bV 
IitLIre gee(rati 0s relie.s ion sLch 
lIpl ic;tio n. Samples'+ (I)I the genr-

Ilias tI crv ,.:I l I t(( ire sentco oi in.t 

aMnuaZlly to tle Natioonl S,cld StOragC 
l.ab oratorv in C ooo racl. 'SA,Wh.,,.r 
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-i,000 accessions are held indipli
ca'tt_stor:ag2,.

Cupplying csr)nscrge.d .crnlsi 

1()advanced lahorat )r io (\vrklvidc 
ishclping llapid )ic i iceIN.NcC'hn(0h ,u,.v. io)IW ()thorI'\'valuIl, 


Users ,has laid 
(1lationl for fle\v ilipr~lfciOfl~ls ill 
Ilo()cl rice varieties. 

lv recent "ly. thle wild rice 
()rt'.zl J,trll flr()In tile lfhilirlpinis 
was lofind to he A SUrcL of 1.2SiSt-
anheCL t()! 'rom(nltst. (). 'cl(h'nbc 

..flricat;t ,f th2i.s5()trCL' iLSistinCC' t(1 
tw() Viruses that mailkle up titil tugr( 
tfisase o)iiIpl(x. * 

The germplasm of 

rice and related 


species collected 
In different 
countries Is shared 
among Institutions, 
to ensure safe 
duplication of the 
genetic resources, 

Conservation of rice 
germplasm improved 

ithin just the last fewyears,itiUeight majorfrice

producing countries have 
establi,3hed modern genebank facili-
ties thE greatly improve their ability 
to con,,erve rice germplasm. Con
current developments in biosafety, 
biodiversity and biotechnology are 
opening new opportunities in 
genetic conservation. 

Increased interaction among 
rice genetic resources workers 

should enhance the safety, docu-
mentation and utilization of the
germplasm conscrved and acceler 

ate the application of new tools to 
facilitate that work. IRRI joined 
IBPGR (International Board for Plant 
Genetic Resources) to sponsor a 

workshop aimed at fostering closer 
linkages among rice genetic 

resources workers in the gene-
banks that house major rice germ- 
plasm collections. 

The participants proposed forn-
ing a working group to improve over-
all coordination of rice genetic 
resources conservation. Represent-

atives from nine countries agreed to 
work toward standardization of 
genebank docurnentation systems, 
increased exchange of information 

about holdings and joint exploration 
for additional germplasm. IRRI is 
providing logistical support. * 

National programs,-
CIMMYT-IRRI 
collaborate to improve
rcewheat systems
in Asia 
T l ti'f)iLal icL-\Vheat Ciopping 

S\'StmS. rice is gRA)VII in Id)uCl
died So)il during tie hot, rainy 
ni )nihs and wheat is gi wn in 

drainld silIduring the' c,)( l(1dijer 
1)nihs. IVic-\hWf;lt is Lgr(own ()n 

somern 25 million hiect:tnrs and is oneC 
ofr the' io0st int nsi\'' anl pI()IdiCliV
cere'al s stelms in ih11worif. 

BLut pr(ducliVil.y and sustain
ahilit\ ()ftle s.stCI undir theat.:MiM 
Yield incr'ass realized roin llnting 
IW dI*rn high-vickling rice and kvfwat 

vMieties using imipr() cd luag
mcnt Imt'ti. A (ff. \horcalrScU'L'inig 

aIlfd tll()rinputs arc lt-ceLLd 1() 
Ji'hi**VC til'suIIIC \'ild'. Pr()dCtl(' in)1 
isn()t kLL'i I)i p witl C,).S1. 

he nattural rsV)turcV Ibis' (r lilt 
SVStem is afso in tfecline. lrngauion 
S\'Stells 're 1() hiLoi 0gnintaincf. 

aI 

lilt of thcis O ine'd' )1'()is 
IlItlil'i.lS is d.I'tlilq,
 

WRI Mif (1\l.\l' (Le f 

des) (W li ' 1()ica aki ht1-I 'tW n t 

Clsh India. Ncl)A and I);l6."Illit 
is a n c. I16 r ()cgi )nll 'escarch. 
IRRI and (II\iT arc.1 igcthcr studl
ingl strtegic issues iciatcd wilt 
theL( sislinall1ilit\' lthe- sstcinl anL 

('xamnining the pni(ccsscs ihit influ
cncct'ifIc \V~litcl-M,-()f-nuiiri, nt inlcli icc'. 

A gc()gl hic;ll inf )lailti(in svstcill 
has Ic'n lCeVL'hp)l i)c cl iflilt'ig 

t()svstcill. linkcd I()iln haItitlels 

'I;ll,eXlif'il Iate t1C ilitit N'1
 

riccV a1d \\ II t uli C'I lil n()nlIir l-Cncl 
iols inldillC (rntcn\iri inn Ilts. ThIC 
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O"AII LI11,11: IN )iiis .11 l'cucCI1IakiIig 


the ~ iCI iiL ('it
111d CC( Alt )flIit.' 
rC.SCMrCl, I ( ) 1IA5L 111C LICVC10i(jll[ Of 
teCIIlI( ) iCS thILk Will C11S~lL-CIthe MIS-


taifllaIiiLv o)f theL sS~II .11(liinrease 

its I)l()LILIti\itV. 


The integrated researlch Ct )II:Ib()-
ration)l is stijpjolledl by thle Asianl 
I )'elopnienl~t Banlk (:\I theL111dL 
1'.S. Agec I1,1 IItern1:1ih lil I)L'\'I-
)IIL'it 1WSAIl)). 

Systemts analysis 
and simiulation for 
rice production 

it'!I lid! it did1 I glictLlltLaIl-,l 
icaL'dt lilel. IRRI id 

\\'igeulger.\ririurial 'n-
tilL\Lv' 1'e Notil'I:ils, 

:11-C i)()~tifu ill "In iflll( trlll;ii nti'-
\\c tk ( Il s\'stLleS ariaIvsis :111dI ;illlLl Ia-

io1MClilI 1()Ir t'iL- L' 
itA Pli)t t i '(i i I t IL)1 t u ii 

S:\Rt t 

The1 pro ject sta rted ill I98-1 Iv 
IlultLII5. d 

[loll :111d t)thler teLilii(ILiL'5 ( )t 5\51L11 
MiiI IvSiS thit Us S t)IliSiC',.x(I II-
pIL'I' It2LiiI10It1gV 11.11LILT(L1( )PL'(I ilt) 
PI'Iti('i It) ll I) ljlt)\to tile LIfI-

thenf cit )) l viic sillItii-

CienlCV Of agickUlti.ral researcil. TheL 

techlniqjues L'Iia1lIL' inlt(eg1iltilarge 


)Id fll'.1111 LiliIs Lhtla 1'101 111.uutiber' )I* 
diSciplinecs. 

The~L ~u is It) bljd Alki SLij)portI 

i'tSL'aIII C.IllaCiIV Witlh thle hlellp). 

Mokdern SN*S'IItIS IesearchI tcifniqties. 
2Nhilt idiS'i jII-V Led riS, eChI~ itici tic-
iiig .fttLl'iiiiseMir.'!ers flt till IIieStiliti 

Inttuinpl-tiL'ipatL'. Fa~iL'I I I 
.11leat t(me phaint pllvsic lt tgist orI 
agiitn)Illisl. 

Sati\ Ittcll I hg r( ct.' 1 t tIl&d 

SlLI 'ilg lVA IJItt hII' iL'S111leC L '011'.1 
IOtL.its MV' a 11'e -niltniI~iOL A 

riiL'il S1tdI'tilig [it tilit tto t\'!se~l-ci :111d 
Itiare 

(dli lhe -AkijII)W ( llI-.inV tthjeL'Ii\'S. 
TheL fir'st p)ildSL's t e 'tiSARPI 

ilt ijeCt-IltA itS Iliii!Il \L'd1-)\'ill 

Mi -Ck1',ilntol i~(1~ 
0dliSi ' iC L ( -C;i. 't'I t I li gO 
Lidtl~d2.)li'-\'tIL~iL'S~iLIL' Li)1icrop 

(lu IULnI IdWC~ ',ct A1iI1 I ' i n.,t itu
tin)f and w1(wksl os du.1irig \\hi k i 
teanls pICSLnIt~theIIl' IL'stS ()f IIl'ir 
CZaSC StIildiLS. A\ ll'LitIl I()1I-I I) WI 

It)(lillIC1 1-W.1L'dtll0 6' Sll MhiiiioitW 
MdL Iflt)(KIIlill" \V(W)k .11"l 1() C l~f 

It) ct lkwiltul. 
Iunig (li't- )rkshl()Js. re'searchl 

sr1Xri tspNtiCi[XtL'Li \ilhl k'.Il 
It.ALIer'S ill Lit'JIil il etw(w)k activitiLes 
CClitOL'' 0(wI pICtiL'8)I tptLi. it )Ll' 
I'L'SCJIrch tIleIeIIS lerL 

A ,1IteCt SVStIInl "'WC4 l"1 

l 1'SXt )li " l)~ iit Illiti l'LSC Rl'! 111dJi 

LIL'tet'tllifle th XI Ititl )ii tI'JXtrl l 
OfolCL\\ LLiiti gVs Siliituiain ni 
Ill) cdels ar lv kLc t t t((IbI)CCAriS ILT 
CdiIIi IntegrateI ilL' CIle(t.S (A WC.eaIHILr 

Stti I tC()cq t' np 'I l f lL'L'c . 

Simulation models 
a transparent

starting point to 
research, linking to 
systems analysis to 
lluminate problems 

a n d pote n tials In 
Improvement. 
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* lotcnitiai produtction)i. Miodell-
'issisted reseclirch onl proicses helps 

ilsc ) hii (TI11112 M(IC.(ii'cci.g iji\C. 

Iii elci ll*Cro p aindlS(i ii: iga . NtIc)IC~IS 
CndbIIC siinchirin wlcci nd u gCnl 
ciV\Id Ii iCS ill 111 i )l IILfluC ic[). 

* ro po0[ icn .\IcCIS Of tIIC 
c111IimICc fllcCIliiSMS (A)i iiScCtS 111ci 

LOflI'tciL IVSIc (Mstic( Vicis.C n 

llc (.()cilhiu ctin-g Sciefiuists lizdve 
loif111CI lIc cdciciilc ',Ill cCCClt toc Ait() 
integrict knc\iccgc. fro )III rcvc.'Iit 
ciSiIj)iIiic!S 161d)pidic i to 111121 
St ccciicS OfcjIIii: Ici '; i Ci IISc. IFVC i 
11l1.icciig)I1 in stidfis :1ccL\\cwkinig c)I 
plelbcuis spc.ciiic Icc their lic iniilc 
cCmfilir\' d 0iic12C L.iiciS.giMi ui1i 
tilc grc cwth pIc cCCSSCS Jic IIL SNiiilc 
dLTrc' cs' c\iic 1II1iIIICIit5 -d1ic0 L]Sill(' IllC 
sNilcilic icIIAs is :i~i j~ThC.Ii 
cc )cIiicS iii\c )I\cci] dcc (;iiiil. bkiiigki-

Liiik.111:i11dcc iA K-Ll IV 

.si~i. Slri Llk, IICPIiiii)ilC2 d11d 

Ihilidc. (-icMIcuS pCCidtiiing1 ill 

!ilcdciling cdcie\\'igiiigc 1 ci 

th. cccit ic I,([ A\gc()hic)gici i~I 


Rcscadi aciciiil
lc~riln 

'i(ic crticxci icc cciii FCci cV. UACl 

Decentralized 
training taps skills 
of IRRI alumniMi hi 7,000 sci-mist~s 

tnici g cc ccrso-san 
M pi ic!simlnaIdldic

lllili [nIni iil i ticitlic i ki1civcciCiric 
Ii\iRRi. Thi ~ciRRI iili.\Vilc c 

iicAC\\ SCicAifilC'c nIi i.RICIiiIli(dti 
'4 iil cutd chicI iCScj liicCIi ()f IV-
SUJiII ifLStitUii1 111 illcd tIIliV(crSitiCS 
A\siai. aire ccnii)ifiiici siguliii-ic'intlv tco 

:i(I~in~flgrice iCsc"1crCii ill thir 

Cc rutics. 

Sifi(Cc itS Icitinciiiig. IRRI hLis 
ci Z11ciccg1ccifccicic 


tiS f 1(I,lingCc i ll\\rce 

tiiiItl iC ~livII\ tILHIIIt ',I[ IRRI lldc'ClI 

WErS. DI_Cgic lidiitc SCh ILiiS HN
) 

c it itCf(Ricc I III icI fI i\'c'ISit\ ()I OWl 

Philippines .1t Los B3.iiV )
is( t 'j)[O 

Now triiinfg is mloving c)ut. to) 

illStil Ut ic nS ill flCC-gc )\\ iii Cocliifics 

cci Asiac. M.cw1 (Ith ii-(Ci tic n'iI 
)W 

14infiIirsc-S Ilsing IRiI-clcVCIc cpci 

pc girills cc m~dLCtc ili6ir MC 11-g1,1c) 

c 

lildicr-idils. II{RI ii:iS i()ii11l 1ciluc)-

dic:Icc gc11 ith 1 1 pro xi
Of' I(ICl~l 

i 3))11iIidt tfliAcSitiCS \\c ci'iciwidc. 
ciiIT \\iicl NIS :,IfIlc ii) stOCIiiis 
tLikc cOLPc \ck cisciWilcc Adc)ti52 

C toicIRRi tcc Cdri\V (clii li t~lilICSiS 
rescmirci. 

IRRI is 'iL,cmc:sim,~ fl1iili pro

gi.:iills \\itil spc i cccis Icc iiiiprc )C 

161 I)Iii'S
0clkih(ix crIiVC 

(;fiul ccccia~ i illipicilccc ihy II{RI-
rAinc'C(iiiIc~I'iclW1crI ilif" IRRI COcliESc. 
lldtcid s InId isic(I iflic)I Ilinici. 

kIcn-tcI cc1 criiietnd 

(:cCc()c' ci)nkiti~01, raiinig w\ill CXp~iici 
cc 11 ftIr1c SLcR'fii \Vcdi'S. M~N1. ' icians. 

IRRI's tradcitio nai grc )Li1) CcLIi5L5 W~ill 
cIS\ICVcicic'd , 11'hitcc:11601 


d (illul ICN
:iclp(' iiis i\' iliS(tlit 

ftiol'Acn XiipiiCipd;ioiili.
 

At 11cC S3inlc tiflc.IRRI Will IV 
di( iccj IIC\ cil' II kjIci)Ic\ Cc Ii~ ,t :115 
tLrS till' Will M~ikC JVAikibkI to 
nationcili proguinl participaifits the 

nICCCIC(l inl SltrCtgiC' rcScVIrIV.U 

In-country training 
e 

knowledge and 
new skills to more 
agricultural
researchers and 
research techni

27 

http:j~ThC.Ii


~~dinlatio>n O(nJlerellce (SAIDCO anod 

Emergingrapidly increasing cim
wrogion thlCt)t 
l1,,i.,ie IIItii c ti)l OIlitilii

collaboration in Africa ing tsWindS or- 'ice pro,.tion,


A lrtcipnils. reIVCi)nI'lnclCd inCr,.ILul 
htit 2.-1 ntill'rn hcctir.es et,.lls t)strn.thlcnr tile scientilic andc pa+:lof riccila nci,. in the cisi tchnical 'iitics..,- liai. r'c'"arclh 

Cent rail StdiSthtCrn tof nationatl prtograml scientists and 
regitns of Alrica arc uUlti- tcchnic'iants. 

vatecl. ;\nother Imilliom Ir I c tIrls In I91, Oiflicia )s S ItthurrIifth 
h:iv,.C :\fiica (Cei'dmit l( rAgri-til1 titential f,01r rice. \Whiie the (.ntre 
Ctuti s in eLhc.--lItnindi, . inVitCd a1rcgiot c'ulturatl Rcseatrclh (SACCAR 
K,_ny . Swazilalnd. Tlnzanriai. Zanlli a llllIRRI sclcntisis to assess titce 
ann-l Li ml+i;tl)c..-Ila \c ehhe li- i1)1tcrtiuaIl incrca sinmg rice pri)ctic'-
lCr fl rIceitici iritcl tion in that part of tlhe regio n. ThatO titi\.ity 
rice arca c(t)lst ra ils ii llicllit , led t t t iroposal *ioraISACCAR-ItRRI 
l itill idIVCs to)rice! rcs.I.cMch. leCgi(i id ti-aa!rice lcsct randining 

VA It)t) m1;1wrkshopltwotrit p1"i pr iect. 

rice rc i.l atnd pirtocluctitn il Tlhese initiatives "rc ICei rg cevc l-
St1tlcm Airican I)cdtilii ( r- in tie comntext of I(I- neiitlC t tripedc I-II'A-

\VIIA) *,igreclents t()shae 

Increasing demand r.lt iisii Cl( liticS )ligic 
for rice inthe east, iit1tlIlicin in .\fiica: \\'est :\flica 
central and rc Ri(In'lII.lSp)(isil liliticS I. iiig tt 
southern regions of I 
Africa is leading \\I"R.\. \\ith Irl.\ and III iil-
countries with i.t :.i.S.Sistniicc.wiill fttus oii tileIR 
relatively little ',tCLrn (ci i l aUitl St)Uthurn i:\fic 
riceland to seek Igit ith HA. U 
to Increase 
production. 

New stripper harvester
 
for small ricefields
 

L6icultia c',irlIiirlg a.tA I lcsh...ign. ct ,,ilntASti italhC fir s11,111 rio. 
Iais. Tht., (iicctivc is ti
 

'dcICC druhLery .1n1d ilTCreas 1.1)uW
 
l1'icti\it\. I ri Idl.Ctiti ilAsia
 
is tohe sustatinCL-ric liamin, mu.st
 
I eattrActOW [t) fire
fLtit :ilnis. 

Ciin)Ilc is h1iarVASl 

hecaus (1ilaICi S1mall Carm-


A ixa .IcAIavs 

( .sCaiCit\. 

-rsrisk l).Sing fll nitl )cfirti'p grTini 
Ii;ltlityv detcrioratcs amt plaitinrig tile
 
lXt crn)p is ccli..cl. The ( )vrsas
 
I)ct ll nt Administratiotn aint
 

Sistc Ic.SJI'ai 1IistitliC I 'K.aild IRRI
 
lcV \\(tiking I)apply o)n ai Sllall sc''lC 

thc the !i s\\:rd-i,Irippelr ii tii 
principic t migpiitt Ihy Si-it Instiltile .
 

ltiSLltS S)tlar iltlic tc Iiiwcr grain
 

Itis., than vitll hand harc',tiiig.
 
with Iess Striaw gatIC'Cd. I Iar\,c"St
 
timic i.s ()tIT. ic plt ite :.S.
SIP)icitl l 
iii\t mixes 

,.\'.a\llk-ldhiid. lighl nlnti, ue(ral
c,s<tri~lc,:r-g~ttrcr that Cii he CIl,

ricl Mwer Iltl anti i t , lSll fields.
 
A'\Ii( ixallc till
r t Tr Wh+ilich c(l-


Iccs'.',cs letl iilij'leS aiit Si ;l\\.r\ 


.\ rcIlhrcShe'r t CIcaii Jitl SAk 11e 
Jraill ill l.'igl"lt hehei 


"l'lC S.S.ic'i~l
rI'qtiIrV' ()II\ 0! Ikil)(W 
C l )C ST f:lCe.siI(vll 1)t ll c t A. i 


ti:l\iskift the ficld Iliii with
ill 


l1iitl hliri\c i pilt cNi)liill't'lt., 
iillicic t\\ icC iSIitich resiclic Ctltl 

li ill uIitl ll Si(iiili':iinllI( -c\\illi( 
]t1111'nglu1In;ir*()LuItthe'ill'-n linlk, *()Ir 

iiextlT\\lLii )1).t( ) l;ig.4idtlthu:i
"\\I cllg.iiietmcis 'itill 

Th;iil:in l I)Cpiiili ()I'\gric'uhtire 
aintlKli n l, aii Iniveisi\ IalnliliVir
iZc'Cl lliCiiislVes \vith tilhe wW illi

chiuita11tIII. 'IhCV SCC 1i()tiit li:il1()Ir 
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. I l ire-i Ir, i ll maneuverablel Li 
stripper-gathereri pl\iiid ri~cclit~l(tk ! ill 1)r will reduce hand 

ir:'eI i[I-%vlin, c'((iLipi l ,. harvesting drudg-
'
 WHI-dIcji4 (l'lJ ,iliaIli ini I()I ery and increase 

('(l iiil iii iiik .r ill'jk irtic- i() productivity,
(fti~lili(.(l iiiml~ .lL-.ni;ili tir(cis ill 
,,l1)i.IliU )1iflri'. All ilCk '(Iilp-c((A 

HIClII i, (Iu' inIid I()ti,' 1,I il xiHt'ri-
,1(Ih ti. [be 

Monitoring crop flow in 
the axial flow thresher 

rop flow measurements were 
needed to evaluate perform
ance of the IRRI-designed 

axial flow thresher. Hohenheim Uni
versity in Germany and IRRI collab
orated to apply an inductive grain 
flow measuring system to solve the 
problem. 

The effects of feed rate, thresh
ing drum speed and louver adjust
ments on grain flow and threshing 
performance were tracked and 
analyzed using a computer program 
package. Flow was strongly influ
enced by louver angle (that deter
mines the number of revolutions the 
panicles make around the threshing 
drum). 

A modified louver angle 
improved flow and reduced back
feed. E 

Deve!oping a 

low temperature, 
rice storage/dryer 

n the humid tropics, a rice 
storage bin in which the grain 
could also be dried would 

reduce handling and lessen loss of 

quality. The IRRI-Hohenheirn Univer
sity collaboration assessed the
feasiblity of such a system. 

The prototype involves a rectan
gular rice bin, a sweep floor for air 

distribution and unloading, an elec
tric heater and a centrifugal fan. In 
tests across two wet seasons, a 
rice layer up to 2 meters thick could 

dried from 28 percent moistureto a safe storage level in one pass. 
Rice dried this way graded premium 
quality in the Philippines. U 
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Research
 
programs
 

his annual report of IRRr's 

continuing response to the 
challenges of the 1990's 
'lrod l Ie\'M)nd

a 
the ev( IlUtion of riCe 
science. Research done at 

IRRI And in c()llal)(IritioIn with re-
search panurs all ()ver the wNorld 
reflects br.) iccd 1(r the ricel()nc-"ns 
Iarii terS l ntMeTS (i t(kida' andand Cc )I 
t)r Ilhse (ofthile generatioins to Ct)lie. 

IRRTs r focusCsrch.MCl on 


IIncreasing rice yields and breaking 
the yield ceiling. This involves basic 
and strategic research to I)eC'r uniider-
Siand anId ulilizC fuldati, nlal yield-
determining pr(ocesses. 
Sl)eveloping and deploying iIore 

durable,Uenvironmentally friendly pest 
mllagemlient systells. This involves 
learning to ianage the diversity of 
resistance genes in rice, of the rice 
pests themsClvCs ainid of their naturil 
eneiies in ricefield environients. 
* \Ianaging atnd carefully exploiting 
the llatulal rCsO)ircC baisC to0 CnsurLe its 
suIstai alility'. This mIanS directing 
nllore attention to biological and 

* Increasing thle productivec return t( Wetland rice 

tle use of limited resources, patliC'I- cropping Involves 
larly those available to rs )rce-p(l t)O Intense hand labor 
I,,tfarmecrs. This ealls conducting operations,

Including excep
research at representative sites to tionally drudgerous 
allplily' laritVll Cr() and varietatl tasks traditionally 
diversity with practices that provide done by women. 

an integrited nutrieitll tnd pest 
nallgemell_.nt envil(nl,'llt. 
We'Ca rrt(A)ut ( r_'sCairch within 

aIfranmewc rk of co(0incern lo(r 
* The re'sources available 
research. 

Ihe drudgery ()'rice prIduction, 
patilicUlalrl)' f()rW0omen21. 
* The glo bal enviroInment.
 
0 The p(oor url) inrice CuinsuLtnCrs.
 

Meeting the challenge deliands 
deploying research reCso(urcCs ICroSs 1 
wide range of apprlaches, froml 
applying new t(()ls lIi-tr nsferring 
n1ovel genes intoi rice to studyilng how 
falnlCS lSe their kn \vledlge of 
I)i(clh',Cersity and other prictices to 
optimize the )rIdLIctivity (If thCir' 
limited resources in variable, risky 
etni*( Innlents. It invodyes inventing 
technolo Igies tha+1:t thewill rCducC 

S(iCi(cco)l0inliC )IOCCssCS thiat illltl- _nleissi( mof gre'enh >use gases fro)l 
ence resource use. rice systems and dteveloping new rice 
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An experimental 
plant into which a 
marker gene has 
bfeen inserted via 
protoplast fusion 
shows the charac
teristic blue color 
that Indicates 
successful trans-
formation. 

brccding lilics that can rcsp l 

cit(hi ) eV ii 
This ti nrl 'gives Ilhily eclxalpl s 

()'( l{)I)r] I CSS'- I, ll1I\\cl it.lno Ililt 

L,.(laiI,. \\'c c'itC (lInl\' atic ~. 
ItRl I las idcentifild and markcd 

12 1111)iilncaliv-ini IIt ut t'Inct.' ()cl 
ti riCce lu mlk. t 'sinu, tiis 

hi tWcIIi(l,. v t1)1 Will iricrcat.SC the 
citicicncv ()I cl niCliti( ll:] Ircelilciug 1(I 

'1thoe tf,)I.bitic jlnd "Ibicotic Streses. 

We,. t) 

been tr:Inslirn icd , rciilically htIr
 
T s i test rice pi nts that havc 

nt,,l i..,,iu ."I( it tijt, pest.. 

At tIC .SII.C tilC\ arWet 

Il"I'f-lCi. kiIwMICCcgC ()fiatLIrix 
. IccuITin Iil L ,icui T Thhiscnl.ill 
help in dcsigning intcgratcd pCst 
lllIIgcuIIclt S\StCllS that fllillilliZC 

ihc C112d L CIl'lnici.S With theto I lc 

hIl>CAi (ti(iimaru lrllul
h and cunxi-

Fi\ years "l, , \Vc tic.ti (wur 

i ' 
(.c1ct0riiic MAXilMnUi Vicid in i'icc to 
.l dc icliu l plilt tVpc ii hir 

1i LI tlcla (d Il ltic )c.sses thi 

hI<,r 
\ildd. ')(:\, gcnctic I)heling lin s 
i, ir(l\\linIIRI cxpcriicntal fiels 
tlah\'c' llV (d tic chanictcristics tIc 
1 wI I>i nhccctd.lll(ILl pirclictciu Ii 
TIcsc nlc\\ planl type., a1€>ll \nwith 
nu\\ tir<lpicai l'rids, aic cXpected 1() 
h ik iic hi rrier to> incriasci 'id.'i 

Re C-(C I'MUSill 01 SIl.lil
t/cs<carti k )'c~cdtcton sl.ustain

ahilitv ()I, ricc S\.StcIllls hlS hllcn 
Cl lcCr 1+0i a uilhCr ()I \Cai.s \vithC 1i 1 h 
tiiC natuUl ()tics Ocf(Ii tic rlaiie d 
1II\\llnIcl aiit uldiJ ccl I,S'il.S. "]'Ihc 

\I.iinurfliiiit\ N' these S''tcllIS to 
degradatioIn is wli knlI\n. 

Of 'Clutlc',)il rl airc thic hig,hly 

ilrOduLct iVC irri, atcd iC(I'tn.S tihIt aru 
thc priniariv" rice grllllry 1(Ir tri'):tl 
'eas. hn terms I )f"aIiltIura dcvclIJ.IlW11 

(Ipilicltn. intcnsivciv ci'r)pcd irrigItCL 

systcis aic rtltik'c.iv '(otilg. Rlcccnttv' 
ideltificd dtcc'rca.scs in thc p)rc luctiV
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itv of nMijor illIts an1d un.nticipl.itcd 
changCS in th I-U.C-C. ba.se atr-enio~t 
C'olfl+t0 , .'ltCI ' d.UiRiIdSto 

oil anIllcr dimension, \\e havc 
lC,1tint'i ic sr- ti[e rClCaS o 

mUthanC Ir fc 11MIiicdl ric'C fields aId 
tile inlfluncc' 0i CltIr Iliifllrct ci 
lprIct ic-s il[tt releatse. This is just 
tle first vard minimizingstp t 
ilLTC'.in Ievels If ICthise'V greI 

gases in tf :mr islhtrn.,c.a 


IRll's rca,.rch , ntrs1ain 


ai .1 nI'a )( tll dI It()Icc)IIc I. - It(\\'i a 
SOii. we call mcct ihe challenges. IO 
CenlLr tihe i'lCvince ()fI1RI iesearch 
and tctusC the Institutes. limitCC 

ICSotllccS wisl nd cfficicntl\, the 
i.Csiearclt is slrucIctircl into ilcLit'"eC 

p)rijelcS xithin cc0SxstC-lli'cd 
pi iI.Itts. tfor irrigated, miiftecl 
I in 111dLlnd. ulandl alCIccpUl)\xai'r 

tidlll cetlanc. iccA stcin. I.:\t()Ss-


'c(cci\slcIlls plc dfevclchf)ill cck.s t(o 
nc\\ t1(I 'iianI a'(tlicrc' noC\\' kn \ I

(h;.bnges in xvlhci is doing (hi. 
,..ccch r-arc "'he cnor-Aso viihle. 

init o"tNhc research Chall,,n e-
pailriculfarlv Whcntlthi liCtLis is oM tile 
nlcO1cL for l)0d---hdiintti i'InC ,IOf 
dimindShing rcscaich SL)pI))lir rC(fuincs 
stt1icng pa iicships that Iarness all 
available 5f.smxures. ()l'C)N(llaf(-
ti( n deserv'es special ilenti in-the 
c )nsrtt r,.seCJI.hi ilstit ut ii ins thitiii(Iki 

ave agrCCd t 1)1iiff 
tI tdfrcs. i y in the it,iucti'-
itV. sta lilit sl lilbilitv i 

Ih 1) ti rS(L'rces 

sIiStlti fthk 
highly VariihlC 11nc1dItClTige lctis 
riinld cl(atnd a upitlland sVStnllS. 

Intrnatlilial I'.eirc'h is hal 

Only minimal ilipact ()l llctcse S\Is
teLnts. and ninitil b .n0lt t the. 

i( 'SoL f"'itncrs dcpedcn i ()-c'xii)( In 
iliCit. "lhi.s 11111 to ;I\\'.s dic in 
nistacIn belief that ttc ie xi sitc-
spccific ' tc'chnc l nC'c'dcCl IV(flIilc'd 

lcss stratc ic isearch. lcss ned t() 
utldersta nd ifhic lf c lic' 'sif1tatu tnili 

linkstCLgC thatl, tlmeicnccrprtind)CLuiVi iian scAiainabilit\. 

ccllilitc lecvl tctile plaint and crc p 
.Sv.stci and tc lic r cci )mvstcllnsth i(t 

Whcre ricc is gi'\il. Pit)ject planning 
is biscd ()in iStic ainllsis thediainc it 

Firnlcxcl and ciil scccicit iilinic 
aalliysis (ifdcniands and trcnds il 
labl mr, land and caflital. 

I1RI scclks to ilfcec tle.v(wd's 
highcst staldds in carrlilg itits 
rcsearch. A slirnmg disciplinarv bisc 

itiltuinCmed thfi itgl (mit crScicntil'i 
diVi.siins cnsurcs 1ta. Sltalf-(dthc-IIl 
ktncmxv Icdgtc is il)plici I in p.ritll -ct.s. 

\Wc (1() niml rclv 5(iclv c in intcrnall 
,st_'ngtll to Cin.stir-reICarch (luaility • 

Ind cxCCllCInc. I:(Ir tte lIst I\i() 
\C-arS. Wvc lirc iiitlcinlcnlcdl a )ci' 
rcevic\ prowicss. Indcpcndcnt cxitcriu1 
cxpcils cxailtine, hi mxv wcll and [ccxv 
CtficitIll' WC r6i ()t wik. Ihn-cirIS-
ing Cinltasis is I ccing giVe-n 10 ijr iject 
planning that, scts rcalistic c ijectives 
within an -agrcd \WCa liitc frame. 
llilitcir ()iUir(),gl-ress C.llc.illv. 

it)()liiiC(i.nscirlia ti up t i brtilg 
AdclCttic IlceO Li irCS I )ca cil 
cc)indctillg sritc'ic rcscalCh at kCv 
sitcs that Sa,\ple hci aaribilit' )ftihc 
cu'vstctllis. Tiii s will iprox'idc itc 
bsis I*rinmwhich ne\\. inclItl(ig()ics 
can I'c dclcl)pcd. 

Tlhis Ilx'\ c'ultcr in cc'(cirgic iiali 

rcar'hll is intaci)nsiblCbc'C SC 
Stlr(nilg
rcscrc'h plaillncrs hlavc, devcl
()pccl within Asia cmcir tilahist 30 
vcai.s. As each imtnbcr (if+ c nsi ir
iiI bcrings nc\\ tc(As ifnd kniwl
cdgtc apply acrc ss .-cc)svstill 
variability'. ile researcch w\ill inc lrc. 
'Acc lUiLcl tladdlrcss tile inu llil)lC 
interactivc c()lnstrainls t( iml)Ii mc-d 
ricc ViclCs nld Will cnaihl Vcl ip
incnt c(d tcli.'ni 1) iclc'vant I() 
fi'ii ters w rking in iainled and 
ulanl ricefit-,Iclds. 

Sliitcgic c.-Ich 'C(luiesaplyl
ing scilflisticated scicntific tchlt
niu(lutes. \"hilc the capbililt' Of 

nati( )nal ptrOgrall sciCnti,.t.S tO c induct 
thc work has bln cnhanccd, t.ir 
accCSS to r-Scarch ftllding is dcTc',Iis
ing. h'h- iaiIti'cs will nccdnxx'\ 
onltinutlintg hclp ilthe po()tcntlial is to 

he ;tchi\CVCd. 
Falriicr this rpipnt highlihted 

flf111nv I irI'aaJ~Ce-Of tie C01ilIbtlItti\iCr 

I'ents weci have witl scicintific abc wa
to irics in ind ustrIiaIiZ t I c')U ltriCs an7d 
with IRITS traditi mal national agri
cutural reserc(,uc'h s\'sICItI pi>ncrs. 'he 
ft)lIimv'ing sectio n descrilbecs aclditiomal 
hi,ghlights i)f IRR's 1991 research 
ictivitics. 

Kenneth Fischer 
Deputy Director General 
for Research 
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Irrigated rice
 
ecosystem 

II gatednleije c .... 

s fantriesc 

iveI()
I ICI .XmE ' l . .a 

Ixperiu,,ets 

* . 

Irrigatedriceliekls supply 90 * ientily instituti Cs within the 

percent ()I* the rice needed by 
uban- ant1d rura+ll landless cC(n-

,,er IsnIers. Sustaining the pr()ductiv-
itg
'
IXgaain.+ mace ,sC) far is as illpoltanlt a 
p1 ri)ite as raising lr' CdUctiVity. IRRI 

countries that have la i()lirrigated 
enir )nments W110 ) rateIC c CUd CCll 
as key paIMnes t()SClvc critical 
rescatrch lI)r<>lIl .s. 

* :l1lc(CUrIgc IRRI irigattld lice 
Rtch 1te)l€ rice .cC XSVS- rc*stsrCll1rlCCect tCe,i) SlUCsthe1 iririg rengtll,'en 

t chnos.lstPtM sharply C l the, res.ilience and expand the1ir cCNllC)llb ratiCIs with 
C i"intenlsively-crIC )ppl, .svstelis. tI ic>se, ilstitCCti( Cis. 

.SCull C)I th c rc.-,.'is cLsigin,.,,l (:,I ll r iCCU Xvitll) a lV; c cldi,'lh 


idcrlitif
la;cIC)rs that arc c()nlritt-
Ca i~rcllictiity. ()th,.rii1Q.ULi, tC)CCwthI];atteninq C) ,.,een a de.cline_ 

are examining tchrC -

I l~gica l in tern ent iCns thut cal l'Creverse 
these rncatiye. treds, 

Thc CCl,j.ct i .esire. tCCextend t(e 
PI'- zq_-,,--+-,ieicl 

M ~PC)~~~~~CICiii~titVi_,t ()I"cII e eLlicieni cTC 
Ik'.'...I.... M t ntier tlulC,C~ vaie,.tal irn-

anI :t1,1)ill rllilittiA:m1cCI. 

illanatgeillent atn( to sustain PrC Ctit'-
ti ity ' 

inga tIll)thClogl iich 'he lliti n 

and minten(nce tlic,,.CC1" phlysical, 
hiol,-ic'al d hInn'n reiC.Clme- I)isc,. 
'Iecln l)igie+.s designed IC)ifcteasc

tile ecaiciev.with which the rice 

u.nss iL'lts S 

the ric'lancis and the, p< Cita( ilitX' (I 
rice )rCCci Cli. 

-IMIC.Cs't ll irigated rice researchtype 

cro',+()p CtlI(l) Cilldpl()V1 

prC>icts havec smrC>ng cCll',lhC>raiX'c , 
linkage~s with leading A.\siatn universi-
ties and resercuh instittiCins that 

XXCCrk CCf irrigated rice. "Ilecse cClliChC-
()ItipuCs are being stl remlined aod 
nhadnec tCC 

* I)elinetethe. irrig, ted rice ecCS s-
tern yI llaiCSthe' CgrLcIiglatic eni-

r()Inl t I e.rs.Sit nlcC C)l aSll().L 

lb)rCJ it . is Ji1 i-1r)Cltit ( tllJ)C)
uln,.I CCIthet_ rk IC)chevlCI;icularlv ire~sea;rch undeh.rway.,
ulra-high ,.ieing pla.nt type., IC 

ii i cer.t ti t., >ICl)fl cq-lte iinc c~ t usesC,,, 
dec,,.iline in ilhe Il cu,.t\ C irrigatedivity 
lice svstens inch t1) ex mine th 

impacot CCIlic PCC tci iCi C>i clii tc 
LlCn,-il V~dlg11111IICc( n a I clilltI ch LnC ice 

lCrCcdtciC Cf. U] 
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Prog1es1 onI1 anE 
uIltrahigh yie l in 
lCee plant type 

eveloping a new rice plant
with a much higher yield 

potential than current modern 
varieties is a priority objective.
Some 275 crosses of donors for 

large panicles, sturdy stems, few 
tillers and thick green leaves-most 
of them tropical japonicas-have 
been made. Selection in early 
generations is going on now. 
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Increasing and studies, yields at best remained 
sustaining Irrigated constant. 
rice production is All the long-term experiments 
crucial Insupport-
Ing Increasing, and SutU-ina Of riceiifi.ft follow a similar concept: manage-
Incressingly production systems ment practices are optimized at any
urbanized, point in time to include the best 
populations. eanalysis of long-term experi- varieties, complete water control, 

mental data on double and recommended nutrient inputs and 
E triple cropping of rice reveals the most current pest management 
some disturbing trends. strategies. 

One experiment on the IRRI Work to identify the factors 
research farm has involved three involved is underway. Quantification 
crops a year since 1968. Yields of of system output/input efficiencies 
the highest yielding varieties have will provide indices of change in the 
declined year-by-year, to a total 40 resource base. The first step is to 
percent drop. Another IRRI site in examine the relationship between 
the Philippines has been contini- productivity and specific soil proper
ously double-cropped. Wet season ties that are key determinants of 
yields have declined steadily. soil quality. Better understanding of 

In a double rice crop experiment farmer knowledge and perceptions 
conducted by India Agricultural of soil quality and short-term/long-
Research Institute scientists in term tradeoffs will help in develop-
Hyderabad, dry season yields ing new strategies to manage rice 
declined by 40 percent across 12 production that will reverse and 
years. In several other long-term prevent yield declines. U 
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Nitrogen uptake in 
continuous cropping 
constraint to 
high yields 

odern rice varieties are not 
achieving their full yield 
potential, even in optimally-

managed experimental plots. Data 
from long-term continuous cropping 
experiments in the IRRI Research 
Farm and at other sites in the 
Philippines indicate that nitrogen 
uptake is a key factor. 

Plant uptake of nitrogen is 
governed by the supply of nitrogen 
from the soil and from applied 
fertilizer, and by the rate of nitrogen 
uptake by the root system. 

One hypothesis is that current 
fertilizer practices-developed when 
soils had a greater capacity to 
supply nitrogen when required by 
the crop-are no longer able to 
supply nitrogen to the root system 
at the right time. 

An experiment on the IRRI farm 
compared recommended nitrogen 
rates applied in two splits before 
panicle initiation with an application 
strategy that synchronized nitrogen 
supply with plant growth stage. 
Yields with more frequent applica
tion were significantly higher. 

Additional nitrogen applied at 
anthesis could have made the 
difference. The flag leaf is the 
primary source of assimilates for 
grain filling, and net carbon assimi
lation in the flag leaf is largely 
determined by nitrogen content. 

More field experiments are 
underway at IRRI and in collabora
tion with the Philippine Rice 
Research Institute (PhilRice). The 
data will be used to improve simula

tion models that help identify the 
plant characteristics most important 
for increasing yield potental. This 
knowledge will enable developing 

strategies for managing adynamic
nitrogen supply environment, 
quantified by the nitrogen supplied 

from indigenous soil resources andapplied fertilizer, by dry matter 
partitioning and by grain yield. U 

New source of cy&,,o 

plasmic male sterility
for hybrid rice 

ncreased genetic diversity isI needed in hybrid rice. Wide 
I hybridization techniques were 
used to develop a new source of 
cytoplasmic male sterility, 

Two restorers-IR54R and 
IR64R-of wild abortive-type cyto-

plasm were crossed with 45 acces
sions of Oryza perennis and 4 
accessions of 0. rufipogon. One line 
in the fifth backcross generation 
carrying the cytoplasm of 0. 
perennis accession 104823 and 
the nuclear background of IR64 was 

found to be stable for complete
male sterility. Genetic tests show it 
has different cytoplasm from the 
wild abortive type. 

This new cytoplasmic male 
sterile line has been designated 
IR66707A. The search for an elite 
line that will restore fertility, to 
enable IR66707A to be used in 
developing new hybrid rices, is 
underway. U 

Hybrid rice vare
ties adapted to the 

humid tropics are 
expected to yield 
15-20%higherthan conventional 
varieties. 

36 



Insecticide 
application favors 
pest buildup
A prerequis;te to selecting and 

deploying effective pest con
trol is understanding the 

components of the ricefield ecosys
tcm. Applying insecticides disrupts 
the balance of the system, and 
frequently hurts friendly insects 
more than it hurts pests. 

Recovery from chemical applica
tions is significantly higher among 
pest species than among predator 
species. Brown planthoppers and Applying insecti
green leafhoppers haPve higher cides can disrupt 
reproductive rates and more mobil- balance of a 
ity than do the predatory wolf spider ricefield ecology, 
and veliids that eat the pests and harming the

predators that help
their eggs. Their populations build control rice pests 
up faster after the field is sprayed, more than it hurts

the pests.
and that can damage a crop rriore 

than if no insecticide had been 
applied. U 

Direct seeded rice yields better 
under water deficit 

irect seeding has been gain- represented different degr- ,,.sof 
ing popularity in some irri- water shortage. 
gated areas of Malaysia, the Under adequate water, adrect 

Philippines and Thailand. One seeded and transplanted rice 
advantage is a better ability of rice yielded about the same. But when 
to withstand periodic drought from water deficit stressed the crop 
erratic water supply, a problem in during its vegetative and reproduc
many irrigation systems. tive phases, direct seeded rice 

Direct seeded and transplanted yielded significantly better. U 
rice performed differently in a study 
in farmers' fields of the Upper 
Pampanga River Integrated Irrigation 
System in the Philippinus. Water 
supply from that reservoir is limited 
in the dry season. Test conditions 
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Rainfed lowland rice 
ecosystem 

ainied lowland rice f'armlers To impr(ove rainied lc)land 
in South anid Southeast pr'o-duCtiit'it. better understanding of 
Asia depend ont the COllSI'tlilllS and ()ioi)rrttllilit.s is 
ifC )s5C) )f rains t() girow needled. The wide variability in 

- their croCn)ps, the inl()n )l Sdrclll h.( ) i( 11(Ci ,1ille ily €liii' ' ratinfed6 .itt it 
er'ra4tic-sC ule years Carl., SC)Vll .iS I ltn arIeas nLkesC di.gni()stic 

1te. SCmL' years have less rainial surx-s in diflleren :nxirl nnmcnts 
than others. An are(a may be liti 1w ibln t lie dt.1.,.a cereratuCl helps

Ge l:'ics ciigh tat antd within the Smllle1)(€)+C1 t')CLtS lIulti-disCiplinliry research. 

sAes( Cl. Thi1C -1t Ililli:oC ICtt~ll rainlet'es CC1 
MlIcll C,! the unx'C rCable rirled ICCxx'latl lice. in Stllth atd SC)Ltithl'st 

IC\\Cxx'lntis have CCriy Asia c )1stitte al Ct3() pcrei t C)Iydr lCiCgic: l 
co nditions and lelated lCCw SCil ti1e ttalilice tle:l ill tll ci iiI s hg It 
fertility. Res urcC-pl))( ' -ftners Iice CCIntribute less thtn 21 percent CCI 
complex and changing crp Ilmanage- total rice Sulpply. These fielis ItaxC 
ment decisions. I(.tent ial low mcCi heteirt 'ti\

M(ost of the f1irnlrS \\,l1c( operate it'. if Ly prCblurts ,m bc aileviated. 
at the sulbisistence level select I M-risk Sy'stvilltic inrerIMisciplinary research 
cropping Cptior s. 'raditional Wnin-have spill 11enef1its to CtldCrwil eCr 
ageinent in\C hes gr xxing Cne ',rlized rainl'd xvttlands ill Africa and 
Il(llC() ()ll S ( I I'ite'C crc)CJ Veal,r. Liillai erical. 
using lcllv-adaptet varieties. This A central pill::, in til xC)rk Jlan 
gives lox but relatively defei'ndable is the Raiklded l l ItiCC Research 
harvests, and COnltinues the c\'clk of ConsCortitinl illitiatedit Vis Scienlear. 
'no'eity. lists in atgritulttlrl resear'h inslitu-

New rice teclhlogl()ies for these tioCns ill six CoUltliCs are wCrking
areis must be rohust. improx'ed cl( sel\' with each lCther and with IRRI 
varieties must pertcrm better than scientists C il tile majoCr prclulns that 
traditiocnal 'Ilrietiesi i nLa able ctuct ixity ill the rainfedI'l limit iice prcd 
years and much better in more loxvlands. U 
faxoralble years. New practices must 
be affordable and suppI enviioCn
nental security. 
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Managing soil fertility 
ainfed lowland soil fertility 
involves factors different 
from those related to the 

fertility of irrigated ricelands. Prac-
tices used to manage soil, water 
and crop in the pre-rice period 
greatly influence the availability of 
soil nutrients to the rice crop, 
particularly when there are long 
fallow periods, 

Earlier work showed that nitrate-
nitrogen that accumulates in large 
amounts in the soil before rice is 
planted may be lost through leach-
ing or denitrification when the soil is 
flooded. Leached nitrates also may 
contribute to groundwater pollution. 

'K 


A collaboration of the Interna-
tional Fertilizer Development Center, 

the University of Hawaii, USA, andIRRI is generating more efficient 
and environmentally-sound technol-
ogy for managing nitrogen. 

Depending on plant growth and 
degree of tillage during the dry to 
wet season transition period, up to 
108 kg of nitrate-nitrogen per 
hectare accumulates in the top 
60 cm of soil during the three 
months before the rains start. But 
one week after the soil was flooded 
in an IRRI experiment, only about 
10 kg nitrate-nitrogen remained, 

A weedy fallow decreased 
nitrate build:jp but also lessened 
nitrogen loss. Legumes such as 
mungbean and sesbania are even 
more efficient in capturing the soil 

; 

) 

nitrate and contributing additional 
nitiogen through biological fixation. 

That nitrogen can be incorporatedinto the soil with the plant residues 
to increa e wet season rice yields. 

Fertilizer needs of rainfed 
lowland rice in poor soils depend 
on the way rice is established. 
Sowing pre-germinated seeds (wet 
seeding) on soil that was flooded, 
then puddled enabled the crop to 
utilize more soil nutrients than did 
sowing dry seeds before the soil 
was flooded. Adding fertilizer
particularly phosphorus-increased 
dry-seeded rice yields more than 
wet-seeded yields. The highest 
yields with either crop establish
ment method were with additional 
nitrogen and phosphorus. U 
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Dry seedi to 

increase productiVit 
ost rainfed lowland farmers 
transplant their rice crop inEVE ilthat have been floodedsoils twho 

and puddled. Water scarcity pre-
cludes growing a dry season crop 
before wet season rice. 

A significant period during which 
light rains fall at the beginning of 
the wet season is lost before 
enough rainwater accumulates tosotengheraiwatr acuddlatesat 
soften the soil for puddling and 

transplanting. After transplanted 
rice is harvested, another period of 

low rainfall at the end of tie rainy 
season is usually not sufficient for a 
profitable post-rice crop. 

Dry seeding the rice crop can 
advance and shorten the rice 
growing season, leaving a more 
hydrologically-favorable time for a 
post-rice crop such as mungbean. 
The rice crop is established by 
plowing the dry ricefield and sowing 
dry seeds, which germinate as the 
first rains fall. 

Difficulty in controlling weeds 
has discouraged farmers from 
adopting dry seeding. Small-scale 
mechanized technology for direct 
seeding, fertilizer application and 
weeding, however, may allow rice to 
compete more strongly with weeds 
during crop establishment. More 
effective and environmentally-safe 
herbicides at reasonable prices 
also are opening opportunities for 
innovative crop intensification. 

Farmers in one rainfed lowland 
area of the Philippines follow differ
ent practices. In 1991, 12 dry
seeded their rice, 19 transplanted. 

Of the 12 who dry seeded, 8 used 
herbicides. Dry-seeded rice yielded
0.6 tons per r 

t nsp er rice o e fa n 
transplanted rice. Of the farmers

direct seeded, those who used 
herbicides produced 1.5 tons per 
hectare more than those who did 

The dry-seeded crop was estab

lished 40-55 days ahead of the 
transplanted crop, giving it the benetrnpaedcogvd ithbn
fit of early rains. Earlier harvest gave
teps-iemnba rpmrthe post-rice mungbean crop more 
time to benefit from late rains. U 
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Upland rice ecosystem
 

ice farming practices in the 

* ** 
Susta]nablm,,,, 

managemn 

Ina-'gen-

.land r-

-

---
I uplands vary.N from shifting 

cultivation (short croppingR-periods 'ollowod by longer 
i "L'.. lallovs) to pern ent agricultur., on 

"fields ranging flml steep slopes to 
well-drained liat areas. Farm size, 
field size and pr)ducti( ) metho ds 
also vary greatly, and techno logy that 
improves one s\stein will he quite 
different f'r)il that suitale for an-
other. 

This makes research complex, 
Work isneeded in mcmler of 
environments because different 

7;!.>* .>L 

'A4 

constraints limit productivity. The 

overall aim, however, is ti.- same: 
to develop econonlically %ialle, 
en\'ironmentally sal cropping 
systems that will increase pr )ductivity. 

In all envir(ir)ments, rainfall is 
irregular and inadequate. Weed 
infcstations are heavy. Soils are 

Shifting cultivation 
farmers often use 
environmentally
threatening slash
and-bum methods 
to clear afield for 
planting rice. 
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inftelile and Crode(d. l)iseases "Ind
 
pests 1are endemic. lR(suIc-p)(Cr
 
II-ller. cannot alford Lrtilizers,
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itl~C Iti il ig l l:ink et'. ii( nli ll S~ 

Will) diffCVllct COtMIl)hIM~io>lS ()f
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todes, weeds) and by foraging by 
animals (pigs, rats, monkeys). 

Farmers report low and decliningDiagnosng upland yields and poor response to fertiliz

rice constraints ers (subsidized and applied inlarge 
amounts in some areas).A first step in expanding Indonesian and IRRI research

research in sites represent- ers identified some of the work 
ing different combinations of needed: better understanding of soil 

cropping constraints is diagnosis: constraints to increased yield, ways 
What are the proolems? How do to add nutrients, and development 
farmers cope with those problems? of acid-tolerant cultivars. 
Are there better solutions? In a diagnostic survey of 

Such a diagnosis ,/as made of Matalom, Leyte, Philippines, 56 
Sitiung, Sumatra, Indonesia. Sitiung weed species were found growing in 
is a transmigration area. Rice ricefields. They caused more than 
farming systems inc!ude permanent 20 percent loss of yield even with 
cultivation on level and gently rolling hand weeding and more than 40 
lands and shifting cultivation on percent loss with no weeding at all. 
sloping lands. Productivity is In Hazaribagh, eastern India, 
stressed by poor soils and rice upland farmers grow crops only in 
pests (diseases, insects, nema- the wet season, in a 4-year rotation 
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Upland rice 
systems research 
Iscomplex, giventhe number of 


environmentsf 

where different 
constraints limit 
productivity. 

(millet-blackgram-rice-fallow). One 
village experimented with water 
impoundment to extend the crop-
ping sea.ion. Family and exchange 
labor built 16 reservoirs that pro-
vide water for 7 to 10 months. That 
has enabled farmers to plant 
vcgetabies in tne dry season, 
increasing the availability of food 
in the village. U 

'?;, '4.; Data indicate that Cassiadoes" 
 llnofintoe.Grcdacuu
 

Nitrogen contributions 
_ _fromof Ieguminous

hedgerow trees 

lanting leguminous treesP could recycle nutrients in 
U hedgerow intercropping 
systems. But no data are available 
on the long-term contribution of 
nitrogen by trees. 

IRRI collaborated with CSIRO, 
Canberra, and the University of 
Queensland, Australia, to estimate 
biological nitrogen fixation by 
Gliricidia seoium and Cassia 
spectabilis. The study was carried 
out in Claveria, Northern Mindanao, 
Philippines. 

not fix nitrogen. Gliricidia accumu

lated up to 60 percent, about half 
biological fixation and half 

from uptake of soil nitrogen. 
Gliricidia inahedgerow could 
recycle soil nitrogen, with its 
prunings used as green manure for 
growing rice in the alleys between 
the hedges. M 
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Deepwater and 
tidal wetlands rice 
ecosystems 

eepwvater rice is subjected tllowed by diflerent patterns of
 
De'y 'aterand-; to a variety of constiraints
tidal eItLia deep tlooding. lraditional deepwater 

andlan, e o l , adaiptatioll; each \,i,, ktlllllivi s 'fficl . qlro\\s: tile Crop is plainted fit -. limie 

deepw'e'. k' ar-a III fIe\\lnd set of envir( )lllll niches. Theirinfed fields where 
- Improvedllll+ t( )loding tlari 50 cin later in stability within tho)se niches gives, il (1nlor 

I_ s adl* i aIIg!ih the croppiig Season can persist flr a deep\atrM ice' fanrs 1 degree of
 

lrh e mpasn-"ndge nt ) h (r l()nger. FIcatilg rices are
ma m susta inabilitV. 

gr )-i iinarea S( ie " n\\'here f]( d leSls nlillihectares of 
can eXceed 1()0 C1. depwatCr rice are. harvstied 1.lnu-

Soie are'as m11a\ be subiectCd to ally., nlilly illnaolltleCirn India, 
severe drought early in the season, Bangladesh, Myanmlar, Thailand, 
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Cambodia and Vietnarn. Inputs are 
low and viells average only 1.5 to 
2 tons per hectare. 

While impro'Ved breeding matteri-
als have been developed, few im1-
proved varieties have been released 
to farmers. Breeding is slowed hy 
* Long growing period. Plants 
re(uire 6-8 months to mture. includ-
ing at least 2-3 months before flood-
ing. 
• llotoperiod sensitivity. Growth 

i)eriod is alffected hy daylength. 

which ensures flowCring in relation to 
the retreat of flooding, 
* Seasonal fluctuations. l)ro(ughtl1r 
flood can vary considerably from 
ear-to)-year. 

l)ifferent Ilooding regimes in 
different locations require different 
physio l(ogical resp)noses. El)ngati on 

ability acts the rice plants adapt-

ability to0 dCptl and duration of 

flooding 

l)espitC the limitations, a ntuml1.ber 
oft improved deepwater rice lines are 
Under de\l()pmnlt with diflfrent 
growth durations and different 
elongation abilities and with resist-
ance to important pests and diseases. 
Breeding lines and varieties ha've 
been exchanged by national pro-
grams and new\varieties have been 
released in India, Cambodia. 
Mvanniar and Indonesia. 

Research Oin nutrient halances 
and fact rs that ,alfectyields is pro-
Viding much bettlr understanding of 
the potential of the deepwater rice 
crop. Other field crops, herbage for 
animal production and rice-fish 
activities have been incorporated into 
miore productive tanning systems for 
many regions. 

In the tidal wetlands ecosystem, 
rice is grown near seacoasts and in 
inland estuaries that are directly Or 
indirectly influenced by tides. Some 
freshwater tidal wetlands occur near 
inland estuaries some distance from 

the sea. About 4 million hectares are 
currently cultivated. 

Salinity is the main problem near 
seacIoasts and at the mltOuths of 
estIaries. Vast areas in Indonesia and 
Vietnam and in West Africa and small 
area- in Bangladesh, India and 
Thailand have acid sullate soils, 
sometimes associated With high 
organic Imatter (peaty soils). The 
basic need is improved varieties 
tolerant of tidal suhmergence an1d 

problem soils. 


IRRI does pmreding research 

and in\'Cstig'ates the soil characteris-

tics and pri'oCeSSeS th:lt
cause mineral 
toxicities and deficiencies. This sets 
the stage for the natiolnal programs to 
devel) suitable variCties a1d man-
;agemcnt technology. U 

Saliniy tolerance 


iPvolves a complex
O 


major need in tidal wetlands 
rice is tolerance of salinity.A Extensive screening of 

germplasm at IRRI and elsewhere 
has not identified a suitable variety 
to act as a donor. 

Nona Bokra, Pokkali and other 
traditional cultivars have high 
salinity tolerance, but they also 
have many undesirable agronomic 
characteristics. The progeny of 
crosses of these land races with 
improved rices have less tolerance 
for salinity than their traditional 
parent, probably because of limited 
selection pressure when segre
gating materials are evaluated 
in the field. 

Tidal wetland rice breeders at 
IRRI resorted to a more costly 
method to identify high salinity 
tolerance in the progeny of such 

crosses. Segregating generations 
of a cross of salt-sensitive IR28 
and s't tolerant Nona Bokra were 
grown in the phytotron with control
led nutrients, salinity, humidity and 
temperature. That enabled identifi
cation of advanced lines with 
improved plant type and higher 
tolerance. Those lines are now 
available 1o breeders. 

Better understanding of the 
physiological basis of salinity 
tolerance is needed to expand this 
work. IRRI and the University of 
Sussex, UK, carried out a series of 
physiological studies and found 
that salinity tolerance is a complex 
character that involves a number 
of traits. 

Each trait may be inherited 
independently. Even the traditional 
cultivars most tolerant of salinity-
Nona Bokra and Pokkali-score 
high on only two of four important 
characters. 

This opens a way to increase 
salinity tolerance by pyramiding 
traits-recombining varieties which 
already have agronomic accepta
bility. Potential donors are being 
screened for the particular 
traits needed. U 
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Cross-ecosystems research
 

(rA inl IRRI s cross- lcCLuS S(!r~eS 'IS bridgec hfi-on basic 
Cr*-c A IdICCnW- terh_ res.ac cuwytei piogrili research C iied out ',I 
praet i's dCl(!ign1Cc (0 S igi ifl'ttIuiol)flSC k\V1k ii to otlel IRRI 

maiulto s(. iuncean itt hn )g)throUigh re- x \Iut h1 iii f'01I\\SVtI 1T ofl ILu'& toI 
Rauto, csva ~,gem .v Seuarch ai ma1,j()I 1' ik o' integrihRn k kt edge mid Wli(Ihnmq C Ii~ 

The C(SNSlcfl1 (.101C illcI I0i (includinig pests .~SVStcl-SJ)tcifl )ghfs 

r-e ordcinsntm'11d bucnctici'm ()Odli~l 0)nC ex,'miuple is W()kto Ch11aic
* et.cec an.,ong'in T11 l 'flWir(l111 1 teltirize trail ii)lai vamrieties anid wild 
Enknhna *hatrztoIpc The' research agecnda is flcxible. 'iLV SpeCiCS. T[his Will accelerate1 1A.11t 

an I *yl pi*itia Stn 10 h IVi.e5)0l1. ixe 10R IIC\V p I NII S hI iret lirg to alL eti I.n *edar' aiiIIit UilH-C 

nt"Id IIt\\' ( )[) )rtunutie.S. Its stra;tegic [)fl wed geflfIll)llSI 1needed inl 11he 
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different ecosystems. Classification of 
the germplasm conserved by the 
International Rice Gennplasm 
Center-the storeh)uSC of broad 
genetic diversity-was improved this 
year by inc(oirprating is(zime 
profiles into the IRGC database. Plant 
breeders access that database to 

select gemnplasm for carrying out 

their breeding strategies. 


Manipulatui)n (1ifthe rice gen iflie 
is becoming Moln. precise, using new 
techniques that \will speed the devel-

pment ( i mpr ied rice types ()frall 
ucois\.,,tfls. In 1991. we c.a)turUd 
resistatnce to VClh Vste0tnb()rer an1d 
tungrii I)nd in thl gernlaltn <f 
wikl S)cies ti utghLwide hybridiza-
ti n a1nd enbrv) ruesCue,. 

.\larker-,issisted select ion ()If 

.ulrnliplasI ll vd rvwatd with the
l 
ta1gging ()f Lcessive gene xa-5 I()r 
rCstS iklaC toa ctriaIl igl it.\w 

tilicular mnker tchin()l()gv usillg
lnd tunIy Amplified Iwlhmi)rphi 
I)NA (RAPI)) all()\s tllt tpid gene 
tagging Itil Ratnid()Ii Frag,il(nt 
I.engi h PI)<lymirlt)hiistn (111+1). 

O)lptinizing use o1 nuttrients a1nd 
\, ater isa ke\ issue in tilost rice-
ptr)dutcing systemns. Spec;l)i;l allenli) l 
is gi-un to the processo. Ihla[ 
dultermine \'vtrand numriint a\ail-
ability in the s,!. 1heir uptake hy i 
ricu I)lat all their utilizutio n Ib tile 
cr1ip.111,)(tt Lip (1 f c(il iputer 

til (ls ()It gas irad 1.() :ttns 
rliz,)spl le tchemistrv s I'( ltlt 
tice rliz)spllerot'. l(lditiolls 'gre.lv

i f t to e i iinll] ut..n'Cu nitr()( IC tl,Sp)ol1 to)
abs( ling r()( i surhitces. 

Resistances to rice 
pests found inthe 
germplasmn of 
related wild 
species is captured 
for cultivated rice 
through wide 
hybridization and 
embryo rescue. 

Pests of all types threaten the 
stability of rice production every
w\'here. Research on the etiology, Re tud 
biology and popiilattion dynamics (Of 
pests and predators, and on pu,,t-re bacilliform virus 
interactions provide the basis for found in xylem ceils 
development of techn()l(ogies that can 
be usld in Ilntegrateud Pest M\anag- he viruses that cause tungro 
sent (PI) strategies. IPM is an disease-rice tungro bacil
economlicaly efficient, environmen- liform virus (RTBV) and rice 
tall" 5()uind approach t( I-)pst CO.Intri. tungro spherical virus (RTSV)-were 

Cmputer models i th Ipula-p believed to be limited to phloem 
tki n dnmmics of br('n olnthlpprl-tissues in rice plants. This year,
and blast were validated in 1991. This RTBV was found in xylem tissues of 
extend their u.sefulness firfollineat- tungro-infected rice. 
ing zones (1fhigh risk t() pests and This may explain why cultivars 
simulfti)ns )if the ef ects ()1 diflfrent resistant to the tungro vector green 
pust outbreaks on th Ihrice rop)) leafhopper still get the disease. 

Studies of the h)ng-tIr s( io- While the green leafhopper will feed 
eci Mniicand envir(Minint:l impacts on both phloem and xylem tissues, 
I)i new rice tecin)h gy enable on hopper-resistant cultivars it 
pl)acing :aso icil value ()t r-Se.ar11c. feeds mainly on xylem tissues. 
\\ iltf ic f il igies lir ass.ssing Even when the green leafhopper

impact te I .ing dhvel)lk)d. Th( carries both viruses, inoculated 
ucus in 1991 \\"Is ()naallying the plants are infected only with RTBV. 

p),ssible imipacts ()f pr<ipo)sod tech- This leads to the hypothesis
noligy, as a ba:sis f )rresacuh plat- that RTSV cannot multiply in the 
ning. .\oidelling (dic munlrv and global xylem tissues. The cultivars identi
rice sutWl-cmamd-mrade will fied as resistant to RTSV infection 
enahle ass essing the impact of may not have true resistance, but 
techno)logy, making mediniti- anfd are artifact of screening tests where 
](Ig-telntioing priecti)ns nad the green leafhoppers fed only onl11dyzing 
p t)lic xylem tissues.pl oins. U 

IRRI's screening method is 
being modified to speed the search 
for resistance to the viruses that 
cause tungro in rice. U 

Rice tungro-
( g eoc a using viruses 
were believed 

. . . 
" 

.r 
. t 

limited to the . 

phloem tissues in 
rice plants. Now,
the bacilliform 
virus has been 
found Inxylem
cells, opening 
another window to " 
seek control of the 
disease. 

*. .1 +i 
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Msimulated 

Indica and japonica 
rice plants generated 
from protoplast
cultureT 

lant regeneration from 
protoplasts is a key factor in 
developing transgenic rices 

with useful genetic properties. 
Plants have been regenerated from 
protoplasts of both indica and 
japonica rices and the focus now is 
on introducing foreign DNA into 
protoplasts. Expression of the 
marker gene GUS was achieved this 
year in callus derived from 
protoplasts of indicas IR43 and 
IR58 and japonicas Zhonghua 6 
and Line 02428. U 

The regeneration
of rice plants fromofprieoplats fom 
protoplasts now 

-- - = 

makes It possible 
to Introduce 
foreign DNA into 
rice. 

Using GIS inpest 

surveillance 

he potential of geographical 
information systems (GIS) to 
extend analyses of pest 

outbreaks was explored in collabo-
ration with the Rural Development 
Administration of Korea. Ten years 
of pest surveillance data from 152 
stations were used to map spatial 
distributions of rice pests. 

Brown planthopper outbreaks 
relate directly to early immigration 
and prevailing temperatures. Simu-
lated pest distrihution during the 
damaging month of September 
compared well v,ith actual pest
densities, except in the southeast
ern valley area. Overlaying the 

,. • " "
 " 


7S 
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map with elevation and 
rice area maps should identify 
brown planthopper risk zones. 

Striped stem borer densities 
started to expand in some areas in 
the early 1930s and peaked in 
1988. This corresponded with 
changes in hectarage planted to 
japonica and to japonica-indica 
cultivars. Japonica varieties have a 
longer duration. De'ay in harvest 
allowed borers more ltime to 
mature, enabling them to hibernate 
over winter. 

Now GIS will be used to identify 
ecological variables favorable for 
stem borer development, particu
larly in the middle west epicenter of 
the pest's distribution. 5 

Combining simulation 

and GIS 
rop simulation models make 

*
it possible to analyze the 
behavior of complex agricul

tural systems in relation to the 

environment. Combining models 
with Geographic Information Sys
tems (GIS) enables interpreting 
extensive data sets from different 
disciplines and from different 
locations to identify important 
constraints to rice production. 

The models can be used to 
predict potential yield under differ
ent weather conditions, to conduct 
risk analysis using long-term 
weather data and to optimize crop 
management strategies. A stepwise 
approach was used to analyze yield 
losses due to drought in a rainfed 
rice environment in the Philippines. 

Soil and climate and associated 
data stored in a GIS were used to 
generate maps of unique combina
tions of soil, climate and adminis
trative units. The suitability of each 

48 



Brown planthopper distribution Simulated distribution 
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combination for rice cultivation was 
assessed, using expert knowledge. 
Quantitative techniques were used 
to evaluate production constraints, 
Rice yield without irrigation was 

predicted as a function of soil 
characteristics and weather (assum-
ing optimal nutrition and no pests).

InTarlac Province, the model 
predicted a yield gap between 
rainfed and irrigated rice of 2.5-5 
tons per hectare. Assuming a fixed 
growndwater table 1 m,.e,,deep, 
potential yield was about 7 tons per 
hectare. 

The next step is to validate the 
models and determine the variables 
needed for accurate predictions. 

Use of modeling is expanding in 
national programs collaborating in 
the Systems Analysis and Simula-
tion .%;.R,,e Production (SARP) 
project. The methodology has high 
potential to identify production 
options and to evaluate the impact 
of new technology in different 
agroclimatic zones. U 

Geographic
Information 
systems models 
can be used to 
predict potential 
rice production 
problems under 
different weather 
conditions. 

M-1 

ResponseS to 

infection by rice 

tungro viruses 

wo rices from Africa, cultivated 
Oryza glaberrima and closely 
related wild rice 0. barthii, are 

very susceptible to tungro. They 
could be new indicators for tungro 
infection. E 

New races of bacterial 

blight pathogen found 
ft set of repetitive probes
 

helped type the DNA of
 
Xanthomonas oryzae pv. 

orzyae, the cause of bacterial blight 
in rice. Races 1 and 5 each 

were found to consist of more than 
one distinct lineages. 

oryzae pv. oryzae strains 
representing the different lineages 

tested on cultivars that con
tain 10 known resistance genes for 
bacterial blight. Significant differ
ences in lesion length for two 
lineages within each pathogen race 
were detected on several cultivars. 
This means the lineages are really 
different races. 

Strains of the new races and 
other pathogen lineages will be
 
used in screening for new sources 
of resistance to bacterial blight. U 

Tagging disease
resistance genes 

agging resistance genes with 
molecular markers facilitates 
developing improved breeding 

lines with more diverse and com
plex resistance. We identified
 
molecular markers linked to two 
genes for resistance to bacterial 
blight: recessive gene xa-5 was 
tagged with three RFLP markers and 
Xa-1O was linked to two RFLP 
markers and two RAPD markers. 
The work was done in collaboration 
with Cornell University, USA, and 
Kyushu University, Japan. U 
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Classifying conserved 
gennplasm 

ryza sativa has two major 
ecogeographical races: 
indica and japonica. Classi-

fication of the germplasm con-
served in the International Rice 
Germplasm Center (IRGC) by race 
will greatly assist rice breeders in 
selecting the best germplasm for 
their breeding program. 

A broad range of information on 
the more than 70,000 accessions 
in the collection is already available 
in the database. That information 
will be used to develop sets of 
germplasm for evaluation under 
different agroecological conditions. 
Accessions for each set will be 
selected to represent broad genetic 
diversity and promise in a particular 
rice ecosystem. M 

Research on research 
prioritizing 

n international collaborative 
research project on research 
prioritization has been estab-

lished with national programs in 
Bangladesh, China, India, Indone- 
sia, Nepal, the Philippines, Thailand 
and IRRI. 

The objective is to shorten the 
time between emergence of new 
ideas or techniques and their 
application in IRRI programs and by 
the national programs. U 

International Rice 
Genealogy Database 
aids breeding 

he International Rice Geneal
ogy Database contains records 

I of the genetic ancestry of rice 
varieties and of tile crosses made 
to develop them. The data set now 
includes genealogies of more than 
2,000 post-IR8 modern varieties 
released in 68 countries, mostly in 
Asia, Africa and Latin America, and 
about 1,600 traditional varieties 
that farmers still grow or that rice 
breeders use in their crossing 
programs. With these data, the 
ancestry of most cultivars can be 
traced back to the original land 
races. 

The genealogy database is 
being expanded and integrated with 
other existing germplasm 
databases-the IRRI history of 
crosses, the IRGC database, and 
the INGER database. Almost 
100,000 crossing records from 
national programs are in a compat
ible format. 

To expand the genealogy 
records, rice scientists everywhere 
are asked to provide duplicate lists 
of their hybridization work, informa
tion on the genealogies of older 
varieties in their regions and 
announcements of the release of 
new varieties. H 
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International 
programs 

p RIS Intiernatiol illIIs 0 Strengthen linkages hetweenj strive to) reseaLrch and1( jigflhilii11~Ii 

0 I nil Iri1ce naitional gI c tila IRRIs t\\,(I,1g ).)lr'en)'Iti 
zesv;tadh si'scin-IRRI and( ~ 2.11 i 2 n i 1'10 1(')fltilltILlfll ()f 
11,101111i n ~l)OitI.1-I1Itioni ll :IliVitiCS. !k'SeaC ii- J11d illto.-Illti( 11,11 

.shar1ing of' m-sp nsihilitics. 1()I'kiCilit,11C A-hiC\int1 t"Oe n1IStill.1.S 

otherCI irlIternaliolln1dC! KI- lIVSeiClIh )1Iagiil JIld sIt.l"e-llillgnl 

researci 1cellters In wilIii III Ifl- IgliIlt iiLI It :1l IV ~IMWSt111 S 
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Both pmi rniniatic arec.ais seek to , (0Cllaborattion with tleI )ep'lltllent I laSi tliStISe .11d ( (Ithe.ci i'.ne' Ociantl 

adchress teclhnical antd s(ci(eco)( lilic ofI Agrit'tIitRtI.e ill 2Valnat irLtt('l - ihlicrnaticl 
t'01I~n riot. l)r(OthLIt'tit~t. 1ll l)l)lit',lti~m.,S. IRI,~ JIS.O With C.:.Vl,
I.SOfl "lhiS, Og. l' 1',1601it cob ol;,)i~.-:C 

Irts IcIL1lans tllir flC tlt v't[ail, 

I . iie ')( 11thi hi. is iii ),.SilI. 01,11 1i-
* C( Ilegi;il re'lainlships Itall levels. 
* Special interest wcrkii, tRcllS. 


SLuch s tl(s on .ernlpsn- l.alu-

tion ani t'tiliz.ition, :antl iteitratCLI 

Pes't .\ lIint'cint. 

* lterctions .1oiiiu resarlch ati l 

ilitcilatitnal pri )tli+lii l erics ndiiit 

iiviSi cll ctL haCls tllr()tI(lh tilte 

Ilstituict Ii( tiil- t(gll lilittCC.', 

I llxcltllicllt (dciilliiiitioll~i 

pr caill tAii- i'i eCsca;.li 'iclivilies, 

:.it ofi rCtscaircii ph i iil S1,1tinll 


initt+tiii [il Aiacti\'itis.
pr(cc i1111 
,* (cniititi i t'thill C I' illfol-llati( cl. 

I1ll161itIS (ilt+ir
to)inll)r'()\L, the 


tic! (oi ati iail 11l'-l'raills illdIRRI 

RiCtCReseArch Clisoil Aiit (d 
-Spec'iai l)t'Cl.5.Stli as tICe Rict 

\\h;lt Cccilai(critin. 

I )CVC Ici)jii lCInt iif iAllisiS 1(ir 
cll.ihlrati e tilining hivInlitic n'ml 

] gl'l~IAlls aint IRRI. i;I:itlilg tiCCeli-
trlixili traIillilg IRRI hlatlpitlla-

Ites t(Tcto lhciiltimi kt-V llliVlit.ieS 
;itli resCeartil illsliltltiillcis seVr.all 

A.sial totlrts, 

• Ic!iclliliziti( c)1 A tiltlit lt,'iC lh 

nitcciks tc(c()ilciiiiltc t iRRI. tc 

iliCtcr aiii Lt'iosyStelil (cicilt atic iini)iltC 


aitid t( intc ;SC 11li)tic il ic(grailll 

Itlvrsli. 

( :ii.i crali Ill illIRRi 'chst 
Co()lillli\' 11,1"; hcut.'Slil t.llhc~ledtcc li(lSir sic 

* A I llicrsitx ofi Ile Phililtppiles aiitciiti 

iL(cs Kailc(cs (I II.I i--IRRI c()iperati 
ticiuci. it\\ilhstanliilgccnlilit-co 
tes. ()l rescIlcil ;iii traniliing antil 

atillillistrativc aifiaii.. 

* :\iincia Iiiig (A' c)ilhirative 
woirk iitres cfi iulttlii l ittst icy 

I1I'L.B, thu Piilippine Rice Research 
ln;titi't (I scitli.istS.WhilRice) Aiitl iRRI 

Cdllahciiration with tile Ieliatrtlntnt 
iflSc ict litl 'ciLI tinllI it. 
ii isa ftt.. 

IRRi iS iitrt.nilvinl tiits ellilsI 
ilt,.ease ccIllahor;'ti iillo ing 

national glrl'atgliIS. IceV0\c tilte 
nt0liCrks :ind tincnsc ciA. Thr1 tIgh 
contrlvll c1(rais slluppoiltli hy 
IiiliteiTil l .i., ilicrachti ills.lil 


lite\n(ctl ccUilliCs \\ith sililain" ric' 
CC( t+lliS ani1d siflilricu l- it itic-
lic)l p lne,6liitllicet.picills ar Liills 

inclitlC, 


F (ci+lostciiilto tilt, tI'olllillcpIll 
Iilkt~lg s llll( nliThtilandl, lii( S, 
(:llli) tliia .111d1\it.llM ll kci' ccll ii i-
ti\(.' rK-SCMrth inld ti'.titliillg.il-l)Airil~ 


in ilic raiiiiti I\cw lt nd t2l'l\\';ittr 

iitl'td Nepial ill India. tti kt advntge 
()'Ill: Iiti ci' strie1.I.S.t Vs 
* A tripartite allttntnof Egypt-

Kc rea-lR k ir ir.scaid 1 c'ilip)iLasiZillng
lRI 


apicillit rict anicl iite last Clisease 


iSStiCS. 
Iilpivti IRRI collih)oriti ci\\ itih 

sisItei it('illi'lciial ctrsT is heing 

ptIrtitIl. Al IRRI-II'IA-W\RI )A 
agre'lillt si lltd in 19)9 talieti'( 

t ni ( )1 

rcselich illAfrlica. IlTA will linciiitiin 

its wc irkti n XiSCAc: iii iice 

thi tiivisi resc )isilciljtits riritce 

gCilI lg iiitl l \\illii ill cl ''steinls. 

plchrtliiiig activitics: \VAIl)A w\ill 
he irSpcnsl ihlc 16r Iice irt'tClilig i1td 
(tl) ;i111(1' tl''li l~llCll'l
i i Westi IRRI Wiill 

tic ritiC-Si. li(r aissiStaillCe-

Illcnl nliiticcni i1 )-i-rIlll ill tile t-t-
Clii, ceitrai ",til'ii Ahcaiiilu iintl 

rcegion i (X 

lhe first IIRI-(.IA\-\VARiI)A 
c)llil'irdtive xxccrkplani ,ntletiing ccl 
il)l.iiil i't I iliintiiy IN)A.litCC was 

IRRI agrt.ci t(itclls its c ll:iiiotativ 
e'tliS ilcci l(clCraicth()tili a1d rice 

I(RIS., AVRI )(ati (I\IMIYT in
 

rW. iM'h l'iWC-Ii;..N t tiroPl)l It
c i[)f 

M'SiIS an anticiate. intnsil'i
 
Cc)!llahoralti(n with II(A;I.\R.\I tili
l'it

.v-ttis restc.Mtth 
tile tlillIILI o Ilth(, Asian Rice F;i1-1 
ing Systeis Netwi crk (A\RSN). 

IRRI Seeks OM.titln( 

fish fannin \g ,inlldr 

ll-g( c\'t+illlnI'lll:
 
orgaiz/atio clis Itoaisisl iintle (lissclili
nliCttinil (d1rice-re'lCittiC illkcllatill 1llit
 
illlpr()\clc i.s at 1i1C
.Iciliolc ict] iiiitdle 
:inl graXSSl() Its\lels. l);il'litCl;ilv of 
IlRRI-tlICSiniie' tllt int iili I(cIios anti 
C'(uiijtllnti. ()lili+ cri'( cn with n ll
g(vCrIMTln'tal (o ,ani/lti(cns is I)()
st itc ( nI'i\ll il l t 'iit~h 'c-ik 

i)r-oiC'tl
A;it
ki\iits. 

Tfie' Jetia 16' i'll illtheVltgllt 

);il strttI ltI (iltiMlci til)d( 
its Rt'stAR'lli I ra s and invldye

illn with atil cni] i(cgraiiis and( 
hl tiY -(cig<iiii 1ii 1itIc lHitCssii 

iicc ii ;li lhhlici gynees n( Ited 

1iid iili in1litillcltcillnC.
 
All th(Ye' \\ 0(i) c.ate tlc)
C()IIA 

iii Uill iilcrc" is'1* ' ic lucCIci l ti

till ad ('tiilnced socci( )cci 11 IlliC 
ccciitlilills 16Ic iii. crtticers :intl 
t'ilISllilCs, CSl)ciaii\lly lit c ciii llli

calll ti;idvinagedtl.1c1 itllpri()'ciiAt cxc 
sthili ()lict, oictititon 

" -t
 

Fernando A. Bernardo 
Dc,iuty director general 
for international programs 
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Germnlasm conservation 
and dissemination 

wide range of initiatives 
, are being pursuted to 

e.Va~tioni~daccelerate r-ice gerraptaIsml 
di.s l"ainAconservaItion andC dissemli-

! nalil(r. Collectig activities. particu-.I. - . - .'")rlai'ly wild rices, c')ntintles in 
,,:.c(ndoaleworfat itc w,1)(rAtionWith ()ther institLltio ns. 

Iva'al,.oFi'.INEAThree illp()llant regi()ns (ofgenetic 
diversity were expk )red in 1991: 
.ndi apua Nw GlinCl and 
MNyanmar111ll'.Finding, preseling and sharing 

FIndCing1,I~presr in ICirice germptasm r ces with rice 

scientists in national programs are 
comlemented by light safeguarding 
of, the collectio n inl thle International 
Rc en~s etradb 
dispitching dul1icates t() ()tiher safe 
ceners. IRG's management and 
services Car being ilpr()v'ed I1 
accelerate gernlplasnl c()nselvati( n 
and dissemination. 

Collecting and 
preserving rice 
germplasm
particularly of wild
rices, Is Important. 

;Z"L
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Renovation of genel~ank facilities _________________________ 
began this year. Technical standards 

consevation ,-seed Improved conservationre being Rarest relative of 
enhanced and the area f(or cleaning
and processing thle seedl ol, rice rediscovered of rice genplasm 
,ICCCsSioIS into the Kase CoCllection is he world's rarest wild rice- P rocedures for conserving the 
expanding. IPoce'dures or d1'Iing and I Oryza schlechteri-had not r valuable germplasm held in 
pacukaging seeds fo)r long-term o)nser- been seen for 80 years. A two- trust at IRRI are continuously 
vation have been improveCd., and that day hike into the mountain jungles u;-graded. This year, IRGC 
is faIcilitating handling and invent of Papua New Guinea enabled * Tested the viability of stored 
con-trl. locating the illusive species and germplasm. Regular monitoring is 

A (,ermlplasm I.:vluation 111d collecting seed and tiller samples. now routine. 
'tiilization \V\'rking GrOup ha.s been Plants are now growing at the Erap * Repacked germplasm and ration

organized to strengthen linkages with research station of the Papua New alized seed distribution procedures. 
IRRI rUsearchl lprograms. C(oordination Guinea Department of Primary o Improved the in vitro clure of 
and intlegration ()f IRGC and the Indu?.,y and at IRRI. rare germplasm and of germplasm 
International Network f r Genetic Does this rare plant contain with low seed stocks. 
l.valuatiion ()f lRice (INGER) in the genes which could be useful in e Performed isozyme and cytological 
(Gne1tiRC surceSOCe-nte'r has b g2un. improving rice production? 0. characterization on special sets of 

IN(;ER is a mechis.m korgloba schlechteri evolved in isolation from germplasm. The procedure is now 
co0llalr(i'tlool ri'e b'iCeders. It 0. sativa and survived for millenia routine. 
involves scientists of, national rice undisturbed by humans. This leads The renovation of IRGC facilities 
reserch system., IRRI. 2'.nd: t1her to the expectation that the species underwvay now will ensure that the 
international cnl ters working to has a wide range of inherent mecha- rice germplasm at IRRI will be 
improvwe Iice. nisms that enable it to respond to a conserved under the best possible

"IlhnMgh w)rl(dwide exchange, changing environment. conditions for at least 100 years.t 

e\aluattion and utilization 1'lite Scientists in a number of disci
gerrmplas.l,the genetic base of' plines will be involved in unlocking S E E . - - 
esseCnlial breeding materials broatdens its mysteries and tapping those 
rapidly. )onor liies with tolelances useful for modern rice breeding. Its Expanding the 
(lr Stresses are shared ml wle conservation also will make itswidely.

illl~l(WilL I)'0LI~aovailabiitVilin genes availa:le to future rice available rice glenepooliflr()ving lon dtiton stali it 5en 
strUss-pr()el ellvironntl(llt. improvement work. E ith gene transfer across 

.\ r'cent studV o1 the' impact ofW species being facilitated by 
I ER;+oin varietal imprl- n,e -llent continuing advances in 

-dwide showed that, since 1F, biotechnology, genes from distantly-
Nearly 2.((() ilnes have beeIn usd related species are becoming impor

n nat"ional and inturnational bredinlg A new INGER nursery tant resources for rice breeders. 
Pr "gram( ultivation of a dry s-ason boros to, transfer usel'l traits to Many plant genera related to Oryza 
popular local varities. rice crop has been increasing may be of use in rice improvement
-21) INGER entries originating from W in areas where low-yielding some are tolerant of salt water, 
2, national pro)gram.s and from IRRI. deepwater rice had been grown. some produce unisexual flowers, 
CIAT and liTA have bcen releasud as Major constraints are low tempera- others have traits of unforeseen 
\arieties in 5 cojliltriCs in Asia, Africt ture at the seedling and early importance. 
and l.atin America. vegetative stages. Availability of This broadens the responsibility 

hytied suitable varieties was limited. A 
ing these imlplrmed var-ieties ha , ,  preliminary exchange and evaluation species and make them vailable to 
hben significant. U of materials identified varieties breeders. Among the genetic 

suitable for the boro crop in Bangla- resources now conserved are plants 
desh and eastern India. N of Zizaniopsis, Chikusichloa and 

Hygroryza genera. E 

* Yield incureases b plant- of the IRGC, to conserve these 
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Information and 
knowledge exchange 

lhe infonntion and knowl-
'1+'f aedge exchange progran 

involves activities in five 
areas: lihrar, services, 

scientific comMlnicatin, rice 
bI oI.o databases, cont'rences and work-
R d a shops, and public awareness. To-

geber they ullfill the Institute's 
sresp isibility f)r p )>'idirlg currenit 

infornation to rice scientists :and 

reIsearch 1)(ticyniakers, () supporters 
of research and IRRI, and to all those 

interested in rice research and IRRI's 
work everwhere in the world. 

This year, improvements were 
made across the full gamut of c'ti'i
ties. 

IRRI-published field 
gulde" help rice 
researchers, 
extension workers 
and farmers 
diagnose produc
tion problems. 
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Library and documentation 
Asystems analysis of library opera-
tions is the first step toward full 
computerization of library proce-
dures. That will speed response to 
user requests. The Rice Literature 
Search System now has 180,000 
entries representing original docu-
ments in the IRRI Library collection, 

Scientific communication 
A new Publications and Communica-
tion Committee is helping set 
priorities for publishing. IRRI re-
leased 17 books in English in 
1991. 

Rice databases 
A task force representing programs 
and divisions/centers developed a 
work plan for establishing corporate 
databases. These will be on-line 
and accessible electronically. 

IRRI researchers are now 
connected with the global INTERnet 
network, enabling them to commu-
nicate with colleagues in advanced 
institutions and an increasing 
number of other organizations 
around the world. This is part of 
CGNET II,a network that will link 
national systems and CGIAR institu-
tions with each other and with the 
global scientific community. 

Conferences and workshops 
IRRI was host to or the cosponsor 
of 32 conferences, workshops and 
meetings in 1991. For the re
searchers who attend, these 
meetings are important opportuni
ties for scientific information ex
change and for planning future 
collaborative projects. 

Public awareness 
Explanations of IRRI's purpose and 
achievements are disseminated 
worldwide through special publica
tions and press releases. A new 
publication is IRRI hotline, a compi
lation of achievement summaries 
circulated to decisionmakers in the 
donor community. 

An all-new "Rices of IRRI" multi
projector slide program is being 
shown to the some 30,000 visitors 
who come to the Institute each 
year. A basic set of slides describ
ing IRRI activities is available to the 
media, with a set also maintained 
at the CGIAR secretariat in Wash
ington, DC, USA. 

Within the Philippines, the 
Department of Agriculture adopted 
"Farmers and Fishermen, You Are 
Our Heroes," composed by an IRRI 
liaison communicator, as its official 
song. 

Nearly 150 journalists-rews
paper, magazine, radio and televi
sion reporters and writers-visited 
IRRI, including 18 from international 
media. They interviewed scientists 
and administrators and produced 
their own stories. U 
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Crop and resource 
management networks 

.rop and resource manage-
Cro~rn'-met' nment networks coordinated 

nat IRRI include the Asian 
Rice Fanning Systems 

Network (ARFSN), the International 
Network for Soil Fertility and Sustain-
able Rice Frmning (INSt'RF) and the 

new Integrated Pest Management
IntegratedNetwork (IPIN). All involve aspects 

of rice production . 

ARFSN, supported by the Interna-
tional Development Research Centre 
(lI)RC), monitors farnming systens 
trials in 15 irrigated. 14 riinfecl 
lowland, 8 upland and 8 deepwater 

rice ecosystem sites. Activities in each 
site are focused on identifying more 
productive rice-based fairming svs
tens fbr small-scale tlmers. 

INSURF. supported by the Swiss 
Development Cooper tion (SIC), 
involves sulnMtworks for irrig,:ted, 
rained lowladnd and upland eco,ys
tens. The emphasis is on longterm 

to study the 

sustainabilit\' ( fsoil productivity. 
IPN IN. also suppo)rted 1\ SI)'. 

involves scientists in China. Indone
sia. NIalaysia, the Philippines and 
Thailand. 

A Crop and Resource Manage
ment Networks Advisoi)y Committee 
has been organized to promote 
CoCrdiation and increase interactions 
among the networks and between 
the new\'orks and rice rcsearch 
consomia and country programs. U 

Crop and resource 
management 
networks evaluate 
new rice technolo
gies In different 
environments, to 
Identify more 
productive rice
based systems. 
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Training
 

- ince IRRI's trining program 
T _,n" started 30 yeairs ago, nearh' 
Deg[ree -nd 7,000 scientists have been 

d l 1 o. ,,'' ,,_I."o in\'0l\'1d in S1h0r coUISs, 
...oup ng dpI -cc programs, shon tcri m intern-

" a d. lShips and post doctoral I' ll\owshils. 
Mo1st of tles. ;lIuMllni a1C now llA ) 

trii n0ng t'<)llol()flItOrs with IRRI scienlisis ill 
rice-relaited research in their home 
COtlll'rics. MIaiN' are i iillpOllall 

positions)1"safsL'rch ainageenti 
andadmtinlistratlionl. 

The training program itself has 
evolved since 1962. from reltivelv 
basic courses il rice productiorl and 
research methodologies i0 cOulses 
and f ll)\\ :hips thit teach new, 

highly sO)phisticMCild chClnique,s. The 
hjC -c ,rellmaills thc salle: to 

increisC the capabilitics of research
ers in natioilnal pro graiis so that they 
illiy sl)ve dt(0)nVstic rice prodIICtlll 

and Lili/Aiti(i pr)Ils. 
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_ __ _ _ _ 
--

In 1991, more than 170 scholars 
and tr"aline:es from 28 CO~nt'ieS in-
Asia, Africa, the Amnericas, and 
Europe \vere involved in IRRI 
prograims. An additional 286 fronm 2-
countrie_,s paiiicipartMed in 19 S1h01 
courses aIt IRRI hadquamiers. And 
63 tfel()ws from 19 countries ColAh-
rated :,I post-doctoral research. 

Sonie collailrative tralining is 
noW cOIn(lucIed bV n.tioj11l pro-
glr-11s, in-co'untr'. IRRIS role \ari'eCS: 
in some cases, to train trainers and 
mnake available training i ateril.m: in 
others., IRRI tr;ine'rs palicilX1te 
directly. All in-country trining 
invol\'.s IRRI allumni. U 

Human resource 

dvteiopmNit in
Camboidia 

ambodia-devastated by 
internal turmoil-has no PhD-

C trained scientists and only a 
few scientists hold master's 
degrees. The Ministry of Agriculture 
needed to rapidly increase the 
number of trained personnel in all 
areas of rice research, to meet the 
overwhelming need to increase rice 
production. 

IRRI is helping. Since 1987, 67 
Cambodians have participated in 
short courses at IRRI; 25 of them 
in 1991. But space in those 
courses is limited, and Cambodia 
needs trained people today. 

In early 1991, IRRI Training 
Center staff worked with Cambo-

dian research managers to design 
a medium- to long-term plan for 
developing human resources in rice 
production and utilization. 

Implementation involved first 
training Cambodian scientists at 
IRRI, in technical and training 
methodologies. Then IRRI staff 
assisted a Cambodian team in 
conducting two rice production 
courses in Cambodia, in the Khmer 
language. IRRI training materials 
(manuals, slide modules, skills 
booklets) were translated to sup
port the instruction. 

That national team will continue 
to offer rice production and adap
tive research training. 

In addition, a special English 
language instructional program 
developed by the Training Center is 
enabling more Cambodian scien
tists to qualify for advanced training 
at IRRI headquarters. One MS 
degree candidate has completed 
his coursework and is collecting 
data for his research thesis in 
Cambodia. Another Cambodian 
scholar will begin a PhD program at 
a Philippine university in 1992. U 

IRRI is helping 
train Cambodian 
agricultural 
research workers 
at the same time 
as IRRI and 
national scientists 
collaborate in on
going experiments. 
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A ctivities in national and 
regional colkl~aon 

focuIs On cOllabor)ative 
research and training as 

important way's to strengthen nati(nl 
rice research systems. IRR1 scientists 
participate in nati()nal workshops and 
confle'lnces and in documLenting and 
disseminating findings t (ml the 
research the' c()(luct with national 
sciCntists to releVnt\ ill-CO)utlr' 
go )i'Ips.including extMnsi( and non
g()vernmental (wg)anizations. U 

Work by IRRI
In-country is 

important In 
strengthening 
national rice 
research systems 
and in expanding 
the stretch of rice 
research across 
different 
envrionments. 

National and regional
collaboration 
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Bangladesh 
angladeshi scientists pre-
sented 14 of 22 lectures in a 
Gender Analysis Workshop 

and Training meeting co-sponsored 
by the Bangladesh Rice Research 
Institute (BRRI)-IRRI collaborative 
project. Participants came from 
Bangladesh, Bhutan, India and 
Nepal. U 

Bhutan 
hutan-IRRI collaborative 
research involves farmers, to 
help develop improved rice 

varieties, better crop management 
technology and more productive 
farming systems. In1991, No. 11 
was identified as the best rice 
cultivar for mid-altitude double 
cropping and IR64 and E18-84-W4 
and ADT36 from India were identi-
fied as best at lower elevations. For 
15 May-15 June plantings, IR64, 
Milyang 54 from Korea and local 
variety Zakha yield the highest. N 
Brunei Darussalam 

runei's Kilanas Agricultural 
Research Center is testing 
improved breeding lines and 

developing impro'ed agronomic 
practices. In 1991, IP.841 was 
released as an official variety 
because of its high quality grain, 
Yields are high, but IR841 issome-
what sensitive to the iron toxicity 
that is an important constraint in 
Brunei's rice-growing areas. fl 

Cambodia 
ignificant progress has been 

made in the Cambodia-IRRI 
S collaborative project.
Research on rice varietal improve

ment focuses on breeding for 
drought and pest resistance. Nine 
of more than 1,250 traditional 
varieties have been found to be 
excellent donors tor drought toler
ance. Three IRadvanced lines were 
found resistant to brown 
planthopper. More than 500 trials 
on soil fertility are underway in 15 
provinces.E 

China 

significant area of China-IRRI 
research collaboration is 

r development of hybrid rice. 
Most of the male parents used in 
producing F1hybrids inChina are 
modern varieties developed at IRRI. 
Now the collaboration is working to 
produce a 2-line hybrid. U 

Eypt 

wo major research efforts 
are underway: developing 

T short duration varieties with 
improved resistance to blast and 
stemborer and developing varieties 
with tolerance for salinity. Improved 
grain quality, particularly high 
quality, slender grain, is important 
in both projects. A Egypt-Korea 
collaborative project to develop 
improved resistance to blast using 
japonica rices has been initiated. U 

7 
-. 

India 

he International Council for 
E Agricultural Research (ICAR) 

and IRRI collaborate across a 
range of rice research efforts. India 
isstrongly involved inthe Rainfed 
Lowland Rice Research Consortium 
and inthe Rice-Wheat project with 
CMMYT and IRRI. Additional 
efforts involve strategic and applied 
research, including Systems Analy-

Improvement (SARP) and rice germ
plasm conservation and utilization. 
India also is moving into regional 
training: in 1991, two Nepalese 
sant ars art t e ic 

wheat project. U 
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Indonesia 
Indonesia is a major participant 

in the rainfed lowland and 
upland rice research consortia 

oiganized in 1991. Other collabora-
tion with IRRI involves varietal 
improvement, work on biological 
nitrogen fixation and developmenit of 
green manures. 

Lao PDR 

he Lao-IRRI collaboration 
focuses on development of 
low-cost rice farming techno-

logies for rainfed lowland and upland 
systems, complemented by develop-
ment of human resources in rice 
research. A network of research 
sites for on-farm and on-station trials 
has been established in six prov-
inces, in cooperation with the provin-
cial agricultural services. Training 
was conducted in country, at IRRI 
and in Thailan_.E3 

Madagascar 
he third phase of Madagas-
car-IRRI collaboration began in 
1991. An important focus is 

institutionalizing multidisciplinary 
teamwork and interdepartmental 
collaboration in research and 
training with the National Center for 
Applied Research on Rural Develop-
ment, Madagascar (FOFIFA) and 
national universities. Additicnal on-
farm research activities are being 
developed. N 

Malaysia 

he Malaysian Agricultural 
Research and Development 

UInstitute and IRRI collaboration 
primarily involves exchanging 
materials and information, 
through the networks coordinated at 
IRRI. Promising IRRI breeding lines 
have been sent to research centers 
of the Departments of Agriculture in 

Sarawak and Sabah, East Malaysia. 
One IRRI line, IR8192, was 
released as Lumayan in Sabah. U 

Myanmar 
X ignificant outputs of the 

Myanmar-IRRI farming sys-
S tems project are the introduc
tion of sesbania as a green manure 
for rice and rapid expansion of rice
upland crops and rice-fish farming 
systems; those now cover hundred 
thousands of hectares in several 
provinces.E 

Philippines 
p 

number of agencies are 
involved in the Philippine-
IRRI collaboration: the 

Philippine Rice Research Institute 
(PhilRice), the Regional Integrated 
Agricultural Research System of the 
Philippine Department of Agricul
ture, the University of the Philip
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National and " 
regional projects it 
enable IRRI, .- -- , ': -, .. 
scientists for work 
with national 
scientists In nearly 
all rice-growing 
envrionments of the ... 
world. " 

pines at Los Bahos and other 
regional universities, the Bureau of 
Plant Industry and the National 
Irrigation Administration. The 
Philippine National Seed Board 
approved the release of PSB Rc 2 
(IR32809-26-3-3) as Nahalin and 
PSB Rc 4 (IR41985-111-3-2-2) as 
Molawin as new varieties for 
commercial production. U 

Thailand 
hailand-IRRI collaboration 
involves three main projects: Africa Latin America and 
deepwater rice research in the 

flooded areas of the central plain, fielargest single activity of the Caribbean 
rainfed lowland rice research in the IRRI in Africa is the Interna
northeast and upland rice research I tional Network for Germplasm he Latin America-Caribbean 
in the noith. This year, an IRRI Evaluation of Rice (INGER), in Rice Improvement Network is 
entomologist assisted in designing collabormtion with IITA, WARDA and T a part of INGER sponsored by 
a strategy for containing a brown national programs. More than 30 CIAT. Analysis of the database on 
planthopper outbreak that devas- African countries have been growing rice research in Latin America 
tated 250,000 hectares of rice and nursery sets. INGER-Africa facili- enabled identification of a genetic 
involved 80,000 farmers in central tated the release of 34 African core that represents 80 percent of 
Thailand. U varieties and 49 non-African varie- the genes of irrigated rice varieties. 

..i 	 ties in Africa and 3 African varieties That permitted estimating the 
in Brazil and Cambodia. In 1991, contribution of IRlines and Asian 
9 varieties were released to farm-	 land races to Latin American 

ers of Guinea Bissau, Mali, Uganda 	 cultivars. One-third of the varieties 
and Nigeria.E0 	 in the arid zone and one-fourth of 

those in the tropics have IRances
tors. A genetic core of 14 land 
races contributed about 70 percent 
of the genes for 143 varieties 
grown in Latin American countries. 
Most of them came from Asia. N 
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PDeputy director general
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64 

http:1111Cn).Il


7 

Finamn 

omputerization of the Insti-
tute's financial management 
system is progressing. Full 

computerization will implement the 
staff receivables and fixed assets 
systems, consolidate the budgeting 
process and provide a system for 
monitoring financial reports to 
donors. U 

Adminisration 
number of new activities 
initiated in 1991 reflect 
efforts to strive for greater 

productivity with fewer resources. 
Materials management. Provid-

ing competitively-priced supplies 

and equipment of high quality is a 
major priority. The new materials 
management unit merges purchas-
ing, shipping and materials control, 
Review of organization, staff place-
ment and development and design 
of systems set the stage for skills 
training and computer education 
programs. The objective is short 
turnaround time in procuring quality 
products at competitive prices, 
Computer-based information sys-
tems will improve efficiency. 

Human resource development, 
A major review of personnel policies 
for nationally recruited staff set the 
stage for better communication 

between Institute management and 
staff. Input came from representa-
tives of employee associations, 
managcment and trustees. 

The new Personnel Manual for 
Nationally Recruited Staff 
explains IRRI policies and 
expectations. 

Emphasis on performance 
evaluation, management and 
training is providing staff at all 
levels with tools to enhance their 
contribution to meeting Institute 
objectives and to create opportuni
ties for their own career develop
ment. The performance appraisal 
process was modified in 1991 to 
more accurately reflect program 
objectives and to improve its useful
ness as a tool for improvement. 

More than 400 supervisors 
participated in seminars designed 
to strengthen evaluation tech
niques, create more open dialogue 
and develop a basis for improved 
performance. Internationally re
cruited staff also participated in 
workshops to enhance their per
formance appraisal of the staff 
members they supervise. 

Training in performance ap
praisal was complemented by a 
series of performance management 
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courses to develop skills in plan-
ning, making decisions and setting 
objectives, 

Half of IRRI's 1,785 national 
staff participated in at least one of 
16 courses offered in 1991. 

To improve the Institute's 
responsiveness to the needs of 
central research farm labor, their 
skills, knowledge anrJ interests 
were surveyed. A computerized 
database will help in applying that 
information to improve labor man-
agement and in counseling for 
career development, 

Twenty internationally recruited 
staff took part in management 
training in 1991, in a course 
modeled after the CGIAR course. 

Visitors and conference serv-
ices. IRRI continues to attract large 
groups of visitors: in 1991, almost 
32,000 persons from 41 countries, 

Some 85 percent of the visitors 
were students and teachers. Nearly 
2,000 farmers and agricultural 
technicians visited to learn about 
IRRI's work to improve rice produc-
tion. 

Government officials, ambassa-
dors and cabinet ministers were 
briefed by IRRI scientists on Insti-
tute programs and activities. They 
also toured laboratories, green-
houses and experimental fields. 

A multi-projector slide program 
that explains the world's need for 
rice, IRRI's goals and objectives, 
and the work being done is each 
visitor's first exposure to the Insti-
tute. The tours and briefings that 
follow are designed 1.o answer the 
needs of each visitor. 

Important briefings take scien
tist time and can disrupt laboratory 
work. To make the process more 
efficient and more interesting for 
the visitors, the plan for renovating 
the Institute's infrastructure was 
adjusted to include an Exhibit 

Center. The center will be located in 
the renovated Chandler Hall and will 
be a focal point for visitor informa-
tion. U 

M
Opertions 

perations faced perhaps its 
most demanding year in IRRI 
histcrN in 1991. The fire in 

Chandler Hall and its aftermath 
complicated the major building and 
renovation program that was 
already underway. 

Rebuilding in Chandler Hall 
begun less than 3 months after the 
fire, with plans finalized for conver
sion of the area now occupied by 
management to an Exhibit Center. 
Renovatic i of the F.F. Hill Labora
tory building into a new administra
tion building also began. 

Parallel with extensive rehabili
tation work, completion of the new 
biofertilizer building moved forward. 
Plans were initiated for a research 
containment facility. Renovation of 
the Laboratory, Training and Confer
ence Center (LTCC) building and the 
Service Building also began. 

Further mechanization of the 
Central Research Farm was facili
tated by redesigning the experimen
tal plots that permit use of larger 
equipment. Farm equipment opera
tors were trained. Steps also were 
taken to reduce natural habitats for 
rodents, snails and insects that 
affect field experiments. The Central 
Research Farm assumed res')onsi
bility for all pest control activities in 

the Institute. Centralization of the 
farm labor pool was completed. 

New automotive and farm 
vehicles and machinery are increas
ingly complex; 58 employees 
participated in 18 automotive 
training programs. 

Inthe continual collaboration 
with the University of the Philippines 
at Los Bahos (UPLB), IRRI will 
develop and operate ajoint landfill 
waste disposal system. It will 
include recycling and composting 
components, to reduce impacts on 
the environment. N 
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1991 financial statements
 

The International Rice Research Institute 
(A NN-Sl|OXK, NON-RFHI Ro\GANIZATION) 

FINANCIAL STATEMENTS 

DECEN113HR 31, 1991 AND 1990 

Report of Independent Accountants 

To the Board of Trustees of 
The International Rice Research Institute 
(A non-stock, non-profit organization) 

We have examined the statement of assets, liabilities and fund balances of The 
International Rice Research Institute (a non-stock, non-profit organization) as 
at December 31, 1991 and 1990, and the related statements of sources and 
applications of funds and of changes in financial position for the years then 
ended. Our examinations were made in accordance with generally accepted 
auditing standards and accordingly included such tests of the accounting 
records and such other auditing procedures as we considered necessary in the 
circumstances. 

As explained more fully in Note 2, the Institute's financial statements are 
prepared on the basis of accounting practices prescribed for international 
agricultural research centers seeking as-istance from the Consultative Group 
on Int-rnational Agricultural Research. 'Juch practices conform with generally 
ar -epted accounting principles, except in the manner of accounting for 
commitments as actual liabilities. 

In 1991, the Institute recognized depreciation expense on property and 
equipment for the year ended December 31, 1991 and restated the 1990 
- tatement of assets, liabilities and fund balances to reflect the prior years' 
a,:cumulated depreciation on these assets. Consequently, our present opinion 
on. the 1990 financial statements, as presented herein, is no longer qualified 
with respect to property and equipment. 

In our opinion, except for the effects on the financial statements of recognizing 
commitments as actual liabilities, as described in the second paragraph, the 
financiat statements referred to above, as restated, present fairly the assets, 
liabilities and fund balances of The International Rice Research Institute as at 
December 31, 199i and 1990 and its sources and applications of funds and the 
changes in its financial position for the years then ended, in conformity with 
generally accepted accounting principles applied on a basis consistent with 
that of the prior year. 

Joaquin Cuuiian & Co. 
Makati, Metro Manila 
February 21, 1992
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STATEMENT OF ASSETS, LIABILITIES, 

AND FUND BALANCES 

DECEMBER 31, 1991 AND 1990 

1991 199(0 

ASSETS 
CURRENT ASSETS 

Cash and short-term placements (Note 3) $33,586,509 $27,103,415 
Accounts receivable - donors (Note 4) 7,244,122 3,797,893 
Receivables from officers and employees 296,8501 145,609 
Advances to projects and other receivables 1,230,336 1,260,254 
Inventory of materials and supplies 1,789,387 1,544,635 
Prepaid expenses 214,419 31(,122 

Total current assets 44,361,623 34,161,928 

PIROIEIRTY AND EQUII'MFNT, net of accumulated depreciation 
(Note 5) 20,866,246 21,839,801 

$65,227,869 $56,001,729 

LIABILITIES AND FUND BALANCES 

Current Liabilities 
Accounts payable and accrued expenses (Note 6) $16,352,355 $11,858,549 
Loan payable - 2,200,00 
Grants applicable to succeeding periods (Note 7) 13,863,696 6,915,918 
Other liabilities (Note 8) 683,534 4(19,851 

Total current liabilities 3(0,899,585 21,374,318 

Accounts Pavable and Accrued Expenses (Note 6) 7,764,981 7,215,834 

Other Liabilities (Note 8) 1,279,342 1,327,440 

Capital Replacement Fund (Notes 2 and 3) 1,833,892 -

Fund Balances 
Invested in property and equipment (Notes 2 and 5) 20,866,246 21,839,801 
Core operations (Note 2) ( 1,381,614) -
Working capital 2,718,501 2,718,501 
Self-sustaining operations 196,599 428,769 
Communication and publications 463,772 416,012 

1,997,258 3,563,282 
Cumulative translation adjustments 586,565 681,054 

23,45(0,069 26,184,137 

$65,227,869 $56,001,729 
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STATEMENT OF SOURCES AND 

APPLICATIONS OF FUNDS 

DECEMBER 31, 1991 AND 1990 Soui~ci sOr FUNDS 
Core operations: 

Grants 
Earned income 
Foreign-currency transaction adjustments 
Balance - prev'os year 

Capital - transfer from core operations 

Working capital:
 
Pro'ision from operations 


Balance - previous year 


Complementary projects - grants 

Self-sustaining operations:
 
Revenl, 'v 

Balance - pr'evious year 


ComlunticatitO and publications: 
Revenue 
Balance - previous year 

Cumulative translation adjustments 

Applications of Funds
 
Core operations 

Capital 

Complementary projects 

Self-sustaining operations 

Communication and p,'blications 


FUND B,\I.A\c(I:s
 
Core operations 

Working capital 


Self-sustaining operations 

Communication and publications 


.Cu, mulative translation adjustments 

1991 

$25,984,979 
1,729,086 

2,281 

-

27,716,346 

3,963,277 

-

2,718,501 

2,718,501 

8,293,172 

939,125 

428,769 

1,367,894 

262,031 
416,012 

678,)42 

( 94,489) 

$44,642,743 

$29,0)97,901 
3,963,277 
8,293,172 

1,171,295 
214,27(0 

42,739,974 

( 1,381,614) 
2,718,5(1! 

196,599 
463,772 

1,997,258 
( 94,489) 

1,902,769 

$44,642,743 

1990 

$26,271,254 
1,259,813 

9,756 

217 
27,541,040 

2,977,887 

516,501 

2,2)2,000 

2,718,501 

9,123,392 

1,455,162 
414,837 

,859),991) 

229,458 
560,759 

790,217 

681,)54 

$45,6i92,L90 

$27,541,040 
2,977,887 
9,123,392 

1,431,231 
374,205 

41,447,754 

-

2,718,501 

428,769 

416,0112 

3,563,282 
681,0154 

4,244,336 

$45,692,090 
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STATEMENT OF CHANGES IN 

FINANCIAL POSITION 

DECEMBER 31, 1991 AND 1990 

1991 1990 

SouRcEs oi: FUNDS 
Excess of revenue over expenses 

Core operations and self-sust~ining activities (S 1,060,513) $1,076,523 
Add (deduct) items not affecting cash during the year: 

Depreciation of property and equipment 1,833,892 -

Translation adjlstments 94,489 ( 681,054) 
Gain on disposal of property and equLipment ( 13,670) ( 23,544) 

Funds provided by operations 254,198 371,925 
Disposals and write-off of property and equipment 4,048,975 818,375 
Decrease in: 

Accounts receivable-donors 3,646,708 
Receivables from officers and employees - 48,460 
Advances to projects and other receivables 29,918 -

Prepaid expenses 95,713 1,842,230 

Increase in: 
Short-term accounts payable and accrued expenses 4,493,806 3,300,950 
Current portion of other liabilities 273,683 -

Long-term portion of other liabilities - 210,728 
Grants applicable to succeeding periods 6,957,778 -

Long-term accounts payable and accrued expenses 549,147 1,816,380 
Capital replacement fund 1,833,892 6,686,899 

Cumulative translation adjustments - 081,054 
Total Sources Of Funds 18,537,100 19,413,709 

Applications of Funds 
Acquisitioin/adjustie.nts of property and equipment 4,895,6-42 7,471,730 

Increase in: 
Accounts receivable-donors 3,446,229 -

Receivables from officers and employees 151,241 

Advances to projects and other receivables - 113,103 
Inventory of materials and supplies 244,752 299,159 

Decrease in: 
Grants applicable to succeeding period - 1,006,517 

Current portion of other liabilities - 96,563 
SLong-term portion of other liabilities 48,098 -

Cumulative translation adjustments 94,489 
Funds investd in property and equipment 973,555 
Payment of loan payable 2,200,000 -

Total Applications of Funds 12,054,006 8,987,072 

INCRE:.ASE IN 'UNIYS 6,483,094 10,426,037 

Cash and Short-term Placements 

January 1 27,103,415 16,676,778 
December 31 $33,586,509 $27,103,415 
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NOTES TO FINANCIAL 
STATEMENTS 
DECEMBER 31, 1991 AND 1990 

1. General 
The International Rice Research Institute (Institute) was established in 1960 to 
undertake basic research on tile rice plant and applied research on all phases
of rice production, management, distribution and utilization with the objective 
of attaining nutritive and economic advantage or benefit for the people of Asia 
and other major rice-growing areas. 

As a non-stock, non-profit organization under Republic Act No. 2707 and 
an international organization under Presidential Decree No. 1620, the Institute 
was conferred the status of an international organizatioi in the Philippines 
and was granted, along other priveleges and prerogatives, the following tax 
exemptions: 
a) exemption from the payment of gift, franchise, specific, percentage, real 

property, exchange, import, export, documentary stamp, value-added and 
all other taxes provided under existing laws or ordinances. This exemption 
extends to goods imported and oViid by the Institute to be leased or used 
by its staff; 

b) exemption from paymenit of gift tax; all gifts, contributions and donations
 
to the Institute are considered allowable ded uct ions for purposes of
 
determining the income tax of the donor; and
 

c) exemption from payment of income tax of non-Filipino citizens serving on
 
the Institute's technical and scientific staff on salaries anc4 stipends in
 
United States dollars (USa) received solely from, and by reason of, service
 
rendered to the Institute.
 
The Institute receives support from \'ariols donor agencies ald en titie,;
 

primarily through the ConsuIta tive Group on lInternational A\gricui hliral
 
Research (CGIAR). CGIAR is a group of donors composed of governments of
 
various nations and international organizations and foundations.
 

2. Basis of financial statements presentation and significant accoonting 
policies 

The accompanying financial statements, expressed in US$, are prepared on the 
basis of accountir g practices prescribed for international agricultural research 
centers seeking assistance from the CGIAR. The CGIAlk-prescribed accoumtin; 
practices conform with generally accepted accounting principles, except in ti e 
manner of accounting for commitments. 

The CGIAR adopted depreciation accoLnting effective January 1, 1991. 
Consequently, the Institute recognized depreciation expense of $1,833,892 
during the year ended December 31, 1991 and restated the fund balance 
invested in property and equipment at December 31, 19*J(0 to reflect the prior 
years' accumulated depreciation totalling $20,585,04) on these assets. The 
adoption of the depreciation policy reduced the balance of funds invested in 
property and equipment at December 31, 1991 and 1990 by, $22,418,932 and 
$20,585,040, respectively, and increased core operations expenses by 
$1,833,892 for the year ended December 31, 1991, resulting to a deficit of 
$1,381,614 in core operations fund balance as at that dat. 

A summary of the Insittute's significant accounting pr,ictic ; is set forth to 
facilitate the understanding of data presented in the financial statements. 

For'iiHlcitr'' . h'trIosact i)Iths - The fiiiicial staiemen ts of the Institute are 
stated in US$. Philippine peso aid other foreign currency-denomiiated 
transactions are translated to US$ for reporting purposes at standard 
bookkeeping rates which approximate the exchange rates prevailing at the 
dates of the transaction. Exchange differences resulting from the settlemeit of 
foreign currency-denominated obligations at rates which are different from 
which the\, were origiially booked arc credited/charged to operations. 
Exchange differences resulting from the translation of balances of foreign 
currency-denominated accournts are carried in the "Cumulative 'ranslatioii 
Adjustmlents" account. 
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Reveue - Re\,enue from unrestricted core grants are pledged on an annual 
basis and are recognized in the accounts when there is probability of collection 
in the Year the grant is pledged. These are utilized to fund core programs and 
the regular operating requirement,; of the Institute. 

Restricted core grants and grants for complementary projects are 
recognized as income when funds are committed or reccived from the donors 
to the extent of expenses actually incurred. Disbursement ; from these sources 
are limited by conditions embodied in agreements with donor orgainizations. 
Grants are identified with specific periods and are taken up in the financial 
statements without regard to the date on which these are actuall\, received. 
Excess of grants received over expenses is shown as "Grants Applicable to 
Succeeding Periods", a liabidity account in the Statement of Assets, Liabilities 
and Fund Balances. 

Expenditurcsimid coimiiitntwis - Liabilities for purchases of goods and 
services are taken up in the accounts as incurred and/or as obligated without 
regard to the actual timing of payment. Obligated expenditures, also called 
commitments, are those which are contracted and/or committed for geods or 
services to be received or performed at a future date. 

As of December 31, 1991 and 1990, goods and services not yet received but 
treated as expenses and accounts payable amounted to $11,6(9,66()0 and 
$6,019,839, respectively. 

Inventort of n1aterials and sitpplies - Inventory of materials and supplies is 
stated at cost using the moving average method. 

Propertyand equipmint'ht - Property and equipment acquired prior to 1991 are 
carried at cost or estimated value. Acquisitions during the year are stated at 
cost and are acquired through a capital grant or grant designated by the 
Institute or donor for the purpose. Depreciation is computed on the straight
line method over the estimated useful lives of the related assets. Replacement 
and renovation of assets and property are financed throtugh funded reserves 
equivalent to the accumulated depreciation charged annually to operating 
expenses. 

3. Cash and short-tern placements 
Cash and short-term placements at December 31 consist of: 

1991 1990 

Unrestricted $ 3,726,376 $ 2,718,501 
Restricted 29,,),133 24,384,914 

$33,586,509 $27,103,4i5 

As of December 31, 1991, the restricted cash balance includes $452,278 
which represents fund set aside for replacements of or improvements on 
property and equipment. 

4. Accounts receivable - donors 
Accounts receivable from donors consist of unreleased balances of approved 
grants at December 31 and are classified as follows: 

1991 1990 

Core grants 
Unrestricted $3,272,162 $2,205,017 
Restricted 1,276,704 758,435 

Complenntary project granls 2,695,256 834,441 

$7,244,122 $3,797,893 
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The Secretariat of CGIAR assists tile Institute in following up the release of 
core grants by donors. Substantially all of the receivables from core grant 
donors at balance sheet date have been obligated for expenditures. 

5. Property and equipment; leases 
Property and eouipment at December 31 are classified under the following 
accounts: 

- __ 19 I99) 
Cost 

Research center: 
Buildings and improvements $20,274,416 $19,851,161 
Site development 260,581 3,345,(-74 

Research, machinery and equipment 12,631,451 I1,204,867 
Transportation equipment 4,91 9,074 4,311,39 I 
Furniture and fixtures 9)3,104 717,871) 
Library items 437,309 437,3o9 
Construction in progress and 3,853,183 2,556,500 

other prope'ts 

Balance forwarded $43,285,178 S42,424,84 I 
Less: Accumulated Depreciation 

Research center: 
13uildings and improvements 9,316,003 8,838,572 
Site development 43,534 31,518 

Research, machinery and equipment 8,896,78 7,9511,738 
Transportation equipment 3,623,369 3,343,212 
Furniture and fixtures 500,318 421,01(0 

22,418,1)32 20,585,040 

S20,860,246 $21,839,811 

The Institute also leases land and other property from third parties for 
project experimental sites for periods ranging from one to live \ears. 

The land used as site for research acti\'ities is leased for a period of 25 \'ears 
Ipto year 201)0 from the University of tile Plilippines for a nominal rent and 

is renewable upon mutl agreemnlt 4ftie partie',. IurStIlanot to the 
Memorandtm1 of Understanding between llt'(;ov\rllIl. (Itt11V Republic of 
tile Philippilnes aInd tile Institulte, all tile phyical plant, equiiipnen I and d ther 
assets belonging to the Institute Shall become tile propIt flo the L n ivcrSit V 
when the Institute's operations ar, terminated. 

In support of any expansion of the agricu lto al research progra, the 
Institute and the University, the P'hilippine Government authori/cd nlc 

University to acquire by negotiated sale or by expropriation certain private 
agricultural property uder Presidential Decree No. 457. 
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6. Accounts payable and accrued expenses 
The short-term and long-term accounts payable and accrued expenses consist 
of outstanding commitments and accrued liabilities at December 31 as follows: 

1991 ]990) 

Outstanding commitments for 
core and capital operations $18,463,165 $13,937,282 

Outstanding commitments for 1,061,78 532,554 
complementary projects 

Accrued expenses 4,592,403 4,604,547 

Less: Short-term portion 
24,1 i 7,336 
16,352,355 

10,074,383 
11,858,549 

Long-term portion $ 7,764,981 $ 7,215,834 

Accruals of unused sick and vacation leaves represent about 73'x( and 75
of the accrued expenses in 1991 and 1990, respectively. 

7. Grants applicable to succeeding periods 
Grants applicable to succeeding periods at December 31 consist of grants 
received in advance for the following: 

1991 1990 

Restricted projects $ 3,037,475 $2,780,o98 
Complementary projects 10,826,221 4,125,220 

$13,863,696 $6,905,918 

8. Other liabilities 
The current and long-term other liabilities substantially represent reserves for 
estimated expenditures to be incurred for trainees participating in various 
programs. The estimated expenditures cover post-doctoral scholars, research 
fellows and trainees' stipends, board and lodging, other direct expenses and 
reimburseable overhead costs to be incurred by the Institute. Funding for 
these reserves is derived from charges again'.t grants for trainees, including 
special projects. 

9. Staff benefit plan 
The Institute maintains a non-contributory provident fund for the benefit of its 
Nationally Recruited Staff. Monthly contribution to the fund is computed at 
10.5'; of the employees' basic salar,. The plan provides for lump-sum 
payment in I'hilippine peso to quailified employees/members, upon their 
separation from the Institute, under certain conditions. 

Contributions to the fund amounted to $546,437 in 1941 (1990-$471.000). 

10. Reclassifications 
Certain accounts in the 1990 financial statements were reclass'ied to conform 
with the 1991 financial statements presentation. 
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The Consultative Group on International 
Agricultural Research (CGIAR) IFPRI 

Washington, D.( 
CGIAR is an informal association of 40 
public and private sector donors that 
supports a network of international 
agricultural research centers. IRRI is part 
of this global system. 

More than 1,000 scientists repre
senting 60 different nationalities conduct 0 ClAT 
research at CGIAR centers and in Colombia 
collaboration with national program 
scientists in some 40 developing eru 
countries. 

The International Research Network 

IIr
 

CIAT-Centro Internacional de Agricultura farming systems for North Africa and West 
Tropical, with headquarters inColombia. Asia through research on wheat, barley, 

igd.Mheries[i)I WN1, -"... Focus on crop improvement and improving chickpea, lentils, pasture legumes and 
i lll il. /agriculture in the lowland tropics of Latin small ruminants.
 
S ;. .. 'I .America -i through research on rice, beans,
 

cassava, forages and pastures. ICLARM-International Center for Livng

Aquatic Resources Management, with 

CIMMYT-Centro Internacional de headquarters in the Philippines. Focus on 
Majoramiento de Maiz y Trigo, with head- improving production and management ot 
quarters in Mexico. Focus on crop improve- aquatic resources. 
ment of maize, wheat, barley and triticale. 

ICRAF-International Council for Research 
CIP-Centro Internacional de laPapa, with in Agroforestry, with headquarters in Kenya. 
headquarters in Peru. Focus on crop Focus on initiating and supporting research 
improvement of potato and sweet potato. on integrating trees into land-use systems in 

developing countries. 
IBPGR-International Board for Plant 
Genetic Resources. with headquarters in ICRISAT-International Crops Research 
Italy. Focus on conserving gene pools of Institute for the Semi-Arid Tropics, with 
current and potential crops and forages. headquarters in India. Focus on crop 

improvement and cropping systems through 
ICARDA-International Center for Agricul- research on sorghum, millet, chickpea, 
tural Research in the Dry Areas, with pigeonpea and groundnut. 
headquarters in Syria. Focus on improved 
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D J ; ISNAR 

The Netherlands 

INIBAPKFrance "" 

Rome Syria ( {
t- ICARDA 

~ICRISAT 
Rome 

*Ethino~a . ,_ IRRI & ICLARMPhilippines 

* IITA 
WARDA NigeriaMM
 

Cote dvoire ILRAD & ICRAF Sri Lanka
 

IFPRI-lnternational rood Policy Research production and marketing constraints inSub- ISNAR-International Service for NationalInstitute, with headquarters in the USA. Saharan Africa through research on rumi- Agricultural Research, with headquarters inFocus on strategies and plans to meet world nants, livestock and forages. the Netherlands. Focus on strengthening andfood needs through research on all aspects developing national agricultural research
of policy analysis. LRAD-International Laboratory for systems. 

Research on Animal Diseases, with headIIMI-International Irrigation Management quarters in Kenya. Focus on control of major WARDA-West Africa Rice DevelopmentInstitte. with headquarters in Sri Lanka. livestock diseases in Sub-Saharan Africa Association, with headquarters in CoteFocus on improving and sustaining the through research on theileriosis (East Coast dlvoire. Focus on rice improvement in Westperformance of irrigation systems through fever) and trypanosomiasis (sleeping Africa through research on rice inmangrove
better management. sickness). swamps, inland swamps, uplands and 

irrigated lands.
IITA-International Institute of Troprcll INIBAP-International Network for the
Agriculture, with headquarters in Nigei>a. Improvement of Banana and Plantain, with 
Focus on crop improvement, land manrfc headquarters in France. Focus on bananas 
ment, and farming systems inhumid anct and plantain.
sub-humid tropics through research on 
maize, cassava. iowpea, plantain, soybean, IRRI-International Rice Research Institute,
rice and yam. with headquarters in the Philippines. Focus 

on global rire improvement.
ILCA-International Livestock Center for 
Africa, with headquarters in Ethiopia. Focus 
on farming systems to identify livestock 
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The Internation:al Rice Iesearch Instituite (IMIHl)was established 
in 1960 by the Ford and l ctkCfelle.r Foundattions with the hlelp 
:nd approva: of Ihe (ovcrnment of the Philippines. loday 1RUh 
is one CCthe (Cnonprolil internlltional rcscarch and trainiii ng 
centers stip-por.'d ly tie Constultative GroupIon Internatli(onal 
Agricullural R carch (CGIAR). The CGIAI is spo~sThre.d by the 
Foiod and Agrittlt.ure Organization of lhi United Natilns. te 
lnterlational [Link for Re construcIti(n aind I)CvclopteinC't I\W ld 
Hank), :1nd Ih I lnilCd NatliCOlIS Dt CI'I~nl1nt nlOglraIlllnl 
(INI)i, "lhc (C( n sistsi cuCcoA f () (lor tintries. international 
:ind inil;Il CCgMini/:CliCInS, Intl I lIV1iC lICLinCIatiCions. 

IRRI rceCCivCs suppIiorl, tIhrough lhC ((lIARr.Iroll ainuiCbr 
(if donolrs intCCliig liet Asian nt Ba)ink. tlie I':ClCrC)C;il 
ECo1 111iC lliICCliC t 11CCIni I nC1;t (:O ', F r FC11 tl . the IIC;ill 
Devclopment Rtsearih CntrC, the ICtCCCUCionCa tICndtIl. II 
Agricultural )cveloIpCmeInt, the OPEC Special Rind, [iC 
IockCllCr tOUIndilion, IUNI)I, [ihc World Hank, and the 
internitionil aid :CnciCs o tile IcIiCI\CI 4wriillinls: 

Aistralii,lllCium. IIraizi iCanadl, CIinMa, )cnntark. tinliand, 
Fralnct. (IeriCny. Ind1iral. Itrla, .],liRCptllicof Korrea. 
Mexico, The Netherlands. New Zealand. Norwav. the Philip
pines, SaLudi Arabhia, paiin. Swedcn. Swilzerland, [nilted 
Kingdom, atd I nitCd SaiCts. 

ThC resplonsibility for Ibis puhlicition rests witih t'e 

InterniC nil Rice IIcscrih InstitutC. 

Copyiigiht © IntlCrnatinil ILLCt Ri scaich InstiltCC 1992. 
All rights rCscC'Cd. IEx ctl)l f r quotaii Ins (fsll hort [imisagCs 

for thC prl)pose of criicisin alt rview, ill part C"thiis pulica
lion Iay he rCpr diuCed, sto red in rCtriCval systemIls, Ior Iransnllit

ted in any ICformCor y Iiy niCa;llns, c i(l itc, mchinical. 
phoitocipying, rC, IOrding, IriolhCrwisc, witCllt prioCr pCrnmissioCn 

of IRRI. This pCrnmission win(lIl be unrCasoInlably WithhCl ftoCr 
usC for nioncill mCrcial ptlrpo .S.IRRI lOC S Ol rC,(lUlile payVlCn 
foCr the no(ncmiCilCCrciai uCse If its lubl)lihc.d iorks, and lio~pCs 
that tlis Colpyrigth declalratiofn ill noit dhiminish [lie hIn;i fide 
use Cf its rC archi tindings l agriult(rai r<s,sa irch aMiClC ICIlI

melnt. 

TheC dc'. iglat1iCills CployVCd in th' lt-CCtnC lf Ie 1 
ilatICI'ial ill this Ill)iiCIil (IC nol illCly 111CtXl)r'Cssil If any1' 
opinion whaiisoCv\r (Il I part O IRRI tCIntCrning ihC)C ltgal 
status of aill'.ntomLliI,, erritlry, civ. o rl:ira, Of- OCfits aiulhtO,ities, 
or the dCliiilalion Cofits f-ontiers oCriboundaries. 

Inlernatioinal Ric ResCarth InstituCte 
P.O. lbox 9.3, 1099 Manila 
Philippines 
FAX: (63-2) HI7-8.17(: 818-2087 
Ilex: (ITI) ,3(5 RI(;CE INST PM; (RCA) 22-5 IRII Pl; 
WEASTIRN) (7552 RICE ]IN 
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