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The IRRI mandate

Thee IAtEmiatiosnal Foe Ressanh Ingtimde—IRRl—ig an
aulonomaoies, nonprofit agnouliural meeanch and training
canber. It was establishad in ].ﬁ'Eﬂll:lhﬂ'lpﬁ'ﬂ'Bﬂﬂ il
food production from rce-based faming systems in
devsoping countries, parficulary in Asia

its purpose 15 to estabhsh, maintain, and openate an

intenational moe reseanch institute designed 10 pursue
arry and Sor all of the follpwing objectives:

1,

To conduct research on the nce plant. on &ll phases
of nee praduction, management, distibution and
utilization with a view of altaining nutritive and
sconomic sdvantags or benafit for the people of
Asin and othes major fce-Erowing Mrems of the wond
thraough improvement in quality and quantity of rice;
To pubdsh and disseminate resaarch findings and
resemmendations of the institue;

T digtribuie improved plant matédale 1o ational,
reglionad and intomational ressanch cenbies whore
thesy might be of significant value of use In breeding
or improvemen programs;

To devalop and educate promising young scientists
fram Asia and other major noe-growing areas of the
wiid slong lines connected with aor relalng 1o rce
resident and jpint traning programs under the
puidance af welHirained and distinguishad
sCHEnlisiE:

To esiabiish, mantain, and opevate an information
corter mnd library which will proside, among ofhers,
for irferesind scientists and scholars évensahens 8
coliection of the world's Iiterature on noe;

. To estabish, mantain, and opedate & noe genatics

fismeas labormtony which will maks sallate to
scientists and insiitutons all over the world @ global
collection af rce germplassm,

To crganize or hold penodic conferences, fonrms,
and seminars, whether international. regional.
mational or olhensise, for the purpoas of distussing
cument probbems. and for doveloping reseanch
atratefas for eleyating and stabiliring rice yvields
il cRIfEran BrianDarmnts.
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IRRI toward 2000
and beyond

The goal

Improved wellbeing of present and
future genarations of rice farmers and
consumers, particularly those with low
iNCOMEes.

The objectives

To generate and disseminate nce-
related knowledge and technology of
shart- and longterm environmental.
social, and economic benefit and to
help enhance national nce research
systems.

The strategy

To increase rice production efficiency
and sustainability in all nce-growing
environments through interdisciplinary
research and 1o ensure the relevance of
IRR1 research and the complemantarnty
of international and national research
efforts through close collaboration with
national programs.



“At best, the
world food
outhook for the
decades ahead
s grave; at
worst, it's
frightening.”

A continuing adventure
in rice research

hirty years ago and
FUNCNTRY, IR rrcd
people looked at
poverty, hunger, and
even starvation among people in
whal were then callid “ungdends
viedoped nations” and responded
11 IaAany ln.'Il"l.'rl'.'“': Wil
Une pragmahic approach was o
harmess the power of science and
focus research on increasing the
ability of agricultural productivity
o catch up with food needs
IRRI was establishid in 1960 o
conduct research on rioe thaat
wiottld contribute to averting a
loomrumg food crisis in the 1970k, lis
achievements and those of the rioe-

dependent countries with which it

"Thene are
immediate
opportunities to
make significant
benefits in the
quantity and
quality of rice
available each
yaar to feed the
ever increasing
number of Indi-
viduals wha
depend on this
crop for
sustenance.”

Lt Hinrae
Aockefiofer Foundolson
158

cullaborates have, over the last 5
vears, repeatedly helped postpone
colliskons bebween foud production
ability and population demands

The nessd for agricultural
research has nod declined. While
tond produchon has been keeping
up with population growth, pro-
pecbioms of Tood newds for The e
3 vears still raise the possibility of
food shortages. Production
increases are leveling off. Foogd dis
tribauthon s umeven and returms o
food producers inequitable. New
conoerms about the long-lerm
stabulity and sustainasbility of food
production must be addressed

Rice s the world's Teading food
crop, and the major source of Bve
lihood for the majority of rural
peopie in Asta—the most densely
populated region in the world, The
natkons i e ard extending Trom
Korea (o Pakistan comprise less
than 13 percent of the earth's land
surface and contain only 24 per-
cent of lis cultivaled area. Yetb they
are home o an incredible 52 per-
cent of the world's population
That is 8 persons per hectare of
cultivated land, compared with
only 1.5 persons per hectare for the
risst ol The world

In most countries, rice is
tvpically a labor-intensive crop.
Farm stres average 1 hectare or
liess. Abasiat hall the Barviest is
retained by the farm hoosshold for
home consumption (landless






“Greater progress '

has been mads in
the past 30 years
in meeting the

fooed grain noeds
of the world than
in any =lmillar

pariod bn history.”

Hixber! F. Lhondse. Jr
1530

laborers often work for a share of The knowledgs
| the crap). Most of the nce that i1s available 30 years
sobd is consumed within the coun- | age led to the
try where it is produced; less than | breakthrough in
5 percent of world rice production | rige plant archi-
15 traded internationally tocture opito-

The central food policy question | mized by IRB.
confronting Asian governments 5 | Yield potantial
how to simultaneously maintan leaped wpwnd.
low and stable rce prices for con-
sumeTs, Increase farmer incomes,
and attain national nice self-suffi-
cliency, Food and agricultural imput
price and trade policies can only
address this complex issue in the
short term. The more cost-eftective
way to mncrease rice production for
the longer berm is technological
change. Given the rapid growth in
population and the scarce land
resources in Asia. this essentially
means increasing land productiv-
ity through increased cropping
intensity and higher vields.

The progress achieved within
the last 25 vears has been impres-
sive. Rice production grew faster

| than population. Yields acceler-
ated. Increases in crop area planted
to rice slowed. As imigabion invesi-

i | ments increased, in tensively

| cropped areas expanded. Asia’s

share of the world rice imports
dropped as national self-suffi-
clency ratios increased. Lower real
prices of rice share the benefits of
higher productivity with poor
urban and rural consumers.

The declining real price does
imply that the growth rate of rice
production is not as high as it
would have been if prices had
remained constant. It is also weak-
ening imcentives o increase rice
production further.

With population growth and
increasing income per capita, the
demand for noe in Asia and
worldwide is expected to grow on
the order of 2.6 percent per year
over the next decade and beyond.
While this is slightly lower than
historical rates, fulure increases in
production o meet demand will
depend almost entirely on high
productivity, with even higher

| yield increases per year than those

of the 1970s and 198{s,

The central rice policy issue in
rice-dependent countries, however,
i% not the overall world rice sup-
ply. In most Asian countries where
rice is the main source of liveli-

[ hood and rice self-sufficiency a

national objective, the relevant
issue is how to produce cheap rice




A remarkable
feature of the
Aslan rice
economy ks that
the production
growth of the last
two decades has
besn sustalned at
a lower real world
price lar riee,

while Ml a comparatse
..'I\.I'l.'..lll'.li_"l' I CE P -._h,4|_|_|.-| M

In unfavorable rainfed lowland
and despwater noe-growing arvas
alternative uses of the land in the
wel season are imited. [n wpland
Anceas; pressures frovm ime Festsing;
subsistence {ai ITHLE e thrcaten-
g |'||:._'|h|:|.' erodible ';.]|1|;1|_'-,~. s
important watersheds, Overall
l.'ll'lg']l WITIEN l.lr'!.'l'l.'ll't'ul11]§]l."- 1n
ecomimic sectors other tham rice
are exbremely limited.

Audd r1."1‘1i]'lin.'l [lvesse issues iS5 more

difficult mow than it was 30 ywedars
agi. Rapid population growth and
increasing urbanization have
sharply increased the cost of land
in the more favorable rice-growing
arcas. The Wlf e A joridy of Asian

in Southeast
Asla, rica |s tha
principal food of
some B0 parcant
ol the popilstion
and ks planted on
56 percont of the
arablc land,

rce consumers are stll poor and
cannot be expected to support high
subsidies fo foe farmers, Concerms
about the environmental cosks o
kighly intensive caltvation call
Fribih iftiesstisn thie wese o |'||;_'.|l levels
of fertiliier and pesticide o
I FTI"'..'L;I trty

Analvsis of comstraimts indicates
that, siven current technology
pri-.'m_ and |-I-:h.i1|-. HON MHViFon
ments, FArmers in ;_'L\"I1|.'T|'|J allocate
[T
pevdd b IOT ¢Vie'm more """l"'l'l'l""l'-‘.'lh".‘l
technology

IRRI's research stratesy focuses
on raising the yield potential of
irrigated rice, strengthening var

thastr Tt U |."|'||1 :._-:-rh.

{ etal resistance bo multiple pests o

recuce vield |-:|'--.|,-. .||||.| o prosbect

an



s populations
cantinue to
e, Lo
planted to rice is
M‘II'IH_ siretehed
beyond s viable
fimits in many

regions

the environment, and increasing

the productivity of less favorable
FRCOC-ETOAWTE cRVIFnen s
Research to achieve these objec
tives will cost more than the
research that was the basls for cur-
rent technology, and the prospects
foIr sucCess are mone uncertain
Basi work on rice genetics s il
ns far advanced as that on other
arains. Lenetic sources ol resis-
fance o moe ]."':"'-t!' and l'.'llL'r-l'l et [or
adverse environmenits are fewe
angd more difficult to iransier inbo
new vaneties, The agronomic
problems in the less favorable rice

Rice production
increases Lo
maoot the growing
damand for rica
dapend on
increasing
productivity, with
higher growth
rates for yiek
than sver bofora.

EFOSAITES savironments gre inher
ey more diffcult than those in

favorable environments

Creater understanding of the
symbintic balance bebween plant-
sir|=Ensaronmenl and thie conse-
||II'|'I1|. e R T |1'\.'.|"| HET |||||||.|rl
Pressunes on the: natural resource
base are ramsing new questions
Those questions highlight the meed
tor morg =u,-|'-|'|.|-|:'.|__1_t|_'._1 AMEWETS

Environmental degradation i=
increasing. Moverty and hunger ar
sbll the ok of large numbers of
people, in both urban and rural
areas. A frighteningly large num

[ ber of the problems ane found n

the countries of the world whose

| people depend on rice, both as

thetr basic food and for thaeir basic

| Ercome,

Mrowections of the foodd needs
that must be meet over the next
30 years clearly indicate the impos
lance of answering increasingly
|I.I:|:I1:|'.|l."'¢. I.lL:lI“\-‘fII s, 1l l:'I'II'lLlﬂ_I'l e



scientists are
laaming more
and mire, not

only about how to |

increass yields,
st mbso aboart
the costs of
those Incromsses.

i= to be produced from more lim-
ited and more vulnerable agricul-
tural bases, Equity issues must be
addressed, particularly in the face
of increasing urbanization in rice-
dependent countries. Agricultural
bases must be protected to ensure
sustainable food production for
future generabions.

There is only one pathway o
increased vields: planting varieties
with potential for high vields,
using management practices that
help the plant express its full
potential. Ways to increase produc-
tiom are more vaned: intensified
cropping, expanded area planted,

| dircreased losses caused by pests
[ and madequate handling

Mhe pathway to sustainability is

| strewn with obstacles and iz =il
| dimly lit. But sustainability may be

thie most important challenge of all

Averting the food
and onvingnmant
problams
predicted to
confront the
warld duringt the
coming decades
demands croative
thinking and
Inereased
inveEstment,

Dr,"l.':_'lu]u:ng ) LT hli.:i'u'r-
vielding varieties and associated
management techniques that make
it possible 1o attain vield potential
without degrading the agncultural
base, identifving impending prob-
lems, designing the research to
seek answers demand increasinglv
sophisticated scientific methodolo
gies (which must also be invenited
or adapted),

Increased vields must be stable
and higher production sustainable.
Farmers miast be able to anticipate
equitable returns to their invest
ments. Consumers must find
atfordable prices in the market

We believe rice schence can keep
up with the need for new knowl-
edge and technology, that the
adventure in rice research begun at
IRRI in the early 1960s continues, @



Elpus Lamps, IRE
director gonsrmd,
and @ Flliping

fica Tarmdng famity,

undamenial chenges in IRRI's

EpproEch 1o foe ressaneh

wisrg implemented during

1580, Now dinections for
sirategic and applied work on nce ame
masad on the experience gained over
ine Last three decades. That history
Imid the wifiy 10 fecd abaut GO0 million
more peopla with rice,

The milesiones of IRA achieve-
ments are tnefly described hede 1o
illustrate e basalime frarm wivch wa
Sxpict to msel thi: Lagels, stamn the
ohpectives, and roach the goals set m
o agenda for the 19505

indapendant studies have Consis
tently confirmed thal the intemal rate
of retumn from intemational nce
resgarch ower tha last 30 years can
reach at least BD parcent. This fact by
itsalf, however, is not expected 1o influ-
ence regounce allocations within the
rexi Several vears.

IRRIE funding since 1960 has
totaled some £434 million, without any
adustment for inflation. Thit &5 a
minuie freciion of the value of just one
year's increased rice production. About
121 million ons of 1990's harvest in
Asia"s 11 leading rice-producing
nations can be creditied o genatic
improvement and new farming

technology, That is enough rice to feed
nall o bilipn people for @ veas, AL an
estmatod 1550 price of $300 a ton,
ils value on the word market would be
about $36 billhon,

Ower the next 30 years, the worid
il Tale sevenal hestofncally unprece
dented challenpes.

= Wiorld popedation is projected fo
reach about 8.5 billion people,

& Nora than hal? the word's popula-
tion will live in cities,

® I Agin, hearly & Billion mofe people
will depend on nce as ther staple
T,

& Hillons of people wn Asus wall &tll live
in dirg poweey.

= Millions of hisctanes will be con
viarted frorm growing nce 1o wees by
industry, infrastruecture, and housing,
or will be degraded and lost fo food
privduction.

Rice production in the tropics
imvolves drud@edy Lo @ degres miol
comparable o any other crop. Tech
nologies ame needed that ensure prof
itahility to farmers, maintain reasor:
mble prices af foe o consumears, and
muimirmipe farm doudgsny,

if rice farming is not made mone
attractive 1o today's farmars and T
children, more and more agricultural
laborers will migrate to the cities. Their
status will mowve from baing rural poor
io being uben poor, Swelling the num-
ber of despossessed peophe wha oould
one day become an uncontrollable
political force driving Gnormous Social
instability. Maintalining world peace will
depend on our ability 1o balanco the
interests of present and future
generations.

The future of Asla"s powvery-stncken
nce-dependent peopie 18 not solely
IRAY'S réspongibility: policymakers,
dminestrations, and rosearchans Mk
&l e aware of the nsks and the chil
lenges. The tasks necessary 1o
increase food avadability do not have
ihe appeal of 8 space program: they
are confined {0 the problems of our



own planotl. They are not considered 1o
ba high t=ch, at least not in ihe fash
ionaide definitbon of that term. They
are, however, assential to the mainis-
nance af the ecological, socal, and
palitical sustainability that 1 so closaly
imked to world peace

IRR1 has a highly skilled, expen-
enced staff, aocurmulated knowiedge
and wisdom, dedication linked 1o radi
tion, arecond of achiswement, and
mary others, Our research agenda for
tha mext 30 years is onanted towans
strategc reseanch that will be more
complicated, more expensive, and
perhaps &ven more fsky in terms of is
chances [of sucoess,

50 lang as scientists are unable to
altar the fundamental structure of the
rice plant itself or of the environment in
which It 15 grown, Bregking 1oday's yield
cesiling o reach higher lewels of produc-
Eiwity will Tolow the kew of diminishing
retums.

IRR has decided 1o take the risk of
exploring new avenues of reseanh,
infemational cooperation, &l manage
rrent of intemational research supporl
senvices o cope wih the new chal-
lenges. Lal me cite just two examples:

» The first generation of a new plant
type to inCrease e yiehd podeniial of
irfigated rice, eonceptualizad in g
strategy Toward 2000 and bepond only
a little more than two vears ago, is
already planted on the IRRI Research
Farm. Far some ather ecosystams,
improved breeding lines ae in
advanoed stages of develogmenl

* Leaders of nalbonal nge reseanch
systems and IRRI are establishing the
basis for a new style of partnership:
tha sharing of intemational responsibil
fiy I rice research Through &oosysiem
Pamed resaanch comsortia that will link
masliahal program instiutions with IRR
and with pach other,

kResearch projects and nce tech-
nologies are being desgned to provide
answers to unemploymeant, stareation,
maalrutrition, and migration, especially
in rural Asia where more than 90 par
cank of the warnd's nice |5 proeducad

While IRRI focuses on Aska, the Insti-

tute Ba0 acceps s responsibility to
help streéngthen rice reseanch and
development in Affica and Latin
America. Whare appropriate, this will
be done in close cooperation with fts
sister institutes, Intemational Institute
of Tropical Agrculture (HTA), Wesl
Africa Rice Development AsSodialion
(WARDM], and Centro Inte@rmacionial de
Agricultura Tropical (CIAT), and with the
relevant national institutions. A new
gffort in eastem, central, and southem
Alrica that Degan in 1990 is only the
labesl goanple

IRRI's respanse to its global respon-
sibilities can best be exmmplified by
current efforts to document and reduce

the emviranmental Impact of nce
production, Dur giudies of enissions of
meihdne and other gases nlo e

gtmosphere, the effects of these emis-
sions on global warming, and the pos
qisilities Tor increasaing the nutoent
uplake efficiency of the rice plant, ane
multieerpose projects. We must
rcrease nce production afficsency and
reduce pollution simultareously.

The sustanabilty of mgnes rice
prockection and prodectivily is an
achisvable goal, ‘Without doubt, i/ is
one of IRRI"s most challenging tasks,
We accept this challenge with enthus|-
g3 and patence, in parnership with
thousands of like-minded cobleagues all
e M warid.

Klaus Lampe
Directov Genara




IRRI research 1960-1990

A 5 research &nd related activilies result
r signidficant autputs, IRR's strategy
shifis. During the 19605 and early 19708, the
1ooUs was on developing and efineng a new
mant type, o raise yields of Topatal roe.
Aelaled work developed cullural technologies
thal onabled attaining yaeld potential

As national research crganiyatiens ganad
strengih. iRRI increased attention on Incorpo-
fiEling, characiers info eite breeding lines to
siafelize migher ywelds, and on retlinmg crop
marsggement o reghuce The need for purchased

Eputs

Current actmilies are BADEHNE 50 entific
Al ile=s, in fIoE gEneinss and mnoe-afmironment
anilerac ingns, and strenginenang oollaboratlve
work wilh nop sciondists everywheng

The first decade

1960

|RAT imoprparated wailh
sy peaoe Brom T Roed
anid Aockelelsr Founds
balls pred TPl CEOVT
menl ol 1he Prilippines,
b halp incredase 1o0d
prodiuctan from npe
GHSaa FAFTIHE BRI
particulany in Asia. |[HF
Manila affice opens
EENSIFLESh 04 Feseanch
cEnteT adpcent 1o the
Universady of the Pnilip
pinég Bt Los Bafas @
unge wary, slaff
FECTLINFTRE of FOnEEs

1961

Rpsparch begins ol Los
Bafs adquaneis
Breading clyective |the
mluppainl than nesulled in
IREY o deeriop shor
slatured, Terlihder
TSRS o v ey
with g1l strew that o
PLDeT ol Msensitse
i nEsiglan 1o, aor @i
ivagl tolgrant of, majoe
pests. Germplasm
collectan's firs] use:
gonors af guphities
miriclid 1o impeoe wane
tspg for the tropics and
SLiBI Pt s

IRB, the prototype semi
dwadl Fles plam., B
pmne-third shortsr than
It% trmeditional tall parent

packed IRE seed for
distribitkon 1o nathonal
programs. Filipina
farmars—2,359 of them
from 48 provinces—
came to IR%| by boat,
Bus, Blepchs, pnd fond
to collect 2 kg sachs
of frea soed.

1962

Beseach cenler ded
cated T Febinaaey by John
0. Fockpdpdler, 30, and
Philippme Pregicen
CHnsrain Macapagial
FonBering sludies on
panl Tepe i el @l 10
e Dagin, Larary
oS, hEginmng collec
Tnan of B vapeid's
idarature on noe. Fes?
scholams @i o
disfinee Lisimefl DIoEFEm

1963

Effcanl peosedurs 1ol
Crossing rice varielies
desekoped (it is s
bEng usad in 1990
Firsl IRA-anonganed
SYMpOSsium brings
legestngr vl Sapans
on rioe genetics 5o
Cytogerairs

1964

SEoorsd ganaiaticn of
Peta /D fedrain e
segregates 31 Tor shor
sipiuea, ndcatng a
iyl ISCESEivE fang
Gomote choractors and
rEpon R o ndrogen

Ti B RS TR mnd plam
anace evaluaied, Bask
Bluden an nce planl
DMy RICAOTY ANE MESDON R
ko haghll énal SEipedlung
iri thia tropics, Firsl rice
EifauCTEn ST COowrss
hias 10 participants from
Pihppne nalicnal
agencies



1965

IHE-288-3 cvaluabed in
Do e raLee Lebls i live
pouriries! yields mverage
moee Than & Lha,
Deitreach program slans,
in collabaraton with Foed
Foundmtion sceere
pasted fo Bangladesh
IFfeemadional R Blast
Mursefy starls.

1966

IRE yelds 8.2 £/ha ot
IRRAI & 1 iy Seasoe
arsd i released o whe
by piher breeders. its

A plamt typs and
TEEEONSE 1D ferlihoer
doubis the yicld potential
of imigaied trogicasl nce,
Seds o1 IRRI bieeding
et (5,000 patkaty)
distrdnded foe evaluabon
wolidwioe. Cooperatg
wiork SLAfE in Pakislan
ard Thailand. BioTertil
er collection beging

1967

IRS mioased; it toleraies
magmr waligr than I8,
willstands drougghl
betier, and has greater
rgsistance 10 bacisnal
blight and wngo, Coop-
Erative wiwh SLafs in
inclia, Sri Lanica, and

g airg e hl

1968

An pstimatod 10 million
heclaes ol |HE bEang
Enown in e workd. Rice
yiekds in ihe tropics
epgin o pse. The Philip
e, 8 traditons
mmeELEr, ArmourceEs
hais nioe 0 export. Mone
than 1.5 crosses 1o
MCoIporate degirnb
chargolers ino nos have
beon mpoe ard mon
than 400000 genslic
lines jegied, Qo lins of
wilel fee Ovprd mvars
ienified as resisiant o
Erassy 5un diseasa,

1969

IR20) has roststance to
fouF INsEecis ard
segses; IRZZ has
improved graan quakty
and hugh milling nscos
By, Worlowige, 15 varip
s with AFiging gt IR
harve been released by
reabiaral programs, o
least 15 maonn resyiied
feoamh Crogaes with IRRI
brocding Enes, RRI
Eemplasm collacton
totpls 12 880 aoces-
sions, Mare than 500
noe soenlisls and 18oh
rdcaang from 25 coun
tries have Deen traned
&1 ISR



“Tha enormity of
[mpiural dispstens |
forced the realioathon
iAot simplistic sodutsons
warn nat tha answor 1o
the weorld s food produc-
thkon profslems. . . (ad)
furthes canvinced (hoss
at IARI of the essentinl
I8y ol B scinrce-baspd
techmology as one af
the slements of a sisble
@ng scomamicilly sounil
food production
syl

M. C. Bready, 1980
I.-'l"'l'l.-r LEmiErEl

197381

The second decade

1970

Pnysaplofic s’ Studies
expiain e critkenl 58
fipe gphimal
S B mpaoyEd fes
A cumulaled carboby

WD 1% RNy Erars

Bl

RUTTTINaLea FCE G oli
A L | hspiaeg
LS COETS]

1 20 hoairs nesedod o

USKID pins

1hie Hockistnlar and Hom

P Slates i COMgimd

n§ support of BRI

1 e
Fansgd

rJ

1971

B shoras wil|e agapia
Bility 16 wind mrisrahle
i IHS4 has
fESIgianee In groen kel
By TR VEETDE o
fungro disease
oihar Erels, Foaalion o
Abmosiient ANaogen 15
e v N foooea
S eIl 180 NCE
Simee ooWweT THIEF USRS
M ErenbS reaciky
AEdsls @ fuarll Coirid
nibies in &sid, Consulls
b e an imema
tanm Agncuiural
RArseanch—{GEAR

shapdl, with IRRA] s

o ol Y cenbars i

iy lail

¥

Risce physkolojscal
sloldiss were greatly
sccolerated when the
Institute’s phytotron
came on ne.

1972

Hainfad loredand rice
palids each 4 Inns T
Feciare USINE A COMmENnE
fign ol hegh-vsiding
AET B, WTN SR e
Ferlinees Arsd ool oeSsect
and desemse oo
FITPCRET S W
COMMD paartimey arse
ofsns 10 droughl. Sma
DOl E pOpL i Wi
=l Bmers because i
& SETIEHE. sy 10

mainfar_ & low oSl

1973

IH2E hea good graun
panlily e nesisdence o
Sy Mdicr eSS
GiEnslic Evaluatian ani
Litsigation | GEL | program
T e & 1o el VelR. O
BronoTss Charpchens
Thics, MSSCT 30 QsEase
TESISIANCE, Bran Grlinty
il ELRESE Dokesr S,
N pioAron onabies
stiensEs 10 SamMulas e
chmintic condibons Lnder
WRICN NCE 15 EFTOAT
B S ey vt (g
ceoupy AU penoent of The
roiEng w South and
Soulhe sl &%

1974

Halmngl Hrogrien Soe
hEls Granse o 1Sl
nophascd croppng

EANMEmy A iEsirEsErld
e Esochmal s fOnes
ARFSM ). Maar
DESIFEIVIE 10 1M aiuTy
o arrall farmers |
ol higher yieids
#ER DO IO TG
O mClsEde esises
INGECES, Wal B ard WEPi
of kit 0 o
heErtdarer, s«
prcErs, el cokls, Shar
i 580
ENTHE ] SO ITHES L

i SaCEnid Crooi

i
L=t 1]
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Interdisciplinary work
Tocuses on advarss o
Erowing savironmants,
whire Farmers need dif
laromt charnsiers har dil
fareml comditions. Rice
Eraln guality ks ancthar
impariant charsciembs
o consumai prafes:
anes vares om reglon
t0 raglodn.

1975

GEL Focuses ani Lhi

AV ST EHOpCH

e ml R R T ]
e Toy FIoE, o 1

WO s Taemens rows
fee, IMAE 15 adaptable
10 Singe Crop ramesd
mpiong, R348 1o rmenied
Tegions whang LEiTmers
preleser ntprmeciialo
SLofLtE Cullvars., |MCdf
poraling raw o fa
s iance mntp gite
DeEspOIngE ifls Chvisig s
EEnehc defense
Meabipnl prOigraim Hoinn
Leialt weCdl il ma kI ey i
gEmplasm under a wide
ranie ¢ aprochrmals
B Cufurdl cordibaeT
Toureripgs Pumr nodvwork
IRTE, now INGER]

1976

IR30 = ressbard 1o nire
pesls and boberand of

S P SRR S00E and
draight. Malsonal
PTOErETA WU ATy
Earsaration B hies o
o0& Crosses, Nt
fance of Dacional blight
FESISIANCE I8 pEnBEtically
Complox; sormelmaes o
LA dorunant penea
SOMELrMES 51 gk
TSN R, Same
fimps Both Eipht
NdlGAS| programa Gian
COeEatvE WOk on
Burtilihs gfficiancy
(INSLIAF.

1977

GEU focuses an
impEtied grEmmplasem far
iFrygated, raindid mesum
Ol and deewElET,
and upland nce cullees
Praobéamsg incluge
QIOuENE, ugh 1emidids
fure, iowy temperaiure
wilETOBRING, G
suifabe soiks, inom [on
iy, ana salinty, Brown
planiRdpper resurgence
traced o &l least theee
BFH baghypes, Ragped
Slurd v ™ IRARS
bt vy The bnoasr
plarinopper; IHEE gnes
Righesr yeslos on adlverse
oals. OO a0 Hspe
ment af nitrogen feriliner
doubies is effosncy

1978

Some breeding lines
hawe prosath diuabans &%
shan as B0 ders. Elite
OrEading ings. consali
dile resislancos 1o
FRaDF ripe feepases and
naecl pesis fourd in
iradmiconal saeieties
Hitiopesn k5 found b D
fimed naturally in the noe
Pl roOL HGnE Oy
neleraliophic ofianams
m fiedoed nopfelos
Collaborataan wiih China
ThE wimd & Langas]
progucer of rice, begns

“|ln Ao ather area af
humar maed and
urdenyer |8 thare so
much glotal interde-
panaRnEs &8 A
Bgrcultong. . We live in
this warld as the geosts
of grasn plams snd of
the brmers. who
cultlvate thaem,™

W, 5, Seamnainen
1GHT

Dirpcior Gengea

| DEZ-EE

1979

Rice produciion woild
wide Dane iy wed s L
wilh Popailazion growth
IHTP disphbutes 17 nurs
ories 1o 52 countries
AR inpnives A Giles
i H poumries, IRAT has
lommal cofaboratng
AEresnments vt 10
oouniries., Work im hybng
fnee takps achaniage of
gailiar Ndngs on eyl
plasmic make steriily
and fulCPOsSINg mstha
i, Geimplasm
cerler holds 47 743
NEUNE] SCCEsSGns;
neasly 30,000 seed
nermples ane distnowed



S5an Bartolome, the Philippinas:

1970,1980, 1990

IRAI scientists flrst
visited San Bartobamie,
anm irrigEtod rice-Eaeminmg
community in Central
Luros, (e Phillpgplnags
i 197 0—thres years
aftor one S0-AE sack of
IHE s@pds s
willagie larmers. They
witn alrmady growing
modem varieties on
abaut Fal thaeir fiop-
lands. Cropping infen-
aity was nanafy oens-amd
@hall crops & year. for a
fotml production of 4.4
fmns i heclarm.
1980, madern varethes
covered 95 parcant o
b croepland and
production was 5.4 tona
peir PaElann [T FEAF,

The third decade

By 1990, cropping
Imtensity Rod [Uumpsd 1o
nearly tweo-and.a-hakf
CHIEE & yliad, prodicing
8.4 jons par heciare per
year. Adogting modem
rles varletins pavad tha
way tod fanm diversifice:
Han, village sdoctrical
aEivices, fow houses,
mEw rosds.

1550

1980 1981

1982

1983

1984

A FE S OIooeeEs Sorma 11 rmillioe PILIT S | e o i Ll
igia F af s i mDie AoE Thai 1 feigs FeClarks ([ =0 el EapF Ve AR il iy RS S JL=0mM o
1 kL e weflfy Figher per capia Asia ae planiend o -0 D reverse yaild oeclirees inl ) et &
T | Sl ™ consumpiion, Somis ol HEpois aep oo g 1M I EEORTD Sars s R e LA | 1
4 i f i b rrGiEional R v i 1S B ol Riceedas i rheE Phafid (b a il e Uit
Irg OIS CHFG pIEGEnTl i 1 RODIHET NESIFIRINGE PEiEE SnEiT 51 0 P TLUMEETD CHGEE T
I Hufe i garsr Bl @ rEburree uner @iack by & st in SaCon sty 2al SlLarmdamdiad 1o | THL]
- I £ (| E o Caminsha (wan e BHEH Giotype ool pEsls |Enpes s gse ol o re - o
i i i i iopatrored mach of | TG o P ir ingericices kills b el L UEih WL firss =l
S=IHE £l IvarCes EETIIES ™ 1 S aeTTHES e Phabppergs. | ci@l insacis). Confarance Tareefird FETS i
R | i Eiresthngg ey ), Culfuryl pesl repinoe IFR%E, The seack on WamiEh e Rce Fiarm angisages far rce
5 Wit = [} i COMARg TeChn oRies Wil 107 FESISENCE FANCE 10 &8 g "rr"-'l_ ITVE CraaimiimssE WS v Er N
i &l resisiancea B B&lEr Tar e Earines e SArEN Of Brassay [l irmpact al few [BCh Ty 1BE MIGUEs. BN
ek on i Cif i W WIS 10 Appy Bert siumt wirus throalening FHHOEHER N WOITHHN ITHHAMNL VD BT i
Erggsi foe e r'er rEGLt THEME reCf CIOES 15 EOEr Wiy specihc Tasks and nolies HCPOES BEALIN DS
cu) [ i) 1 { Far s ity e 10Ul The Imesmsiconal Fice oS he A mald o
g 1o 1A Cermiphasm el Dosaaa, Af hEn] )
1 i il i 1 MENERES (i EREnEs IHH D s Fiwer i
and coi AL ColeCiion m IS widio. Pt s 88500 ned
(8 ArLEpEs arEl o
e - e



IRRI's 30th anniversary

calabration

Oin 20 September 1990,
IRE| muarnd 30 yoass ol
redaarch focused on
improving tropical ries
harvasts. Di. Robart F,
Chandiler, Jr., founding
gerector al the nstitute,
mcognired T1 plosaar
atEl curreftly Sarving o
IRAL it was a nostalgic
ay, Inorwovan with
thaosghtful discussion on
thes Challenges of the
naxi 0 yemm,

De. Chandier s address
amphasized the clossly
linkad natvrs ol the
bl issees of foad,
popuimtion, and the ani-
rommeanl “Thare can e
no unoeriainty that in
our finfa weaord, heman
population and Andurnl
resources—both renew
Ak o RO w
Able—are on A collisian
coumse, To avert such a
calamity s tha groatest
chalengs thl facas
miankind,”

1985

IR is Tirst IR cultivar
wiilh Fegitily palalatie
grain plus hegh ypeid

PHErEl @ mues)pen
P s SlENEEs, IntE
grafted st managimen

P sEs comHnatons
al-refiSL T de
[ = e R B
cad conbrols
Batarecnl e sodes
g sarmpin 16Chniguaess
faf ST mpnennng
Woman ih Rice Faming
Symboms resdmch
initiated through the
ARFSEN

ImiEnsdeg work on

LA sic germiics will
enaie breeders bo

b T apinil gonetic
mesoues. A simphtied
it Tar subspeoiic
classifcaton ol noo
vBrielies by SoRTES
relimalke, rapid

1987

Mira willl NCp SpECEEs
sillected i Asis-wiiie
ool alvor Btive: e
Factars denbfied that
poiribote B0 T dhgnanl
apmeEnt af Mgn-aonssy
jrain |hEavier grains
MCreass haad nce
resoperyl, AopEcabons of
biolEEhrology BoCesarald
BEEnptic sludies and wade
Nyt cEacsn.

1988

Mew plomt type (o harier
fatGd willd polsntal

G 10 medium Stature
TSI DO MO OuTBEnn
oWy BN, ey Erowih
Wgar. nigh ritrogen
uplake rale, limied
Iohaps Eipansion, gk
foliage nilPogem Lonoon
Iraticen, En 1.||_|l.;||":.\.- e
nifrggesn N shsimes and
lgal shapihs, strong
vELCS Bl hoEniE 8l
delpped sErescEnoe o

i _-m.lr\-,l'_ -|-;|r:I sqHBnilE
pesf pgrichn, IRES
sirnbEgy Toward 20040
and Beyord oavitloped.

1989

Mlore han SO0 varebes
wilh IR pamentage have
Cegen Pl arsnd O
farmers in 38 courires
IRGE haids &5 266
ICORES0NE, Diptgridipor
collacisn wials 500
wola enfries, 20 blue
irean algas, 45 aguatic
SPUME BpECIes A
Eheif Syrbialit Bacrafin
i1 sirang of NRrogen
fining Dactodin, Libsany
conlEns 53 191 refar-

Snchs. A ST 8 pRmiET
o1 FEOSYINEE MO MO P
Snid in 38 lanEusges
Sorae B, 000 Aations
HOErIm 5o sl and
BN FeC1 3S NaD DiEeEn
triirsed gl W






Research programs

oth the problems and

thit methodologies have

changed greatly since

research began at IRKL
The driving need in 1960 was to
imcrease the viekl potential of foe
in 1950 and 1980, to stabilkee vields
and improve the ability of farmers
to reach vield potentials,

Mo the rice farming world is
more comphex. The further
increases in productivity neoded to
keep up with population growth
and rice demand must be linkid
with imperative concerns about
riceland sustainability. That inter-
action 1= drving research direchion
in the 1990s.

Concerns for sustainability were
discussed at the May 19950 mecting
of the Consultative Group on Inter-
national Agricultural Research
(CGIAR), The Group considened
the final report of the Inter-Coenter
Commuttee on Sustainable Agricul-
ture useful.

That report dealt with a shrink-
ing genetic base, soil degradation,
climate change, marginal produc-
tion environments, and reduction
in dependence on agricultural
chemicals. The CGIAR discussion
led to several proposals by which
sustainability issues could be made
a more permanent, integral, and
concrete part of each Center's
research programs.

IRRI respondisd to the chal-
lenges posed by sustainabality
tssues by onganizing an in-depth
review of work already undoer wav,
The seview dealt with the wide
range of wopics related o the sus
tainability of rce production sys-
tems mmbesbded mothe Institute's
programs. They include genetic
diversity, L impact of increasing
yviekd potentials, vield stagnation or
cecline in some production svs-
berns, soil loss, water-mduced land
degradation, soil nutrient deple-
tion or imbalances, pest-induced
losses, global climate change, envi-
ronmental degradation, and
tmpacts of pesticides on human
health.

Thie review committer consid-
ered sustainability “a forward
looking concept that addnesses our
ability to respond o changes in thie
ph'_n.t-.h'.ﬂ availability of resources
and to changes in social values.”
Sustaimability has to do with main-
taiming or even enhancing basic
resoroes, sothat we do mod liant
our options for achieving obpec-
tives. IRR1's objectives, of course,
relate to its contribution o satisty-
ing the world demand for food at
comatant or kower social costs
within a soctally acceptable timae
perind.



IThe reviewers encouraged [RE]
in its development of a greater
diversity of rice ideotypes. That
will mamtain more options and
alloww mine t'.lu;.'JL‘l 1|."~|"~|l':--|.' {8
P:-I-. ntial |,'lr1'-!l]|.'::1-u T:"ll."l.' Eallld-
tomied thal HnproeInents i 'I|'|-|_'|-.,|
potential woukd necessanly
Mcreiase bhie F'I"ll.'llr‘ﬁl. fosr nutreent
deticiencies in ricelands. They

foind [REI s waork (o better under-

sland the P inl sk jclis pisae

£ ||||r|'.r:'| ||-|_'.||I|i'| |l||-1|_-l,l.'|1rti:'.'|.-

Waterinfuced
I degradalion
o sod loss ang
only two of @
numiber of
concers kor the
sustainablity of
fen production
systenms thit
research must
Asdress,

In the area of pest management,
IEEl has increased its wse of bio-
1-'-|.'iitlu||.'||.!|||. al bespls im Pt differen
Hation. Thi= will allow effective
111|.1|||I:|:-r||1:q il |.'|'|.1r|._|_'|'-u. n the
population com position of noeheld
_'..1l."!-.|.“'- mn TL'!'-|."-Z|I'!I"-I.' ko waATIoS
strategies o deploy host plant
resisiance, Pt |i|'1|I.'|rI~_.- in combina
ton with cultural or insect
Behavior-based techniques for
r‘l."‘-'i |'|'|-|||'|i'||.’.l.'T'I'II'T'It

The importance of measuring
sustainability was emphasized.
Identifving the resource factors
that contribule (o sustainability
within each rice ecosystem would
enable the development of meas-
urement guidelines. Such guide-
lines should be developed in
collabaration with other institu-
tions with responsibilities for
sustainability.

Continuing improvements in
computer technology will be a
major asset. They are enabling
much more sophisticated work in
plant and crop modeling. We can
now look at systems and the inter-
actions of their dynamic compo-
nents—disease development and
epidemiclogy, the effects of mul-
tiple stresses on rice crops, plant
and predict the
impact of different combinations
on yickds, productivity, and
aspects of sustainability

Work in all five of IREI's rice
ecosysiem-based research
programs endeavors to incorporate
opportunities on the leading edge

mutrient halancoes

0o SCETOE IRtO ]'lnl;q_'n.'rw- that 1T CV e
weay oF another, contrbiute o
[ 14} '|'I|'|'|:l-|l|1:|_'I |I.rhl_|' '\-tﬂ!'l'.lll-"lﬂu e
production to meet the demand for
rice as food for curment and future
generations. Some of the projcts
are far up the scale of strategic
wiork, some are closer to applied
work that national agricultural
I.It"l. |‘|-Il|I11t'11t ]lll |_ﬂ1 A= AN .IL!.‘II'H
AR b ]hl|'|i|| wilar sikualons

All TRRI s pesein |1. s closely
binked to the needs of national
apricultural research svstems.
Buch of it is donme in collaboration
with advanced laboratories else
where and with the scientists in
mational rice research institutions. W



H. G. Zamdsira,
dEpuly dineciof

E=mersl for nesearch,

discussing the
ssoond goneration
of orodsEs misde (0
captune and
dwaluate qualities
desired for & new
high yielding
irrigated rice plani
type with G. &
Khush, plant
biende, and

B. 5 Veorgara, plant

Py RlaligEst,

hie first year of mplementa
tion of IRR's fveyear work
plan and s new program
DE sl I"I"I.:ll'l..‘lull.'"ll.!.'l! slrae
lure, descnbeed in R 1989, Plaaning
for the 18905, was a year of change,
of new pattems for decisionmaking and
iniemal communication. Program lead
efs formally took charge of the Tve eco
sysiem-ased programs on 1 lanuary
1990, division heads consolidated tha
staffs of old departmeants into scientific
discipline-tiasad units; and a research

ekt
projeci-based budgeting, monitoring,
and reporting system was imple
mEnbed, in close coaperation with

Farupyrenn

As prograim lesders and projecl oo
dinators gaaned confidence in camysng
out their rew reles, they developed
operational procedures that Inspired
mullidisciplinary scruting of research
initatnees, They combined this with
regliacation of numan and finangal
respunces and with mechanisms for
resolving conflict,

The two-wiy aggregation of praject
budgets, by program and by divigion,
tumed out to givie very useful clarty 19
L mwlabiginahip Belmeen pre)esl swliv)

ties and resource allocatson, This led to
smifis of gtaft dIming diwrsaone and
changed the pattems of reseanch
experiilunes

F'”:I]L'E'! copngenalors roviawed tha
research activities planned in 1585
and, In consultaton with the program
sEader, identliad madihcations neaded
N projecl Schpe &and i Composilion of
the mullidisciplinary leams reguined 1o
carry ouf the reseach, Scentific stall
trme had (o ba allocated from dvsions
Devision heads faced limitations in staff
mesourees, incleding af tumes the
shsenoe of particyusir chscaplmany
El:ltl:ll.'llli‘.-'utll:lﬂ'i because of roduced
budgets and frozen positions. This
pased new I'.HE'HE'r"-,g_EE. I COHmIMEmCa
tian and shared CECISIONMERNG

The reculfing gt endllied the
IRA Board of Trustees program comirmil
iea bo revm, In much mone Selal Than
pafore, siafm and Funumg allocaEinons in
relatdd (0 the propect BEIRTeEE
s ned

Internal program raview
We modihed the Instifufe s mtemal pro
Bram review process (o parallel the new
projeci-based resaarch meanagement
struciure, It now invols progect imamnd
tonng and ovaluabion, mbomal nowes,
and prograsm progress reports to the
IHRI Board of Trusiges

In progect maneionigg and &aluation
resEarch resulls and future direcions
Wil confemsmmly asmeasod by propect
chorinators and program eadars, win
the particapation of the scientific stafs
of IkRI and collabosating institubions
F'-\.'Ijl.'f."t B0 program teams meet
siveral times a year, New Tindengs
insghts friom diagnosiic sareeys, meth
odolcgical aovances., 1Rg productnity ol
mecent research, and technology adap
aion are |E'leIr'l|'."I o shifts an projact
facies and prorities. Project gescrg
tigns and allocstson of stalf and operat
ing funds changde in esponse



indepth intemal reviews may be

iriteabea by inesifute managesment ar by
the Board of Tigsioos, Rssews may e
miotivated by concarn for the quakty of
wire, by reseanch pnorities gt the

prosect or program level, oF By the nised
Io Tormiulate new appropches. Thoy can
DE gvaluabye oF il or both
Wost imporianthy, thoy
a5 an mgnemont (D s M

ane ey

SEVET

Trustees are informed ol the oplc
ind scoeE o e planned. Rovss
tEaim mermbers o seiecicd o nocludes
gafermial spocsalists and IRRI and
[ ':"|||'I|:ll'.lr-l|l|'||1"_ IMSLTLWEon SCIENLISTS

The third elerment B thea anmnuael
profgram repart o the Board. Program
leAders AsqeRs sl propnss and
At 1has

anayFe giuEs and corsirinls

Lirring

major changes i budget megulne
mords are proposed. The resufts of
imbernal reviews and e peogram
presenimsons (Gpather provids Booed

-
2}

mamdbers with 8 complete mvsew of
progress and identify curmeént Ssues in
IRRI's resaaeh apenda

The third dimension
Cedtain msearch eontems e not
easdly captured wathin ether a projec
ar a disciplinary confesl, These include
such widely applicshle research
mppraaches and toals as boodtechnology,
_pits ated pest management (1), and
AyRlOms analysic and m:u;le-lmg We
'le'f.'n'll'llul'li'l'.l spacial iInteresl Aroups a7
these sublects

scientific stafl inwaksd inoone of
NESE caoncsms meset onoe a month, 1o
HISCERs niladrnes, shane results and
murthoals, BITange aocess 13 SpetiE 1pe
pxpertise, and sel pronties 1or
research and trasning. Special interost
proup participants also shar
resaunces and déveliop rneseanch
COlRIrat s

These discussions can benaiil
Soveral propecis. For example, issuss
descussad witfin the Biotechnology
group include the developmant of
nonradigactive mstricton fragment
length pahymorphism (RFLF) tech-
niqeies, wider use of anther culfurg angd
naplod breeding methods, prionies fon
protoplasm culture and regensration,
and use of ONA analysis o pest and
pathogen differentiation

Within the IPM group, improved yeid
1088 assessment, methods of mapeng
PES] DRCUrMENCES, ungno wirus disease
MEESEarTh prontes, and approaches (o
extend the durability of host plant mesis
including that pobentially obtain
poie from Baciius thunngionsis (BT
iranslormation—have receved ihe
mast attantion

Thie maodeding Brouip, inifiated kate in
1o, already s helped identify 1he
patential o of soumes of
increased yield potentiol—such as
improved nitogen use, reduction in
nanproducine Rers, INCReased paniche
sl#e and grain density, and PSSy 8
langar speaclat-fillog penod—Iio 8
migher yeedding noe plant type. i s
pursuing broader parecipation of IFRI
scieriisis in collaborative reseanch with
natianal program scentists supported
by the Sirmudation and Systems
Analysis for Rice Production (SARP)
ArcyeCt

[

r
A
Hubert G, Zandstra

Depuaty dwocior ponoral
for resganch



Irrigated Rice Research
Projects for 1990-1994

L rmypasm Impng o masne

resounce., pESl management

| dind productsom
et

Irrigated rice ecosystem

table urban rice '_-.'|_||'.I|;'-|i|;,H-._
reasonable rice prices, and
equitable refurns o rice-
farming families depend
on growth in the productivity of
irrigated ricelands. Asian rice pro-
duction in the first 25 vears after
[RRI's founding grew by i per-
cenl—the resull of the devels -
ment and rapid adoption of mod
ern high-yielding varieties and
associatod viekd-achisvement bch-
nology, Butrecently that groswth
has leveled off, and even the gains
made so far are under pressure.
The challenge is o reach and
sustain the unprecedented growth
in productivity projected to be
needed o feed rapidly increasing

.'
Illl_
i

=

F1|'-|:I|_||,|h|:-n'1, '|1._'|1—i|;|,:|".'.'r'||,- i thi
cities, during the next 30 years.
To increase the productivity of
irrigated rice, scientists and
national policymakers face a num
ber of major problems.
# A vield frontier that s nok
increasing,
= A parrow ditference bebween
technoboeical vield potential and
yields already achieved by farmens
= Degradation of the flooded
ricefeld environment ||."~1|I|I|r'|_!";
from intensive rice monoculture
* Degradation of irmigation infra
SITLUCIIMES,
* Decliming profitability of rice
production.




Some problems are the responsi
bility of policymakers, some the
responsibility of specialized agen-

cies. IRRI predominantly addresses

the technical problems of rice pro-
duction itself. Onr strategy for
.|~._-L11'.;_'| AswheTs 1|1.1I u.':“| OV
come the problems of stagnant
yields and declining productivity
is three-pronged

& Shafting the vield frontier and
INCreasing viield stabiliteye

# Increasing the efficiency of
|'|'I|.'|.||."

= Minimizing the degradabion of
the Aceteld ensvironment.

Shifting the vield frontier

Kice yiald |_"r||-‘|11|'|||.'||-= ahoild be

imcresed by 20425 percent within

Modeling a new plant type conceplt

'Wo used data from a number of fiold experiments to analyze the growth charac-
teristics and vield potential of semidwarf rices when they wemn direct seeded
rgthed than trenaplianted. Then we used simulation and modeling technégues to
generate concepis that define a plant type thal should have gher yield poten-
fial themn thee current Righyiakding plant Type,

The mode| predicied & plent type for gréser resouioe use efMciancy and
higher yield potertial when dines] sesded. € would hine he following character
Istics:
= Greater foliar growth during crop establishmant, with reduced tillering.

& Liens foliar growth and enhanoed assimilate expon from the lasves to the
siem during [ate vegetative and reproductive growth, along with sustained high
holiad ntfGgEn SoncEmiration.

& A slobpdr slopa of the vertical RitFOgeh concantration gradient in he el
canopy, with more nitrogen present in the uppermmas! stratum af the canogy.

= An expanded capacity of siems (0 stont assmiales.

= An improved reproductive sink capacity. along with a profonged npening
[,

The simulation indicated that, theoratically, yield potential could be increased
25 peroent, or mane.,
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the next 5 to 10 years, just o meet
propcted population increases.
IRR! research is progressing on
two fronts: changing the rice plant
architecture and exploiting hyvbrid
vigor.

Breeders have identified donor
varieties for large panicles, very
sturdy stems, and low tillering,
These varieties are being used to
develop new plant with
higher yield potential. While the
probabilities of success in breeding
are difficult o estimate, our best
prediction is that vield gains in
farmers’ fields from a new rice
plant architecture are some
7-10 years ahead.

Hybrd nices tor the tropics are a
bit closer to realization, perhaps
within 5 years. The hvbrid rices
developed in China give 15-20 per-
cent higher yields than do conven-
tional high-vielding varieties.
Experimental evidence indicates
that similar yield potentials are
possible in the tropics. [dentifving
suitable panents for hybrid rices
adapted to tropical conditions is
progressing rapidly. as is seed
production technobogy.

Increasing yield stabili
Yields can be stabilized by planting
varneties that have genetic resis-
tance to important diseases and
insects. We are identifving new
souroes of genes for resistance
among wikd relatives of rice and
transferring that resistance into
high-yielding vaneties. Usable
breeding lines that carry these
maore durable resistances should be
available within three vears.
Biotechnology prodocols are
being developed for transforming
rice using novel genes, such as the
Et gene for insect resistance and
coat protein genes for tungro resis-
tance. Those genes are likely to
become accessible to breeders

Deoveloping a hybrid rice for the tropics

Suitable rice ybnids and seed production systems have [ached commencially
usable cytoplasmic male stenle lines adapted to the tropics. Twa new lines—
IRG2EZ3A and IRSBOZSA—bead during the last two years show promiss.

Wa evaluated several empenimantal hybrids derved from these Bnes in Egvpt,
India, Korea, the Philippines, and Vietnam. In cerfan locations in the Philipgines
iand In Vietnam, IRGAG15H yields were much higher than those of the conven-
tionally bred checks.

This hybrid is resistant 1o brown planthopper and green leafhopper,
modarately resistant to stam borers, but susceptible 1o bacterial blight.

In dry spason 1990, IRNE5IERH (derved from IRBBO25A/IRSATA2-22.19-3R)
yeiged 8 tons per hectare, significantly higher than the 3-8 tons per hectame of
corventional improved wariethes, and similar to estimated wetl season yeaid
polentiats, Physiological analysis showed that the high yeld was due to
increased 1otal dry matier and & higher hanest index. The hybeics show high leal
area devmlopment early and slow senescence lales, The hybrid with the highest
yiedd had the largest number of spikelets per panicie.

In breading hybrids, & thermasansitive ganic maks stanlty systam is cofsed-
ered to be more efficient than a cytoplasmic mele sterihty system. We found that
a tharmasensitive genic male sierile japonica mutant fram Japan grown at IRR
wis completely stedle at 31-24 °C. buk partially fertile at 24-18 °C. We are trans-
feming its gene 1o several indica and indicajaponsca culthvars, for multdocation
tesis.

Improving rice grain quality

Rices with the gramn quabities that consumers prefer command higher prices in
e market. Usuafly, these mces have intermediate amylose content, intammedi-
ate gelatinization temperaiure, soft gel consmsiency, and pleasant aroma, They
e softer when cooked, and mone flavwrul,

But very few of the modem high+yelding varieties have aroma, and traditional
Ergmatic vanetes contanwe o be grown. even though thay have Iower yesas, Low
productivity is compensated for by the higher selling price.

Early breeding etons focused on higher productivity. Grasn quality work was
aimad af acceplable cooked rice fexture. Now we have Some promiseng new
breading lines with both superor grain quality and srama; thay are being Lested
in replicated field tnals, One exampie is IRS4350-181-2-1-2-3, B high ylelding
anmatic line with intermediate amylose content. intermediate gelatinization tem-
perature, and soft gel consistency. It is being evaluated by the Philippine Seed
Board now.

hromatic varieties with higher yield potential could become available within
itwi o three years., Increased production of higher quality fca SRauld Iower prcRs
and brang mone palatable rce within reach of low-Income CoONSUMETs.

Breeding for cold tolerance in boro season rice crops
Farmers = intensively cropped irigated areas of Bangiadesh and northeast India
are switching from @ rainy Season 10 & posi-rainy Seas0n, bomo fice crop. Trad
tionally, boro nce was grown only in inkand swamps, Farmers whose fedds ans
prone 1o walerogging and flaods have been adopling the practics a5 4 Substitue
for more vulnerable wet seasan rice. Some 3 million hectares ame Now culvated,
Haoro rice |5 seaded 8t the end of the wet season, in Octobar and Movember,
and harvested in April and May, During that perlod, soill moisture usually is
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'.-.'|1||||1 this nirxt e vears Ui
for partial, quantitative resistance
to blast have already been imoorpo
rated into improved breeding lines
for transter inbo new vaneies

Input efficiency
Improved technologies for more
efficient use of agncultural inputs
are being developed in inbegrated
] |||-||5'-|'|:|.E‘|.'|5'|l'r|| I|1I|'L:r-lln| ferhl
zer management, crop establish
ment methods, and water manage
el

Integrated pest management, o
[P, imcreases the etboency of pest
coniral i s ways: by lessening,
the amount of pesticides applisd
and by exploiting nonchemical
micthods to comtrol pests, ['M
mvislves a s of proactoes; LELoRRLLS

Tempormay drainage
channaols enuslie
farmers to diversity
e Erow m nonhes
crop mdjacent to a
Mo e ricefalid,

adeguate 10 Erow the crop, with supplemental irmgaiwn svlable Trom shsliow
widlls, Giwing Do rice comverts what was an achverss anvionment inio one
with hagh produchon potential.

But the modem highyasding vareties being planted sufler drasies yeeid oy
tionie and requing longer growing seasons because they are alected Dy low
lemperatunes at the vegetative stage. The oold4olerant nce vanslies available
from lempersie regions and high aitilude amas of the tropics ane (oberand of low
iemporatures only durning the seedling siage of eroductive phase, ar both, bt
niot during the vegelates pomod,

W hive dentibied garmplasm sources that could combabute (Fdg CoN0 10RE
ance needed durng the ssgetative penod of thia baro rice cnop, They arg japani
cas orginating from fgh-aftitude lempermate reghons. Collaborative breeding work
aimad al improved lings began this yoar

Designing diversified cropping for irmigated ricelands

Mot irrigation syslems in South and Southeast Asig are designad and oparatod
fior Ficl - e croppeng. Bud with retums o rice declineng, Taemers are looking fos
pptions—in particular, tha abiity 19 grow a nonmcE &rop in 1he oy SEaS0n

The guestion is, how compalible afe fce mgation SyS1emS wilh Ronfce ciop
|rr||:gahnr'|"-' We oollaborated with the Intemational ||'|'-ﬂEI|ZI|J|'I MTF’-E@".‘“"E"' InETibute
{181} and national programs in Bangladesh, Indonasia, and tha Philippines 1o
maminge some of the issues immolved in irgation for diversiied cromping

in the Philippines, most rioe imgation system infrasirectures can meet tha im
gation meeds ¢ nonrice crops. Unly imgation schomes (hat suffer from poor
waler contrl oF poar drainage af the maen systém i ndod 1o Da upilrndad
That would benefid both rice and nonnce crops.

But high water [abdes creabed by Séepage and percodation from undined
canals and adiacent flooded neefields leave many Tamers with no aftenmatine
bt to grow rice in e dry Season. rrrE'!. nieed drainage within @ TS planled 10 8
ManroeE Crop




pest-resistant varieties, managing
the natural predators of rice pests,
and employving crop cultural
practices that require only judi-
chrus application of pesticides. The
combination minimizes yield
losses to pests withoul excess use
of pesticides. Five countries—
India. Indonesia, Malaysia, the
IPhilippines, and Sn Lanka—now
have official policies that support
implementation of [I'M.

Research activities include
developing pest-resistant varieties
and establishing optimum input
levels and cultural management
practices; evaluating I'M packages
in farmers” fields; developing
simple pest control decision tools
for crop protection services, exten-
shon agents, and farmers; and
monitoring IMM use by farmers
Across time,

Integrated fertilizer manage-
mwent starts with increasing the effi-
ciency of fertilizer use (inorganic
fertilizers account for the la
share of purchased inputs for
higher irrigated rice production).
We already know that basal appli-
cation of nitrogen, with a second
application just before panicle
initiation, results in the highest
vields. Efficient basal application
requires thoroughly incorporating
fertilizer mto the sl during the
final harrowing and land leveling
before transplanting. Further gains
are possible through deep place-
ment rather than broadcasting.
Mow we need o generate deep
placement technologies usable by
larmers.

Flooded rice soil, however, is
conducive to fertilizer losses. Even
when fertilizer is applied for high
etfickency, rice crop growth
depends more on =oil nitrogen
than on the fertilizer applied. A
rice crop of 5 tons per hectare wall

Wie tested designs for iemporary drainage channels 1o improve a field's
subsurface hydralogy for growing maize. Channels 50 cm oeep and 30 om wida
constucted around 20- = 10-meter plots and connected 1o e Sxisting drainags
system lowered the average seasonal water table about 10 cm. Maize yeelds
reached 7.3 tons per hectare—121 percent higher than yialds in felds withaut
channis,

Channel construction cost about $45 per hectare, but gross rétums were
$660 per hectare—26 percent highar than the returms from dry Season nce
The channels are erased n prepaning the field for wat seasan nce planting.

Woet seeding rice below the puddied soll surface

in the fropics, direct seeded rice is most often plantad by broadcasting preger
minated seed on the surface of pucdied fields. This can save labor and shorten
the crop season, Bul (here are Senous constrants,

Stand establishrment can be uneven and unslabie, When land peedaraloan
and water control ame poor, germinating seeds covered by welt soil can die and
seeds that fall o standing water cannod get good anchorage. Seeds on ihe
puddied sod surface are vulnerable 10 pests—especially birds. Unpredictable
rropical weather also poses hazards: seeds can be washed away by heavy rain
or suffer drying from direct expasure to SUrong sunlight,

Lodging is comman in direct saadaed rice. When sesds are broadcast on the
gl surface, the base of the plant whera the rools star to grow i on bop of the
s0il, The plants do nol anchor well and become top-heasy as they matune and
[rodcE gran,

Rica is one of the few plant speties whose germinating Seads can oy with-
ol ooygen {the conditions in a flocded noefield whare the 508 B nol exposed 1o
e dér). Bamt this paricular physiological trait hes been largely ignoned in deveiog:
ing methods of crop establisnment.

Plani physiologists theorize that the seeds of some rice vaneties have a
genatic ability to grow in anaerobic conditians, out of the fooded soil itsedl, This
year, we began to eveluate the emergance of rice seedéd beldw the puddled soll
surface, »iih special funding from the Govermment of lapan.

I the first sten, 267 vanetles of 0. sativaand 15 of 0. glabewima with wide
genetic backgrounds wene selected from the Intemational Rice Germplasm
Center. Pregerminated seeds wene placed 25 mm desp in the soll of a plastic
gemmination tray and subméanged in 2-5 & wialir,

Stand establishment diffared. Ten parcent of the 0, satha, bt nane of the
0. glaberrima, were better than control variety IRS0. That difference says that
breeding varieties with the genetic ability to establish in flooded soil could, with
the appropriate seeding technology, enable farmers to plant rice after comen-
tional land preparation,

Saeds planied below the soll surface are protected frorm pESTS and unstable
weather, They develop stronger root systems and ané 1865 SUSCEPItNE 10
lodging. Stand establishment should be more consistent, and ylalds higher,

Evaluating arthropod biodiversity in irrigated rice

Understanding the interactions among rice insect pests and the insect predators
of those pests (the friendly nsects) can provide important chues [o increasing
the sustainabiity of pest management practices. We studied the Diodiversity of
prey and predatar species in irrigated rcafialds.
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absorb about 50 kg of nitrogen
from the soil. Managing the soil
nitrogen and predicting the patbern
of its supply to rice are important
in stabilizing high rice vields,

The sodl mitrogen also must be
I'L'Flll.'ni:'-ii"ll.'d_ il sisil il.'f‘”jl!p‘ is b b
maintained. That takes good man-
agement of the soil, crop residues,
and water

Wi are studying the natural
privesses of nitrogen gain and bio-
Ix rﬂil,.1| mlragen fixadion, and char
acterizing their role in different
farming systems. Efficient biologg-
cal nitrogen Lixation systems and
wavs to stimulate biological nitro-
pen fixation are being sought, We
are selecting for rice cultivars that
are efficient users of soil nitrogen,

Farmers across Asia are switch-
ing from transplanting to direct
sevdding, in response to rising agri-
cultural wages. Within just the List
10 years, nearly all the farmers in
the central plains of Thailand and
half the farmers in Central Luzon,
the Philippines, have adopted
direct seeding,

IRRI has besen studving and
refining technologies such as low-
cost weed control and increased
tertilizer use ellcienc ¥ loF a I"'"H
time. Considerable progress has
beem made in understanding crop
growth and nutrient management
in direct seeded rce. Work on
disfiming the best rice plant tvpe
ard Crop establishmend |:|.~|.'|'||1i|,]|1:-1.-
for direct seeding continues,

Investments in large-scale omga-
tion systems have declined sharply
owver the last fow years, and exist-
ing systems are showing signs of
I'.-LF"li:-l.l Lll,":l'.'ll.l.ﬂlnh Tl!'l.h. s
serious concerms about the long-
term contribution of imgation to
sustainable growth in agricultural
productivity. The impact of

Diversity—1the number of spacies found—increased with crop age up to max
mum tillering. The major msact herbivores (those that eat nce planis) were es
and hoppers; their major predators were bugs &Bnd spiders. Hopper densities
wene ower whiesn populations of such predators &5 mind bugs, spiders, and
fipple Dugs were higher,

In figlds Spried with msecticedes, biodiversity 15 sagnificantly lower, The dis-
fuptiten caused by Insacticides throws the aystem out of Balance: it kills the rice
pest predators 23 well 23 the pests. With fewer predator species present, herbi-
vore pesis, such a&s the brown planthopper, can neesiablish and incresso
rapacly,

Controlling chronic insacts

Despite several decades of using Insecticides In rce, tropical rce fammers in
less developed countries st have difticulty mastenng chemical conind technal-
ogy. They fal 1o disgnase the numbers of such chronic pests as stem barers
and defoliators that will cause economically significant damage. They chooseé in-
appropriate chemicals. They apply less than the optimum level of pesticide fior
adequate controd, And they spray often—ioo often,

We compared the yields of 15 farmermanaged rice plots in the Philppines
achoss wel seasen 1989 and dry and wel seasans 1990, Each farmer con-
trolled the pests m one plof as he nomally would and left one plot untreated., as
o check, Yield loss o insect pest damage was calculated as the difference fram
yiglds in additional researchermanaged experimental phois with complele pest
protecton i the same farmers’ fields.

The farmers sprayed insecticises up to 4 times per trop. But their yield
avierages wene similar—d4.32 tons per hctane, no matier whal, Averaged over the



dechning investments in the 195(0s
will be even more visible duning
the 1949k, as fewer new areas come
under irrigation, and the extent of
current areas declines.

Ciiven the increasing difficulty
and time needed to raise rice
vields, exploring options for cost-
cttective expansion of irmgated
area and generating technologies
furr higher water use efficiency ane
essential. Developing systems that
exphoit the interactions of input
managemaent practices, such as
those that involve water and those
that invelve fertilizer, is important

e cropping seasons, losses wene 0,3 1on per hectane: whethar or nod the
crop was sprayed. In other words, farmers who sprayed ded not prevent yeeid
Inssg,

W ane testing crop management practices that will help reduce yield [osses,
eithier by preventing pest damage or by enatilng the crop 10 compensate

Selecting a nce varioty with e bast growth duration fof the agfoclimalic con.
ditions and detarmining the optimum seeding fale are oxamples of preventne
measures, Apphing supplementsl feribrer when an economic threshold of pest
infestation s reached 15 & comective measars that ghves the crop ensgy to
Ouigrow Insect damape.

We tested shost-duralion IRSE and mediuvm-duration IRT4 at diflensnt tetoing
gensibes (planting was synchoniied 50 that both varioties wers grown under
the same weather conditions) in Zaragoza, Philippines. Local farmers use a high
gasdng rabte 1o get mane tillems, in @h affor 10 lessen the risk of low yields when
nsECh pES1 pressuns is high

Insect pest densrtes wene monitored. When the economic iheshold was
reached, different plots wede treated with insecticide or with additional ferilizar
Yield loas was taken a5 the diference between piols protected by a blanket
insecticide schedule and those untrested,

Eoth vareties wore heavily damaged by whorl maggol and gresn hairy caler-
pillar simultaneousky, Other insect pesis wan minor, Deadhearts pnd whits
he@ds caused by stem borer weme minimal, and keaffolder damage was ow,

Yield loss in shod-duration ARS8 was 0.8 ton per hectare (5.1 vs 4.3 fons
per hectane), in medsam-duration IRT4, loss was only 0.2 ton per mectare (5.2 v
5 lans per hoclare].

Applying insecticide at the coonomic threshald infestation of whorl maggot
did il improve vield, mor did adding extra nitrogen (in fact, axtra ndtrogien
caused IRT4 1o lodge], The higher seeding rate also made no differonca,

-
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Minimizing degradation

of ricefield environments

A more comprehensive under-
standing of the causes of long-term
degradation of the flooded ricefield
environment is essenhial if tech-
nologies and management
practices that will arrest the degra-
dation are to be identified. We
need better understanding of the
processes that lead to the waterlog-
ging and salinity bujldup that ane
causing large areas of imgated
ricelands to be abandoned.
Technologies are needed to reverse
that trend.

Attention to the long-term
viability of rice - nonrice crop
rotations, especially rice - wheat, is
part of the work aimed at sustaina-
bility and at increasing total
productivity with equitable returns
o the farmer.

Cuantifying the impact of mod-
e lechnology on human health
and on the enviromment is increas-
ingly importanl. Current work on
the impact of pesticides on human
health is a first step in this area.

Global climate change and rice

It has been clearly established that
atmosphenic carbon dioxide
concentrations are rising and will
continue to increase in the foresee-
able future. We also know that the
stratospheric ozone layer has been
partially degraded. Whether—or
how—these factors are leading to a
global climate change is still not
established.

As concerns about global climate
change increase, however, ques-
tions are being raised on the role
irrigated rice production plays in
adding to greenhouse in the
atmosphere and on the impact that
a global climate change would
have on rice production.

The difference was crop duration, IRSE grew too rapidly during the wegotative
stage to compensate for insect damage. It appears that in that environment, a
medium-duration nce varety can bettes toberale vepetatve insect damage, &l
least during thie wat Season, Furthed tesls n other ervironments, with diffsment
levels of chronic msect pests, will veniy this,

Designing integrated technology for rice-based systems
We have been studying rice crop managament and nce-based cropping pattems
in imigated and pariially imgated farmers” fieids of Guimba, Mweva Ecija, the
Philippines, for several years, in collaboration with the Phaippine Department of
Agricufiwre, Farmers” managemant decigions in relaton io (and and hydrodogy
differences ard thesr affects on system productiitly are being mapped. 1o iden-
tify vanability across seasons and technical reasons underlying widespread
farmer praclices,

In the irigation servicd aneas of deap tube wells, rice yields vany widely, Most
farmars do not fallow tasal fertilier application recommesndations. [0 wat 523
son 1980, medium levels of nitrogen applied basally six days before panicle
initiation resulled in higher yields then when nitmogen was broadcasi indo the
irfigation water st the same growth stage.

Improving rice - wheat cropping systems

A major problam in rice - wheat cropping rotations in the tropics s low wheat
yields_ Wheat culm population density |5 & critical yedd factor. To gat wheat
vields of 2.2 1ons per hectare, 4 million culms per hectame must be established.
This s higher than would B0 nedced in mone lemperats climaties,

One problem is tumaround: shifting from a wet season flooded noefield to a
drained wheatfield for the dry sesson. At tropical temperstures, evaporation
lowers residual soil motsiure and increases soll strength. The result is poorer
whiEal emergance than in mane Moderate chmalas.

Tillagle: and seadmg method, howewer, can improwe yelds of dry Season whaat
following wet season rice. In our axperimants, nodilage, siit-seeder seading
produced higher plant populations, manual row seeding gave moee consistant
plant populations under a range of seedbed conditions,

Monitoring pesticide use and farmer health and productivity
Caoncems shout the conseguences of pesticide wse on human health and the

ermdronment have been eapressed for more than a decade, To try to guantify the
effects of pesticide use on human health, we ane studying two roe faming
villages in the Philippines. Pesticides are widely used by farmers in a village in
Laguna Province. Another group of farmers in & Quezon Province village have
never used pesticides,

Al farm inputs and practices, particularly pest management practices and
rmethods of handling pesticides. have been recorded in 32 farm households in
the Laguna village for three vears, We added 22 randomly selected pesticide
applicators who work in the area Lo the pestcide-exposed sample (56 people
total); 40 fammerns from the Quezon wvillage am the contral,

Detailed madical assessments (physical axamination and CBC, blood chemis-
iry, ECG, X-ray, and cholinesterase laboratory tesis) were done 1o measuns the
acute and chvonic effects of pesticede use. Acute effects ame reflected in



Bahemats of how Eobal
climate change could
affect tropical rde, Visible
light passes through the

warth’s atmosphwrs, while
the stratospheric caone
loyer fiters ultraviciet band
{UV-E) radiation. Greesn
house grses (chiomfyom-
CRMmOAE] in Tl S
trap heat and warm the
aarth's surlace, Dagrails
tion of the stratosphenc
azong layer by chionfuoss
carbons pllows more bo-
loglcally destructive UV-8
rafiation io reach tha
earth' s surfsce. Flooded
Fcafiahls amit tho pDrean-
house gas methane, Higher
tomparatures rodece the
produstivity of rice. A tha

Olur research is just getting
under way, ina 5-vear project
fundied by the LS. Environmental
I"rotection Agency, in collaboration
with its Environmental Besources
Laboratory in Corvallis, Oregon.
Initaally, the focus is on the impact
of a possable climate change on nce
production

Wi are investigating the effects
ool ultraviodet-band (UV-B) radia-
tion o rce angd on fee discases
andd the effects of incressed carbon
dioadi and higher temperatures
on rice vields and rice pests, and
are modeling plant responses 1o
different climate change
scenarios. Al the same Bime, we are
mamitonng emission of climate-
changing gases from Nooded rice
=isil= W

WWMMMISWWNGD =

1 Heal trapped fy Ereennousa
e i gases warms ihe garth and

dOCIeases now roduciivity Greenhouse gases i

. " ihe ropics almasphers are INCHEBLINE.
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» mathane
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TR Tl 4
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chofinesterase level; chrpnic effects ane manifested more on the cardicvascular,
hematologic, and newologc sysiems,

in the first, benchmar examination. 56 percent of the pesticide-expised
groun showed depressed cholinesterase levels. Threo years later, B1 percent
had depressed levels. Cardiovascular abnommalities were detecled in 54 percent
of the exposed group, but in only T percent of the wnexposed group, Low hemio-
globin levels were found in 25 percent of the exposed group, but in only 5 per-
cant of ihe uneéxposed group, Three polyneuropathy cases (although these thresa
Fanmars had nonmal bbood sugar lnaels) wene found in the exposaed group, none
in the unexposed groupg—aeven thowgh there weme more drinkess. among that
group, These healih impairments can be expected (o take their toll on famer
productivily,

We used a cost function model 1o guantify the impact of pesticides on farm
productivity and on human health, When health effects sre explicitly included,
the net mpact of pesticide use on famm inocome is negathe,

We also simulated the effects of povernmental poficies on pestcide usa and
Purm@n health, The model predicted that a tax on pesticide purchases would
lzad to rsduced use and improved health, When the tax was S8t higher than
50 parcent, the moded showed that productivily gains Trom imgnowed healih
wiLld maone than offset reduced vields.

This implies the need 10 reassess how we calculate raturn to research west:
ment, Whan health effects ame not considered, the rate of retum to rice research
i pEneral s overestimaled, and the rals of refusm to reseanh that reduces
pesticide use underestimated. Bl
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Rainfed lowland

considerable part of
the growth in rice
production in recent
vears has come from
rainfied lowland ricefields. With
little prospect for significant expan-
sion of the irrgated area, r_-.‘}h.n:i.lll_'..'
i Soith and Southeast Asia, rain-
fed lowelangd noe farms are under
pressure to supply an even larger
proportion of thie rice that will be
needed iIn magor rice-consuming
countries in the decades abead.
Scientists study the broad sub-
syt within the raimfed lowland
crosystem separately. A fanmer,
however, often is confronted with
a range of interrelated field condi-
Hons within a relatively small
farm. A local landscape will
i il o bveersae and dvnamie con-
ditions that change from vear to
vear with changes in rainfall
patterns. A field that is a favorable
parcel one year may be mbmurgu-:l
the next, and a parcel that is
drought stressed one vear may be
favorable the next
Experienced rainfed rice farmens
adapt their cropping practices to
the complex risks, potentials, and
problems they face. They strive not
just for maximum yields, but for
stablie yields over Hme, Research to
help develop technologies and nce
vaneties that enhance rainfed nce-
land productivity and stability is
increasing, at IRK] and in the
national programs.

rice ecosystem

Optimal use of conserved rainwater

Lack of water keeps many tropical rainfad lowland farmers from planting rice or
another crop in the dry season. On-fam reservoirs that conserve direct raintall
and capiure run-off Tor dry Season imgetion gne those Termers an opportunity to
incresess their cropping intensity,

Famers who havwe bulll new andarm resenoirs need information on ways (o
use the stored water more efficiently. We expanded the capabdity of a compatar
mogel, Farm Resengdr Optimization, to predict econamic retums 1o altemative
farm resource allocations. This will be the basis for developing some easyto-
follow guidelines for farMers 10 wse N making Crop mandgemant decsipn,

The model lakes ino account wiber balences in thi resenoir and the field 1o
be cropped, considering variations in rainfall, then mcommends crop and ares
aliocations based on expected water supply and anticipated constraints in other
resources. We used the moded in dry seascn 1990 to predict outcomes from
four farms with resenvoirs in Tarlac, the Philippenes. The most suitable crops for
the anea ane soybean, mengbean, peanul, and rce,

Available water did nod alter the crop choices, but the size of area planted 1o
differant crops changed with water limitations and with avallable capital. The
highest retum would heve come from growing anly soybean—US3505 par
heciame. Bul soybean is & capitaHntensive crop. With realistic farm capial
lirmitations, growing both Soybean and peanul was Dest, with the hedtarage
allocated 1o each crop depending on the amount of capstal, While dry season
rice 5 ot economically competitve with other crops, farmers still would grow
rice: on ane-fourth hectane for family consumption.

31



Many farmers in easterm ndina
follow a complex crop establish:
migmt system called bessam. Rice
is dry seedeyd before the rains
start, About 30 days after seed-
lingg emergencs, when the lalds
are flooded, the famer plows
Fhrmigh tha soadlings (5), Than
the fiekd is laddered (b]. To
ensure @ good crop stand, seed
lings are redlsisibuted and the
fizld weeded by hamd ().

Farmar practices to improve rice crop establishmant

In South Aska, some rainfed Mwiland nce fammens use &8 unigue cop establish
menl methd—eisan (somelmes called bhyas or bioahand, Rice 5 dy
Ganishind just  before the monsoon. Some A0E0 days aftor the mins staet (with
slanding water in the field), the faamer plows through the seadiings. Then the
field is laddered or planked and seedlings redistributed to fill gaps In the ows
that pleewing Created.

To gain ingights into the affects of beusand on the fee orop and on ncefield
godls, wilt [N SOME 18515 oh the IRRI fafr, One sxperimient compared Welds with
bisusani i broadcast dry saeded, mow diy seadad, and ransplanted nce, Trans
planted rice yields weng higher ovar all. Wead control was enportant in masim:
izing yields. In another expariment, dry seaded rice with a8 grean manure inter
crop yielded more than a beusani crop, and mare than dry seeded rce with
chemical fertlizer.

In diagnoatie suneys, farmers using beusan| in Onlssa, India, sad theay really
prefer 1o ransplant their nee, They practics beusani when they don'l hEve
adtguale watar contrml oF whih labor |5 Scance dunng chtical efop estanlish
meant perinds, Dry seeding with beusani is the fastes! way to plaml & large area.
Surprisingly, the surveyors found that total labor pequired was similar o trans
planting and for bausani, but the labor for beusanl was strefched out across the
SEASON.

Qur concluginn i that, rather than IeUSing on ways 10 imphove of replace
bEusand, tha Best stralegy IS 16 deelop wiys 10 Manags on Ses0ed fice more
efficiently. This will imalve haseling sunairys 16 msp Chsnges in o sesded and
transplanted rice yields and aeas across tima and to relabe crop establishimet
practices to hydrology and weed population dynamics.

We will Blao emphasize work 1o design practices that reduce the labor
reguined 10 control weads in dry secded foe (for axemple, by improving the
design of kecal farm implements), 1o imgrove crop stands in dry seaded rice,
to reduce soil compaction in dry seeded rcefields, and 1o develop improved
cultivars for dry Sedding




We have done diagnostic
surveys of rainfed lowland areas
in Bhutan, Cambodia, Laos,
Madagascar, Nepal, the Philip-
pines, and Thailand, in initial IRRI-
national program collaborations to
characterize different agroecosys-
tems. The short- and long-term
causes of low or declining produc-
vty identified will help in devel-
oping a strategic research agenda
and provide a basis for designing
collaborative work in key rainfed
lowland research sites.
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Ammaonia volatilization with organic and inorganic fertilizer

While green manurning s recognized as beneficial to rice yields and 1o rce soil
fertility, information about the fate of green manum in ficoded ncefields is
limited, particulary in the tropics. We know that part of inorganic fertilizer nitro-
gen applied 10 fce 5 lost through ammonds vodatilization. What 'we do not know

i the fate of organic nitrogen,

We measured ammonia walatili Dtttk =
zation in plots fertilized with urea Sy~
@ with the nitrogen-fising 5 = Prided wes

= = — i o lAla
m mmmﬂiﬁﬂﬂ —— T TR (1 N
Aoschynomene aitaspera and =
trached vodatilization losses a0 L
moross crop growih. Within 10 .
days after application, green. < e
manured plots last much less o 4 L . : g
] an Ty ) BO 104
ammaonia T-“!"'rt“h’mm'l"::t““' DS Aftes ferlikper appicatse
! i Cumulntiva | ndtrogen valatiised as mmems-

ired plots, pariculary

$eason rainfed plots (V-12 per
cant v 41 percent),

Mow wea are sludying ather
mathvays of nitrogen loss, such
&5 deninfication. Expariments to simultaneously datesming ammonia and
denitrification fluxes and carbon dioxide evolution from the soil, floodwater, and
Crop canogy will hedp us better understand niYogen use efficsency and ncrease
knowledge on the contribution of rice cropping 1o ghobal climate change.

mia) loss B much less from Reoded ricefelds
fertiiired with green manures Sesbania rostrata

Photosynthetic nature of stem nodule rhizobia

It is possible that the stem nodulés found on Some green manune lBgumes are
satfenargygenerating systems—Uhe stem nodules miay be abbe 1o fix fitrogen
without taking energy away from the plant.

Stem noduiation end high nitrogen ficatson in the legumes Sesbania rosirala
and Aeschynamene afraspers evolved as an adapiation to fiooding: nodules on
the stems above the floodwater enabled the plant to get nitrogen from the air
that it could not get from the fiooded soil.
Features of stem nodule Symbiosis nclude
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= More infection sites as the plant frows,

* Tolerance for combined nitrogen farilioer,

= Photosynthetc celis in the nodula cores.

* Growth and M, fxstion in free-iving
condition.

A novel feature of the stem-nodulating macro-
symbiond is its ability to form bacheno-chionophyil
‘&’ (Behl] and photosynthatic maction centars
resembling those of purple photosynthetic bacte-
ria. Bui unlixe photosymihetic bactera, Mmizobla
of siem nodules produce pigment only under
light and asrobec condions.

Wi recantly found that this featune is charac:

ieristic of stem-nodulating species of
Aesctynomene. The absorption spectra of
rhizobis and stem nodules show that

i3



This yvear, we examined crop
establishment and weed control
methods practiced in direct seeded
rice crops by farmers in eastern
India; rainfed lowland and par-
tally irrigated rice systems in the
lower foothills of Bhutan; and the
rainfed and irrigated rice - wheat
system around Pantnagar in
Northeastern India. The follow-up
to assess trends and impacts of
technology change will include
periodic monitoring of a selected
panel of farms, o evaluate changes
in lands, soils, hydrology, vields,
field problems, management prac-
tices, and returns.

Beglth cns|

Parecie Flirpdnaig

A. afraspera, A. denficulata, A. evenig, A. indica, A nilotica, A. pratensis, and
A, sensitivia produce Bohl under both symbiotic and free-living conditions. The
Sesbania rastrata-Azorhizotiem caulinodans stem nodule symbeosis does not.

This ability of the stem nodule bactermid of 4eschyridmene spacies 1o use
light in & wavelength not used by the planl could be an advantage in crop pro-
ducticn, by lesséning competition for the anergy the plant needs for casbohy-
drate and nitrogen reduction, & more extensive description of this mechansm
wiuld help identify its potential for Increasing green manuwe and rice yisigs.

On the basis of phototrophic ability alone. these rhizobia could be assigned
1o & riw gEnus. Dur data on Autritional and biochamecal characterzahinns,
howewer, suggest they probably belong 1o the genus Bradriifobdem, We ane
continuing studeas to defing hal tExonomic platamient,

Effects of crop establishment method on rice root growth
The extent of its root system has a groal deal 1o do with how well @ plant tolas
ates drought. But root growth has been hard to study. The ménirhizobrons we
installed in an IRRI exparimental fam plot last yoar already havo gren us now
insights. (Minirhlzotron technology eliminates the need to destroy 8 plant to
examing ts raots, and allows us 0 waich the same root system in the field
e time. |

We evaluated the effects of crop establishment
method and water deficit on seasonal pattems of
e rool Systems, (0 Cobperatain wilh e Linied-
sily of Arkonsas, USA, Wel seoded noe Rid signili-
cantly longer roots than transplanted rice, from
tiller elongation thaowgh harvest and the ratoon
crop. This haelps explain why wel seeded rice yields
are higher than transgdantad rice yelds when tha
crop ge1s insufficient water.

We also comganed root lengths of drought-

Hiw wi-i!

10 30 S5 70 90 10 130 150 170 susoeplible and drought-lolerant rice cullivars.

Diys sher sseding White warler deficil reduced rool kengihs overall,

Roots of wet
spoded ren are
longar than those

rice at all growih
slages. The longer
ther raots, the
more mufrients and
witar takon up,
and the stroager
the plant.

droughtresistant N22 always hid the longest
roots. Follow- up studies of the elationship between drought resistance and root
Erowith will help establish the genetic basss for that characier.

Phosphate fartilizer efficiency on acid soils

Low pivosphones is an impoitant nuintonal deficiency in the acid and acsd
sultate fice soils of tropical South and Southeast Asia. It is linked both to low
available phosphones and to an acid soil’s high ability to fix soluble phosphones
fertilizer.

We evaluated phosphorus Tartilipers wilh diterent solubilities in soma lowland
acidic rice soils of India, Indonesia, the Philippines, Thailand, and Vietnam,
Triple superphosphate is highly soluble; fingly ground phosphale ook and
partially acidulated phosphate rock am somewhat less soluble, but are cheaper
and easier 1o prapane,

in the [aboratory, partially acidulated phosphate mock provided more soduble
phasphorus than phasphate rock throughoul the acive reaction penod: The
higher the regctivity, the higher the acidulation, Both phosphate ook and
partially acidulated phosphate rock maintaned soluble phosphonis mene



In 19, owr praority research
focused on ways to ntensify and
diversify rice cropping systems; on
Im;'la'l.:lln. l_-'J “'"'F'- :-|.|||, .'|1'||,.‘| wialer
management; and on developing
brewding lines adapted to excess
water or water deficit. B

eflectnely, for longer penods, than thple supsrphosphate, especially in soils
with redatheely low exchangeable calcium contant.

The rate of dessolution of the phosphorus sources over time depended more
on the exchangeable calcmm content of the Soil and somewhal ess on phos
phorus-fixing capacity and acidity. It is possible that, while high phosphorus-
fixing capacity enhances initial dissolution of phosphanes rock In acid soll, too
high & fixing capacity may ower time resuilt in kvw avaiable phosphorus concen:
trations in soll

Teats in the Neld porallsled the laboratony results, N appears bEtler 1o use
more spanngly soluble sources 10 supplement phasphorus in acid soils for rice,

Iimproved germplasm for rainfed lowland environments

We are developing improved breeding lines adapted 10 a range of unfavorable
rainfad lowiand conditions In collaboralion with Thaiksnd, Morthaast Thailand fas
ideal conditions for salacting bredding ines with tolarancs for droughl, Submar
gEence, and adverse sois, Using a shuttle breeding appeoach, we can advance
promising lines into osersathon nurseres In five years. Three elite lines ame
showing promeiss,

® |RA3450-5HM506-2-2-1-1 5 & nongiutinous, aromatic line with yielas similar
to those of traditional Thai varety Khao Diawk Mall 105, but with shoner dura-
tion. It showed resistance to regged stunt vinus under heeny Infection pressiun
in Thaland in 194040,

* |RAISDE-UBN-520-2-1-1 is a wixy grain line with good yebids under mone
favorable conditions. it has intermediate height and Is strongly sensitive 1o
photopenod. It showed moderate resistance to ragged stunt winus.

¢ |[R46331-PMEZZ-2-1-1 |5 & nonglutinows line with Righ yelds, it has Inter
maediale height and is phatoperiod sensithve. |t ahowed excellent resistance to
drought in screening at IRRAL,

The abbreviations in the breeding line designations stand for screening sites
in Thailand; Chum Phae (CRA), Khon Kaen (KKN), Sakbon Nakhon (SN}, aan
(UBN), Surin {SRN), and Phimai (PMi). 1l
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Upland Rice Research
Projects for 1990-1994
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Upland rice ecosystem

he uplands account for
13 percent of the zlobal
rice area, but only 5 per-
ceend af |:'ll'|:lc_‘||.||,'||:,u11 That
productivity mist be increased, if
the populations dependent on
these farmlands are o get their fair
share of food and income. Higher
productivity in the uplands also
could help slow migration of the
rural poor to overcrowded urban
Areas

Lpland rice is grown on about
B million hectares of hilly acid soils
in Southeast Asia, mostly in Laos,
Malaysia, Myanmar, the Philip-
pines, Thailand, and Vietnam.
Another 4 million hectares of
upland rice is grown in South Asa.
Cropping in the uplands is intensi-
fying—mowving from traditional
shifting cultivation featuring short
cropping periods tollowed by long,
fallowas ko permanent annual
i Flh—.l]"uj saiil |l1=w|,-\. A
INCreasing.

Most upland agroenvironments
are highly variable, nisky, and diffi-
cult for the farmer. The variability
includes ditferences in slopes, soils,
cropping systems, and traditional
cultivars. The risk involves errati
dmughl, insecks, and diseases that
can cause serious yield loss, The
difficulty s that farmers are poor
and live in remote areas with
limited acoess to transportation,
credit, and information.

These adverse L5F|.l mid comdi-
Homs define bwo research concerms.
The scope for increasing, rice pro-
duction is limited, which means
that the impact of research invest-
ment will be limited. The problems
involved in improving rice-based
cropping svstems are complex,
which means that research will
Bakie more Hmae and will cost mone,

IRRI's strategy to increase food
|J|".'-.1L|.-|1.|.'I'J|11_'.-' amd Ly, w|1|||_' o=
tecting the environment, involves
two complementary approaches

* [ntegrated, multidisciplinary
resparch o im prrivE I‘.Il'll'lll'll-;"
systemns in complex, fragile enva-
ronments that have multiple,
mteractive consfraints.

= Attention o the socioeconomic
problems. that constrain farm
inoome and E'ln-w.-wdln- :|1'|:|;.:r.|.r:||'|r| o
thes cithis=, Farm Fmilies need an
incentve to remain on the land, to
rehabilitate and protect it

IREI's research objctives recog-
nize major problems identified
l:hrm.:i..f,h surveys. The nbjectives ane

* To evaluate changes in [and pro
tection and farm income |"'T“'-'I-;|'Lf
aboil |'l:|. .|F1F1|.'.'|1'|:.; i|11[!rn1.'4_'-|_| "'T"1F
management technigues in nice
farming systems that include
forage and marketable food and
cash crops



= To evaluate vields and vield
stability of new, improved rice
brevding lines against local culti-
vars.

The research is undertaken in
key sites, The first representative
wpland sites were in Cavindi,
Laguna, Philippines, near IRRI
headguarters, and in Claveria,
northiern Mindanao, Philippines.
Cavinti has high rainfall and poor,
strongly ackdic soils; the site had
been abandoned by farmers
because of soil depletion. Claveria
has medium rainfall and relatively
poor acidic soils; newcomens were
beginning to cultivate previously
unopencd uplands. B

Land management in the sloping uplands

With Increasing population pressure, the trand among shifting cultivation fam-
S iS towand longer cropping periods and shorter falkews, That accelerates soil
rustrinnd cepbitson and soil koss. The Farmass in the sloping uplands are aware ol
imcreasing so8l engsion, They need improved technodogy o comibal the prablarm,

Ressachars & IRAI and in & numibes of couniries wharn subsisience famers
work the uplands ane kdenlifying ways 1o reduce surface nunoff and soll erosion.
They are sludying the use of farmer-participatory methods 1o develop and evaby-
ale promising lechnologies. The tverall goal is 10 enable upland famerns to
make a transition, from solely rice 10 more ervironmentally prodective and
sugtainabls farming systems; from shifting cultivation to settéed systems that
involve a much higher proportion of perennial crops.

The apgroach is ressarch on the total system, rather than an its individual
components, Collaboradive msearch in areas of India, ndonesia, Laos, and
Thailand whene rice is grown under shifling culthation is Tocusing firsl on disg
naEilc sunveys. Measuring soll erosion aoross several upland siies in a membar
ol Asian cousntnes will idantity aeas with difierent rates of emslon. Data will be
anatyped in terms of 5oil types and depths, arop yields, &nd land use changes
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over time. This will enable us 1o derive Testable hypotheses about elements of
sysiem susiainability, and to evaluale such erasion control practices as cover
Crifs and perannials that improve or ennch fallows. control weeds, and
miaintain sail cower,

The challenge s to establish relationships between soil loss and sustain
ability, Agronamic productivity, changes m soil nutnent and physical charactars-
tics, farmer practicas, and changes in kand use or farming syslems, as well a5
demographic characteristics and national policies. must be factored in. This will
increase our understanding of the reasons for and the effects of soil loss and
provide & basis Tor developing mone productive and sustainable technologies.

Increasing upland rice yields

Upland rice breeding work has been focusing on identifying uselul donors 1o con-
tribute improved charscienslics and nesislancs 10 major productivity constraints,
That will enable national breeding programs to develop new nice varieties that
have a competitive advantage owver traditional cultvars preferred by farmers,

We tested 2,000 rice lines in some 50 trials In ackdic solls (pH 4 and §) at
the Philippene sites, using only moderate levels of fortilieer, Yiclds of tho best
traditional cultivars, Anstena and Dinorado, were about 2 tons per hectare. We
identified 53 improved lines that yiald up to 70 percent higher than thess e
Incal checks: the best have: & yield potential of 6 tons per hectane, The tradi
tianal vansties an iopicil japoniss types: the best mprowid ines are also
tropical [apanacas.

Many of the Improved lines have much shorer crop duration than the tradi
tional varieties; that will give Tarmers more Ume 1o grow & second oop after rice.
In addition, the tropical [aponica improved lines have just as stable yelds as the
traditional vanetes, with the added advantage of responsheness o fertilizer.

Interaction between soils and rice blast development

Rice planis grown n some sails seem (o be mone suscaplible 12 blast than rice
rowing in other soils. We are developing a bioassay method to estimate the
relative blastconduciveness of differant soils,

First, we had to determine if leaf suriace composition was involved with soil
conduciveness, We partially rernoved the cuticle of leaves of blast-susceplible
varisty CO 38 by rubbing them with onanic sobants, then inoculsted tham with
a compatible isolate of Pynculana gnisea (= P. oneae), the causal agent of blast.
Biasi symptoms appeared faster and more intensely on veated plams than on
untreated plams,

We treated the leavwes of resistant vasietios IRAT140, Mosoborekan, and
IRAT104 the same way, and inoculated test plants with an incompatible isolate.
Biast symptoms (smafl, necrotic, hypersensitive lasions) were much mare
intense on IRAT140 and IRAT104 growing in blast-conducive Cavintl soll. Few
lesions appeared on plants growing in nonconducive Batangas soil. The differ.
ence betwoen Soils was particularly clearcut with IRAT140, 80 we used that
variety bo lest the bioassay mathod.

[RAT140 plants were grown i miked Cevintl and Batargas saolls, the leaf
cuicle was partially removed, and the plants inoculated. The number of nyper
sensitive blast lesions increased as the propanion of conducive Cavinti soil
increased, [ we gal the same esulls using compatible solatés al P, grises on
IRAT140 or other vanetes, we will be abke fo survey Soils for their relative
conducivensss to blast disease in rice. Il



Deepwater and Tidal
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Deepwater and tidal wetlands

rice ecosystems

eepwater rice has been
important in South
and Southeast Asia for
more than 1,000 vears.
Modermn research started around
the tum of this century. Cultivation
practices and vield measurements
of deeply flooded ncefields in
Bengal were described in 1891, and
an experimental farm was estab-
lishisd at [Xhaka in 1911, Other
early deepwaler rice stations were
e=stablished n Bihar in 1914 and in
Assam in 1921. The Habiganj Sta-
tion, established in 1934, has kept
daily records of floodwater depth
for most of is existence.

In Thailand, the Huntra Expen-
mient Station for deepwater rice
was established near Ayutthava in
1943, It became the main center for
IRRI's deepwater rice research pro-
gram in 1974, when a memoran-
dum of understanding between the
Roval Thai Government and [RRI
made possible joint research and
training projects.

IRR] centers its deepwaler pro-
gram in Thailand because the envi-
rofinent does not occur in the Phil-
ippines, even though some 10 mil-
lon hectanes of deepwater rice are
grown in South and Southeast
Asia. Thailand strengthened its




stadt and facilities at Huntra and in
Prachinburi and IKRI provided
scientists and research support,
Resiarch activities have evolved
from primanly plant selection to

A broad spectrum of work in plant
breeding, agronomy, physiology,
pest management, and cropping
sSVsiLms,

Tidal wetlands rice has a similar
history, with recognition of the
nevd for research carly in this
century. Many scwentists, however,
wiorked in isolation because of the
scattened Jocation of the research
sites. During the last lour vears,
cullaborative work on problem
svils has been conducted by IRRI
and rescarch centers in India,
Indomissia, S Lanka, and Thai-
land, with Astan Development
Bank support.

U limitation to the work s
limgistical: extremely diverse envi-
ronmients are scattensd over a
i 000 km belt in Asia, Similar
adverse nce eoosystems are found
i Adrica arad Latin Amenica. Fil-
ting improviad rices into the wide
range of environments is not sasy.
Devpwater noe plants must be
selected for submergence and
drought telerance, lor saline condi-
tions, and for pest resistance. Tidal
wetland rices must tolerote the
stresses associated with ackd and
saline sonls,

Thie mischanisms of inheritance
of the physiobogical traits needed
b specially adapted rices are
vomplex, and plants must be sensi-
tive to daviength so that they
flovwer at the right tme i relation
to floisd and ramntall patterns, Only
D CTOP @ Year can be grown in
the tield and development of im-
proved varietics s very slow.
Haecanise of the diversity of the
environments, cach new vanety
may have only a limited number
of eeological niches, and plant

il

Sources of nitrogen for deopwater rice

Wi are using nitrogen balance studies 1o examine the fate of nilrogen in deep
WET FiCE SySTEME. IR preliminary nesulls, the nitrale nanogen cantent belom
flaading in the top B0 om of a soil with pH 5.5 averagoed 4-5 ppm; it was only
2-3 ppm 0 & sail with pH 4.0, ARer flooding. Both nitrale and ammonium evels
wre vary low. Crops planted in soils with higher pH are noemally less sponsive
to applied nitrogen,

Cropping systems for deepwater rice areas

Iri Thailand, sesama and munghean sown & the baginning of the wet saason
and harvested before floods amve yiedded up to 1.5 tons per hectare when sown
alone and up to 1 ton when sown 8s a mistune with deepwater noe. In 19845,
intercropped nce vields were good and total retums higher than when only nce
wills [frown, Bul sn 1580, the rice crop wias lost because of unusually high
floods. That highlights the insurance deepwater rice farmers gain wihen thay
include a prefiocd crop in their sSystam.

IPM for deepwater rice

Reducing pest damage could substantially improve deepwaler fice production.
IRRI and collaborating notional programs have developed a coordinaled sysiem
of migiratod pest managemoni resoarch for Geopwaler noe aneas of South and
Sputheast Asia, in an Asian Development Bank-supported project.

Scwentists in Bangladesh, ndia, and Thailand studied the ecology of major
pests and their natural enemies, the epldemiology of foliar diseases and nema-
todes, and production prospects. The yeliow slem bonet—ihe major deepaater
rice past in all areas—cawses 15 to 20 peroent yield loss (its mcidence vanes
batween years and among sites). Ufra disease causad by the siem nemalode
Dipenchus angusius is the second maor pest.

Rice vanetes Rayada 16-06. Rayada 16-00, Bazail 65, and CNL 319 were
feuarsdd 10 M S0me resisiance (o infecton by the ufra nematode, A breeding
program bo exploit that resisiance has been initised in collaborabsn with Assam
Agricullural Univansity.

One [nieractive research area ks IPM and famming systems, Despwater nice-
fiah guiture offers farmers an opportundty to increase income. But & prereguisite
of sucoessiul fish cultune s the absence of neemful chemicats. in feld trals on
rice-fish culture in deepwater rioefields in eastem India, mone than a haif-ion of
fish wene produced per hectare, without reducing rice yiedds. The income from
thie fish can compensate farmers for ndd using pEstlicides on thair rice.

Combined tolerance of rice for salinity and submergence

A common climatic hazard in tidal wetlands rice is submargence due to flash
Roods from Treshwater fivars. On the ather hand, such floods help educe soil
Ealinity in the 5oal Tats,

Current-availatbde rce vaneties with tolerance for salenity do not sunse
submegence, Bul some salinity-sensitive vaneties can recover after being sub-
megad for up to 12 days, We et out bo combine ihese traits o one breeding
line. The pre-breeding work started with hybndization of salinity-sensitive FR134
with several elite salinity-iolerant lines. The resulting progeny wene scresned for
tolerance for Dolh Stresses.

We identified 11 promising lines for testing under contralled conditions. and in
floodprone fanmers’ fields. The best line is IRA2598-8-8-8-68-12-1-2, denved from



breeders must handle many ditfer-
ent plant types.

Besicles breeding, regional
risscarch on deepwater rice i Thai
land, India, Bangladesh, and

Vietnam hocuses on plant nutribion,

|n|]r'|-i|11: '1!|"|-|l."|'ll.'|_ i1111'J.::'.'|1n| E'u,-ﬂ:
management, and development of
rice-fish cultune. Cropping systems
also must be adapted to specific
combinations of a wide range of
soitl, climate, and Rooding condi-
Eagaries |:'|l, ﬂ'-.l-\-l_'ili |.:||1|.!|-'r-.|:.n'||.ii:|'|;|; |
the soil characteristics and
processes that cause mineral
deficiencies and toxicities will help
IR TP rORITE sl I1|..I.I'..Lr',|1r1'l.-|.-I'LI
technigues. B

the cross FR13AARLT484-32, With its improved plant type (semidwar, hsgdh-
tiliering) and tolerance for both submergence and salinity, i should be an ideal
don in national programs 1o improve traostional tidal wetland rices.

Modified shuttie breeding for deepwater rice

Shutte breeding usually involves moving successhe generations of seeds back
and forth between sdes, to take advantage of cimate diferences that enabila
sclenlisls 1o grow more than one generatson a year. This is not feasibie in breed
ing long-duration deepwaler ACes: them s ng time for seed nandaling between
st spason haraes! and second Seakon planting.

In IRRI's work to develop improved brseding Bres, we use 8 modified sched
ule that involes only ona changs of location. Seeds of promisng second-
generation populations screensd for survival in deepwater tanks at IRRT ane
Laken to Thadand for field testing and to stratily the third 1o fifth generations. fior
Morwering dade.

In 1990, we tosted 445 second generation materiats and grew 1.526
advanced lines in obsenational yvield trials in shallow und deep water 8 [HRI,
Butk hybirid populaticns and 5.907 advanced pedignes mursary (ings wers grown
at B masimum waler dapth of nearsy | meter 31 Prachinburi. Thailand, Anothar
B20 hines were grown @l waler depths up to 1.5 meters, in a prefimnary yieid
trial at Huritra, B

& mandEfied shuitis
treeding scheme Depmaled beepdng rsita s an-station
halves the time Fra A
mdsdid 10 Salect
and test an Huls popiimions Fy IRl
improved breeding
lima for doepwater
rice .
Denpwater doe i, Sl 00 Bk Dugtaion
FIRERMES OOl SIrmity 101 Parvesst pte Frachinba

nanfcd craps In
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Cross-ecosystems
Research Projects
for 1990-1994

Germplasm evabution

Genrome | pidl ation

Ecosystem choractorization amd
amipn b analysic

Fice guality and omass willizat=on

Cross-ecosystems research

ork in the cross-
OIS YSIETS

[Program takes a

long-term view
Many [RRI projects have only
recently been made possible by
new by discoversd basic know |-.'-.'|!.':-.
and nevely dieveli -|1-|'-.i R it Hamec]
ioo ks Ths i .l.r|.'.|.||:|1|_---.||||_-| '||[.,I|I,'|_".|l..
problems that have impeded the
resscnatiom of ||'|||.'-Glr!.|||| Consiraimnts
o rice prsduction

Rixfiresd --.|'.1|!-|||-.-|1I and tech
ThaLjLees Fuir r.||1|.| analvsis of com
plex traits in large numbers of
samples and for intensive probng
of microscopic features and proc
esses are bebng waed in the Aeld
amd in the laboratory, Signtficant
results already are extending rice
knowledge and improving experi-
miental Eechniques.

I'hes use of compulters, datalinks
and international teleoommunica
tionE has increased substantially
Ihis vear, we started using com
putenized geographic inlformation
systems (LIS) in fioe ecosystemns
analysis, [ntensive wse of these
tonds will be a strong feature o
wiork o et research priorities that
reflect reronal conztraints and
opportunitics

Inberdisg ||1||||.|| '. collaborative
and rmaeEr=omeniecd |.||,||_'|1- 1 [
field survevs have been developed
that rapadly provide useful data
Field and farmer monitoring over
trme will lead bo assessmients of ths
sustaimability of different roe
baisasd =% WL as

Urscedures used in bictechnol
oy entered the rice scienoe world
late in thie 19808 Even further
M proviemients in e !:n.'n11|w-|-|~.r1
Cian b R |-'I B "l."-.ll‘. rom the
development of rice genetic maps
and from wsing mnovative meth-
ods of gene ransder

Improved diagnostic ability has
heed b thae recogntion af nutrbonal
disorders and of diseases and
insects (and some of thedr races
and biotypes), as well as nema-
todes, that were not known in th
19d0s, Mow we can address the
integration of methods o control
diverse pest complexes and the
imferaction of pest conbrol with soil
and crop management strategies



Issues ol eguity
A Important in
rice reseanrch:
WO,
pearticulmr,
contribute up to
B0 parcant ol
thae Labsar
invalved in rice
Farming.
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Within the last few vears, novel
studies of the interactions of pest
stresses and nutritional and physi-
cal stresses, and their effects on rice
vields have become possible. Simu-
lations of these effects and inber-
pretation of the underlying mwcha-
nisms (such as the influence of
plant nutrition on disease or insect
resistance in rice) are under way,
Simulations of soil, water, and crop
processes also are expected to
improve breeding strategies and
accelerate development of crop
management technology,

Within the bt decade, research
iRt il H.]u“fr, ok o ancd
other members of noe farm house-
holds, has been strengthened.
Kesearch into value-added proc-
essing at home and postharvest
processing couipment appropriate
fur wse by women s accelerating,

(her research thrusts that have
been continuous throughout [RRI's
first 3 vears report substantial
advances this year and show
promise for acoelerated advances
within the next 10 yvears. In-depth
evaluation of accessions in the In-
ternational Kice Germplasm Center
cullisction = under way o Kentify
Fenes of agronamic importance,
such as those for stem elongation
ability, tolerance for abiobic
sbressies, and resistance to difficali-
t-comtrol pests. This year, we
identitiend three acoessions with
resistance o lungno disease, Efforts
to identify accessions with rests-
tance o important insects is sup-
ported by the development of a
mvw imsect dict that, for the first
timie, allonws long-term rearing of
the stem borers noeded in soreen-
ing different rices for resistanoe.

Resistance to rice tungro diseass among wild rices
Tungro can devasiate rioes crops in South and Southeast Asla. The disease s
causad by two viruses trensmitied by grean leafmoppers, 5o far, some rice cultl
vars have been developed that ane resistant 1o green keafhoppers, bul none ane
resistant 1o the viruses themsehes.

‘When grean lealhopperesistant vaneties are planied in laege, adacent
arpas, tho insect rapidly adapts to the cultivars. That can result in new Wwngro
opidemics. The longtarm soltion is o develap vansties resistant o the
viruses. But the traditional rice cultivars identified o0 far a8 hasing some resis
Lance or tolerance can st be infecied.

We decided 1o ook for additions! sources of resistance among the wild rices
congsenmd in the Infernational Rice Germplasm Center. Ovyza latiinhia (IRR1 Acc.
100159, 105141, and 105142) and Oryea officinaiis (IRR] Acc. 101155,
105220, and 105365) show resistance 10 WWNgro, We Be now @xamining
whether this (5 resistance 1o the Tungfo vifises, [Dlerancs fae the infection, o
fERSIENCE 1D The WeeThr,

A data base of rices with virus resistance

We have a new rice virus data base (RYDB) that organizes information an
genelic resisiance to rnce tunge, ragged stunt, and rice grassy stunt dseases.,
Thie syStem provides researchers with acocess to cusrent information as rice
MECESSIONE Stoned in The temational Rice Germplasm Center and evaluatod.

Fof riceé tungro, abdut 20 percent of the world germplasm collection has been
socreened (o visible symptoma, with 560 accessions dentified as being suacep
fille to bess than 30 percent Infection, Mast of these partially resistant lines
ofginated in South Asia.

For rice rogipied sfuni. 17 percent of the collection has been screened: of the
A3 acceksions resistant to the vines, most ame lings collected fram Southeast
fsaa,

For ricé grassy stunl, two virnus strains are involved: RGSYV-1 and RGSY-2,
About 10 percent of the collection has been screened for RGSV: B0 acces
Siond with resistance originate primarly from Indis, Indonesia, and 1he
Philippines. A numissr of vaneties from the Middls East and Africa also show
resistance 10 RGSY-1. Eght accessions from China and India are resistant 1o
RGSV-2.

The accessions identified can be used to impart resisiance to new breeding
lines betng developed at IRRI and in national programs,

Crop managament to minimize yield losses to stem borers
Wellmanaged crops of modern high-tillering rice varieties appear able 10 tolerate
redatively high levels of stem borer damage.

We tested IRT2, ransplanted a1 two rates, with only 3 and with 12 seedlings
per hill, with and withoul added nitrogen. Even without siem borer damage,
yields without nitrogen were lower. With even mild stem borer damage, yeids
were much wer, WIth nitrogen, vield losses oocurred anly with Righ stem Doner
damage. Transplanting more seediings per hill resulted in much less yeld loss,
because mone tikers were left 1o compensate for whiteheads.

Soil characteristics that affect postrice crop tillage

In tropécal and semitropical flooded rice systems, a feld plantad to noe in the
iy Season mey be planted to & egume or cereal enop in the dry season. Tillng
the drained ricefield is an mparant tumaround opanation in establishng the
Tollgwing nonnce crop.,



IRRI's procedure for measuring
grain hardness has been shown to
be a good predictor of consumer
appraisals of eating quality.
Designs of IRK] harvesters and rice
mills were further improved.

A long-term multicountry study
analyzed the impact of modern rice
bechnology on different ecosys-
tems. Now atbention s turmang to
study ot the interactions of rice
market forces, international prices,

and mational agricultural policies. B

RFLP patism
visualized using a
nntasdionet e
dignaigenin-dabeied
DMA probe (RG-L1H)
oF & Apconi-
goenoration popula
than el Irom
crossimg R3S (P1)
and Ma Hao [P2Z).
Herferarygotes (H)

(P, and P | can be
wasily distirngy

bk,

Sirip tillage using chisel tines to loosan deep sodl 3050 cm balow the
surface increases dry season crop yields. But there is a critical depth. Tillage
that IS to0 deep i coumerproductive; il ends up compressing rather than
booening the o,

We used a new mathematical technigue 1o analyze ield measuremaents of
tillage force, soil loosening, and specific soil resistance., The critical depth in &
Typlc Hapludoll siity clay loam soil thal had been puddied was amownd 25 om,
somewhal shallower than earier estimates, The critical depth increased as the
sod ded, The smplcation is that it is desirable 10 get mechanscal characteniza
iores of &oils, S0 that depth of (Riage sfler puddied noe can be kepl 10 &n agro-
Memic S oDnomic minimurm.

Restriction Fragment Length Polymorphism (RFLP) studies

IRRT has taloen & leading rale in transferring techniques of molecular bialogy
from basic research laboratones 10 an applied breeding program. 1RR] eseanch
ers are tagging agronomically important genes via linkage to mapped seome
and RFLP markers in &8 newly renovated |sboratory.

Genes for resistance to the whitebacked planthopper and 10 blast disease
o for pholopening sansitivity have bean Incated on the RALP map for rice in 8
collabarativg IRRComoll Linkersity projeet. \Work B contnuing to incale genes
for resistance to bacterial blight, blast, engro viruses, greon leathopper, and
brovwn planthopper; tolerance for salt and drought; wide compatibilify; ami grain
cpality.

We have effectively adapted and refined nonradioactive, enryme-based
labeling techniques. This oMers an important altemative 10 using radioactive
1P for wisualizing DMA probes.

Alien gene transfor
Wild species of rice are imporiant reservoirs of useful genetic vanabiity, but
transferring alien genes imokes special lechniques (Such AS embryn rescue ).
We have transfermed genes for resistance 10 brown planthopper from the: wikd
species Ovyza australiensis and O, latifolia into elte breeding kne IRI1917-45
322

Alen gene (ntrogression for nontargeted plant trails |@ams, growih duration,
sligma, apiculus, and hull color) hes been detected in advanted ganaration
progeny. RFLP techniques are bemng used to characterize the allen gene intro-
gression and to locate genes of mleres




Biotechnology
procedumns ang
eupanding knowl-
edge in fice gonet-
s pnd gnsblng
inmowative
mathends of goma
transher.

i

Wz now have alite breeding lines. with genes for disease and insect mesis
lances Genved from O offemrans, O mweds, O ausiasiensis, and O, \alifodia,

Rearing yellow stem borer on an artificial diet
Most improwed rice varieties have low resistanoe to the yellow SLEm bDores
Studies on the machanisms of resistance found in Some radilions Hoe ¢ullvirs
and wikl nces hve lagged Decarse of 1he Lack of test insécls, The nood was for
an artificaal diet to use in reanng heghly rIII_'IIII_II:Ihi_'I.El:h,IE. yollow stem Doner larvae.
Wi adapled & diel used 10 rear beet amyworms by adding rice pollen. Mow
W N P !|'L'|||l:"|||' stam ey moths that |.=I!p' I'IEEII"I:.' 8a peErcaEnt viable ERAS
Volatile and nomwolatile allelochemical fractions of rice plamts chn be adoeEd 1o
daterming larval feeding preferences and the eMects of fead figh on Fica growth
and develogment. Thal will help denlify resistance in different cultivars

Rhizosphere studies

Mew technigues we are using 1o directly siudy the mipasphine—thinl s
zone of soil influenced Iy the rice roots—anahlen us (0 See aadation of sail iron
tI!.' differant pars of the fce roal Eyslam



The reots of noe grown in & box wene separated from the sod by a nylon chath
plate that shut off root penetration but aliowed material transfer, The 2.6 mm of
soil adjacent (o the root but outside the mion plate was laken as rhizosphere
s0oil. Oxidized iron precipitated oMo the myon plate.

We are using work, like this to supplemeant mathematical modeling of the
ihilzo-sphere, With modeling, we can siudy the firosphere al a much fines
degree of resclution than is possible through direct experiments, Thal helps us
detenmane how rool-Mduced changes allect nuingnd transformations and
uplake, And that will ghe us mssghts. for breeding mone efficient cultivars and o
developing more sconoimic management practices,

Screening for cooked rice hardness

Rice consumers in differant parts of the world prefer different gualities in their
mci: diffenent flavor, different cooked texture. Rice breeders build these qualk
Bes inlo their crosses by using parents whose grain has the desirabie characier
istic. Screening involves selecting for both visual and physical grain properties.

Tree breaders rely on physicochemical tests o measure starch properties,
woeifind By taske tests or by instruments that measure the handnass or sticks:
nass of fmeshly cookad rice, But these tests do not differentiate breeding lines
with similar starch propemes.

IRRI has been using an Ottawa Texure Measuning System cell on an instron
Food Tester Model 1140 to measure cogked rice texture. We coflaborated with
iha Institule of Food Scionce, Comell Unhersity, to validate this procedure.
IRAI's measurements comelale with food scientists” measures. But high
amylose, soft-gel rnces still have hardness values similar (o these of inter
mediate-smylose rices: fmeshly cooked rices wilh similar starch properties. ane
nod differentiaied, even though consumers pescaive the differences.

We are explonng whether acoeleraled aging of cooked wary and nofixy
rices belons medsunng thais hardnass will maximioe texiene differences.

A small-size rice mill for small farmers

in most of Aska, a large pan of the rice hanvest is eaten by 1he farming family or
sold in the local market, A farm family finds custom milling of redatively small
amounts of ree expengive and wasteful, mos1 of the nce is hand-pounded by
ther warnen in the family,

\We sat out 1o design a compact, low-power rice mill that would ge optimum
milkad rice recovery and head nice percentage. The prototype is based on &
Chinese design, it has a small hdling rolor supporied by a self-aligning besning
on gach end, In initial 1515, capadcity was 60-80 kg rough fice per hour, with
6570 percent miling mcovery and 5070 peresnt head nce, depending an
rough ficé quality. The power requiremant was 0.50.7 KW,

The prototype was evaluated by farmers in Central and sowthesm Luzon,
Philippines. Farmiers who want o market millad rice sakd the capacity was 0o
low, 8nd SUPRESIED AN OULPUT ADOWT Three times faster, We buill Bnd 1es18d 8
mill with & capacity of 160 kg par hour, The benef-Lost ratio was highest o
thia smaller mdl: 3.8 versus 16 and 0.8 for the larger mill run by electric mator
or diesel enging. The smaller mill also had the best milling recovery. Il
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International programs

REI helps catalvee progress

in rice science by enabling

researchers all over the

world to interact, Some
interactions are routine: the
Institute’s list for mailing publica-
tions contains nearly 12,000 names
of agencies, libraries, and individu-
als. Some are more specific: IRRI
researchers are working on col-
laborative projects with scientists
affiliated with some 400 other
research institutions worldwide.

Some interactions strengthen
less advanced nabional research
systems, through the training of
national scientists at IRR1 and in
key universities and through IRRI
scientists stationed in-country to
work directly with national scien-
tists. Soame involve research in
countries that have target rice-
growing environments, with col-
laborative work conducted by [RRI
and national scientists specified in
memoranda of understanding.
The exchange of technologies

and information gains added
impetus through projects that
dissolve national borders and
political barriers. Networks are
major factors in meeting this
objective,

Rice germplasm is central to in-
ternational interaction. The [nter-
national Rice Germplasm Center at
IRRI is the world's major conserva-
tor of rice genetic resources. Iis
information-filled data banks and
ther sewds of some 86,000 rices and
wild rice relatives it maintains in
storage are accessible to rice breed-
ers everywhere who are working
o improve the varieties available
to farmers.

IRRI's international programs
facilitate technology evaluation
and adaptation as well as the inter-
actions of rice scientists, They pave
the way for the meaningful, pro-
ductive, timely, and cost effective
research needed to resolve current
and anticipated barriers to stable
and sustainable nice production. @
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RRI's Intermational Programs n
trasning, knowledge exchange,
e suppart 1o national agricul
tural nesaarch systems are in
thi midst of exciting explorations of
new opportunities. They promiss o
lead 1o even more challenging and
productive intemational collaboration,
With the eapenence gained owves
30 years, IRAI s shafting from Technecal
Suppor of developing agriculiural
reseprch systems o collabaration with
ever-strangthening national programs,
in irue partnorships based on mubual

respect and confidence. We expect this
enhanced relationship to greatly
increase rice research ouipen relevant
bo the particular problems of diferent
g EOOSySInmS

Wi e moving awary from offoring all
training courses at IRR| toward support:
ing trainéng courses offered by national
programe inoouniry, with the support
of IR staff and IRRI alumnl. This will
unileash valuable training potential in
nalional programs and encourage nes
foems of cooperation. I atso will
release resources desvoled to the trad-
tional courses at IRR1 1o meet new
demands. for raening in mone upstream
ne-GE-arch,

W are encouraging polential degres
sChalars (0 take ther Course work, m
ke mathingl paeErsies, and opeEning
rrore opponiuniles for thess reecanch
fellowships at IRR1, The tima IRRI
scienticts spend holpeng thesis
recearch fellows s an invesimen
towiard Tufufe partnersips for collabo-
fathe ressaEch, Manhy national program
leaders atso rise from IRRI alummni
ranks,

IRRI i= taking steps to install andine
sciantific information exchange through
global communicaion Systems whike
wir continug 1o publsh and distribute
o raliable scientific infomation
axchange penodicals, Mice Liferaiure
Uipdate and the [ntemational Rice
HEgaerch Mows haTey,

Faw riallfe what i takes, o terms of
resources, technical skilks, and dill-
gance, 1o keep a genebank functional
and truly usedul to scientists anounsd
the world. Whbs we pondinue 10 oodlect
and congene land races, and rejuve
nate and mulipghy ofd but imgoetan
soed slocks, wa ang increasing afforts
to collect samples of unprotecied wilkd
species. They are invaluable soorces of
the rane genes needed for further
imprionseminid in rice variolses.,

The lunctional nelworks coordimated
at IRRI continue to ecelve urwavering
support from the national programs
The Infematonal Metwork for Genetic
Ennancement of Rice (INGER), with
funding from LINDP, coordnyies the
extchangs and evaluation of alito brood
ing lines around the gobe, Rigid evalu-
ation in different rice environments
over 15 years has ked (o the release of
184 breeding lines a5 vanates in
50 countries. These contnbuled 1o
subsianiinl nNCreases in foe production
worldwide, As more research efforts
ane directed to unfavorable rice envinon
ments, INGER |5 adusting so that rice
famers in the less favorable noe &co-
sysiems, who benefited less from
"green revolution” technologies, may



feag thie benalits of acosystem-spocific
rechnologies.

More than 100 Asian Rice Farming
Systems Metwork (ARFSM) projects ane
under way In 17 counines, ARFSMN
develops crap dversificatan technology
L0 ifcréase the incomes of nce farm
famidlies and improve e nutrition.
Marmy profiable cropping systems, such
as lepumes, maire, or wheat befone or
afteer fice, hane besen identified.
Callabarating schentisis ane shifting
mane attenton o unfavorable noe
BCosystems,

The Intemational Metwark for Soil
Fertility and Sustainable Rice Farming
(INSLIRF), with sappport from the Swiss
Development Cooperation. continues
its experiments on sustainability
e, A shift 1o subrnestworks (s
shanng headership and tappsng national
program sinengihs.

iRAI and some nalional programs
e collaborating in & new Integrated
Pest Management (IPM) for Fice
Metwmork, This wall promote meanage
meni praclices thal menimise the use of
chemical pesticides and enhance anw
ronemenial safety.

Comman inlerests and overlap
mng objEctives of network activities
i anNCOUraging us to explorm ways
o enhance ther imeraction and
ntegra o,

in Latin Amenica, we conlmse 1o
collaborate with the Intemational Cen
1= for Tropical Agriculture (CIAT), and
partcipale in joantly crganized work
shops, planning meetings, and field
activities, to foster even betier under
standeng and Lo inciease research
cooperation

in Africa, the Consultative Group on
Internationad Agricultural Researnch
(CGIARY has ghven the Wiest Africa Rice
Dealopment Association (WARDA) tha
mandale a5 the regaonal center for nce
resemich in West Alrica. IRRAI s commit
i 1o provading Supgor in arens whens

it has a comparative advantage, even
a5 we Increase attention to the growing
demand ior nce in easiem, ceniral, and
southem Africa, We have made now
afforts 1o develop, in collaboration with
thie Solith Afrca Cantre for Cooperation
in Agricuftural Research (SACCAR), 8
program that will help unieash the vast
patential for noe productssn e
Mgn

This is omly a few of the new direc-
tions tat:en in our collaborative work
with instifutions worldwede, |HRI siaff
have the expEnence, espertise, and
determanation 1o succeed in this
confinuing adveniun, in SUong partnar
ships with national programs and with
the encouragement and support of
concemed (onors,

J,L
#;.'J.—-ﬂ/
Fernando A. Bernardo
Pty Divecior General
for ntematonal Programs




Germplasm Conservation
and Dissemination
Projects for 1990-1994

Comsadyaticsh amst dissesminaticn

Seed health

Germplasm conservation
and dissemination

ew mmitiatvies i mber-
related facets of rice
germplasm conserva-
tion and dissemination
are fosber ing betler inferaction
amoing scientists involved in
cunserving, evaluating, and using
germplasm worldwide, In 1599,
inter-genebank collaboration was
strengthened through an interna
bonal workshop. Data bases on
Intermational Kice Cermplasm
Conter (TEGL)Y accessions and their
management were ||'|1pr|a-'.'|.'-|.| o

enhance the exchange of informa-
ton among IREI scientists and
with national rice research
programs. Seed distnbubion was
streamlined and increased, both
within [RRI and worldwide

With growing commitment to
celliect, conserve, evaluate, and
make available rice germplasm,
rice science has a continually
expanding bank of genetic build
ing blocks mom which matenals
can be drawn for use in developing
improved rice varieties. 1l

E™
I-Il.



Inter-genebank workshops promote collaboration

The first IRRE-SponsOred warkshop on genatic consenation of nee was held in
1977, when few national genebanks even axesled, A major recommiendation of
he participants in that wokshop was 1o share the respansibility for germplasm
prstaction and use among imtemational and national programs, In 1983, a
second workshop reviewed progress in rice permplasm consanvation and estab
fished & fiveyear apenda for collection.

Toskay, the commaunity of fce Scientists involvid in the consendation of rice
germplasm ks much larger, Within the last 10 years, many national programs
have aoguired new seed storage facilites and bettertrained staff. Impeoved
imformiation transmission technology worndwide offers opportunities to inierfink
inese expanded resources.

Recent advances in biotlechnalagy and driving a new wave of reguests for the
sands of exntic germplasm, partsculary the wild relatives of noe that are rich
souroes of useful genes, but difficult to find, difficult to consernve, and hance not
as well represented in germplasm collections as traditicnal vanelies and
impraved |ines.

Thase developments and the rapidly changing emironmental situation were
the impetus for a third intermational workshop on rice germplasm consanaton,
hield in May 1990 &l IR with cosponsorship by the Intemational Board for Plant
Genelic Resowrces (IBPGR)L. Participants worked to improwe imlesgenebank, coor
direation and Lo establish an agenda for germplasm collecting actiaties, conser-
vation of eeeds, and axchangs of valuable acoessions during the next 10 years.

Inter-genabank information exchange

Devedopment of standandred and streamilined documentation has ked 10 mone
effective communication and lechnical information exchange among germasm
wirkers. (n 1990, the IRGC expanded its passpornt and evaluation data bases,

A nizw saftware program IRRIGEN, written to run an microcomputens, will enabla
national genebanks 1o elaborate the descriplions of thair own collections and io
use computers man: extanshely in their matlifaceted activities,

Inter-gencbank collaboration in germplasm evaluation

The systematic evaluation of conserved germplasm plays a key role in the
surcess of IRRI's breeding work. The 15yearald Genatic Evaluation and Litiliza
tion (GEU] program resulted in Dmad screening, cntical evaluation, and in-depth
studios of a large portion of the IRGC acquisitions, Rices consanved n the IRGC
that have made cutstanding contributsons o the development of improved
vareties include:

Silewah from Indonesia was found to have excellent cobd tolerance at tho
heading stage. In a 1990 visit to the village whene this traditional varety was
first collegied in 1974, we found that it is no kaager planted by farmers. MNow, i
ks available only from genabanis.

E425 from Senegal was used at IRR1 &5 a parent in brgeding the Hiew high
yiabding dnyland vanety Makiling recently released by the Philippine Seed Boand
far planting in the uplands.

Oryza officinalls from Sukothad, Thalland. is 8 pood sowrce of resistance to
several pasts and diseases: it has been used in B number of crosses 1o derve
hagh-pelding lines with multipte post Mesislance,



Cooparation in collecting germplasm

Recent Asigwide oooperalion in collecting unpresened gennplasm is resulting in
increised understanding of the importance of wild rices and heds conservation
ot in silu and ax situ. Coltaboratve collecting activities were carrled out in
Myanmar and Papua New Guinea (among other countres), where little wild rice
hiad previously been collected, Rnding populations of 0. ricdlew and 0. schiech-
terl i Papua New Guinea was a highlight of the 1880 collecting activities, This
i ey progniss in protecting these precious genatic esowrmes and makng
i availabde for evaluation and use in beeading programs.

Germplasm distribution and exchange

Worldwide desiribution of germplasm from the IRGE increased sharply in 1990,
Mo than 50,000 sepd packets were sant to researchers and evaluators, n
response to requesis from 266 scientists in 40 countries. B
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Projects for 1990-1994
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Information and knowledge

exchange
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commumcation to
effective inlerna-

tional research has been
central o IRE s mis<ion from the
very beginning, Three of the seven
objectives set oot in the Institute’s
bounding mandate are expheit
Al ibs ronle

* To publish and disseminate
research findings and recommen-
dations of the Instibute;

» T pstablish, maintain, and
operate an information center and
library which will provide, among
othiers, for inferested sclenbi=is and
scholars everywhere a colbection of
the world's literature on fice; and

* To organize or hold periodic

[ |'-n|'|'n|_'-||x|"- FOFLITTES,, -III||| S TTRETRE S,

whether international, regional,

national, or otherw se, for the
purpose of discussing current
problems and for developing
research strategies for elevating
and stabilizing rice vields under
different environmenis,

[hese responsibilities were real-
firmed in IREl's objctives devel
oped in the 1989 document  T'ouwnd
200 amd beyonid: “To generate and
disseminate doe-related knowl-
edge and technology .. ."

Activities in the Informabion and
Enowledpge Exchange Program
blend to fulfill IKRI's obligation to
provide curment information bo rice
scientists, policymakers, research
supporters, and scholars every
where in the world. B

=|



Rice Literature
Lipaaie helps fos
sclantisis stay
cumment with
ragEarch
documentation,

Library and documentation
Si Times a W Rictr Liferatune Updene |451.IF-E, the latesl nce publicainng addead
to the IRAI Library and Documentation callection s malled (o nearly 12,000
scientisis and lbranes worldwides, The [Ssues published in 15990 avwraged
1.5000 cltaliong sach. Maore than 3200 regueests for reprinds from 38 countries
weiere filled, with 23,300 duplicalted pages of nce literatune

The Rice Literatune Search Systerm (LS5), assentially a computerired cand
catalog, o hisis 1 F0,000 ur-gmal documents in e IFE collectan, We slag
acguired, and wsa, mare (fan 2 million 19841980 ghatracts of the UK -based
CAB-Internabional on CO-ROM [compact disc read-anly mamaoary), alang with LSS,
ALERICOLA, and other dais bases, for compuienged Ineratune seaches. in 1990,
A51 liverafure seamches were done

Trax iRRI Library monograph collection, the worid's langest for rice, now totals
miore than 93,000 titles. Serial tithes reached a maximam of 4,022, but
=L subsonpbons ware discontinued 16 cul cosis,

Improving research commmunication

IRAI pubéished 11 new books in English o 1960, and distributed almost B3.000
copies of major IRF publications, &bout 34,000 were in Engiish; the remainder
were transiations copublished oy national system cooperaiors.

Four hundred key national nce lbranes recelve one complirmentary copy o
gach ndw Dookl wrtien in English. Sales of eardier IRAY Books nance publication
of new titles in Englhsh, Natonasl programs and donors finance the printing and
distribution of transiations, through IRR"Ss copublication project.

Nearly 250,000 copies of IRR penodicals were distnbuted 1o some 12,000
addresses n 146 coumnes in 1990, These included the imfernational Rice
Research Mewsleimar, the RAT Research Paper Senkes, and Rice Lilerature
Lol

IRRYs histoncal Amauad Report was changed to an annuad Frogram Reperd in
1950, with a new format to reflect the Instiuie's ecosystem-based program
structur.

IR also published, on behall of ail centers, a 730-page 1980 catalog
Fubiications of the Infemational Agricuitural Research and Devalpgment
Cerders, and a 1990 Suppement, The catalogs ane probably the largest compi
lation of titles on agriculiural science and production in the develaging cown
trigs. The combined catalogs will b made available on computer disc In 1991

IFR and the International Coentar for Living Aguatic Resources Management
(ICLARM) organized the Intemational Agncultural Research Cener Book Exhibi-
tion at the 19590 Baging Book Fair in Chana

Ome nesw IRA book designed for copublication was released; Seeds and
seedlings of weeds in fce Jn Sowth and Southeast Asia. Nine transiations of
IRRI baaks were copublished In 1920, A Famer's Prmer an Growing Lipland
Rice was publeshad in Hingi, Viegnamese, and Spanish. A Fammar's Prmér on
Growing Rice s now available in 38 languages, Al least 139 edithons of 33 IRAI
boaks have now bedn copublishad in 44 languages in 29 countrias,

Conferances and workshops

IRl was host 1o or cosponsar of 32 intemational conferences, workshops, and
mieetings i 1990, with a total of 1,374 participants. The sacand Intermational
Rice Geretics Symposium atirected 300 paricipants, The 1980 Intemational



Sowits aad sepdlings of
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rice-producing countries.

Rice Research Conference held in Seowl, Republic of Korea, had 200 pamig
pants, ther conferences and workshops oovered deeerse [DpIcs, such as imden
control in noé and pender aElysis m ianming Sysiems resaanch

Improving public awareness
IRR| produced 37 news releases in 1990, and disssminsled them 10 about
1.0 media worldaade, The eleases wine gubiingd in ngwspapers g
magarnes & East 200 times. We also asssled 108 visiling poumalists

i imeiede cooperalion was wilh WNET /Thirleen, & public ielevision station in
the LS, thad produces HIOgrams for national and inf=smationa! telecast an the
Pubilic Broadcasting Service, WNET produced & 1-howd feature, Speds of Hope,
for the sefes INNOVATION, it features IRRI s strategses for promoling Susisin
abde sghcultiral productvaly in developing counlnes, IRR programs in Cambo
ihm, and coflaborative projects with Gomell University

At hxast 26 U5, public telovision slations ane scheduled 1o air Seeds of Hope
n 1991, Australkan television will also air the program, WHET has gnen IRFI
permission Lo shagse the film with TV stations in nee-produceng countmes wilh
wiech we collaborate,

One new BCialy was pueblicsten of IR 1989, thg first anrusl Corporalis
repor that neplaced the (RRY Research Mghights seres, We confinue to publish
tha IRR Raporler for donors, supporters, and friends of the Institute.

Rice data bases and computer services
Ranoyvatan of Compuler Senices ladililes wat complited n 1950, with fussdng
fram the Japanise Government. Installation of a headguariers-wide Local Awa
Matwork (LAN) began, That will anable 24 houra-day elécinonic communbcation
wrthan IRR1 headguarters, A Wide Area MNetwork (WAN) connection already allows
IRAI scientists fo communicate with colleagues around the giobe. As s00n 8s
the local aea nedwork (5 comphebe, the WaN &Il enabbe ERRI stalf and, later,
nafional program collaboralors 1o acoiss infonmeiion stored in IR dta basos

Thiz Aice Vinis Dala Base was complatad in 1980, The data mode| developed
far this apgpdication is the basis for additional data bases being developed in
other subject areas, Schentists anter thelr obsenvalions inie a sulyect-specilic
table that links 1o ofther fables (lor viruses, o the gemplasm table of the
genetic evaluation progect]. This allows a researcher 10 access, manipulaie, and
analfyie mlavani data from other disciplines

Thi Rice Workers Data Base contains information about 10,000 people,
IRAI's worldwsde clients. The primary data were gathered through our computor
ized malling-lst acoess system. It can be merged with other data bases, such
as the infevnational Bibliography of Rice Research, lo give a cheared pichune of
IRAI clients and thelr neseach mteests and needs. ll



Networks

ebworks sirengthen
collaboration, mot just
bEtweon [RE] and
other instibutions, bl
among the national rice research
programs and institutions them
selves. The participating scientists
|.'l|.'|r'| nefwork activities to l"l.F'.-IHd
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NETWORK Projects for
1990-1994
&l Mebwork Tor Genatic
il RecE (INGER)
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focised on alley abig sl !l:|1|-
lems; and ARFSN, focused on
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INGER |inks the mce improvement programs of national systems and intemational
centers. it acts &3 8 low-cost catalyst for germplasm evaluation and utllization
and provides opporiuneties for rice scientists n different countries (o work
toglethar on Ccommon concems.

e network began in 1975 as the intemational Mce Testing Frogram [IRTR),
with support from the United Nations Development Programmmea [UINDP]. It was
restructured into INGER in 1989, Throughout it evolution, it has been an effec-
tive meachanism for pooling eMons and resources to exchange and evalusie elie
peneiic breeding matoriats over a wide range of environmenis, Schentisis in some
T5 countnies have participated in the network a8t some time; this year, about GO
Counires are represented.

INGER has three regional components: in Asia, Africa, and Latin Amenca. Over
all coondination is ol IRRI. Adwvisory commitiees with members selected from
national programs guide gobal and regional activities. Groups of momber scion
tists visit reseamh sites In different countries every year. Those joint site visits
provide stimulating forums for the interaction of national and intemational rice
SCignligls.

Spacific modules within ditfenent yviesd ond genetic evalumon nursenes.
preliminary hot-spot screening, and gernetic donor kils increass the efficiency of
the testing program. in-depth analysis of data from multilacation trials provides
leads for follew-up reseanch at natkonal and inemational levels,

Since 1975, INGER entries orginating from 21 countries and from memational
pcenters hawve boen reledsed 1o nee farmers in difféent agroscalogical regions in
50 countries. A total of 184 varieties have been named, although some are ha
gamsa lines with different national labads. Most have contnbaded to significant
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increases in nce productson, More than 4,500 entries heve been used Bs donors
of important trafts in national hybridization programs,

Thas joind effort of national and international rice breeding programs should
cortinue to be an effickent mechaniam for ransnational sceentific cooperation,
with strengthened muttidisciplinany linkages. Exchange and evabuation of
impraved genetic materals help extend genethc dversity and minimize potential
threals of pest epldemics,

An IRRI liaison scientist stationed at the International Center for Tropscal Agri-
culture (CIAT] in Colombia coordinates the INGER regional program for Latin
America. Tha pedigrees of 143 mproved rice cultivars released by Latin Amer-
can countries 1971-1989 have been traced (o their origing] land race panenis.
IR8 was found in the pedigrees of 75 percent of the improved varieties raeleased,

Coonfnation of INGER-Wes1 Alrica has bean transfamed froem Lhe Intemational
Pnstitule of Tropical Agricultune (IITA) to the West Africa Rice Developmant
Association [WARDA).

Asian rice farming systems network (ARFSN)

ARFEN onabies IRRT and nationdad sciontists (o work together 1o identify mone
productive rice-based farming systems for different agroecologies. Mambar
seiantists are working in 17 national programs.

They use a oollaboratively developed methodology for on-fam syslems
research, Activities at different participating sies are oesgined Lo imgrove
components of the methodology and 10 identiy appropriate emvironment specific
lechnologies,

ARFSNM began in 1876, with cropping systems research at five sites in theee
countries. Livestock and aguacufure ware added in 1983, refocusing the work
Ioward increasing income through diversified taming systams. Now, reseanch
sites represent a full range of rice groweng ecologhes. Collaborative reseanch
projecls include cropping Sysbems tesling, rioe-fish faming. crop-animal
sysboms, women in nco farming, impact of farming system., vanatios of upland
crops grown before and after nce, rice - wheat croppeng rotations, and eslablish-
bng upland crops after rce.

Cropping patiom trials are conductad i 11 codnirien, @i sites representing
wngated, rainfed lowland, upland, and despwates scosystems. Thess trials in
collabaration wih extension agents and farmers halp identity cropping patters
that are agronomically and economically better than baditional famer praciices.



In most cases, the trials invohe increasing cropping imensity by planting
short-duration, high-yielding crops in the rice fallow season. The second or thind
crops ane usually Isgumes. Some forage Crops intercropped with food crops
praduce good grain yelds, provide animal feed, and serve as green manure for
tha nist rice crop.

Interest in nce-fish farming is plickang up fast. Resesarch activities are strong in
China, Indonesia. and Thailand, The number of onfarm research sites has
increased in Bangladesh, India, Indonesia, Korea, the Philippines, and Thailand.

Diata from séven sites indicate higher net retums from rice-fish systems than
from rice alone, In most casas, noe yields wene higher with fiah than without
fish, and in Indonesia, rice with fish has lower stem borer and weed Infesta
tians.

The impact of farming systams research was studied af selected sites in six
countnes, in indonesia, new rice-fish technalogy increased per capila farm
income by about 34%. While expenditures for food did not change, purchase of
norefood ibems increased,

in Nepal, bolh rainfed lowland and upland farmars who adopled recom-
mended cropping pattems grow momne vagetables, and that improved the mutri
tion of farm family members. In the Philippines, traditional rice-only famers had
higher everage rice yields, but famers who drersified had higher ngomes.

Several ricerelated technologies thatl directly concesm women Tammers ang
baing testod in saven countrigs. In a Philipping inlegrabed pest managemant
survey, wamen in an irigated rice farming area in Laguna Province were found to
ba more heavily involved in vegetable production and marketing than in dcefield
operations. They participate i decisions aboul pesticioe use, seed vanetes,
and hired labor for fice and provide the labor for weeding, harvesting. imgating.
and markoting of wgclables,

This led the IPM research toam to include women in planming meetings.
tralning mcthaties, and farmens” flakd expenments. That has halpad significantly
reduce insecticide use in fice as well as in vegetables.

At @ rice-animal farming systam sité In rortheast Thailand, ybod chickens
were nfroduced o mprove egg and broiler production, The addifional Labor
required for mproved poultry production led malke family members to heip in
what was previously an ali-female enterprise. Farm income was mose gvenly
distributed across the year and family nutrition iImproved.

Blast Tarm household woman in Santa Barbara, Panpgasnan, PhiBppines, an
inwolved in processing glutinous rice for special rice dalicacies. The crop is
Eroewn on a portion of the village's ricetands and processed for Sale befose the
Christmas season.

In & 1587 sursey, we found that women did most of the hard work of hand
pounding and winnowing the rice. A centrifugal mininuler designed by AR
appeared 1o be & suilable labasasang 1ool. But the maching ang the 5-hp gaso
linr @nging cost about SA00-—100 expensive for & Singhe nce-tarmang rEmily. The
village farmers’ associalion acguired a community maching with suppon fram
tha provincial govemment.

This year, we went back to reassass work loads. The labor and teme immlved
in processing are drastically reduced when the new maching (s used. In 1987, i
ook five people nearly 4 howrs 1o debull and winnow. 24 kg of rice By hand: n
1840, the machine did the Lask in less than an hour, This yeas, B0 peroent of

fal
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thie 15 tons of mugh giutimeus foe processed in Lhe village went through the
niew rice huller, Our econamic analysis is that the machanicsl huller will poy for
its&lf i sia years,

Income 8 magity of the nce-farméng families has increpsed, particularky
that of the women prooessors,. Gross value added for processing glutinous foe
during September and October 1580 was 46% higher than in 1987

The women also evaluaied the vaneties of glutinous nca grown. They found
IRES, firs] infroduced in 1986, comparable to traditional vareties in tasie and
texture, with much higher yieldsa, The erea planted fo IRGS has guadrupled, and
other villages have begun planting 1RG5, Some BOK ol the nce that went thnaugh
the new lier in 1980 was 1RG5,

intemnational Network on Soil Fertility and Sustainable
Rice Farming (INSURF)
fn informal collabosation organized in 1974 to speed work that would increase
the efficiency of ferilizers appiied to rice became the Intemational Network on
Rice Fertilizer Efficiency in 1576, it was renamad the Intermational Metwark on
Soil Fertility @and Fertillzer Evaluation for Rice (INSFFER) in 1980, INSFFER fusd &
wider soopa: fertilizer efficiency plus nitrogen fication studies and concems
about long-berm soil Pertility

In 1887, the natwork rearented ils thrists Yowand work 1o achieve sustamn-
aie rice faming. That broadened Tocus s reflecied in its third name, the inter-
national hetwork on Soll Fertifity and Sustainable Rice Farming (INSURF). Partici-
pasting scientists develop holistc technology for improved and sustainable $oil
fertility.



Major activities involve collaborative trials 10 evaluate integratad nutrient
management. Longterm fertility studies continue. Special attention is given 1o
managang fertility in adverse soils, A training program strangthens the reseanch
capabilites of soentisis in pdticipating countries, Site visits and planning meet:
ings anable sciontists from diferent couniries to plan stronger research agenda.

The |atest development in INSURF s confinuing evoiution [0 resolve newly
visible concems using newly availabie methodologles is the organeation of sub-
networks, Each subrnetwork has a lead cemer, which does more of the strategc
and apphed research, with sateflite sdes for lesting and adapting new technol-
Oy, This decentralization should improve intercountry collaboration and help
synchronize prionity research across national systems,

Five subrmetworks went into operaton this year, with a joint planning meeting
at IRRI, Hagh priority research inchudes using green manure and azolla, managing
500 fenihity in acid upland and infenie ranfed lowland soils, and using sulfur
and othes michorutrens efficiently,

Integrated Pest Management for Rice Network (IPM-R)

Integrated pest management wses the besi mix of tactics to contral crop pesis
at the least cost. Control measunes are selecied for their effectiveness. ecologl
Gl soundness, econoimic feasibelity, and soci acceptabiity. A condral aspect s
meducing the use of chemcal pesticdes.

Mew pest control technologies must masimise natural bickgjcal balance
mechanisms with minimal undesrable eflects to beneficial organisms. and to
the environment. Specific ecological studies, research on pest pogulations, and
developrment of néw control technobogies., 1actics, and stralegies ane essential,
Equally important & o belter underslanding of the biological, technical, social,
economical, and political dimensions of pest probloms.

Effective IPM invales. farmens. extension specialisis, and policymakers.
Ressarch must focus on developing tools for each decisonmaker, TEsIng mio
accoun each sector's diffening role in the comples prooess,

Thae IPM-R Network was mitiated i 1990, with coordination o IRRI and
paricipating scientisis in China, India, Indomesia, Malaysia, the Philippines, and
Thailand, Thisy miet in July (o establish the mdtial network organization and fo
rdentify common research interests,

Each country has organized a research team of scientisis and extangion
specialists. Interdisciphinary representation involves plant protection sclences,
social soences, and develogmeant commumcation. The firsl phase invalves
ncouniry workshops. IPW meseach lean membors ane besng trained in systems
analysis lechnigues wsed to describe and analyee pest problems. Each work-
shop focuses on the mportant pests in the country, 1o identily slabed esearch,
gxtension, and policy preoities relativie 10 their contmol,

At the workshop in Thadland, the important pesis identified are the brown
plarthoppar and noe regged stunt vinis. In Indonesia, the pionly pest is the
white stem borer. Workshops in China, India, the Phdippines, and Malaysia are
scheduled n 1991, 1

fi



Training projects
for 1990-1994

Degres mnd postdegros Dradning

Gioup [raining CoOUSas

Training

ore than 6,000
scientists have been

trained at TRE] w0

tar, in degro
programs, on-the-job internships,
and short-term group training
courses, In 1990, traimees included
169 scholars and nondegree in-
terns, 282 short course trainees,
and 31 postdoctoral fedlows rom
all ovveer thie workd [sew list),

As umiversilies in many ooun-
tries strengthen ther graduate
training capabilities, especially for
i b l.‘|l.':|:'l'1"- IRE] is beginning o
recuce the number of full scholar-
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accepied from those countrivs
Prioety 1= shifting to support maore
"h [ thesis research work at IRR]
and bo strengthen collaboration

Among natonal universities and
IRE]

This is supported by collabora
tive agneements between HRE]D and
miare than 3 universities world-
wide. Course work is completed at
oo o Ehese universitbes under the
:_'|||.|.|.:'.u. il a Bsculity memiber
thiere, thesis research s conducted
ab TRED yander thg SUPRETY IS0 1l
ritidance of an IRE] scentist
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Uhe first group training at 1IKK]
in 191, was a six-rnonth ric

|'|1l-.‘||l. HOEY COLbPse FIGE Bl on




practical skills. In 1969, a cropping
svstems course fooused on BT
ing other crops after rice. In 1975,
I'hlL"L'" MOe COUes wene of |'-|."r'-|,-'-|j:
Cienetic Evaluation and Utihzaton
(GEUY, Agricultural Engineering,
and Agricultural Economics. In
1978, Irrigation Water Manage-
ment and Fertilizer Evaluation for
Kice cou s, e .'u.!r,h-d

As national systemes expand
their research capacity, the
demand for new skills is increas-
ing. Kocent courses include Rice
Biotechnology, Biological Control
in Rice-based Cropping Systems,
and Simulation and Modelling,
Concurrently, demand for the
minre hasic courses continues from
national systems in early stages of
technological development. [RRI
noiw has a dual responsibility, o
affer training in both upstream and
downstream research approaches
at the same fime
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amd rice techniclans
trained at IRRI, 1960
150,

Participants in IRRI training programs 1990

Thesss-only research scholars (8 MS, 32 Ph D) 40
Course work and thesis scholars (31 M5, 54 Ph [ 85
On-theob research trainees ag
Collaborative research scholdars (1 MS, 4 Ph D) B
Postdoctoral Tellows 51
Group course frainges (17 courses) xB2

This is threatening to overtax
thie Institube’s limited resoences,
To pvercome this problem, we are
developing an approach to decen-
tralize training. As national sys-
tems strengthen their research
capacity, they also increase their
ability to conduct training in-coun-
try. IRRI assists national programs
to mobilize training resources,
involve IRRI training program
alumni, and facilitate course devel-
opment by sharing training
materials and expertise. With IRR1
support, these new training oppor-
tunities will be open to participants
from countries lacking such
programs,

Research consortia will be the
pathway for linking training to
[RRI's ecosystem-based research
programs. Short-term training,
knowledge sharing, in-service
training, and refresher training
are expected to be opportunities at
selected key sites. B




Country and regional projects

esponsibihibies of [REl's
Intermational Proprams
MManagement Cifice
establshed in 159HK),

Country and Regional
Projects for 1590-1594
1A Asin

Inn Adrica
Im Latim Amarica and the Casbisasn

include thae Following
= Ensuring relevant and quality
research and raming actvities in

country and regional projects

* Courdinating scientific and
administrative support lor CoLntry
and regional projects from [RE]

headquarters

Lt

* Designing, appraising, and

TV HEWINE Coinlry angd r :.:I1II1|1|
e s

e Recrutting |RR] scientists and
facilitating their work in the project
to which they are ASSEE TS

# Prowviding lisison with mabional
program officials and scientists

= [Py I-|||||;; limison with couniry
AN Mel iral [rriopect clovnors i
related international organizations,
it coordinabion with IREs Liai-
son, Uoordination, and Planning
LITuEL



[RE] scientists are stationed in
Bangladesh, Cambodia, Colombia
(tor Latin Amencal, Egypt, India,
Indonesia, Lao PDR, Madagascar,
Myanmar, Nigeria (lor Africal, and
Thailand. We also collaborate
through donor-funded projects
with Bhutan, Sri Lanka, and
Vicimarm, W

in Bangladesh.
daapaniar Aoo
tprming 15 an
Imposiant part of
this Rgricufural

Bangladesh

Botanical pest control has bean an mportant part of the collaboration between
thi Bengladesh Rice Reseprch Instifute (BRI and IRA for B years, The
research |8 suppored by BRAI cone funds and by the Asian Development Bank

BRE| evaluated extracts of 14 local pesticidal plants, ard Tound five That were
highly effectiver in controlling eight major rice pasts. in a follow-up, BRRIRRI
codlaborated 1o last dervatives of the neem tree Aradirachia indics against rice
Insect pests.in greenhouse experiments, spraying with 10-20% neem oll was
highly effective against a number of Toliagefeading insects, in fielkd trials, plots
sprayed with 10% neem oil suffered significantly less damage from loaf roliers
and tungro disease than did untreated piots

Several commercial Moactive products. from neem have been developad in
several countries. BRREARI collaborating scientists now plan 1o evaluate those
products againsl the major e insect peels in fammans’ Telds.

Bhutan

Phase 1 of the Bhutan- AR Rice Farming Systems Propect funded by |DRC was
completod 31 March 1990, and phase 2 began in April, An important thrust s
denaloping national ability to conduct basalss and diagnostic sursoys, Thase
SLMEYS SEMVE B Ousl pupose; 85 a basis for sefting research pricsities and for
impact pasessment, A surey in Manch-Aprl in the iow-altitude rice-growing zons
of Ganlesgiphug Distnct, soullssrn Bhutan, identified causes of low noe yelds and
productivity that indicale a range of research needs,

Cambodia
Cambodis’'s. traditional rfioe vamksties have sunded centunes, of catastrophic
drougnts and Noods. But 10 yoaers ago, It appeared that they might have bean
lost 1o political upheaval. In the early 1970s, farmers and their fTamilkes wene
abandoning thedr fiekds and fleeing ahead of advancing Khmer Rouge forces. By
1975, the ares planied to rice had declined from 2.5 million hectares io only
500,000 hectares

Dunng tha period of immense hamdship and sufenng 1hal folldwed, humes
dislocation was severa. Refugee farm familes ale thiir Seed e, dnd Iarger
seed stochs wame eatén by rats. In 169749, tha first rolicf workers inta Phaam
Penh feared that the centuries of naturad salection of traditional Aces undas
Cambaocka's harsh agricultural environment had disappeared

In March 1981, a representative of the relief agency OXFAM asked IRRI if any
Cambodian vaneties wene conseraed in the Infemational Rice Germplasm Center
codlecthon, |IRGE offered seads of G8T Cambodian vanaties, mostly colkaten in
the eary 15708 The Cambodian agncuttural system, decimated by yéars of war,
couldd net handle that many, and reguested seeds of only 35 major Cultivars
Since then, as the country's capacity 1o test, evaluste, and multiply varisties has
increased, IRGC has provided 1he seeds of 562 tragitional Cambodien varaties
to the country whene they avolved,

in 1984, raditional rice varieties, planted late and damaped by drougnt, still
yielded about 1 fon per hectare. That helped the country @void a new Tamine
That same year, 8 new joint Cambodia IR collecting effort added new
acomssions,

Those rices warnn evaludled during 1990 wel season al Prey Pdhau Hosearch
Station for agronomic and graen quality characiérs and for résistance o pesis



o deseases. Cambodiai and AR scenlists found enonmous goncthc divorsity
that, along with the garmplasm alreasy presered, will be valuable in rainfed low
land Nce IMmprovermenT Paogrmms i Combooia o BEsesing

Duiplscate a5 of the full Cambodian collettion are slontd n Camisodia and m
I IRGE hong-torm padsanaation faclitios at IRAL,

Since 1085, an agronomist, plant breeder, techndlogy transfer specialist, and
an administrative officer hawe been assigned in Cambodia, under @ 3year gran
from the Australian International Deselopment Assistance Bureau (ADAR), The
Cambodia-iRRI Progect places specinl emphasis on developing iow<ost means
of improving sail ferdity and kdentdying mone productive nce vanéties for Cambo-
dia's major noe ecosystEmS,

Egypt

The EgvptdRRI progect, supporied by a grant from USAID, has for the last 3 years
emphasized strengihenng the Rsce Research and Trainmg Center (RRTC) #t
Sakha, Walr El Shisikh, RRTC s rw pirationial, ramingl axiension workers and
demanstrating morm productive noe lechnology m addition 1o conducting
resgarch, Yiolds of 1580 onfarm demonstration plots were 48 percend higher
than national average yields.

India

Tha IndiaIRRI collaboradion has @ long hisiory and s extensive. A major effort
is to develop. svaluate, and refine 8 methodolomy for ponsysiam analysls and
farming systems research for rainfed endviionments in easien ndia, This wark
designed 1o strengthen e Ford Foundation supporied Fafming Syslems
Research /Extension MNetwork and the IFAD supported Indian Cournail of Agnoul
tural Resarch (ICARHRR collsboraton,

In-depth analyses of ecosysiem charpoefslics woere comploted at several
gites_ Thia enables axtrapolation and crop adaptation studies SCross & numibier
ol agiafdmic ewimnments. The basic framéwork far comparative ahalysis has
bean prepared and mappeng has begun.

Represeniative farming systems at selected sites i rainfed |owland, upland,
and deepwaler rice eonsysiems ane heng characterized in detad, The resulting
deEta bases on land résources and use ond on economic and social Tectors will
b Lsed in developing & mathod for predscting 1he best usae of land. Data an
social factors mcludes labar demand and supply during the cropping season, the
foke af wamen in the farming systoms, and aftemative income-generatng oppor
tunities

Anpther major project in sastern Indin exsamings possibilities lor improved
pest mansgement in deepwater nce, with support from the Asian Dewvelopment
Bank. Rosearchers are mappng deepwaler rice areas, studying the population
dynamics of major rice pests lesting rice-fish culbure systems, suneying
nematodes in ncelields, assessing crop |0s5e3 1o pesis, and screening noe
cultivars for resistance to important nsedis and diseases.

Indonesia

IndonesigiRR| coliaboration intensified in 1980, with the launching of a major
new instiative on updand nce. An IR reseach fellow is assigned to Situng
Station in 'West Sumatra, the anea proposed as 8 key site in an upland noe
research consofium (o be oganued in 1881, Collabaratrve tnals in 1990



evaluated technologies for improving soil fertility and  noe cullivars for iolerance
for acid upland sails.Other sclentist-lo-scieniist callaboratve topics included
nitrogen fertilizer vae efficiendy. phosphorus sowrces in lowland rice. ol and
walar managamant, biological contnol of rice diseases, developmant of hybnd
rice technology, crop modeling. and collecting wikd nce germplasm.

Lac PDR

Aboul one-fourth of Lao POR'S 4 milon people practice shifling culthsation,
miainly of rca. Their plots in the updands comprise one-thied of the country’s
cropped arep, Official povemmeni policy alma. at aliminating shifting cultivation
withan the nest 10 years,

The LaoRRI Rice Resedrch and Training Project began i 1990, with support
from the Swiss Development Cooperation. Twi IRRI sceenlists arrivid in
Vientiane in late 19890 to work with national scientists unsder this project.

The first activity was disgnostic suneys of shifting cultivation in Luang
Prabang and Dudomxy provinces in nomhem Laos, The data are enabling scien-
tists to better understand farmers’ perspectives, diagnose farmers” field produd.
tian problems, and st esearch prionties,

Low and declining soll fertility. more freguent cropping cycles. and difficult
pests (weads, rats, birds, wild pigs) are affecting rice ylelds and system
sustainability, Farmers eannat AIoET innovations demanding mote |abor and
freone punchased inputs, The forst stofyitem has been degraded by logging,
buming, and rice monocropping. The polantial for emdronmental rehatdlitation
through natural succession 5 minimal.

improwed fallow could be an intermediate step leading to crop divarsification,
agroforestry, and settled agriculture. An IRRI agronomist siationed in Luang
Prabang and Lag scientists will bagin collaborathe research on the sysiem in
18991 wel season,

Madagascar

Phase 3 of the Madagascar /AR nce research project Began in 1950, with sup-
port from USAID, High prionty work in collaboration with FOFIFA ks on alleviating
the soil ferblity constraints in the high plateau,

Cultrvars with superior tolarance for iron toxicity have been identified in
screening trials ot Manjakandriana. The best management technology identified
in cropping systems work ncludes using an improved variety, applying low rates
of phosphorus by root dipping, shallow transplanting, and applying low rates of
nitrogen through urea.

Wiork on nice diseases, particulady biast, show thal rice siraw left in the fiekd
o used as roofing material for farm structures ane sources of pathogens that
can infect Noe crops in the next seasan.

Myanmar (Burma)
A February 1990 review of the Myanmar-IRRI Farming Systerms Project supporied
by IDRC noted progress. in identifving maore efficient cropping syslems, rice
breeding, smallscale tarm mechanization, and human resource development.
Argas Tos future collaboration inciude further development of cropping pat-
tesms and component technology: classifying the country s agro-ecosSysTems;
farm-leval diagnosis of production consiraints; developing incountry training
capacity; oeveloping improved nce culthars for unfavorable ramfed lowland,
deep water, and low temperatue regions; and mechanization For dny Seeding.



mn

Sri Lanka
The S LanksRRI collaboration s supported by the Ssedish Agancy for
Research Cooperation with Developing Counines (SAREC) IRRI scientisis
codesudt with Sel Lankan scentists in areas of mutual interest, Opportunities for
S Lankan scionlesls 1o undertohe training under IRRT sponsorship hine Boen
increased, as has participation in intermational meetings,

in Septamber 19940, the Department of Agriculture, Sn Lanka, hosted a mayor
CONEFESS On foe feseanch during which participants discusssd stratepies fof roe
FesEarch and development for the nest 10 yoos.

Thailand

Testing integrated pest management technologhes in farmens” fields s one of
mary ThalHRA collaborative research activities. In Seplember 1990, a severe
brown planthopper infestation demastated 250,000 hactanss in cental Thailand,
The most demage was to nce vanety Suphanbun &0, An IRRI entomologist
warked with Tha scientists 1o devisa an 1P strategy for dealing with the
problem that aftected 80,000 farms,

Yietnam

Reseanch coflaboration with Vietnam imvolves soil fedlity improvement, vanetal
improvement, and agricufusal economics with the suppod of AIDAB. IRRT and
IFDC continued to collaborate with the Instiule of Sods and Fertlizers (I5F) and
Cantho Uinversity on ways to improve the effectivengss of urea for lowland nige.
in the Red Rreer Defta, researchers at 15F found that high Ropdwater lemparns:
fure @nd pH in summer esulied in much higher partial pressure of ammonia in
surmmmér than in spring. This suggested a high polential lor ammaonia yolatilzs.
tion in summar. Future collaborative resgarch with 1SF will fodws on exarmining
altemalive timings of urea application, miegrated use of unea with femyard
manure, and climatic and soll constraints 1o sffective uso af N fartilioes.

Eastern, central, and southern Africa

A Movember 1920 regional workshop “Rioe Research and Froduction in he
SADCC Regjon and in Neighboring Countries” in Lusaka, Zambia, was jointly
organized by the Southarn Africa Coordinating Centre for Agricultural Reseaech
(SACCAR) and IRRI. Scientists from Burends, Kenya, Madagascar, Swaziland,
Tanzania, Tamba, and Timbabwe participsted,

Thay pointed out the rapidly increasing demand for nce in e eastem.
central, @nd southermn Africa region. Although cument noe aea and production
ade o throughout most of the region, the potential (s large for developing
hydromorphic depreSsions. kndwn &% dambo o wei for nce production,

Workshop participants recommended increasing collaborative research ana
Irmining 0 the region, and asked SACCAR and IRRI for support o strengthening
the scientific and technical capabilities of rice researchers, ll



classificatioms. In the short term,
the mew structure does niot have
substantial cost implications. Over
the long term, Institute manage-
ment hopes—depending on fund-
ing—4to be able to increase IRRI
nationally recruited staff salaries o
the equivalent of the third quartile
of the local professional job
market.

Mew performance appraisal
systems. for internationally and
mationally recruited staff imple-
mented this year ane providing a
springboard for training staff in
performance management sys-
tems, Workshops and other train-
ing programs are aimed at improy-
ing productivity and decision-
making, and at helping staff mem-
bwers become better decisionmakers
within their position levels.

Visitor and conference services
More than 30,000 persons from

5 countrivs visibid TRE] head-
qpuarters in Los Banos, the Philip-
pinies, this vear. Some 8N govern-
mwnt  officials | influding N
head of state and a number of
ambassadors, were briefed on
IRRI proggrams and oured labora-
torrbes, grevnhouses, and thae
resvarch farm.

The large majority of the visi-
toaps—mone than 25, 00—were
students and leachers, and nearly
2,500 were farmaers and agricul-
tural techmicians,

Al visitors view a multi progec
tor slide show explaining IRRI's
philosophy and work. Many tour
the u!ﬁci.h_-rilhl.-lﬂ.'ll faurmm. Thise with
special interests are brefed by
seleched TRED serentists aboail work
in progress, Most of these bricfings
miutst b fitted inand around that
wirk: IRRI has o central exhibit
area for visitor inbormation.

In ackdition, more than 1,000 par-
ticipants and observers attended
21 different mectings: conferences,
workshops, planning mestings,
program reviews, In May, three
intermational conferences were in
sewsion during one 2-week period.

Operations

The magor achievement of [RE]
operations in 1990 was preparing
the reorganization of IRRI's experi-
mental plots into a centralized
Kesearch Farm. Three new [RR]
Research Farm buildings sited in a
central location ane occupied by the
Farm and Grounds superintendent
and five unit officers.

These new buildings not only
enabled us o rationalize Research
Farm operations, but also freed up
space and improved workingeon-
ditions in the old Service Building,

[*hysical renovation of the
Research Farm is progressing,. This
vear, we widenad and straightened
the maim irrigation stream beds
runmning through the farm,
installed drainage and irrigation
pipe in 70 percent of the wetland
areq, developed a 6-hectare plant
quaranting screening block, set up
a 2-hectare sprinkler irmgation
system, and rebuilt the imgaton
system for deepwaler rice plots.

A Plant Protection Advisory
Committee has established guide-
lines tor thase working with pest:-
cides on the farm, B



RRIs work plan for 19901954

established a mnew management

struciure, ong hal called for

major changes in finance.
admmnisiration, and operations. Devel-
opmants in 1880 include

= Depontralization of responsibilities
wathin the rasearch and inbemmislonial
ograms,

» Increased centralization of reseanch
farmm oqearathns, famm workshop S
bcag, physical plan soricls, IranGpan
and logishics, wanshousing and slaras.

Michaal F, L Goon,

depaity director = Reorganization of human resowces
f;"'" tor finance develogment. finance, materials man:
m“'"_" m'"" S, agement, and lelecommunications.
resouce develop * Compulenzation of program

mamt with naticnally budgets, to provide financial feedback
Mented stant and mondlohng

Mg ETS.

= Stahilization of the computerized

accounting and administrabion systems.

¢« Deyelopment of stall through
irainug in GECISIoNMaking, resean

rmanagement., prodiuctivily, periormanoe

appraisal, and job-related shills,

= Intneduction of systems and proce-
duras to anhance siaff motivation and
performance.

= impiementation of efficency studies
of aciivilies in food and housing
SEMIOEE,

N |
Pl

& Imiplermsenisein af oosteleotive
ripiair &ndd mainbenance programs,

We befieve that our support system
I now stronger and more capable of
delivering the staff and resoumes
neaded 10 implEment the work plan
Witk the miw Struciure, our abilfty 1o
pronvide cosl-effective suppon semvices
will continue to grow.

The challenges ahepd include estat
lishing mane prociss paarities and
Bptading up ha decisonmaking
pracess. Purchasing functons will be
streamlined. and intemal communica
b Improneed.

Greater delegation of authonty wall
wodadien laadership msponsibilntses and
samplity s1afl work. New middle level
managers will bé trained in mseanch
management skills and in ways to
foster team uslding, This will
sirengtiven human resoune
desslopment.

Imipraved financaal reporting will
mcrease efficiency and help reduce «
aperating costs averall. Rehabiliating
IRAI's apng facilities will improve safety
and their usafulness. This is just parn of
the improved physical resources
needed to suppart research,

The afesmath ol the lale 1989
separation program, which reduced by
7201 the number of positions at IRR,
prowiced a new challenge: 1o do mong
wiih less. Owr plans for the years abead
are geared toward meeting that goal.
Despite being fewer in nuember, 1FRI
siall will sirive 1o make the Inshilute &
more costafective organizalion, All
stalf membars ae committed o mak:
ing their contribution to attaining IRRI's
iyect es,

e

Michael F. L. Goon
Daputy Diracfor Gonaral
far Findnes and ddminseiralion



Administration

Ohwaer the vears, as IRRI's research
grew in size and complexity,
logistical support also increased
Mow the focus is on increasing
efficiency and improving service.

In 19940, 29 budgeted research
and international program propects
were launched and two major
buildings were under construction.
IREI bought well over 55 million
worth of goods and services, at an
administrative cost of less than
3 percent of purchased value, using
tewer personnel and much less
staff time than before,

That performance will improve
even more when purchasing and
matenals control meree into a
Materials Management Unit. This
will consolidate 10 scattered ware-
houses and reduce supply
IR SRR L

To support the constant interac-
tons necessary for smooth func-
tioning, information systems at
headquarters and in the Manila
office were merged inlo one man-
agement unit, We are striving to
eliminate defects in equipment and
hardware and to improve person-
nel performance, to keep IRRI in
touch with the world at lower cost.

Policies, procedures, and habit-
ual practices are being codified
into a central, ready-reference IKRI
policy handbook, and appropriate
manuals are being written. Special
information stations throughout
headquarters are helping improve
internal communication.

Human resources development
IRE] is operating with a much
leaner staff now, a consequence of
the 1989 staff reduction program.
As vach staff member shouldered
more responsibility in 1990, distor-

tions in the job hierarchy were per-
ceived. A job evaluation task force,
with membership from both inter-
nationally recruited and natiomally
recruited staff, has been working to
rationalize the structure of positions
in the Institute.

lis basic recommendation was to
establish a generic position frare
work for nationally recruited staif.
Job classifications are being
j.’,rl:ll.ll.'l'l."l:l inte research and non-
research categories, with the
nonresearch group subdivided into
supervisory and nonsupervisory

A long-term staffing pattern is
bring designed to parallel reorgani-
ration. Job descriptions will match
staff responsibilities to generic joby

Tht sy
et radired




classitications. In the short erm,
the new structure does not have
substantial cost implications. Over
the long term, Institule manage-
ment hopes—depending on fund-
ing—ito be able o increase [RRI
nationally recruited staff salanies w
the equivalent of the third quartibe
ot thir local prifessional job
miarkiet.

Muw performance appraisal
systems for internationally and
matiomally recroted staft imple-
minted this year are providing a
springboard for training staff in
perfoFmance management sys-
bemie. Workshops and other train-
ing programs are aimed at improv-
ing productivity and decision-
making. and at helping staff mem-
bers become better decistionmakers
within their position levels

Visitor and conference services
More than 30,000 persons from
4 counbries visited TRRET head-
quarters in Los Bafios, the Philip-
prines, this year. Some B0 govern-
ment  officials | including one
head of state and a numbser of
ambassadors, were bricfed on
IRRI proggrams and toured labora-
tories, greenhouses, and the
resetarch farm,

The large majority of the visi-
tors—more than 25,000—were
students and teachers, and nearly
2500 were farmers and agricul-
tural bechnicians,

Al visitors view a multiprogec-
tor slide show explaining [RRI's
philosophy and work. Many tour
the experimental tarm. Those with
spicial interests are briefed by
selected [RRI scientists about work
in progress. Most of these bricfings
must be fitted inand around that
waork: IRRI has no central exhibit
ared for visitor information.

In addition, more than 1,000 par-
ticipants and observers attended
21 different meetings: conferences,
workshops, planning meetings,
program reviews. In May, three
internabional conferences were in
sesson during one 2-week period,

Orperations

The mapor achievement of IRRI
uperations in 1990 was preparing
the reorganization of [RRI's experi-
mental plts into a centralized
Research Farm, Three new IRR]
Research Farm buildings sited in a
central location are occupied by the
Farm and Grounds superintendent
and five unit officers.

These new buildings not only
enabled us o rationaliae Research
Farm operations, but also freed up
space and improved workingcon-
ditions in the old Service Building.

Physical renovation of the
Research Farm is progressing, This
vear, we widened and straightened
the main irrigation stream beds
running through the farm,
installed drainage and irrigation
pipe in 70 percent of the wetland
area, developed a 6-hectare plant
quarantine screening block, set up
a 2-hectare sprinkler frrigation
system, and rebuilt the irfigation
system for deepwater rice plots.

A Plant Protection Advisory
Committee has established guide-
liniss for those working with pesti-
cides on the farm. W



1990 financial statements

To the Board of Truslees of
The Intermational Rwe Research Instituie

We have examined the stabemend of asseds, liabilites and fund balandes of The
Intermational Rice Research Institute (o non-stock, non-protit orgardzstaen] as ak
Decomiber 3, 1990, and the relsted statement of sources and appdications of fursts for
the vear theen emded. Our examinstion was made in accordance with generally accepted
auditing standards and accondingly tneluded sich 1esis ol ihe pccounikng records and
such other auditing procedures as we considened piecessary in the cicumstances, The
financial statements of the Institube for the year ended Decensber 11, 1989 were
examined by other independent accountants whose neport dasied Aprl X1, 1950

a qualified opinion on those statements in relation b the matter nobed in the
sevamd paragraph of this report and subject o thir effects om the 1959 financial
staderments of the deferral of a poriion of the special separatson nelits paid o certain
1;|:|1p1|:r:,ll.-n i 1989 Ak described rnnn.-ful]].' it Mot 4 b the (raiscial stalemimts, the
q;!;n:ly.-l:h:lq'..ul.nu benefits deferred n 1988 was amortized im fall in 19660,

A explained i Node 2o the francial siatemenis, the Destinue's financial stabements
are prepared on thee basis of accountimg practices prescribed for international agricul-
tural rescarch conters secking assistance from the Corsullative Gnoug an Entermational
Agriculiural Resoarch, which pracisoes difier in some respoecis from generally acoepled
accounting principles. Accordingly, the sccompanying Ginancial stabements are not
intended io present financial posibion and resuls of operations in comformaty wilth
generally accepiad accounting principles.

In our optnion, the financal statements teferned fo above prisent fabrly the ascets,
tiabilitiss and fund balances of The International Rice Research hnstitube a5 af December
31, 1990 and s sounces and applications of funds for the year then ended, on the basis
ol accounting practices diescribed bn Maote 2 to the fnascial statements consistently
applied, except for the recognition of cumulative translation adjustments in 1990, as
xplaimed in MNote 2.

Chir examination was made for the prpose ol losming an opinks on the basic
financial stabements aken as d whole. Thi supplememany sclsdiale of sources and
applications of core operatons, capital, working capital and complemeniary prijecis
fanads for the year ended Decombar 3, 19940 ane presented for purposes of additionasl
analysis and are nat o requanad part of the basic financial statements. The inlermation in
such supplementary schedule has been subpected to the auditing procedures applied in
e cxarmipation of the basic Anancial statenents and, i eur opiedon. is Gy siated in
all material respects when considered in relation o the basic financial statements taken
am a w bl

Joargminr Cruramam & Co.
Malat, Metro Manila
March 16, 19591



STATEMENT OF
ASSETS, LIAHIUTIE,
AN FUND BALANCES

ih

1590 1988

ASSETS
Caghk and Short-term placemnis 527 03 415 §16,676, 778
dcoounits Recelvable - Donors (hote 3) 3,797 p T4 nil
Recwlvablis from officers and emiployees 145,08 154,005
Helvarces o projects and other receivables 1,260,254 1,147,151
Inventory of materials and supplies 1,534,035 1245476
Priepalid expenses (Mote 41 k) [1 8 e 2,152.352
Property and equeipment (Note 5§ 42 424 141 35,737 342
LT6 586 TES L 50 IR0

LIARILITIES ANTY FUND RALANCES

Liabalities
Accounts Fﬂrlb]-: and accroed CHpETISES Minke &) S19 00d, X8 13 957 153
Loan payalble (Nobe 7 2,200,000 2,200,000
Oither Habilithes (Note B 1,737 291 1.4633,136
23,001,674 17,780,179
Ciranits applicable o succesding years (MBote 20 005 1R 7912435
Fuitied balidices
Irvested in property and equipment (Mobe 51 42 A4 840 35737 42
Core q:ll.-nl.'ll:u:u- - # 4 I
Working capital 271850 2,300 000
Seli-pmsinining operations 428,769 Al 837
Commiinication and publications A1biT2 il 55
3,560, 252 3,167 B3
Cumulative translation sdjustments 81,054 r
LT XA,908 735
76,586,768 56,558,368




STATEMENT OF SOURCES
AND APPLICATIONS OF FUNDS
FOR THE YEAR EMNDED

Decesser 31, 1990
{ Wil cnparniioe figaees jor Bhe woar el
Dversifer 31, 1989)

19%0 1959
Soukces or Fuses
e ape i s
Grants $26. 271254 H25862.313
Eariwed biicoie 1.259.413 1.7 AST
Foreign-curmency fransaction adjusimenis 97560 146 597
Balance- previous vear 7 8863
£ 54000 2T AT
Capital - transier [romm oo opaeratsons LTI HRT 1 ASDLIKNR
Working capital
Provision from opemtions 5,500 -
Tramsfer o core aperalions - (ATLAEL L]
Balance - previoes year 220240 202 (MM
2. 7B S 2 M TN
Cnmplementary projects - grangs 5,129,302 E72121R
Suli-sustaining operations
Hevemse 1,455,162 1Lad129
Balance - previoss year A0 257 455, 166
1459999 205245
Commundcation and pulilcatnsns
Hvenue 119458 135330
Halance - previmas year Sell, 750 456,45
Tl 27 AS
Cumilative ranslation adjusiminls GET154 *
£45, /92, 0 #0535, 008
ArmucATioNS oF Fusis
Ciore S5 10 L Bk
Cagatal 2,977 BET 1,450,600
Complementary projects A P 6,721.218
Self-sustaining operations | 451,25 1,693,358
Communication and publications 3745 ER R
A1 4T T b el e L
Fusdry maL A NCEs
Core oprerations . a7
Working capital 3,714,501 2,202,000
Seli-sissinining operations 428, Fed 404 BET
Communication and publications 416,012 560,759
Cumnubative transbation adpustmends HH 1 1154 -
4 244 55 A&7 ELD
SA5,492 090 $40.535.064




MNOTES TO
FinANCIAL STATEMENTS
DeceMBER 31, 1990

78

Mobe 1 - Geperal

The International Rice Reseanch Institube (lmstitute) was establishiad in 1960 to undertake
basic resedsch on the dos pl.irll:lnd .'q:rpl.iﬂl resiserch om .'lIIFI'l.u.ﬂ.nl Fics* Fllndurtlun,
management, distribution and wtilization with Hse ohpctive of atfaining nuiritive and
eoonomic advantage or benelil lor the people of Asia and other magor noe-growing
areas

As a mon-stock, nop-profil erganlzation under Republic Aot ho. 707 and an inkerma-
fiomal organization under Presidential Decres Moo 1620, the Institute was conberred the
status of an intermational organdzation in thi Philippines and wae granted, among other

privileges and prefogatives, the following Laix exermplbons:

al exemption from the payment of gift, franchise, specific, percentage, real
exchange, imporn, expart, documentary stamp, value-added fax and all other tases
provviced under exksting lows or ordinances. This exempiion extends 1o goods imporied
and owned by the Institube fo be leased or used by its staff;

bi all gitts, combributions and donabions fo the Institukte ame coempt from payment of
gl tax amel considered allowable deductions for purposes of determining the income
ta ial the b and

¢l non-Filipino ciizens serving on the Instifuie's echnical and sclomtitic stafi are
exempl from payrment of inoome tax on sabaries and stipends in United Seates dollars
(USS) received sobely from and by reason of service rendered bo the Institube.

The Instiiaie receives suppon from varkus donor agencies and enfites peimarily
thrmigh the Cansiltative Group on International Agricabiural Research (ICGIARL
COLAR i a group of donors composed of governmients of various nations and interna-
thnal organizations and foundations,

Made 2 - Hasis of financial siatemenis presentation
and significani accounting policies

The: accompanying financial siatements, expressad in USS, are prepared on the basks of
accounting practices prescribed for international agricultural research centers sevking
asslstancr from the CGIAR

Encispt a8 fepard to property and equipment and commiiments, the CGLAR-pre-
scribed accounting practices’do not deviale substantially [rom generally accepied
sccointing principles,

A summary of the Institute's significant accoumnting practices 5 sel horih bebow

Fm'rﬁrr crerrency brmsaphons - The fmancial =satemenits of the Insbifaie ome stabed in
LIs%. |"'|1|.||-FFH|||: Frm-.]ru;f-mhﬂ ﬁ'md.g].- curmemcy iransactions ane franslafod fo USE for
reporting purposes o standand bookkeeping rates which approsirate the exchange
rates prevadling at the dates of the transsction. Exchange difherencoes resalting from the
seftlament of foreign currency obligatkens af mbtes which are different from which they
were orginally booked are eredited 'changed to operations. Exchange difierenos
resulting from the anslation of balances of foreign-denominated accounts are carried
im the "Cumulative Translation Adjustments”™ acoound in 1580,

Revpimies - Revenies from anfetriched cofe granks are pledged on an annual basis
and are recognized in the accounts when there is probability of collection in the vear the
wranl s pledged. These ane utilized 1o furd oore programs and the regular operating
reuirernenis of e Enstitale,

Restricted core grants and grants for special projects are recognieed as inoome when
funds are commiited or received from the donors 1o the exien? of expenses achually
incurred. Dishursernents from these sowrces are limited by conditions embodied in
agreements with donor organizations. Linder thse classihications, grants are shentilied
with specific periods and ane taken up in the financial statements without regard o the
date an which these are actually received. Exoess of grants recelved over expenses ic
shown as "Crants Applicable to Succesding Years”, a liability account in the Statemeni
ol Assiets, Liabilities and Fund Balances.

Expesfitures comimitsieats - Linbilities for purchases of gonds and services are taken
up in the accounts as mcurred and Sor as obligated withowt regard to the actual tming
ol payment. Obligated expenditures, also called commitments, ane those which are
coniracted and / or committed for goods or servioes io be received or performied ata
fusture dabe,

Iupentory of madersals dnd sipplies - Invenlory of materials and supplies is stated al cost
using the moving average meihod.



Froperiy and equipmernd - Properiy and equipment ane carmbed al cost and ane aogudred
through a capital grant or grant designaied by the Institute or donor for the purpose.
Ciost of acquisition and major modifications of or improvements on assets s charged o

the appropriate fund source as period copense and subsequently caplialized af cost and
accounied in te contra actount Tnvested in Property amd BEquipment” shiown under the

fund balances section in the Statemient of Assets, Liabilities and Fund Balances.
Im conlormity with the pcomunting policy promailgated by CCLAR, deprociation is met

provided on property and equipment.
Pende 3 - Accounis recelvable - donsrs

Accounis peceivable from donors consist of unrebeased balances of approsed granis
classified as follows:

1950 1989
Core grants 52.96:3.452 S4.301.081
Complementary progects grants B 41 A 132.eX0
5397 B3 574446010
_—

Thee Secretariat of CGIAR assists the Instibube in following up the mebeass of core
grants by somie dopors abroad, Substantially all of the regeivables fom oore grant
domars at balance sheel dates have been obligated for expendibures,

MI-PIEFJHHFH“

In D985, the Enstituite deferned a major portion of benefits paid bo employess who availed
of the spocial separation program (a program for staff reduction]. The amount deferred
of about 320 million was amortized in full in 1960,

Mobe 5 - Property and equipment; leases
Property and exquipmind are classified under the following accounts:

1 G lags

Bulldimis and improvemenis #9850, 181 519,851,181
Research, machimery and I:'If'.l:ipl:lﬂlt 10,926 506 b 3, RS
Tnn-:-puﬂ;l.ll.pn n.]_uiPrrmq 4211391 2 A35. 008
Libe devel oprmend 334547 2 964, 163
Furniture and fivbares SIS B4 pARL A e
Library items 437 360 437 389
Jokes | progress and other projects 2,556,500 1061241

HZA4 8 §35,737.942

The Institnte also leases land arad other propenties (rom third paribes for progec
cxperimental siles for periods mnging from one fo five years

The land ssed as site for research activitivs is loased for a peviod of 25 years from the
University of the Philippines for a nominal rent and |s renewable upon the agreement of
the parties. Pursuant to the Memorandum of Understanding between the Government
of the Philippires arad the Instiiuie, all the phyvsical plant, equipment and other asseis
belonging to ithe Institube shall becorme the proparty of the University when the Insti-
tabe's npm:l:lumml:llmedndl.

In suppart of any cxpansion of the agnicultural research program of the Instituwte and
the University, the Phulippine Government authorized the University to soquire by me-
gotiated sale of by expropriation certain privabe agricultural propestees under Presaden-
fial Decree Mo 457,



a0

MNote 6 - Accounbs payable and acoreed evpenses
The sccount consists of outstanding commilments and acorued Rabilities as follows:

T 1959
Cutstanding commitma s for
core amd capilal opemiions 14 207 4857 9,158 540
Cratstanading cotmmitimens for
o lemeilary projects 53155 515447
R T 4.2 192 b 2R (s
SI90rE.243 513,857 153

The balance at Diecember 11, 19380 includes obligatons worth 564 millbon which am
payable over a period ol time in e future,

Accruals of unueed sick lsve and vacation leave represent about 75% and 5855 of the
accrued expenses in 15940 and 1989, respectively.

Mote T - Loan payable

This repeesents an interest-free loan obtained from the World Bank to finance the special
separation program which was mplemented in 1989, The loan, §1.5 million of which
was settlid by the Instifube 0 February 1990, s pavable up to December 31, 1992

Tonie 8 « Oithier liabilities

The balance of this account substantially represents reserves for estimated expenditunes
o b incarred for tralpess participating in various programs. The estmaied expendi-
tnies cover posd-docioral scholars, ressarch fellows and trainees” stipends, board and
londging, other dinect expenses and reimburseable overhead costs 1o/ be incurned by the
Instirute, Funading fior these resenoes. is derived from charges agoinst specinl program
grants for trainees and speclal projects,

fode 9 - Grands applicable o succeeding years

Cranis .:|.|:|F1Lr.al'r|.t:t|:|-l1.||:crrd:ln|.; years conslst of grants recelved in advanoe foe ihe
fodlwingg

Tau 106
Epwcial progcts
Complermentary including granis
received im ad vance of 532112
in 12490 54, 125,50 55292 K35
Essentdal Shn,502 -
Restricted core 2224,1% AT, AN}
Unresincted cone . 1500 (KK
S6515,918 712435

Mabe 10 - Staff benefin plan

The Instituty maintains a provident fund for the benefit of its Nationally Recruiied Staff.
Monthly contributhon to the fund is computbed at WAS% of the emplovess’ basic salary
and i bore tn full by the Institute, The plan provides for lump-sum payment in
Philippine peso bo qualifed employees / members upon their separation from the
Inslitube wnder certfain oomditions.

Comtribslions to the fursd amosmded 1o about $71L000 in 1590 (19859 — 5356, 00K

Miode 11 - Heclassifications

Cortain accounts in the 1989 financial statermends weee reclassified 10 conform with the
19490 Hnanclal sialemenis presentation,



, . 1990 1989
SCHEDULE OF SOURCES
AND APPLICATIONS OF CORE SOURCES OF FUNDS
OPERATIONS, CAPITAL, WORKING Cﬂf:sm!u ::.-ﬂd earned ineome
AT, CoM mrrsfrie
X #ily S A United States Agency for International 55 2A5.000 $5.235.0m
PROJECT FUNDS (A —
International Bank for Reconstruction
and Developmeni 3, 0, (R 205 M0
Exropean Econatnic Community 157571 1A9K1,000
Chverseas Development Adminsdration -
Linited Kingdom I A8T A1 14503
Canadian Intermational Development Agency 152354 1426653
Swedish Agency for Research Cooperation H14. 986 558,917
Australian Gowernméni i ke )| TiaA50
Federal Republic of Germany SU0.T15 209
Danish Intesnational Development Agency SHT.E9 24911
Ceovermment of Finland S0 740 473473
The Fosd Feundaticn 150,000 156,000
Carvermment of Morway di 59 117,543
Philippine Government 103,361 W77
Carvermment of India NN 1 (LN
Ceorverminend of Itaky A55H3 181,719
People's Republic of Chimna 540,000 50,000
Ceorvernment of Spain 000 o
Earned income 1259813 1,1 70857
Foreign-currency transaction adjasiments .75 15,557
Stabilzation Mechansm Fund - inflation /
exchange adjustmenis . 2,081,000
19511, 2 19,087 284
Rasiriched
Ceovermmeni of lapan 6,350,332 5611612
Unitwd Mations Developmend Programme 1475, 300 1,720 511
The Rockefeller Foundation 400,000 3627
The Swiss Development Cooperation Fraa 104 284
Governmeent of Framnce LM 845 .
Government of ltaly 2,000 M1, 00K
Georvermersent o The Netherlands Tis1 840 141,524
Coverniment of Belgiem B2, 166 45365
The Ford Foundation 4,501 9388
Intermational Centre of Insect
Phwsiology and Eoology 22165 g7 AR1
Federal Republic of Germany . 1626596
5564 073 HA20.554
Balance of grants - previous year 2ATI.6] 2353394
12,0448 473 11,153, %32
Tramsfer to complementiry projects {467 267 -
Fupds applicable to succeeding years (1.224,196) LA}
4,352,410 BATLTI
Fund balance - previous year 17 gL
2B.B63 B3 rifa i |
Transfers (o) from
Waorking capitnl fund - LILLELLE
Capital fund (2977 88T} {1, 450,000}
(LS7T BHT) 11,350, (000

a1



1490 14989
Essential prodects
Camwrnment of lapan TRG | .
Asian Development Bank IR T 031
The Rockefeller Fosmdation 2B (W3 L
Covernment of Belgiem JHI T -
Covernment of Mether|ands I51.484 L
International Food Policy Ressarch Destitute fs AT 74253
Faderal Republic of Germany 41367 12.77%
Government of Australia 3@ a5 -
Lnited States Agency for International
Development a6 H403
Internatinnal Frrl:H.I:u:'r[h'n.-h;l]:ru'h:n't e 26 2 1B
The Swiss Development Coopemtion 3450 '
ihers . 20, HHE
20T 472 HI5.749
Balence of grants - previous year 12406 124,064
2211,536 L EE R
Funds .;Fpl:im]:llr!.u-mlrn:u:lh“ yir (556, 50T ) (1 24 6=l b
LASS 13 115,749
Xl (D 27421
Capitnl fund - Ernmsfer from opne
rperations LT BET 1 AN
Waorking capital funds
Provision from operations b0 LRI
Fund balarce - previous vear 2,2 000 L302,000
L7185 202000
Complementary grants
Uinited States Agency for International
Developmant - reimbursable contracts 1,345 493 LOFASTH
Thi Swiss Development Copperation 100095 116203
Giovernment of Anstralia 135 685 BiF.7 40
Governmaent of Franoe U420 -
Government of Metherlands S, T2 29,206
Federal Republic of Germany el 2000 20499
The Rochefellir Foundation 504,707 212796
Askan Dyvelopment Bank AHE TN £ W12
Canacian intermational Development Agency 291,050 A6 115
International Development Research Cenire 2B A TR 83
Government of [apan 212,900 1,133,230
Governmient of Sweden 193,757 -
Thi¢ Ford Foundation 108012 56 AN
Fhilippine Goversimment | 05, 505 .15
Crovernment of Belghsm 51,514 AR AT
Food and Agriculture Organization 34T b, 307
Hepublic of Konea 10,138 205,938
Caovernment of Denmmark 5308 .
Internatiomal Fund for Agriculiaral Development - IFL4A
Canmrnment of Italy - 20K,
Oihers 141,04 09, 706
Ti621.974 6,553 712
Halance of grants - previous year 5,136,659 5,265,165
12,748,570 11.847 877




i) 1=
Transier from resrcied core T BT
Cirands peovived o adsanod in 1989 eel 1l
Framds applicable to sucossding vears 4,135 231} 13,1 2n s
AL T [l Bdr
2 S0 s A4
APPLIL ATRIVE O Bl %=
L Dperataons
I"roegrama 37427 ull I T fed T
Ceprseral admindsization and aperation e, ZH 1 S0 b2
IPruw s for wowrkang canplial S .
Spacial separadion bemeti- ol RE LAY ST
Clverhead recovery | S 194 1A din
RETTITT LhE TR
Capital AayT R | ASLN
Complementary progocts LU i e B
RUT R L REF T RRRT]
F'-III"ﬁ M S S ANER AR SRS 4% L SIE
Cioee operations - r b
“'ll.'lrl.H'IH :.lph.il ity P 5N 1 ]
o B o n by







IRRI trustees 1990

DE. WALTER . FALCORM
T9s-19a1

Coranesias on o Beoamim
[Nrector, Food Research Destitnie,
Staurhenl Linivvrsity

Starartiral, Cirliforiens S0

LIsA

DR. JOSE V. ABUEVA’

Prosibent, Lhsiversity of e Phrilippncs
Systent

D¥fivrsr, Quezenr Ty, Mrtro Manls
Plrlippines

HON.SENEN C. BACANT
Secrefary, Midippore Deparimeard

if Agricudiuee

Dhifirier, Quarzoer City. Meteo Manl
Mratipypnes

DR DIETER F. K. BOMMER

[ LK

Projessar, Arheitsgripyne Tropesclne snd
Subtrpsche Agrnrforselnmg

Hynies Bowckfer Str. 5, 3300 Bonm
Ctrmmmmny

I KAZLUTAKE KYLUMA

R R

Professpr, Lrhoratary of Sl Scivnce,
Frciaty if Agricedfure. Kyato Lineersity
Ko bilke

Jinmine

DR, KLALS LAMI'E

Director General, Btevim ool Kice
Resercl? Insinule

I 0, Hox 933, Mianta 1099

Pl fympmins

DE. IBRAHIM MANW AN
1990- 1542

Dhrector, Centenl Ressanch Tstabide
far Food Crops

Jubar Merietar 147, Bogor
Irndorssng

DK |AMES K. McWILLIAMS
1495015452

129 Muggn Wiy, Rad Hill ACT 2603
Aunstraifio

DR LETITIA E. OBENG
19584- 1910

PO, Bax 49, Acldmunsa
Cahwmnr

DR RAJEMDRA S PARDDA

TaE0- 12

Dyputy Director Ceneral, Crop Scieices,
dedliseny Comoencil of Agracailiural Respnrehy
Krish Riwrowrar, Di. Riggerafra Prosand Rind,
Mo Delfed 130001

It

DRE. HOWARD A, STEPPLER
1988-1 993

Emwerifus Prifessor, Deparfinesd of
Plaset Science. Macdoaak! College of
McGill Unisersity

21T Lakesture Rovd, 6 Anue e
Bellevme, PO HIX 100

iCitwadin

DR FETCHARAT WANNAIEE
9. 199]

Diepmity Director Genenal, Deportaent of
Agricultiral Extension, Mingstry of
Agricwltire and Covpematios

2l Floor, 21431 Palolyobivin Rord, Khet
Barmgriidan, Bermypkok 105K

Thailand

PROE. MUHAMMAD YLINUS
196591991

Adanagnrg Director, Grmern Bk
Mlrrpuir Tovo, Dok 12710

Bagladesii

DR VO-TONG XUAN

190- 1942

Vior Rector vl Center Dieector, Maokorg
Deelhe Farmving Syslerns Resoarch avid
Dvvetopairent Conder, Unimersiby of Cinrbho
Cinrthys, Hanguimy

Vietram

Ex atficio.
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IRRI international staff 1990

KLALUS LAMPE, 'h I3, director gemenn
FERNANDO A, BERNARDO, Ph D,
gty director generl for inhermationai
progrants

MICHAEL F. Lo G0N, MBA, ity
drrector gevierid for fisawce aend adrvring-
strwhivar’

HUBERT G. ZANIDSTRA, I'h D, iepruly
derecior genernl for mesanncl progroiies

AISISTEATIVE PEESDNNEL

TIMOTHY L BERTOTTI, MBA,
ilfrechor, aimigrs ek our

ERMNEST W. MUNN, Ph I, director,
Dyl

EDWARDN. SAYEGH, BEA, director,
{rivatrica’

FEDRO G BANZON, LLB, parmager,
g tinity, safety, ol shippring
REBECCA C, IPFASULUAL, MS, imanager,
fowwd ipned rouisinig seriuies

JORIMOO, MIAARRCY, LLEB, s,
:r:l,nlrl'!rjl'l'

CHRLANDO G, SANTOS, MPS, semur
Tivveir aril pFpials snperiptendint
DAOSCORO L UIMALL Ph D, [RRI
Tuatsoon scaemefrst, Clur fooiesanltannd )
JOHN DOMW LING, coursaltant’
KLALS WAHL, constbant’

PHILIP WILLIAMS, Ph D, comsnitant’

LaiEsTisTs OSTED TO MATIONAL
ALHMLTLTURAL EESFARTH SYSTEMS

Bangladesh

JERRY L. McINTOSH, Ph 1D, resaerch
syshems specinlis! avd IRRI represeniatioe
NOEL P, MAGOR, M Agr, agromamis!-
CRIPNNY Systeine

Cambodia

HARRY |. NESBITT, Ph [, agrosomist
il fem beadvr

EAM CHET CHAUDHARY, I'h [,
pand breviber

BEICHARD P LANDO, PR,
techoaligy Prvmsfer specimlest

Egypt

EDWARD 1. SPRATT. I'h I, project
MR

ANKIREDDY I". K. REDDY, Ph D,
planrt patiligist

India

B. . GHILDY AL, I'h D, IRRI limgon
sl sl

SUDHAMOY BISWAS, Ph D, project

lireclior

Indonesia™Malaysia/ Brunei
CEZAR I MAMARIL, Ph D), agrove-
sl el [TRBN Nirison sciefisi

Japan
MaASAMI HIMEDA, D Agr, pard-Hine
IRRI limison scivnfest

Lao POOR

FOHN M. SCHILLER, 'h D, agrovosmst
ani v fander!

SUVIT PLSHPAVESA, M5, pani
Irevaler!

Madagascar

JAMES R. HOOPPER [, 'h D, agnome-
it

8, B SHAHI, Ph D, pdawrt brevler”
Myanmar

ROSENDO K. PALLS, ' Dy, agrone-
mpisl=firrming syshonrs

Thailand

DONALD W, PUCKRIDGE, 'h D,
igramonist and program bedder, decpaater
il tickaf revtlands rice ecosyslem

Adrica

KRISHM A ALLURE Ph D, leson scien-
bt amd regronal coordimator, Tnderiatiomal
Netivork for Genetic Evalisation of Rice
{INGER]

Lakin America

FEDERICO E CUEV AS-I'EREZ 'R 13,
Harson scientist mnd reglonal coordinator,
INGER

STAFE AT |READLANTERS

Agricultural engineering division
GRAEME R. QUICK, Fh D. agriculiural
ennginieer and head

N. K. AWADHWAL, PhD, project
gt

JAMES S, TOWNSEND, Ph D, visihing
schonlist

ANTHONY |. RINGROSE-VOASE,

P'h D, comrsaclfast’

Agronomy, physiology, and
agroecology division

SURAJIT K. DE DATTA, Ph D,
primcipal agrovosnis! and progemn lander,
raifedd Beplivnd rice ecoswstim
BENITO S VERGARA, Ph I, plant
plrysidosist aed actiong hond

DENNIS I GARRITY, P'h 1, dgroino-
ptial?

KEITH T. INGRAM, 'h D, igronenns]
MARTIN |. KROPFF, "h D, agronismist/
croy amaleter’

KEITH MOOLDY, 'h D, agrovioumrst!

F. W. T. PENNING DE VRIES, Ph 13,
gronimnstiorop sodeler

YVIREMDRA PAL SINGH, Fh D,

s i e e

MINORLU YAMALCHI, Ph L, phiat
physialogist |
ROLAND | BURESH, Ph D, visiting
sctenitisl

H. DAVID CATLING, I'h 3, ressting
seweitisl

ROMED BRUCE, Ph I3, conswflars!
ALAN K. WATSOMN, Ph Dy, covesailtant!



Entomology division

DALE G BOTTRELL. Ph [, eefornli=
st innd hoad!

KOMNG LUEN HEDNG, 'h D, associaly
eformlogrst

JAMES A LITSIMNGER, Ph D, eritamado
[ el

RAMESH . SAXENA, Ph D, entoemalis
st

£ B KHAMN, Ph [, associate exfomisio-
iest

Flami breeding, genetics, and
biochemistry division

GURDEY 5 KHUSH, Ph D, grivcipd
phant brevder and I

DERK HILLERISLAMBERS, I'h [,
phant brovder

RYOICHI IKEDA, I'h [, plant broeder
RIEMYENITOY O, JULLAMNO, Th
iTtinest

DAVID | MACKILL, I"h D, pliart
breeder

DHABRMAWANSA SEMADHIRA,
i D, plarid brovder

SANT S VIRMANI, Ph 2, plierd brovder
FRAMUESECO L ZATATA, Ph L, =i
cral frre spechalist

DARSHANM 5 BRAR, IPh 13, asociate
pifiwrel breeder

SUSAN McOOUCH, Ph D, associade
senehicri’

LESLEY A.SITCH, I'h [, sssocurte pilian!
brevdder

MICHEL A. ARRAUDEALL, M5,
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