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A strategy for
the 1990s

ALY he vear 1988 was another watershed in IRRI's evolu-
tion. The task: preparing for IRRI's fourth decade,
toward the vear 2000,

The world ol rice and rice science continues to

change. at an ever-aceelerating pace. The physical and
cconomic  characteristies  of - rice production  and
consumption-ated their long-term prospects=are: posing
new challenges. Rice research and scientific adviances of
potential relevance to rice have created new opportunities.

In 1988, we addressed ourselves 1o developing
vision of the future, 1o beter inticipate tomorrow’s prob-
lems and to define our search for innovative solutions over
the nextdecade. Extensive debate and interctive thinking
by IRRI sttt and expert international conse:lants culmi-
nated in October with the endorsement by the IRRI Board
of Trustees of the strateay document IRRI toward 2000 and
heyond

The challenge

The world is becoming ever more complicated. Concerns
about the future-the availability of Tood, conservation of
resourees, and sustainability of the environment=highlight
increasingly complex problems. The solutions 1o these
problems must be sought now,

We designed arescarch strategy for IRRL that aims
at minimizing the problems related o adequate rice
production on an cquitable and sustainable basis by
maximizing the potential o solve the problems,

Fach vear, the world muast feed 80 to 100 million more
people. most of them in the less developed and poorer
countries. Virtually all the people who depend on rice as
their primary food live in the tess developed countries.
Hall the world's rice is consumed by those who produce
the crop, most of then resource-poor farm houscholds.

IRRI toward 2000
and beyond

The goal

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

The objectives

To generate and disseminate
rice-related knowledge and
technology of short- and long-
term enviconmental, <vcial, and
econe:nic benefit and to help
enhance national rice rescarch
systems.

The strategy

To increase rice production
efficiency and sustainability in
all rice-growing environments
through interdisciplinary
research and to ensure the
relevance of IRR! research and
the complementarity of
international and nationat
research efforts through close
collaboration with national
programs.
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Increasing urbanization in rice-consuming countries is
putting pressure on national food security.

To meet the projected growth in demand for rice, we
estimate that the world's annual rough rice production
must increase=hy an astronomicai 65% (from today's 458
million tons to 758 million tons) by 2020. For the leading
rice-growing countries of South and Southeast Asia, pro-
duction will need to double.

Urban rice consumers (million) Ve identified five important issues to consider in
1200 devising IRRI's research strategy for the 1990s,
m Current forecasts of rice supplies do not take into

S R . account factors that could adversely affect the
(60%) increase long-term security and stability of rice production,
600}~ ® Fuctors that affect production apply equally to both
favorable and unfavorable rice ccosystems.
3001- }

m In the foreseeable future, the world will comtinue

to rely heavily on the favorable rice-growing
1988 2000 ccosystems, particularly to feed urban consumers,
The vulnerability of these svstems o degradation
demands continuing and, in some aspects, “in-
creased attention,

Current and projected number of
urban rice consumers In 14 major

rice-growing countries of Asia : e _ . .
(from 1988 World Population m Rapid scientific advances in many ficlds have

Data Sheet). potential to nelp IRRTand its partners find solutions
to continuing and emerging problems.

m A wide range of interrelated factors=political, eco-
nomic. institutional-will contribute 1o increasing
and sustaining rice production, protecting the
environment, and improving the well-being of
farmers,

Designing the strategy

Many of the development issues related o rice are
interdependent. The range of entry points for research is
extensive. Twoaspects of strategic decisionmaking guided
our decisions—rescarch policy and research resource allo-
cation priority.,

Policies

Research relecance. Broad-based research, including re-
scarch on sociocconomic aspects of rice production, is
needed o characterize the rice ccosystems in terms of
people and their environment, to improve understanding

_m
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of the farming systems within which rice is produced, and
to refine the definitions of the kinds of technologies that
should be developed. IRRI will intensify its dialogue with
national partners, to improve our understanding of farm-
ing systems and the needs of prospective users and
beneficiaries of rice research results.

Environmental sustainability. Atention to the im-
pact of high yicld-producing technologies becomes more
urgent as cropping intensities. All our programs will be
driven by, and many will be specifically directed o
addressing, concerns about the erfects of rice production
systems on the environment.

Efficiency and equity. An cfficient research system
would allocate resources to return the same marginal
social benefits per unit of rescarch input, regardless of
where that input was made. It would not be concerned
with who received the benefits. But equity demands that
IRRI be concerned with how the benefits from research
investment are distributed. We will direct IRRI research | The role of women in rice re-

toward improving both  production  efficiency and | search and rice farming has both
efficlency and equity implications.
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equitable returns to all rice-dependent groups, particularly
those in the less favorable ccosystems.

Wonien and rice. The role of women in rice research
and rice farming has both efficiency and equity implica-
tions. Analysis of the contribution of women o rice
production, marketing, and consumption; identification of
technologics that reduce the burden of women without
displacing their income-caring capacity: and develop-
ment of processing techniques that conserve the level of
essential nutrients in rice will help focus research on the
ultimate beneficiary of rice research: the whaole family.

Disciplinary strength and interdisciplinary focus. A
recurring dilemma in research management is how 1o
integrate the strengths of different scientific disciplines
toward seeking solutions 1o complex problems. IRRI is
instituting & new program structure to facilitate the pursuit
of excellence in both disciplinary and interdisciplinary
research.

Priorities

The strategy is 1o strike an optimum balance of effort
devoted to several alternatives. IRRI's programs will be
oriented to the major rice ecosystems and to the farming
communities  and  consumers  dependent on  them.

Regional distribution of world rice Rest of world
production of 298 million tons (2.8%)
milled rice in 1987.

Latin America
(3.9%)

South Asia

(23.5%) East Asia

(45.4%)

Southeast Asia
(22.2%)

L T —
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Collaborative research on the less favorable ecosystems
will increase. Consistent with environmental enhancement
and sustainanility, efforts will be directed toward securing
yield gains in favorable ceosystems and secking new yield
potentials i all ccosystems. Our rescarch efforts will move
toward strengthening IRRI's scientific base, using results
and technigues emerging from the frontiers of scientific
discovery.

We ave committed to helping strengthen national rice
rescarch programs and will be increasing collaborative
work and knowledge sharing with all IRRI's partners. We
look toward a mutcally supportive global rice rescarch
systen.

While IRRI will continue to focus on Asia, its
worldwide responsibilities cover all regions. We  will
contribute to research and to - strengthening national
programs in Africa and Latin America in the context of
the activities of other international agricultural rescarch
centers.

Programs

IRRT'S strategy will be implemented through rescarch and
international programs.

Research programs
The types of ccosystems that must supply rice are impor-
tunt in planning rescarch. Water regime is the primary
determinant of the types of rice cultivars and production
practices needed. In our planning for IRRIs future, we
considered the broad ceosystems for rice: irrigated, rainfed
lowland, upland. deepwater, and tidal wetlands.
Interdisciplinary rescarch programs for the major rice
ceosystems will include @ thorough characterization of
cach ccosystem in terms of agroccology: people and their
cnvironment: and the historical, sociocconomic, and tech-
nical aspects of rice production. This will refine the
definitions of the kinds of technologies that should be
developed for the farming systems within which rice is
produced. Italso will define the conditions and criteria for
evaluation that will ensure that the technologics devel-
oped will maintain or improve the natural resource base.

S —
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Irrigated rice evosystem.

Irrigated rice ecosystem. The goal is secure and
increased rice productivity, with enhanced efficiency and
sustainability of irrigated rice farming systenis. The objec-
tives are

m To raise irrigated rice yicld potential to higher
platcaus to meet the needs of the increasing
number of urban rice consamers,

m To develop crop and resource management tech-
niques that will reduce production costs, increase
yiclds, and sustain land productivity.

® To sccure yield gains.

m To reduce the gap between potentially attainable
yields and actual farm yields.

Rainfed lowland rice ccosystem. The goul is increased

productivity and yield stability and ensured sustainability

Rainfed lowland rice ecosystem.




IRRI' HIGHLIGHTS 1988 9

of rice farming systems, particularly in the less favorable
environments vulnerable to flooding and drought. The
objectives are

® To develop rice breeding lines capable of higher,
more sustainable yields for the different rainfed en-
vironments, with particular emphasis on tolerance
for submergence and drought.

m To develop improved production practices and
farming systems for the less favorable rainfed
lowland rice environments.

Upland rice ecosystem. The goal is rehabilitation and
increased stability and sustainability of upland rice farming
systems. The objectives are

m To design a range of rice production practices that
will help rehabilituite the uplands and transform
them into sustainable agroccosystems.

s To develop techniques and techinologies for in-
creasing and stabilizing upland rice yields.

Upland rice ecosystem.




Deepwaterrice.

Tidal wetlands rice.
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Deepurater and tiddl wetlaneds rice ecosystems. "The
aoal is high and stble rice production in deepwater and
tdal swetland arcas, The ohjectives are

m To develop rice breeding lines capable of higher
and more stble vields, with imoroved wolerance
for Hoods, drought. pests, and problem soils.

B Lo develop rice-hased cropping svstems that in-
crease Land ase efficieney,

B To develop cropand resouree management prac-
tices for currently unused arcas with w potential for
SrOwWiIng rice.

Croszecosystems resecnrch. The challenges of the fu-
ture e likelv to be much more complicated than those swe
have had o address in the past. Anticipatony rescarch, in
which IRREadopts o futaristic role toward sustaining gains
in rice science, is necdeds Sach rescarch will make use of
new techniques and newly developed wools Tewill hridee
busic rescarch done elsewhere and the work done in the
ceosystient-speciie programs and in national rice rescarch

svstens 1o incredse rice vield potential,
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The objectives of such rescarch are 1o increase under-
standing of rice ceosystems: to develop modern scientific
tools, methods. and knowledge for addressing current and
anticipated rice production problems common 1o several
ceosystems: and to nake available o programs in coun-
tries worldwide promising technologies arising from more
hasic rescarch,

International programs

Sinceits founding, IRRE has played a major role in (e wlering
the growth of o global family of vce research institutions
and scientists. International programs during the 1990s will
support and strengthen the rice rescarch capacity of
national svstems and will serve the international rice
reseiarch comimunity,

Germiplasm conservation dand disseniination. A con-
tinuous supply of diverse germplasm. including taditional
varictios. improved breeding lines, wild relatives, and
grasses inrice-related generasis cracial o mising rice vield
potentiad. stabilizing vields and enhancing the sustainabil-
ity of biotic ceosysiems, Our objective is 1o collect, pre-
serve. document. and study the world's vice germpliasm
and o provide free access o0 it worldwide, for rice
rescarch and rice crop improvement.

Iformation and bnowledee exchange, IRRES man-
dates to disseminate the rescarch findings of the institute,
o make available liternure on rvice worldwide, and (o
organize conferences and workshops will he no less im-
portantinthe futare than they were at IRREs founding. The
librarv and documentation center will continue 1o cotlect
and provide aceesstothe world s literature on rice. We will
publish scicatific information and promote the flow of
current rice rescirch knowledge 1o scientists, We will
compile. evaluate, interpret, and disseminate current pri-
mary and secondary data onrice and the physical, biologi-
cal. and sociocconomic environments of the rice e 1SS
tems and establish linkages with other relevant databiases.
Wewill facilitate the participation of scientists from all
collaborating institutions in- sctting program . prioritics,
planning rescarch. sharing results, and promoting dia-
logue on institutional and policy issuces, We vill work 1o
create an acearate understanding of rice. rice research. and

—
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IRRI's goal, objectives, programs, and approaches among
donors, policymakers, and the general public in both
developed and less developed countries,

Netwworks. Three major networks link nadonal pro-
gram scientists with cach other, with IRRL and with other
international and regional centers. Coilaborators in the
International Rice Testing Program (IRTP) exchange and
cvaluate improved genetic materials in different rice-
growing countrics. The International Network on Soil
Fertility and Sustainable Rice Farming (INSURF) generates
technologies relevant to nutrient management and soil
conservation problems in specific areas, with emphasis on
renewable resources. The Asian Rice Farming Svstems
Network CARFSN) facilitates identificatio.: of more produc-
tive and sustainable rice-based small farming systems. All
these collaborations will be strengthened to facilitate the
exchange of new knowledge worldwide,

Training. IRRD ofters postgraduate training and non-
degree training and develops short-course materials to
facilitute the vanster of uaining wechniques 1o national
programs. The objective is to develop a critical mass of
professionals working to advance rice science and to solve
rice production and wtilization problems,

Regional and country programs. 1RR1 responds on
a limited basis to the specific needs of some rice-
growing countries whose current rice research capacity is
insufficient.

Toward 2000

Both quantitative and qualitadve change will occur as
IRREs new strategy is implemented. Scientific disciplines
will be grouped into divisions. Carcfully designed inter-
disciplinary projects will be implemented through the
research and international programe,. The strategy calls for
increasing the range and degree ol collaboration with
many different types of rescarch organizations and sys-
tems. AlLIRREs work will continue to relate directly o the
two prinitry objectives: conducting research and helping
to enhance national rice rescarch systems,

m
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W
Highlights of 1988

I ven as planning for redircetion and change ook
"";‘.é: place, IRRI scientists continued their work to stretch
WD the limits of current rice knowledge, to devise ways
to conduct resetrch more precisely and efficiently, and to
apply current knowledge to designing improved technol-
ogr. Highlights of 1988 work are presented here. within

the structure of IRRE's organization during the 1980s.

i3

¥

Genetic evaluation and utilization

A continuous supply of improved germplasm anchors
increases of rice production all over the world. Higher
yield potential and long-lusting pest resistances and stress
tolerances demands research into sources of vatuable
characters and into breeding techiniques for incorporating
those sources into ever-better lines.

Genetic resources
The varictal improvement programs of IRRI and its na-
tional cooperators rely on the collection of some 81,000
cultivated and wild rices maintained in the International
Rice Germplasm Center RGO), for sources of desirable
characters. Advances in biotechnology, with its potential
for wide hybridization. have inereased the emphasis on
collection of wild rices and the wild relatives of rice.
Conserving wild rices. Natural habitat destruction has
been increasing dramatically, and IRGC has stepped upits
program o collect wild species of Orypza, Wild Oryza - N
species collected during 1988 included Oryza nivara, S "“‘s,.«y/
O. nifipogon, O, spontanea”, O. officinalis, O. eichinger, . ‘\
O ridleyi, and O. gramuleata, )
[n addition, we are increasing our efforts (o collect
wild relatives of vice such as Ihygroryza aristata and

Hygroryza aristata, a wild relative
of rice, Is one of several wild
genera that could be crossed with
Leersiasp. In one case, biotechnology workers in Europe | rice through advances in blotech-

requested 1 aristata. Within two months, populations | nology.
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Areas of collaborative exploration
for wild Oryza species and genera
in 1988.

Philippines

Cambodia

At
/
Eégl Nadu, 4 "ﬁ

were discovered, collected. and samples dispatched for
their use in comparative DNA studices,

Restocking rvice collections, IRGC continued its sup-
port of national rice rescarch efforts by supplying several
countries with collections of their traditional rice varieties.,
National breeding programs use these varietios v adapting
improved breeding lines to local conditions. Requests this
year came from the Philippines, Senegal, and Karnataka
state in Indiae In the Philippines, IRGC provided the
Philippine Rice Rescarch Institute (PhilRice) with 647
upland rice varieties.

Complete sets of germplasm data were provided
lcaders of rice germplasm collections in several national
programs, to help them in their varietal improvement
research,

Agronomic and physiological
characterization

Studies on the fundamental bases of higher yield potential
in the rice plant continue, We are characterizing a new
plant type for direct seeded Nooded rice and identifying
donors for component traits.

New plant type for direct seeded flooded rice. When
maodern, high-yielding semidwart rice is direct seeded and
grown under favorable nutritional and climatic conditions,
L _________________________________________-. |
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overgrowth of the crop canopy results in substantial yield
reductions. We studied growth, canopy carbon dioxide
assimilation kinetics, nitrogen cconomy, and vield forma-
tion of tansplanted and direct sceded 1RS8, IRG3, and
IR29723-1-43-3-2-1 in the 198K dry season at Munoz, Nueva
Ecija, Philippines.

Dircct sceded rice was more productive at the
vegetative growth phase than transplanted rice, primarily
because of the absence of transplanting shock.  Trans-
plnting normally delays crop establishment, canopy carbon
dioxide assimilation. foliage expansion. and tillering by 2
weeks, That curly growth and vigor, however, were
followed by growth reduction during the reproductive
stage. because of higher-than-optimal deal arca index
(LAD. And regardless of total nitrogen uptake by the crop.
foliage nitrogen concentration was critically low during
the ripening stage—the result of nitrogen dilution through
folinge expansion. At LAL of 5 und above, nitrogen
concentration in the foliage—not LAL or total plant nitro-
gen uptake—limited carbon dioxide assimilation.

We conclude that under the climatic and soil condi-
tions at the experimental site, the maximum grain vield of
9.1t haforboth transplanted and direct seeded 1RO+ could
be raised through plant type improvement. to 10,5 ¢ ha for
transplanted and TES © ha for direct seeded rice.

Ac (max,gross) at LAlz 5.0 (umol/mZper s) Relation between foliage nitrogen
701 o concentration (% N) at LAl of 5
o * and above, and maximum canopy
60 — o ° b gross photosynthesis (Ac).
[ ]
.
e S0 8¢ 0®
50 'l
o9 %
[ ()
40 (- %
L)
M
- e
30 °
.
20— @ Transplanted
® Row-seeded
10+
0 | { | | | 1

1.0 2.0 3.0 4.0
% N (foliage)
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Yield potential. One way to increase vield potential is
to increase the number of high-density grains, which occur
mostly on the primary branches of the rice panicle, and 1o
increase the number of spikelets per panicle. We studied
the panicle characteristios of 00 varicties and lines to
identify: possible donors of high-density arains,

To increase the number of priney hranches, we
made several crosses of Oryza sativa with O, glaberrin.
Lines with thick culms and more vascular bundles were
scelected from the anther culture-derived upland cross
Moroberekan Palawan, Sclections from traditional variety
Rewid 353 were used 1o increase the number of Hilled
spikelets per panicle. Intwo of the O sativa O, glaberrime

crosses, the namber of primaoy branches increased 1o 18
CIR varietios tuve about 1O primary: branches), Spikelet
number ranged from 320 10 380 in Rewa 333-3 IR17705-
ACH,

Environmental conditions during panicle initiation
Ideal plant type for direct seeded and develepment affect spikeler development. Spikelets
flooded rice
u short to medium stature with

erect leaves
m medium to long duration

develop on the lower panicles first, Development pro-
ceeds from the base 1o the apex of the panicle. At
Howering, however, development of arains begins it the

n low-tillering ability topmost branches of the panicle and proceeds downward.
m early growth vigor and im- Inthe ropics, spikelets onthe upper primary branches
proved seedling anchorage are bheuer filled. and their chances of ocearing and heing

high N uptake rate
a limited foliage expansion
during reproductive stage

tilled are higher than thos¢ on the lower and secondary
branches. A plant with more spikelets on the primary

a maintenance of high foliage brinches and fewer spikelets on secondiary branches
N concentration could improve grain vield potential,

n high storage capacity of We compared growth and vield of direct-seeded
assimilated N in stems and crops in both the wet and dry scasons using low-tillering,
leaf sheaths

Lirge panicle TR23388 and high-tillering, small panicle

m strong vertical senescence o o e o A :
IRSS. Low-tillering TR25588 had better grain vield perform-

gradient and delayed senes-

cence of flag leaves during ance at close plant spacing in both scasons.,

ripening The heaviest panicles in both TR23388 and IRSS were
s high spikelet number per on the firstsix titlers that developed. These tillers flowered

panicle carlier and had bigger culms and nore leaves per tiller to

support many spikelets. Al spikelets had beuer grain
filling. This suggests that arice plantwith six tillers may be
ideal for inercasing grain vield potential in direct-seeded

rice.

-
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Development of spikelets and

Grain quality and nutrition grain filling on a panicle. A,
Work dentify U ain characteristics. related | chances of spikelet occurrence
Vork to identify the grain characteristics related 1o the on different positions In a panicle;

most commonly-preferred cooked quality—soft texture— | g, graln weight at different
continues. Even though they have the same amvlose locations In a panicle; and C,
content, rices can vy in their cooked quality. The relative | chances of filled grains at
amount of residual protein in rice starch granules can e | different locations In a panicle.
used to distinguish between nonwaxy grains of indica
W and japonica O8N dileles, Residual protein may be
determined by the amounts of waxy gene product. 60 K
polypeptide, or bound starch synthase.

We found that indica starch has about three times
more waxy gene product than juponici starch at the saume
apparent amylose content, which differs from the identical
regression lines for both alleles reported carlier. Our study
suggests that the developing grain of japonica rice has less
bound strch synthase than that of indica rice, but has
more sotuble starch synthase, which accounts forits ability
to synthesize the same amount of amylose.

In collaborative studies with Kagoshima University.,
Japanawe tound that the increase injodine alfinity of starch

_“*_
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Reversed-phase liquid chromatog-
raphy efution profile of acetic
acid-soluble proteins of IR36 and
IR42. The identical profile up to
25 minutes retention time
revealed their common cross
(IR2071); their differences show
up in the 28-30 minute region.
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over an amvlose content range of 16 1o 18% was due to a
corresponding increase in the affinity of amylopectin for
iodine rather than an actual increase in amylose content,
Higher jodine allinity increases cooked rice hardness,
regardless of the reason for the affinity.

A problem in the milled rice market and in the rice
seed market is consistent varictal identification. We suc-
cesstully identificd T varicties, including sister lines 1IR30
and IR42. on the basis of their soluble proteins using
reversed-phasce high-performance liquid chromatography:,
This work was done in collaboration with the University
ol Maniteha, Canada.

Absorbance at 210 nm

IR36
1 t 1 L ! i L I I I | 1
1R42
1 1 L | i ! | t l ! 1 1 !
20 25 30

Retention time (min)
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Disease resistance

The race to keep ahead of rapidly-evolving biotypes of the
mmportant discases of rice demands continual attention 1o
identifying and developing sources of resistance.,

Field eraluation for partial resistenice o blast. Partial
resistance to rice blast is an important genctic ability 1o
reduce blast damage. and might contribute 1o durabiliv of
resistance. We developed afield evaluation technique 1o
sereen for partial resistanee. Sequential planting allows
ample time for multiplication ol virulent isolates of the
blast pathogen Pyricidaricr oryzae. This weehnique can be
readily combined with conventional blast nursery evialu-
ation that screens for more basic resistance,

Cultivars Samging and 1IR30 had o low level of
blast severity, as measured by discased leal area, in the
conventional blast nurseryand in the sequential planting
triad, indicating a high level of partial resistance. Tachuaey
wiis highlv affected by blastin the sequential plantings. in-
dicating low partial resistance.

Blast susceptibility and soil propertios. In upland
arcas, blastis an important constraint o rice production,
The susceptibility of rice 1o blast is thought 10 be related
to soil properties and mineral nutrition. particularly silica
content. We grew rice variety €22 on two Philippine
soils—a weathered soil from Cavin, Laguna ¢5i content 13
ppm). and a voung, volaanic soil from Santo Tomus.

Blast disease severity in four
Diseased leaf area (%) cultivars 28 days after seeding in
the conventional blast nursery
and in sequential plantings.

60—

BB conventional blast nursery
— Average of sequential plantings

Samgang . 36 Taebaeg Pungsan

-——A_—ﬁ
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Batangas (Si content 61 ppm). The rice plana grown on the
soil higher in silica content contained more silica in the
topmost leaves both before and after blast inoculation, and
developed fewer blast lesions.,

Mutation breeding for resistance to bacterial blivht. A
bacterial blight-susceptible variety, IR24, was treated with
I mM MNU as a chemical mutagen. Two resistant mutant
lines (selected from 2,739 M ines) were resistant 1o all
bacterial blight races in the Philippines. To clarify the
inheritance of resistance in these mutants, they were
crossed with IR24. The reaction of Foand I, plants
suggested that they had a single recessive gene. Allelism
wests with three known recessive genes showed that the
mutant gene is independent of these three genes and s a
new recessive gene. This provides an new source of
bacterial blight resistance for breeding progranis.

Sillca content cf topmost leaves

and degree of blast Infection of SI0(%)
rice cultivar C22 grown on two 2
Phllippine soils, one with high 14|~ Santo Tomas, Batangas
silica content (Santo Tomas) and :
one low in silica (Cavintl). 12+~
10~
8 —
6
4+
2 —
0
Lesions (no./plant)
200
Cavinti, Laguna
150}-
100
50 -
SiOgbefore Si0, after Lesion/plant
inoculation inoculation
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Transfer of disease resistance from wild rice to
O, sativa. Wild species of rice represent a rich source of
usceful traits for rice improvement. O, longiolhionis,
O minta, and O ridleyi are resistant 1o blast and
bucterial blight, By bhackerossing and embryo rescue, BC,.
BC . and BC plants have been produced from: crosses
hetween a susceptible O sativa cultivar and O, minui.
Some of the BC and BC, plants are resistant to hacterial
blight. Since O longiehionis and O ridleyiare not sexually
compatible with O sativa, atiempts e being made to
introduce genomic DNA fromy these tvo species by pollen-
tube pathveay tansformation.

Reaction of induced mutant line
XM6 and cultivar IR24 to six
races of Xanthomonas campestris
pv. oryzae at 18 days after
inoculation.

Wild rice Oryza minuta (right)
which is resistant to blast and
bacterial blight, was crossed with
domesticted rice 0. sativa (left)
to produce the F (middle).
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Antennal preparation for elec-
troantennogram measurement of
Cnaphalocrocis medinalis moth
response to rice volatiles (ieft).
Glass micropipets with saline and
Ag-AgCl electrodes are placed
touching the tip and the base of
the antenna. Oscllloscope shows
a negative potential of 2.5
millivolts recorded in response to
hexanol produced by susceptible
plants.

Insect resistance

[dentification of the volatile compounds from rice plants
that attract or repulse insect pests is expected o open new
avenues for insect pest management. Morcover, these
volatiles could serve as indicators in breeding for resistant
varieties.

Bioassay of rice rolatiles. We isolated volatiles from
rice genotypes with different degrees of resistance to insect
attack. Susceptible variety Rexoro consistently produced
higher quantities of volatiles than resistant variety TKMO
and an O, perennis accession,

Rice leaffolder susceptibility. We studied the reaction
of rice leaffolder Cuaphatocrocis medinalis moths 1o the
volatiles from resistant and susceptible plants. Their reac-
tion was measured by clectroantennogram (EAG), which
measures the drop in electrical potential across an insect's
antenna in response to astimulus—in this case, the volatite
extracts. The extracts of susceptible plants generally evoked
a higher response than the resistant ones.

Kice bug resistcince. Almost all rices are susceptible to
the rice bug, We evaluated selected accessions of the
traditional varicty Sathi. whose panicles normally are
completely enclosed within the flag leal sheath, Tor resis-
tnce to the rice bug. Although oviposition did not vary on
the dilterent accessions, nymphal survival, weight, and
insect feeding significantly decreased on aceession 21033,
This held true whether or not the panicles remained
naturally enclosed or were forced open. The short feeding
time of rice bugs on accession 24033 led us 1o conclude
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that resistance is conferred by chemical factors, which
might be incorporated into improved lines through con-
ventional hreeding,

New breed: g lines for leafoldor resistance. Present
high-vielding varictios have weak resistance 1o leatfolders.
From  greenhousesselected B dines deriving resistance
from TRMo. Mathumanikam, or Pih 34, we screencd P
progenies i Limers fields: Twenty -one percent of 976
TRMO ines and v of 297 Mathununikam lines were
consistend v resistant 1o rice Teattolder

Drought tolerance

Widevaranons i rntalland the extension of rice farmmg
Mo more adverse environments are increasing the need
for sermplasm carving wider tolermces

Droniehistress index forvice, We developed i droughi
stress imdes that will enable comparing resulis of drought
stress tolerance screening tials frome different sites in
ditferent vears TEndes resalied from greenhouse
expernmmenis begon in 1987 o compare the eftects of the
duranon ol water detiot ar different growth stages on e
transprranon and vicld of rice: Drought tolerance scormg
i~ hased onthe tmding that eran vield decreases in diret
proporuon to the amount tar cumulaiy e transpication of

stressed plints s less than thar of well watered plonits,

Dclvec oy drogeah stross. e oo that e plants
respondiosome cChenmoal desiccants, suchas atrazme and
magnesiin chlorates methe same way they respond 1o
dhionghn stress The o chennioads hancton as o
st htorssallesw iy os 1o mduce dionahie stress withon
Baving o actnatly stress plants i the hekd This cnables
tote contiob of the research varbles and miore rapid
chperineritation

Ploveering staoe dronosht tolerai Genotypic ditler
cnces e dronght resistance Chanzced when water defici
occurred at diferent growth stages These results agrec
with those of previons expernnents. that stress during
Howennarednces nee viclds The resales alseo showed tia
senonvpie chifterences o dronghit resistance a flowering
are stronghy rclaed o ditterences meoaccamualation of

asstdates bl veseranin e issues belore stress and

their remabilization o panicles during stress,

s B %!

B e

 —-—- :

——
:

ve

The traditional variety Sathi

(showing panicles forced from the
flag leaf sheath).

Indices for reduction of rice grain yield
by water deficit

Grain yield loss/kg
transpiration reuction

Cultivar
Vegetative Reproductive
] phase phase*
IR64 5 5
Kinandang
Patong 5 10
Salumpikit 1 6

* {from panicle initiation through panicle
emergence

Drought stress index
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limit sodium uptake. and prevenr excessive salt entry into

younger leaves by maintaining sodium in the culms and
older leaves. Tolerant rices are also able to reduce their
transpiration rate as salinity increases. These tindings will
help guide breeding programs for probleny soils and tidal
wetlands,

Zine difficiency tolerance. Zine deficiency is com-
monly associated with peat soils. Plant zine concentration
dlone does not discriminate cultivar tolerance or suscep-
tibility. In 1988 screening trials, we measured plant zine
concentration of 12 rices representing the range of reaction
to peat soil conditions, All the cultivars, whether tolerant
or susceptible. had zine concentrations below the eritical
fimit of 20 myg kg, It was the iron:zine ratio that discerimi-
nated the cultivars: toferant varieties had lower iron:zine
ratios. This provides another Factor 1o use in screening
breeding Tines for this important character.

Flotspot screening, We tested woseries of cultivars and
advanced breeding Tines at five Philippine sites represent-
ing tdal wetlands and problem soils. “Twenty bulu varieties
performed well atall sites, including saline soils. ¢ Bulus are
tropical juponica tvpes that are adapted to very harsh
conditions. They have not vet been exploited extensively
in breeding programs. Upland varieties did not perform
well under saline- or iron-toxic conditions, but were
tolerant of phosphorus deficiency. Seven of 108 advanced
breeding lines with adaptability across most of the sites | Three semidwart F, tissue culture

showed  promise for use in o developing  improved | lines with sait tolerance compa-
gcrmpl:lsnL rable with that of the parent
Pokkalli.

- !

= Pokkal 5
v 2
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m
Deep water and flood tolerance
Improved germplasm for cultivation in deep water would
increase the contribution of arcas subjected 10 these
conditions to needed production increases.

Low temperature tolerance. Low wuter temperature at
the ensceiof flooding inhibits elongation of deepwaier rices
and may atfect survival and vield. We exposed 6-week-old
plants of 270 deepwater rice caltivars o constant water
temperature of 15 and 23 °Cfor8 davs. Internodes in some
cultivars clongared at the lower temperature. Fansa,
ARCTO657. and Bhujon Korpur showed betier ¢longation
at 15 "Cohan ac 25 7 bal Kara, Chanda Amon, Digha,
Goirol, and Dhal Pata clongated well at hoth temperatures.,

0

Total submergence. Floating rices from the Indian
subcontinent clongate rapidly in the crly seedling stage,
and can emerge from total submergence brought about by
flash loods. With the Rice Rescarch Institute of ‘Thailand,
we developed lines from IR parentage that combine fast
clongation ability with grain qualitv and maturity accepat -

able o Thailand. These lines were tested in farmers” {ields
Supachal Taengsuwan, Thailand,

Y e e : . [RT ]
and Dirk HilleRisLambers, IRRI, o the first time in 1988,
inspect breeding lines that Multiple chaiacteristics. We have crossed deepwater
survived 2-meter flooding In a cultivars with Q. rufipogon and O longistaminata and
farmer's field trial near Parchan- have  obtined  some  combinations  with — improved

takam, Thailand.
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m
clongation ability, perennial growth habit, and resistance
to bacterial blight. In some cases, these traits are combined
with acceptable panicle size and modern variety type. We
identified several O, elaberring rices from West Africa as
floating rices.

Adverse temperature tolerance
Another adverse environment for rice cultivation is the
higher altitudes. where crops are subjected 1o lower
temperitares than desirable for optimal productivity.
Transfer of cold tolerance. Many cold-tolerant rices
arce bulu crropical faponica) tvpe. combining cold woler-
ance, aduptability 1o low soil fertility, and discitse resist-
ance. These characteristios have been difficalt 1o transfer
to indica rices because of the high steriling of the hybrids,

We have found, however, that the high grain steriliny in B ANSs/in2
+8%+29°c
24

+1arn

bulo imdica crosses is not o dravwhack, beciause selection

for fertility in subscquent segregating sencrations is suc-
cesstul, Bulu japonici crosses do not show sterility prob- | The protective effect of absclsic
acid anciogue LAB 173711 on

. . , , . chilling tolerance in rice seed-
be obtained in segregating populations ol these crosses. lings

Abscsic acid analosie. Chemical treament is one
wav o mininmize chilling injury which limits the growth
and vield of rices ncolliboration with the University of

lems.and we expect that nany desirable genotvpes could

Hamburz, Federal Republic of Germany, we studicd the
protecive cttect of e syithetio abscisic acid €ABA)
analogue on chilling and wansplainting stress. Spraving
seedlings with ABA before chilling stress may suarantee
plantsurvival, Root-dipping before tansplanting increises
survival rate and specds up crop establishment.
Scrcening forcold tolerance. Sereening tor cold toler-
ance was done in cooperation with the Rural Development
Administration. Republic of Korea (ROK). We scereened
009 cultivars and breeding lines from IRRL ROK. and other
national progriams in the cold water-irrivated ficlds in
Chunciheon: The best entries, hased on spikelet fertility,
phenotypic acceptability and panicle exsertion, were Fu-
Men-Huan, Bir-Zi-Gaoo, IR200T3-B-000 SRTTS (292 13, and
'nbong 3. Fu-Men - Haoan and Bir-Zi-Goo had been iden-
titicd as tolerant in- carlier screening o germplasm from
Chinia: Unbong 3 was developed at the high-clevation

Unbong substition, Honam Crop Experiment Stition: and
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IR20913-B-60 came {rom the cross IR7149-51-1-3/1R36//
Paro White.

The 1988 International Rice Cold Tolerance Nursery
(73 entries) and 59 other materials were tested for cold
tolerance at flowering. The plants were subjected to 19 °C
airtemperature for 1O days at panicle emergence. Fourtee:y
entries showed sterility of less than 50%. IR15579, a line
from the cross K78-760-B* 2 'Kn-1h-214-1-4-3. showed good
rertility.

Five of 35 promising entries in the observational vield
trial yielded more than 7 vha: Pungsanbyeo, YRGi88-
ACP36 and YRG88-ACP39 (hoth anther culture-deris ed),
SR13618-9-3-20 and SR106:49-13-283-2-2. All were devel-
oped in ROK.

Rainfed [owland rice breeding

The genetic improvement program for rainfed lowland
rice emphasizes the generation of improved breeding lines
and populations with stress resistance, and the develop-
ment of colliborative programs with national agricultural
rescarch svstems in turget environments to develop more
productive rainfed lowland rices.

In the Philippines, we tested more than 100 breeding
fines and cultivars in S drought-prone rainfed lowland sites
and more than 200 breeding lines in 5 medium deepwater
(stagnant flooding up to 30 cm) sites, IR13185-10-2-142-2
performed well aeall rainted lowland sites. At the medium
deepwater sites, IR332060-5-1-3-1 vielded an average
1.8 tha over all sites, compared with 2.6 tha for the
highest vielding check.

We again tested several hundred lines in farmers’
ficlds in Solana. Cagavan, Philippines. Severe drought
stress delaved transplanting of most aurseries, resulting in
severe transplanting stress on the older scedlings. The
local Wagwag cultivars are well adapted to these stresses
and vielded better than almost all other entries. Three IRRI
improved breeding lines (IR19319-5-3-3-2-1, IR2:i703-11-
3-2-3-30 and 1R13485-22-2-2-2) however, matched the
vicld of Wagwag at transplanting ages rangirz from 61 to
82 days after seeding.

We also tested entries from the collaborative Thai-
land-IRRI breeding program at four rescarch stations and
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a farmer's field in northeast Thailand. Three improved
breeding lines yielded higher than local checks.

More than 3,000 seed packets were distributed o
scientists in nine countries. IRRI rainfed lowland breeding
lines were advanced to local yield trials in several coun-
tries, including Myanma (formerly Burma), India, Cambo-
dia, and Malavsia (Sabah),

Irrigated rice breeding

Twenty improved IRRI breeding lines were released as
varieties by the national programs of nine countries. Seven
were released in Vietnam, four in the Philippines, two cach
in sibu and Bhutan, and one cach in Venezuela, Bolivia,
Peia. India, and Pakistan. Eight of the 20 had been released
carlier in other countries. IRRI breeding lines named as
varicties worldwide now ol 198,

Wecontinued to share clite germplasm with cooperi-
tors worldwide. We supplicd 37005 sced packets in
response to 332 requests from 61 countries. An additional
10,234 seed packets of IRRT breeding lines were sent to rice
scientists in 10 countries through the IRTP nurseries.

Innovative breeding methods
We have increased ourattention on ways to use emerging
hiotechnologics in the enhancement of rice germplasm,
Tissue cultire. Tissue culture wechniques have the
potential to complement conventional breeding progrioms
by shortening the hreeding eyele, increasing variability,
Callus formation and plant
regeneration from isolated pollen
cultures of rice Oryza sativa cv.

and achieving hybrids from sexually incompatible crosses.
Although the anther cultarability of indica rices is still

considered Tow, anther culiure can be used 1o produce Talpei 309. A, dimorphism of
homozygous lines from I, hybrids, More than 1800 plants | freshly Isolated pollen grains; B,

were regenerated from 167 l’] crosses made in 1988, More division of isolated pollen grains;
C, plant regenerated from pollen.




Polyacrylamide gel zymogram
showing polymorphism for two
new isozymes in cuitivated rice:
A, Xdh1 (S band); B, Fdp-1 (S
band).
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than 800 anther culture-derived lines from F s regenerated
previously were sent to IRRI scientists and cooperating
institutions for testing. They included lines developed for
uplands, blast resistance, or cold or salinity tolerance.

The ability to regenerate plants from isolated pollen
is crucial 1o successtul research in genetic engineering,
Transformation of individual pollen would yield geneti-
cally modified true breeding lines.

The existence of pollen dimorphism and preculture
of anthers before pollen isolation affect isolated pollen
culture cfficiency. We found that relatively Larger pollen
grains (30-58 um diameter) are the viable ones with the
capacity to divide. Preculture of anthers for 8 days at 8 °C
is required.

Although the efficiencey of isolated pollen culture is
stll tow compared with that of anther culture, we have
been able to regencrate plants from isolated pollen of
japonica Claipei 309) and indica (IR43) rices.

Using protoplast culture, we have regenerated plants
from protoplasts of japonica (Taipei 177, Taipei 309, and
RAC3) and indica (Tetep) rice varieties, with plating
efficiencies ranging from 0.8 1o 1.8, depending on the
variety. Cell suspension cultures as sources of protoplasts
for fusion with cultivated rices have been initiated or
maintained in several wild rice species, including Oryza
riclleyi. O. perennis. Q. cichingeri, and O, anstraliensis.

Genetic and molecular maps. Work o fill in the gaps
of current knowledge about the genetic architecture of rice
continues, We identified three new isozvme loci, Fdp-1.,
Nedb-1. and Dia-1, in rice germplasm using starch and
polvacrylamide gel electophoresis, We are in the process
of locating these isozvme loci to their respective linkage
groups.
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Clone wild species- Gene transfer by:
specific dispersed repetitive oM TT As patm
DNA sequences (WSRP's) r *» Breeding*
eg. AAx BBCC
s Screen random clones* '
with genomic probes ABC
* Phenol-emulsion ——————¢ Direct gene transfer
re-association technique - pollen tube pathway*
« Oligonucleotide probe ’ ?:t?w&f:rzne injection

\{

Analysis of interspec_ifi’c recombinants

———— ¢ Blot and in situ hybridization*

* Test for disease resistance

&

Rice plants with:

e e e s R P

* Minimal aimount of alien DNA
* Disease resistance

Make genomic library
i - Select clones with WSRP's probe

> ¢

Transform rice with WSRP-positive
clones to test for presence of disease

In continuing rescarch for saturating the linkage
maps of rice, we were able to associate four morphological
markers with their respective linkage groups through
trisomic tests. Two markers, o gold hull mutant (gh-2)
and a brittle node mutant Chin were located on chromo-
some 2. Two chlorophyll mutants (ehl-8 and ¢hl-9) were
located on chromosome 8. @ heretofore poorly marked
chromosome.

This hasic genctios work will enable more extensive
use of emerging techniques in molecular genetics and
biology in rice improvement research. To date we have
located 18 isozyme loci to 8 of the 1.2 chromosomes of rice,
We are continuing the survey of additional isozyme loci to
identify loci for the remaining four chromosmes,

Isolating genes from wild rices. Athough wild rices
are o rich source of desirable traits, they also carry
undesirable traits that must be bred out before the inter-
specitic recombmants - become  agronomically  useful.

e ———————————————————————————

General cloning procedure for
Isolating disease resistance
genes in wild rice species for
transfer to well-adapted varletles.
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Use of DNA probe specific to wild
species to follow the introgre.
stons of 0. minuta chromosomes.
Note that only the 0. minuta
parent and the F, hybrid show
signals.

Repeated backcerossing to eliminate these traits is time-
consuming and large segments of alien DNA often remain
in advanced backeross generations, We are working on a
general cloning procedure to physically isolate genes of
interest in wild rice and transfer them into well-adapted
rice varieties.

We have been working toward the isolation of
dispersed repetitive DNA sequences specificto O. longigl-
nis. O, minta, and - O yidleyi. Some species-specific
clones have been achieved and are being ested for their
uscfulness in following the introgression of alien chromo-
somes in wide crosses.

Hiybrid rice studies. An important constraint to devel-
oping hybrid rice production in the tropics is the lack of
cytoplasmic male sterile ¢CCMS) parents. Achieving heterotic
hybrids depends on complete pollen sterility of the CMS
line. When sterility is incomplete, there is partial selfing of
the CMS line and the seed produced is amixture of F seeds
and sclfed seeds, An example is the CMS line 1R34752 A.

To make IRS4752 A completely pollen sterile, we
used the male gametocide ethrel, which induces partial

Undigested witk toq Ri Undigested vt erc
with Eco ndigested with Eco RI
F 1 r Rl

~ ~ ~ ~

Digested 8 8 Digested 8 8

sle

with Eco RI & hd with Eco Rl & =
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0. minuta clone A5-36
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Effect of ethrel sprayed at flag

Sterllity (%) leaf development stage on
r - ercentage of fertility.
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: 1 Spikelet sterility based on self seed setting in CMS line
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pollen sterility in a normally fertile cultivar, When sprayed
at a concentration of 1,500 to 1,000 ppm at flag leaf or
booting stage. ethrel induced complete pollen and spikelet
sterility in the CMIS line.

Three hybrids developed in the Korea-IRRI hybrid
rice project=tR-4750 A 8294, [R34730 A S332. and IR547350
A Iri 302-outviclded the best cheek cultivar Suweon 29+
by L 1to L7t hain trials at three sites in Korea. Other JRRI-
developed hybrids outvielded local check varicties aya,
0.7t haand Mangla, 6.0t haat Bangalore, India. The IRRI
hybrids were IR34752 A TR10 R (9.8 ¢ ha), IR54732 A
IRZBITS (8.8 t hay IR34732 A IRS1 R (8.3 1 hay, and
[R4O830 A TROTOL-19-1 R (8.2t ha. Inav T9SS dry season
trial at IRRE TR40O830 A IRY™O1-19-1 R vielded the equiva-
lent of 13,2 1 hae compared with the highest vielding
mbred cultivar IROT23-113-3-2-1 (10 1 ha). IRRI physiolo-
gists. who conducted the trial tound that | hybrids show
the best combination of factors for larger sink size and
better grain filling.

Seed science and technology

Improved rices are only of use to farmers if the seeds they
plant germinate and produce vigorous seedlings. Viability
(anintegral component of vigor), dormancy. and tolerance
for low temperature were shown 1o be interrelated,
Cold-tolerant, nondormant cultivars rapidly lost seed
viability, but highly dormant cultivars that retained their
viability tended to be susceptible 1o cold. Moist heat

“
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treatment was found more effective than dry heat treat-
ment in breaking dormancey. without adversely affecting
subscquent seedling vigor,
\We screened 254 entries from various International
Rice Testing Program (R nurseries for seed vigor; 15%
showed high vigor, 2270 moderate vigor, and 637 Jow
vigor. Among those showing high vigor were improved
lines TIRTA240-108, IR21178-39-P 1. [R25588-7-3, IR29723-
Fa2-20 and 1R39357-91-3, all of which were the highest
viclding entries in the 1980 vield nurseries.

Pest Management

Losses of rice crops 1o pests—discises, insects, weeds—
heavily impact production in some regions and some
cnvironments. The problem is complicated by the inter-
active nuture of pests. Multiple infestations are difficult to
controb. IRREs pest management work is being focused on
intearated management—on identifving natural control
cchuresms o Cadessooaing e eeticld disease. in-
sect and weed ccology on establishing cconomic thresh-
olds of pest intestation twhen the costs of control can be
recouped through saved harvestand on environmentally
sabe control methods,

Diseases

Rice tiongro virns, Knowledae of how rice tungro virus
(RINVD spreads in farmers” Tickds is needed 1o develop
sound methods for assessing disease severity, We devel-

oped apictorial kKey with nine grades 1o assess discase

Pictorial key to assess disease severity and used it to study the relation between discase
severity in plants infected with incidence and disease severity at sixorice growth stages.
rice tungrc virus. We then developed regression equations to predict
severity from percent incidence at cach growth stage
studied. These equations will enable more accurate assess-
ment of discase loss in farmers” ficlds,

In the same experiment, we monitored the distribu-
tion pattern of the disciase and plotted it on field maps.,
Initiadlv. infeaed plants were distributed ina random
pattern. That changed to o clustered pattern, and finally o
aregular pattern. The results indicate that in RTY scouting,
the investigator should make a Lrge "N7 or »W7 path

through the field to obtain an accurate discase assessment.
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Blast discase. Quantitative models would be useful
for predicting yicld losses caused by blast. We used path
coefficient analysis to clarify how leaf blast and panicle
blast influenced growth components (plant height and
biomass of leal, stem. and panicle) and yield components

(number of etfective tllers, 1LO00-grain weight, number of

filled grains per panicte, and percent unfilled grains). The
vicld components most dircctly related 1o vield loss are the
number of filled grains and the percentage of unfilled
grains. Leaf blastreduced the number of filled grains more
than panicle Blast. but panicle blast had @ greater effect on
the percentage of unfilled grains. We are evaluating
several empirical cquations for predicting yield losses
caused by blast.

Insects

Yellow stem borer: OF all rice insect pests, stem borers

cause the greatest vield loss annually and remain one of

the: most difticult groups 1o conuol. We developed a
simulation model of the populaton dynamics of the rice
vellow stem borer foruse in pest namnagement. The moded
simulated saistactorily the timing of egg. Loval, and pupal
population density: peaks in two s, Pest control.,

through release of eug parasites or application of insecti-
cides on larval populations, wis evaluated with the model.

Scouting for stem borer moths by
sweeping weedy ricefield borders
with an elbowed stick. Walking
the field borders is easier than
field sampling for eggs. Egg
densities in the field can be
determined from the number of
moths flushed from field borders.
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Current methods of determining critical threshold
values for timing treatment are either inaccurate or too
time-consuming. Insecticide application must be timed at
peak egg densities in the field, just before newly hatched
larvae tunnel into tillers. We developed a method 1o
determine when to sample for eggs in the field by scouting
for stem borer moths in weedy field borders. Moths hide
from bird and dragonfly predators during the day and can
be flushed from their hiding places by stroking foliage with
an elbowed stick. Moths flushed from weedy field borders
serve as an early warning ol egg laving in the field.

Rice bug pheromones. The characteristic odor of
rice bugs is produced by a blend of volatile compounds,
which attract other rice bugs but may repel predators,
Understanding these compounds could lead to new con-
trol methods. We are trving to identity the sexual and
feeding autractants emitted by the rice bug 1o attract
populitions from nearby fields. We hope o provide
farmers with attractants that: mimic the natural ones
emitted by the bug and to design better traps.

Rice leaffolder. Two species of rice leatfolders,
Cnapbalocrocis medinalis and Marasmia patnalis, are
usially found in association on rice plants. Studies on the
comparative biologies and population dyvnamics of the
two species are difficult because the larvae and pupae
are similir in morpholegy, as are their spinning and
feeding behavior, Yet their differentiation is important in

Chromatographic profile of rice at

heading with and without rice bug . v Volatile compounds
infestation. Several signals are ' E i released by rice
characterlstic of Infected plants. b with ricebugs
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: Electrophoretic differences In

esterases of Cnaphalocrocls
medinalls and Marasmia patnalls
pupae.

C. medinalis M. patnalis
Pupa

developing o more thorough understanding of insect
ceology and in designing control mechanisms.

We used horizontal starch gel clectrophoresis of
soluble isozymes to accurately and rapidly distinguish the
speies. Consistent electrophoretic differences found in 2
of 10 enzyme systems studied-isocitric dehydrogenase
and esterase—permitted accurate differentiation between
second- o fifth-instar larvae and pupac.

Rice leattolders atack the rice plant by feeding on the
leaves, dircctdy reducing photosynthesis and ultimately

2 Relations between rice leaffolder
med (cM”) ; leaf consumption, larval age, and
T R plant age. DAS = days after

seeding.

u
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m
yield. Leaf arca removed is dependent oninsect age, plant
age, and rice variety. The fourth and fifth larval instars
consume more than 90% of the larva’s total consumption.
There is substantial reduction in feeding with plant age.
On 100-day-old plants, larvae consume only 807 of what
they would consume on -10-dayv-old plants. We developed
a computer simulation model that incorporates leal area
consumption rates with insect and plant age. Insect
feeding can now be characterized by a single parameter,
the feeding coefficient, thus simplifving relating this model
to the establishment of cconomic thresholds.

Connnnity ecology of arthropods in rice. In rice
ccosystems, populations of all species coexist in relation
to one another. When pest populations are studied inde-
pendently, they reveal only fluctuations with time. et
environmental fuctors and rice cultural practices influence
the entire community. not just @ single species. Rice
arthropods are natural pest control agents, and it is useful
to understand how rice arthropod communities are struc-
tured.

Using the Shannon-Wiene information index. we
found that species diversity increases with crop age to a
plitcau about 3 weceks after tansplanting and remains
unchanged until harvest. Perturbations in the form of
pesticide applicitions may cause o drop in diversity Guch
as a weakened arthropod community), which in turn niay
lead 1o an extreme dominance or outhreak of a pest
species,

Botanical insccticides. Derivatives of the neem tree
Azadirachta indica are among a group of biological
pesticides that could he used to control crop insect pests
without harming beneficial predators, A 6% crude neem
seed water extract spraved three times at 10-day intervals
controlled rice leatfolders in ricefields. The insecticide
trinzophos was more effective than the neem exuract but,
unlike neem, it also destroyed natural enemies of the
leaffolders.

Weeds

licopbysiology of rice weeds. An important breakthrough in
weed control will he the understanding and integration
of changes that occur in the demography, ceology,

0~ G 20 S
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Water use efficiency of rice and

Water use efficiency (umol CO.,/umol H,0
Al 2/t 20) weeds at different light levels.
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Cyperus rotundus

Eleusine indica
Echinochloa colona
Rottboellia cochinchinensis
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physiology. and morphology of weeds as they interact
with the environment and with cach other.

We studied the water extraction capacity of weeds
and rice under upland conditions, at different levels of
light. Water use efficiency wus hicher in weeds than in rice
atall light levels, The high water use efficiency of weeds
wis associated with their high photosynthetic rates, low
stomatal conductance. and relatively low tanspiration
rate. These characters enable weeds 1o tolerate drought
stress better than rice and to remain agaressive when water
is in short supply.

Nitrogen management and weed control. Entirely
weed-free condiuens do not often exist in farmers' fields.
How canacfarmer manage nitrogen fertilizer application to
favor crop growth over weed growth, and when should he
weed the field” We studied the effects of the timing of
nitrogen application and weed control in broadcast seeded
Hooded rice and in vansplanted rainfed rice.

In broadeast seeded rice, there was no significant
difference in nitrogen uptake and vield when nitrogen wis
broadcastand incorporated basally or broadceast at 13 days
alter seeding (DAS), suggesting that nitrogen application
up to 15 DAS s feasible. The timing of weed control was
more important. Nitrogen uptake was not significantly
different between weed control at 3. 10, or 200 DAS, but
grain yield was highest when weeding was done 20 DAS.

M




With good weed control, three-
split nitrogen applications
produced higher grain yields in
IR64. Without weed control,
nitrogen application timing had
little effect. B&! = broadcast and
incorporated, DBPI = days before
panicle initiation, DT = days after
transplanting.
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Grain yield (t/ha)
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N management level

Grain  vields  from plots raated  for preemergence
weed control were generally Tow because of high weed
FesSUrgence.

In transplanted rainfed rice, we studied the timing
of 80 kg N ha in plots with different weed pressures.
Without weed control, grain vields were similar regardless
of nitrogen management practice. When weeds were
controlfed. however, three-split nitrogen applications
consistently produced higher vields than two splits or
single applications.
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Stress interactions
When rice suffers simultancously from more than one
growth limiting stress=as it often does=the stresses may
interact. And the combined effect can be Larger than the
product tor stresses acting alone. Management that elimi-
nates one stress could have an even greater benefit, by
lessening the decrease in growth and yield caused by
associated interactions,

We conducted three stress interaction experiments,
Five stresses Gwvater deficit, nutritional deficiency, insects,
pathogens, and weeds) were imposed on 1R62 rice at
realistic field levels. Nonstressed plants yielded 3.9, 5.7,
and 5.5 t hain the three experiments. The combination of
all stresses decreased vields by 8400, 5700 and 679, In the
experiments in which an individual stress decreased yield
by 9% or more. we detected interactions among witer
deficit, weeds, simulated stemborer damage. and patho-
gens Torexample, pathogen stress decreased vield of fully
irrigated plants by 9'a But when plants were also sub-
jected towater defict. which by itself caused a vield loss
of 557 vield loss from pathogen stress increased to 17,

These preliminary: experiments show that manage-
menttechniques are needed notonly to prevent any given
physical or biological stresses, but also o guard against
LWO OF MOTe stresses occurring :ainmll:mcuusly.

A multidisciplinary team of
agronomists, entomologists, plant
pathologists, statisticlans, soil
chemists, and soll physiclsts
conducted this multifactor
experiment to detect interactions
among various blological and
physical stresses on transplarted
rice.

B MULTIDISCIPLINARY STUOY OF IYTERACTIO
OF WATER NUTRITIONAL, AND BIOLOGICAL
STRESSES ON TRANSPLANTED RICE
COLLABORATION OF
DEPARTMENTS OF

GRONOMY ENTOMOWY PLANT PR THI1 0 4y
SO G ANN CYavieTiar
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Crop and resource management

Soil, nutrients, and water are the critical elements in rice
production.  These resources must be managed. for the
crop scason. the cropping year, and future cropping, il rice
production is 1o be increased ar the same time that
resources dre conserved aned farining s sustained.

Water management
Small farm reservoirs. We conducted water halance stud-
ies on small farmy reservoirs in Tarlae, Philippines, and
analyzed ranofl characteristios of catchment areas with
different Tand uses. We found that the minimum size of
catchment area for cach 1000 m* of reservoir storage
capacity is 0.2 ha tor catchments plinted to rice and 1.1 ha
for geass catchments.

Farmers have difficalty estimating the i e area that
available reservoir water will support during the dry

Typical small farm reservoir for scason. W devised a simple formula based on the

growing a dry season rice crop in
Pampanga, Philippines.

estimated amount of water retained in the reservoir at the

8", 5
Yyei. ’i ‘¥
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heginning of the season and the water requirement for the
crop. For example, il dry scason rice is transplanted as
carlyas possible after the wet season harvest, we estimated
that a TTO-d variety would need about 300 num water. If
05" of the storage capacity of a tvpical 2,000 m* reservoir
s availablesadey season vice arca of 0.1 ha can be grown,

Estimating potential crapotianspivation. Knowledge
ol potential evapotranspiration (F ) 15 essential for plan-
ning. designing, and operating unh.mun svstems, The
cquations conmnonly used for "./ lemlllmn present i
bewildering choice. We developed PET. an expert com-
puter model tor potential evapotranspiration evaluation,
o rapidly select appropriate 2, estimation methods and
exccute the corresponding caiculations,

Beistn ivrigation for upleaied crops. Establishing up-
land crops in irrigated viceficlds is a formidable undertak-
ing. The heavier texture of rice soils restricts drainage and
promotes waterlogging. We developed anirrigation method
for nize following rice that involves frequent applications
of Tow volumes of water, never exceeding 30 mm. The
method provides adequate wiater 1o the maize crop, but
requires application efficiencies greater than 90", In tests

_—__
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in 3 maize fields in Guimba, Nueva Ecija, Philippines, we
applied 330, 336, and 379 mm of waterin 8, 7, and 10 low-
volume irrigations. The quantities of water applied were
close to the seasonal evapotranspiration requirements Jor
maize, half the 600-800 mm usually required or less,

Soil and fertilizer management

Nitrogen is the major input for rice, and the highest cost
factor in rice production. We are studving nitrogen and
other fertility aspects of rice sotis on several fronts, such as
better understanding of soil chemistry, examining ways to
reduce nitrogen losses in flooded ricefields, evaluating
cultivars for nitrogen response, and using nitrogen fixation
abilities of green manure plants. For resource-poor
farmers, organic sources of nitrogen are particularly im-
portant.

Soil characterization. To beter understand chemical
conditions in the soil near rice roots=the rhizosphere-we
developed a computer simuliation model of iron diffusion
and oxidation, in collaboration with the University of
Oxford. The model predicts that under normal conditions,
Lurge quantities of iron may be wansferred into the
rhizosphere. Rhizosphere pHmay be lower than that in the
surrounding soil by more than two units. This magnitude
of such effects hid not been recognized previously. These

Sampling deepwater rice for
nitrogen uptake in Thalland.
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Cumulative N loss (%)
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findings have major implications for work to select
germplasm with more efficient nutrient uptake and for
work on biological nitrogen fixation in the rhizosphere.

Nirogen sonrces for deepireter rice. NMuch of the
nitrogen supply of deepwater rice is thought to come from
the floodwater itself or from biological fixation. Our ficld
studies indicate. however, that soil tvpe may be a more
importint determinant of nitrogen supply than had been
thought. On acid sultute soils, the uptake of nitrogen by
deepwater rice plints is suppressed at the onset of
nooding, then is maintained at very low levels during the
Hooded period. But on less acid soils, the rate of nitrogen
uptake increases 1o quite high levels after the initial
suppression at the onset of flooding. Through surveys of
ficlds for available nitrogen. we are identifving soil and
floodwater conditions where vields are sustained naturally
and other arcas where mmproved fertility: could give
cconomical vield increases,

Ammonic volatitization and witrogen nse. We com-
pared ammonia volatilization losses from broadeast seeded
and transplanted rice in a two-vear ficld study. Applying
urea into the floodwater av 11 d after broadeast seeding
reduced ammonia volatilization losses by 20-33% com-
pared with applying nitrogen to transplanted rice,

Cumulative nitrogen loss of
transplanted and broadcast
seeded IR64 rice, Calauan,
Philippines, 1988 dry season.




The application of nitrogen,
phosphorus, and potassium
fertilizers increased the growth,
nodulation, and nitrogen accumu-
lation of Sesbania rostrata.
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Broadcast sceded rice also has higher nitrogen recov-
ery than tansplanted rice. In the 1988 dry scason at
Calavan, Laguna, Philippines, broadeast seeded  rice
recovered 27% of nitrogen applied at 21 days after estab-
lishment compared with 6% for transplanted rice, which
may have suffered from transplanting shock.

Green manre and inorganic initrogen. The relative
efficiency of nitrogen in green manure and in inorganic
fertilizers is a0 major issue in developing legumes as
nutrient sources. We applicd 0. 30, 60,90, and 120 kg N/
ha 1o rice as green leal manure (GLM), urea, or equal
combinations of the two. All nitogen was applied at
transplanting, regardless of source, to eliminate the effect
of different timing. Yicld differences were not significant
for any treatment. suggesting that inorganic nitrogen can
be used interchangeably with GLM. Maximum grain yield
was estimated at-ra tha when nitrogen was applied at 116
kg ha, whatever the source.

Nutrition requirenmen! fer Sesheotic rostrata. We stud-
icd the effect of applving nitrogen, phosphorus, and
potassium fertilizers on nitrogen accumulation of Sesbanie
rostrata in a field experiment in San Manuel, Tarlac,
Philippines. Urea basal applicd to 43-day-old S, rostrata
significantly increased nitrogen accumulation. Phospho-
rus and potassium fertilizer applicd at 40 kg ha stimulated
growth, nodulation, and nitrogen accumulation. However,
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Seasonal changes In growth

Days of growth duration requirement of Sesbania
65 rostrata and Aeschynomene
afraspera to accumulate 100 kg
N/ha.
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yiclds of the subsequent rice crop were no higher for any
of the green manure treatments than with urea application.
Farmers may increase nitrogen accumulation intended for
the subsequent rice crop by applyving phosphorus and
potassium fertilizers to their green manure crop.

Ingreenhouse experimentin which S rostiata was
grown in nine Philippine soils of various fertility, available
phosphorus wis the mujor growth limiting factor in both
upland and flooded fowland soils. Dy matter and nitrogen
uptake were higher in flooded soils, however, because of
higher phosphorus and nitrogen supply. S rostreita showed
no symptoms of zine deficiency on soils low in available
zinc. Tumay be a suitable green manure crop for growing
on saline soils before rice when water is available but
salinity levels are stll 1oo high for rice.

Nitrogen production by green mcaniore crops. Another
stem-nodulating legume. eschynomene afrasperda, was
compared with S, rostrata for growth, nitrogen fixation,
nitrogen accumulation, and time of flowering over six
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Upland rice grain yield and dry
matter are substantially in-
creased when the rice crop is
intercropped with lablab or
siratro. Values in centimeters
(cm) indicate the distance

between rows of the forage crop.

Green manure ()

N added
Reeomiad 61
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Rice fallow 0
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cropping scitsons, in collaboration with the University of
Giessen. 8o rostrata exhibited higher seasonal variability
than o1 afiaspera. Eight-week-old S rostrata accamulated
about 100 kg N hain the December Tarvest and abowt
230 kg N hevin the July harvest. A afiaspera accumubated
150-200 kg N haein all o crops. To accumulate abowt
100 kg N hao SCrostrata may be aomore saitable crop in
March-september tdavlength =1EShy A afraspera in
October-Februarny edavlength < 11.5ho,

hitercropping legnmes. Indeterminate legumes are
Known to enlumee nitrogen reeveling in cropping systenis.
The chadlenge is o integrate themwith grain crops so they
do not compete for field time or libor, We found thae by
intercropping lablab ¢Lablaly purpirensy or siratro with
upland rices and plowing down the drv scason biomiiss
accumulation hefore planting the suceeeding rice crop,
120-210 Kk nitrogen per hectare was made available o the
rice crop. Grain vields increased by as much o 21 ha
and total dev matter by more than o ¢ ha on a nutrient-
poor soil. The application of inorganic nitrogen did not
significantly increase rice vields when the green manure
wits plowed in.

Nfixation and azoll - cnggement. Azolla continues
toshow promise as an organic fertilizer. Our work with the
azolla germplism collection at IRRD i investigating the

Rice grain yield (1/ha)

Rice total dry matter (t/ha)

IR

‘W okgnha
41 60 kg N/ha
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Comparison of nitrogen produc-

N (kg/ha per day) tion of hybrid Azolla fillculoldes
3 and A. microphylia and the parent
A. microphylia from December
1987 to June 1988.
2 —
1 —
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— A. microphylia
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nitrogen fixation abilities of the different species and
improvement of nitrogen fixation in hybrids.

The growth and nitragen fixation of hybrids between
A filiculaicie: and A microphylla were beter in the cool
scason (hecember-Narchy in IRRUS field than that of
parent A ndcrophylla; but the opposite was observed in
the hot scason €April-Nay ). Concentration of nitrogen was
always higher in hybrids than in L niicrophylia.

Azolla sirains were classificd by clectrophoresis pat-
terns of nine envzmes, in collaboration with Washington
Stite University. A filiculoides is distinetly separate from
other species. A ndcrophylla, A caroliniana,  and
Amexicanaare chemotaxonomically similar, A japonica
from Japan belonged wo o filiculoides. Using this and other
morphological and phvsiological - characteristics. some
New World accessions Tabeled as AL filiculoides were
shown to be members of other species,

Tillage and soil physical condition

Soil pirysical management for legume production. Tn many
rice-growing countries, i legume could be grown in the
dry scason on ricelands that are left uncropped after

_“
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harvest of wet season rice. But soil preparation for wet-

land rice creates seed zone and root zone structures
unsuitable for legumes, We are developing low-cost, low-
energy soil physical management methods to promaote
rapid scedling emergence and profuse and deep rooting
of legumes grown after rice.

We used a new system ol rice - legume management
in which rice scedlings were transplanted at 22 cm
intervals along dual rows spaced T apart, with a 28-cm
space between cach pair of rows, Immediately after rice
harvest, we useda prototype interrow tllage implement to
prepare o sceedbed for mungbean in the 28-cm space
between the dual rice rows, without disturbing the rice
stubble. Mungbean vield with this svstem was 2.0t ha.

Effect of tillage on arater retention. One purpose of
wetland tillage of rice soil is 1o/ lessen percolation and
retain standing water in the field. Soil compaction Cas that
done by animal hootyis an important component of tillage.
In experiments at IRRE vields of irrigated rice were 30 ha
inuntilled soils 1.2 ¢ ha in mechanically prepatred soil, and
50 haein water butfalo-puddled soil.

Cropping systems

A problem in rice - legunie cropping systems is selecting
appropricte legume varicties for the agroclimatic environ-
ment. We e attempting to select two radically different
tvpes of cowpea cultivars for different niches in upland
rice-hased cropping systems: an carlv-maturing cultivar for
intercropping with rice and a Tite-maturing cultivar to
grow after rice. The cowpea for intercropping with rice

By transplanting rice in rows
spaced alternately at 7 and 28
cm (left), the 28-cm space can be
tilled Inmediately after rice minimize competition with rice. We have identified the
harvest without disturbing the cultivar 1182D-889 from the International  Institute of
stubble (center), and a mungbean
crop can be grown (right).

should combine high vield with low stover weight 1o
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The search for cowpea
germplasm for upland rice-based
cropping systems seeks two
types of cultivars: an early-
maturing, less competitive type
for intercropping, and a late
cultivar with high green manure
biomass.
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Social and economic environment

Equity impact analysis. There is widespread concern that
the differential adoption of modern rice echnology be-
tween Bivorable and unfavorable rice production environ-
ments will increase regional income disparities. Inan
carlicr study in the Philippines, we found that wage rates
tended o renain cqual becruse the higher labor demand
of modern echnology encouraged both seasonal and
pernuinent migration of labor from anfavorable to favo-
ruble areas. But the adoption rare of modern technology
is particularhy high in the Philippines,

We extended the study o Nepal, where modern
varictes CMVS occupy less than 00 of the riceland.
Similar Libor migration in Nepal tended 1o equalize wage
rates. The adoption of Mys also inercased the demand for
fand s well as tor Labor, thereby riising returns 1o Land
from rice production. This in tum contributes 1o widening
the gap i returns to Lind fromerice production. A compara-
tve study of villages inirmgated and nonirrigated arcas in
Nepal showed that crop diversification in nonirrigated
arcas tended o equalize mcomie distribution.

Results from only two countries do not permit draw -
ing definitive conclusions about wage and income distri-
bution i tovorable and unfivorable areas. But these
preliminary results do - jodicate that libor migration 1o
favorable arcas and crop diversification in unfavorable
arcas tend o equalize wage and income distribution.

Farmers training farniers. A major goal of socioeco-
nomic rescarch is o help national programs develop
methods by which they canwork with farmers in = ~oduc-
ing new technology, One method is 1o enlist farmers 1o
train other Larmers. At e key onslarme rescarch site in
Claveriae Philippines, o furmer participatory: model was
developed o address soil crosion in upland rice systems,
Itinvolved

o Lirmers identitving the problem and secking a

solution,

o farmer experimentation, adaptation, and adoption

ol contour hedgerow systems,

o agronomic rescarch that built upon farmers™ ex-

periments.,

S A
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Machinery development and testing

IRRT engineers, in collaboration with the Burcau of Plant
Industry of the Philippine Department of - Agriculture,
developed small electric pumps o help small farmers in
the rainfed lowland areas tp groundwater during dry
periods at fess cost. The IRRE Watt-Miser self-priming
clectric pump series can provide supplemental irrigation
for 1-3 hectares of rice using o matching single-phise
clectiic motor from 0.37 10 113 KW The pump's impeller
is TS mmin dimeter, but can be supplicd in varving
widths to suit different flow rates and different sizes of
clectric motors,

Inatestin northern Luzon, a0.50-kW TRRI W itt-Miser
operating in e tubewell cost about 1SSO.10 per hour o
operdates e pranp driven by gasoline engine consuming
I liter per hour cost about USS0.32 for the same water

Philippine Department of Agricul- output. One Manile manufactures has started mass-pro-

ture-IRRI electric pump can ducing IRRI Witt-Miser pumps.
supply supplemental irrigation for In cooperation with the University of Hohenheim,
, 1to 3 hectares, depending on Federal Republic of Germany we developed and rested a

| impeller width and motor size.
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solar tunnel dryer for drying paddy. The unit reduced
moisture content from 20%, (wet basis) to 4% in 6-8 hours.
Milling recovery of dried paddy was close 1o potential.
Although drying with the solar unit is more cfficient than
sun-drying, the initial cost is relatively high.

International
Collaboration

IRRI has formal or informal relationships in both rescarch
and training in nearly all the rice-growing countries of the
world.  These activities help in meeting the goal of
strengthened national rescarch capabilitics.

Networks

Networks link scientists and rescarch organizations in-
volved in activities of mutual concern within a country,
within a geographic region, and across continents.

INSURE In 1988, the International Network on Soil
Fertility and Sustainable Rice Farming (INSURF) initiated
subnetworks, The subnetwork conceptis premised on the
fuct that certain national systems have atained sufficient
strength and matuarity that they have o comparative advan-
tage insome research areas. Lead centers were established
in China. India. Indonesia, the Philippines. and Thailand.
Relevant technologios developed in subnetworks will he
shared throughout INSURE.

Integrated nutrient management trials test promising
organic materials and cropping patterns to provide greater
flexibility in studying site-specific problems. Important
findings in 1988 show that

m Combinations of inorganic and organic fertilizer
performed as well as inorganic fertilizer alone at
most sites.,

B Among organic materials, azolla and straw gave
compuarable yiclds.

m Soil properties and other environmental factors pe-
culiar to a site are major factors in assessing
integrated nutrient management strategies.

B Green manure performs better than azolla or farm-
yard manure at some sites.

_—
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Rainfed Jowlnd and upland rice trials now include
site=specitic soil problems and related factors, such as crop
residuc management and rice-hused cropping systems,
We tound that

m Nitrogen continues to be o major limiting nutrient,

although other nutrients such as phosphorus and
zinc are beginning to exert i influence on vield.
mYiclds at mostsites are gradually declining in both
the wet and diy scasons. even with complete
nitrogen, phosphiorus, and potassium treatment.

m Changing varictios. climatic factors, and biological

stresses account for vear-to-vear vield fluctuations.

IRTP. In the TOSS International Rice Testing Program
(RTP), more emphiasis was given to genetic diversity and
efficient utilization. A totad of 1217 sets of 25 tvpes of IRTP
nurseries were distributed 1o 16 countries in Asin, Africa,
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“
Latin America, and Europe. Several countries used IRTP
entries in their rice hybridization programs; 198 entries
were advanced for field westing at local, state. or national
levels.

The blast discase severity index (DSD used in the
International Rice Blast Nursery (IRBN) is useful to deter-
mine quantitative resistance to rice blast. We found a close
correlation between DSEin the blast nursery and the
severity ranking of Tongil-type varicties in farmers' fi 'ds
and in the leal blast nursery at IRRI,

We used simulion modeling 1o determine  the
potential productivity of cultivars at different IRTP vield-
testing sites. When actual vields ar 63 sites were compared
with potential vields, actual yvields were as high as simu-
tated values in only about half the trials. In the remaining
trinds. actual vields were less than 60" of potential.
Reasons for this vield gap appear to vary from year to year
and from site to site.

ARESNC In 1988, the Asian Rice Farming Systems
Network concentrated on crop - livestock and rice - fish
farming svsiems, the role of women in rice farming
systems, and the impact of furming systems research. A
four-country study demonstrated how maximizing rice
viclds perunit of land. tdmes water, and energy and
postharvest management contributes o ine: zased income
and emplovment. We also investigated how the benefits of

. . ) e Relation between disease
Severity rank score in farmers’ fields

101 severity index of Korean indica
i_ varieties from the international
| [ =0B18" ¢ o000l e Rice Blast Nursery and blast
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Peanut is one of several crops
being evaluated for growing
before or aiter rice in upland
environments in a project coordi-
nated by the Asian Rice Farming
Systems Network.
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improved wechnology acerue 1o farmers in terms of nutri-
tion, capital assest accumulation, and education ol chil-
dren.

Weintroduced farmer participatory rescarch meth-
ods within ARFSN, particularly in Bhutan, Madagascar, and
the Philippines, and evaluated IRRI-designed seeding and
rice transplanting machines,

Cooperative country projects

Since dts inception, [RRE has provided direct echnical
support to some rice-growing countries with specific
necds, These projects are covered by Memorandams of
Agreement: support ustally comes from special funding.

Asia
Beangladesh. "I'wo  successive vears of severe flooding
during the main rice scason cransplanted amany have led
to modifjeations in cropping systems to avoid the conse-
quencedof flooding, The Bangladesh Rice Rescarch Insti-
tute (BRRD has released twao improved  photoperiod-
sensitive varieties that can be transplanted after loods.,
Even when planted as Tate as the end of September, they
will flower before cold weather and vield 2-3 1« ha,
Studies on - irrigation management have focused
on increasing cropping intensity and more efficient use
of drrigation  water in nonflooding arcas of - central
Banghudesh, Tmproved varicties released in these arcas
have a 17-2000 grain vield advantage and a0 3% straw yield

advantage over farmers” varietics.
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Bbutan. Emphasis continued on strengthening Bhu-
tan’s human resources in rice research and development,
Two IRRI training staft members spent @ month in Bhutan
to assist the Bhutanese Departiment o Agriculture in
planning and conducting rice production refesher courses
for 138 senior and ficld-level Caiension workers. The in-
country training itself was done by five Bhutanese gradu-
ates of the 1980 IRRI Training and Technology Transfer
Course. We also conducted atraining program on growing
mustard after rice, and began collaborative studies on
integrated pest management. The IRRI-Bhutan Rice Farm-
ing Systems Project is supported by the International
Development Rescarch Gentre,

Three rice varicties tntroduced, tested, and evilu-
ated with IRRE support) were released by the National
Variety Release Committee: BR1S3-2B-10-1-3 (releasea as
BR153) for low-altitude southern foothills, 1RO+ Greleased
as 1RO for medium-altitude valleys, and Takancenishiki

IRRI training staff helped the
Bhutanese Department of Agricul-
] ture plan rice production refresher
(released as Noo 1D for high-altitude areas, courses for senior and field-level
extension workers.
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Cambodia. The Cambodia-IRRI project addresses
three areas considered crucial to the success of Cambodian
agriculture—the development of human resources, re-
scarch infrastructure, and effective technology transfer
mechanisms, Thirteen agricultural officers completed
special rice production training course at IRRI in 1988,

We gave the development of the Cambodian Rice
Research and Development Institute CCARRD!D a Prateah
Lang high priority, assigning an experiment station devel-
opmient specialist to help produce the CARRDI s’te master
plan. IRRI projects in Cambodia are supported by the
Australian International Development Assistance Bureau.

Chinet IRRI s collaborative work with China involves
the Chinese Academy of Agricultural Sciences: the Chinese
Academy ol Agricultural and  Mechanization Sciences:
Academica Sinica: the National Luboratory for Plant Genet-
ics  Engincering: Development Rescarch Institute,  Re-

A farmer threshes rice near search Center for Rural Development of the State Council
Prateah Lang, proposed site of of the  People’s Republic of - China; 14 provincial
the Cambodian Rice Research academies; and 60 agricultural colleges and universities.

and Development Institute.
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Collaborative rescarch priorities are integrated pust
management. sustainable agriculiare, hivbrid rice. biotech-
nologyv. and germplasm conservanon and utilizztion,
Il Collaboratn e rescarchwath the ndian Council
of Agricultural Research (OARY concentrated on ntinted

nee environments e casterns Indoe deepawater raintod

shallow - dioughe prone. ramted shallow . subniergence

pronesand upland T arempt oo mtegrate experiment
station and on L rescarch mto s coherent program, we |
conducted on Lo researdh Cumetah improyenient, crop

estabbshment. nutent manazement. and manoal i
f tionon oo tanmers helds durma the TOSS wer season., AL Farmers in West Bengal, India,
an upland e om Ranchin Brban the test e RAL 104510 netting fish in a deepwater
Croosdany oo vielded 3 ha compared with the o ricefield.
focal chiedk Brossn Gora co7 i oy vicld of 181
Boe NCacranted o Lind sites N2l mediea seleation
Brom locad cormplasni vielded T b compared with
S havield tor sno Kadne apopualar Tocal vareny

Nestudied the adimonal nee Bshcaliare system |
praciced Dy tmmers medeepswater toe areas e\ est |
Bengal Mulnlocatonal tads i tanmers helds were used !
to standardhize and improve the calture o mportant hish
cronw i alongwith deepawatern oe We expermmented wath
several plordesins and devised aosamable sl saompling
e wedure |

Diclonresia Stat of the zency for Aareoulional Ree
search e Development and IRRE collaborated me the l
colleanon ot aermplasnn lron West Lava 30 palanons o
Oy rfipoven V200 Crooficialis, 2ol ) wrdntthata, |
and Lhvametios ol 0 s wated nee mproy erent, 1
weevadiated chire brecdme Tmes sath maiple resistine ¢
tordiscases andinsectsimoephoaed vield tals Fmphasis
Wt onsupernor arnn gpradite condimoned by imtermeediante
avose and mtermedonte acLannzaton emperature,
Brecdimyg hnes onzimatme trom crosses of O st
O officoalis ave boeme ealoaed

I brecdmg tor peat sorls twa Tocanons i South
Nalimantn were used U Laas for potential acid
sultare sorls and Bebidean for aod sulfute. diredt tidaal
woetlinds We sareened tradinonal varetios rom West
Africa and advanced IR Tines In ot Tatas, cight West
African varicties were better than Tocad chedk varietios.

W
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.
in Belandean, 15 West African variceties performed well,
Seven West African variceties were selected for hybridiza-
tion, IR26708-2-2-3-1-1, IR30217-4-3-2-3, and [R31376-1-2-
1-1 were selected for further testing,

Although Sukamandi soii (Vertic Tropacults in asso-
ciation with Typic Plinthaquox) is low in available phos-
phorus, continuous application of TSP has gradually
increased its accomulation—trials on phosphorus sources
in the wet and dry scasons showed no response to
application.

Evaluation of hybrid rices was hampered by the
high frequencey of sterile plants due to the instability of
IR51752 A. However, populations of TRS4752 A grown at
300 m above sea level in Kuningan were more uniform
than those grown at Sukamandi. Success in developing
rice hybrids now scems o depend primarily on the
availability of a stable CMS line, high outcrossing rate. and
resistance to major pests and diseases,

Laos. We did a project identification and design study
in anticipation of 4 major country project. Several IRRI
scientists visited Laos to discuss rice rescarch and develop-
ment priorities with the Lao Government and to idess 7y
the possible role of IRRIL We identitied development of
appropriate low-cost technologies tor upland and rainfed
lowland rice-growing arcas and stafl training as priority
activities for the Laos-IRRI project. The collaboration with
Laos is supported by the Australian International Develop-
ment Assistance Bureau.

Myanma. The Mvanma Gormerly Burmia)-IRRI Farm-
ing Svstems Project (MIFS), funded by the Canadian
International Development Agencey. conducted research at
19 sites in collaboration with 60 nadonal agricultaal
scientists. Eleven promising cropping patterns were iden-
tificd at four sites. We demonstrated o farmers that
Seshanica rostrata is an cffective green manure crop for rice
if it is incorporated within 60 days after emergence.

Farmers in Myanma (formerly In the snull-scale mechanization program, we modi-
Burma) using the IRRI TH-8 ficd the IRRI-designed rice drum seeder to sow upland
thresher under the guidance of an | ro)ps after rice, and designed a gear drive mechanism to

agricultural officer. operate the IRRETH-T by animal power.
Ten new rice varicties were recommenc ed for release

in four ccosvstems. We evaluated 27 International Rice
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Testing Program nurseries at 13 sites and conducted 4
International Network on Sustainable Rice Farming Sys-
tems trials at 8 sites.

Philippines. We participated in the Technology Trans-
fer Workshop sponsored by the Department of Agricul-
ture, PhilRice, and IRRL The most important result was the
design of a special national rice production program to
offset the vyield reduction anticipated due to severe
drought during the year,

In collaboration with the Dairy Training and Rescarch
Institute, we evaluated methods for ensiling rice forage for
cattle feed and determined the optimum harvest time. Rice
forage cut carlier than -0 days after vansplanting (DT)
requires pretreatment with: molasses or maize before
ensiling. Forage cut 50-80 DT requires no pretreatment,

We continued work with the Philippine Institute of
Plant Breeding (IPB) to aceelerate the development and
selection of upland crop cultivars for growing before and
after rice in upland environments. The Asian Rice Farming
Systems Network coordinates the distribution of trials that
include mungbean, cowpea, bush sitao, soybean, peanut.
pigeonpea. maize, and sorghum. Through this collabora-
tive effort. we hope to increase the productivitiy of millions
of hectares of ricelands where a prerice or postrice crop is
possible.

Thatiland. Several new projects, including socioecon-
omic rescarch and biological agents for the control and
management of rice pests, were initiated. In deepwater
rice, significant progress has been made in introducing
carly-maturing crops for preflood production. Methods o
establish upland or carly rice intercrops with deepwater
rice were evaluated. Fertilizer management, weed control,
and yield evaluation techniques also were assessed.

A small plottechnique to test responses of deepwater
rice to fertility is comparable 1o trials in farmers™ fields.
Variability of yield measurements are tested using border
cffect experiments. The aim s to make carly generation
yield trials more efficient. Using plant samples and N
analysis gives more satisfactory results in nitrogen uptake
studies than using normal vield measurements. The tech-
nique shows the pattern of response o flocding under
different soil conditions,

h
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Uhis was the sixth vear for Thailand-IRRI breeding
nurseries for rainfed lowland rice, and 84 advanced lines
were eviluated in six stations in the northeast. Advanced
lines from the shuttle breeding program were grown in
farmers” ficlds in Ban Khu Kad. Alternative methods of
direct seeding, including using small hand-operated plant-
ers, were evialuated inexperiment station and farmers'
ficlds. Both wet and dry secding are being compuared to
transplanting.

Interpretations of the soils and landscape of one
village were carried out using four topographical transacts.
Soils and hvdrology were mapped in relation o farmer
cropping practices and vields. This work will help to
ideatify constraints 1o higher vields and to more intensive
cropping svstems, Soil tertitity work focused on phospho-
rus nutrition of rice inacid and acid sulbate soils, and the
cffect of phosphorus sources with varying citrate solubil-
inv. The rescarch design involved P-sorptionisotherms and
soil chemical properties in relation to phosphorus sources.
The results will be used o develop a cost-efficient, low
input technology for rainfed Towland rice preduction.

Africa

Loypt. The scarcity of arable land in Egypt means that
agricultural rescarch must focus on increasing vields and
cropping intensity. IRREworks with Egyptian rice rescarch-
ers through the Rice Rescarch and ‘Training Center at Sakha
to exchange germplasm and breeding lines and to provide
technical help and taining for Egyptian scientists.

Two high-vielding, blast-resistant varieties were rec-
ommended for cultividion in 1988 Giza 175 (GZ1394-10-
by and Giza 181 (IR1625-203). We identified several
breeding lines that have some salinity tolerance in addition
to high viclding ability, blast resistance, and good grain
quality. One of them, GZ.2175-5-0, gave average yields of
1EA hain large-scale demonstrations in farmers” ficlds in
1O8S.

Macdagascar. On the Madagascar High Plateau €1,000-
1.300 m), rice vields are fow because of poor water control
and low soil fertility, including iron toxicity and phospho-
rus deficiency. Crosses hetween Malagasy varieties and
introduced clite lines have resulted in several lines that

. ]
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In the High Plateau of Madagas-
car, poor water control and low
fertllity keep rice ylelds low.

tolerate those stresses as well as cold; three have been
recommended tor prerelease generation advance. The
phosphorus-deficient soils bind the phosphorus applied
as fertilizer so that it is not available to the rice plant.
Dipping scedling roots ina slurry of soil, water, and triple
superphosphate is about 30"y more efficient than broad-
casting and incorporating the fertilizer,

We are identifving deepwater varieties that could be
grown in the fallow scason on the Marovoay Plain. That
woula sermit about 12,000 hectares to be double-cropped
to rice.

Latin America and the Caribbean
In areas where rice harvest is celayved because of lack of
labor or poor weather, head rice recovery (yvield after
milling) can be as important to the farmer as rough rice
vield. (Head rice recovery tends to decrease with delays in
harvesting rice after peak maturity) Although some differ-
ences in head rice recovery can be ascribed 1o seasonal
effects, we are studying genetic differences, in cooperation
with the International Center for Tropical Agriculture
(CIAT). Based on head rice recovery after delayed harvest, | The Caribbean Rice Improvement
we have classified rices as resistant to delayed harvest, | Network evaluates improved
moderately resistant, moderately susceptible, and suscep- | 8e/mplasm introduced from IRRI
tible. We expect that these milling evaluations will also and from the intemational Center
. for Troplcal Agriculture.
permit more accurate assessnient of varietal performance
at the farm level.

e ———————————————————————————————




The first international course on
seed health testing In rice was
conducted for 19 trainees in
cooperation with scientists from
the Denmark Institute of Seed
Pathology for Developing Coun-
tries.
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CIAT also sponsors the Caribbean Rice Improvement

Network, which evaluates germplasm  introduced from
CIAT and IRRL.

Education and Communication

IRRI's training program is aimed at increasing the capabil-
ity of human resources in national rice research systems.
IRRI also plays a major role as a facilitator of the worldwide
flow of rice information.

Training

IRRI training programs are designed to meet the needs of
its cooperators in developing countries. They include
regular training courses conducted at IRRI, professional
advancement through graduate study at cooperating uni-
versities or visiting scientist appointments at [RRI, and
courses organized to meet specialized training needs.

In 1988, 197 scientists from -3 countries were en-
rolled in various IRRE training programs. Among them
were 20 visiting scientists, 29 postdoctoral scientists, 12
collaborative rescarch scientist, 87 Ph D and 49 MS
scholars, and 22 nondegree scholars and fellows.,

We have formal collaborative graduate training agree-
ments with 30 universities, having concluded agreements
with Assam Agricultural University, India; Universidad
Federal de Pelotas, Brazil; and Colegio de Post-Graduados,
Mexico, in 19SS,
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We held 20 group training courses (9 regular, 11
special) for 260 trainees from 38 countries. Included in the
group training courses were special rice production courses
for field and extension personnet of Cambodia and Laos,
and the first international course on rice seed health
testing.

We started an IRRI Alumni Newsletter and published
two issuces for distribution during the year,

Library and documentation

We Lroadened the scope of our literature dissemination
program through expanded linkages with the Interna-
tional Network on Soil Fertility and Sustainable Rice
Farming, the International Rice Testing Program, and the
Asian Rice Farming Systems Network, This permits the
Library to dircctly answer the information needs of an
additional 350 key rice scientists and 375 rescarch workers
at 217 sites operated by national agricultural research
systems in 104 countries.

Communication and publications

AU least 84,000 copies of major IRRI publications were
distributed during 1988. Of these, 45,846 were in English;
the others were translations generated through our copub-
lication program.

Of the English publications, 1% were distributed
free, mostly 1o key Third World libraries. Almost all
translations were sold or sponsored by donor funds.

Ten books in English were released. An a lditional
seven translations of IRRIE publications were copublished
by national programs.

Four issues of the IRRI reporter, 6 issues of the
International rice research newsletter (IRRN), and the
IRRN Subject index for 1987 were distributed to 9,500 rice
workers and 1,500 libraries in 140 countries. Eight IRRI
research papers were issued.
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Recognition

® arly achievements of IRRI administrators and scien-
tists contirue to draw woridwide recognition. Two
#2528 of those who have contributed to improvements in
the world food situation since 1960 were recognized this
year.

The 1988 World Food Prize

Dr. Robert Flint Chandler, Jr., the first Director General of
IRRI, was awarded the World Food Prize in October, in
ceremonies at the Smithsonian Institute in Washington,
D.C. He was honored for his decades of work toward
improving the world food situation.

Dr. Chandler established IRRI in 1960 and served as
its head until 1972, During the first decade, he molded IRRI
into an international center of excellence to help alleviate
hunger worldwide—he defined its rescarch directions,
built its physical plant, and assembled the nucleus of its
international rescarch staff,

He also served as the first Director General  of the
Asian Vegetable Rescarch and Development Center in
Taiwan, China, 1972-1975. The World Food Prize is spon-
sored oy General Foods Funds, Inc.

The Rank Prize

The prestigious Rank Prize for Agronomy and Nutrition
was conferred on Dr. Te-Tzu Chang, principal IRRI geneti-
cist and head of the International Rice Germplasm Center
(IRGC), together with Dr. P.R. Jennings, former IRRI rice
breeder, and Prof. Yuan Long-Ping, director of the Hybrid
Rice Rescarch Center, Changsha, Hunan, China. The
award was presented in London in March.

Dr. Chang introduced Dee-geo-woo-gen, a Chinese
dwarf rice, into IRRI's breeding program in 1962, That led
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Traditional variety Peta and first
to the development of the first high-vielding semidwarf | high-ylelding semidwaif varlety
IRRI variety, IRS, released Fae in 1960, IR8.

Dr. Jennings was honored for his role as an IRRI
breeder during the carly development of modern rice
varicties: Prof Yuan developed the first Fohybrid rice va-
rictics, in Chinain the 1970s,

The Rank Prize Funds were estiblished by Lord .
Arthur Rank 1o recognize contributions 1o hunan and
animal nutrition and to the science of optoclectronics, The
1988 prize is only the sixth agronemy and nutrition award
given since the fund was established,

-———-__ﬁ
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Finances

IRRI's budget

Summary of financial support to IRRI core and to special and collaborative projects received
in 1988."

Amount (LISS)

Special and
colluborative  Total

Core

Unrestricted  Restricted

project

Support from grants
Asian Development Bank 450,600 450,600
Australia 629,644 966,378 1,596,022
Belgium 135,235 133,235
Canadian International Development Agency 1,482,421 20,085 1,502,506
Denmark 405,175 142,092 547,267
Europeun Economic Community 2,050,830 2,050,830
Finland 249,180 249,180
France 206,120 200,120
Federal Republic of Germany 564,102 169,339 53,262 787,063
India 111,921 111,921
International Bank for Feconstruction and

Development 1,950,000 1,950,000
International Hevelopment Research Centre 79,439 427,569 507,028
International Fund for Agricultural Development 2,117 2,117
Iran 83,005 83,065
Italy 387,402 800,000 220,000 1,107 402
Japun 5,091,103 2,049,564 7,740,667
Republic of Korea Office of Rural Development 98,000 98,000
The Netherlands 150,756 110,974 261,730
Norwiy 127,684 127,684
Organization of Petroleum Exporting Countries 108,671 108,671
Philippines 137,196 28,951 166,147
Rocketeller Foundation 136,600 249,183 3K5,783
Spain 29,990 29,990
Stabilization Mechanism Fund (CGIAR) 1,150,000 1,150,000
Sweden 552,787 21,959 574,746

Swiss Development Cooperation 671,282 071,282

* Reeripts ure accounted for an a cash basis. Amaounts shown in boldface differ from 1988 pledges from grantors in that
they may reflect 1987 ar 1989 pledges rece vedin 1988, or may not reflect the fullimount of 1988 pledges, which are anticipated
to be received in 1989, Also, the Government of France (through the rescarch organizations ORSTOM and IRAT) provided

IRRIE the services of four resident scientists; the value of their services cannot be quantified.
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Summary of financial support to IRRI core and to special and collaborative projects received

in 1988 (continued).
Amount (US$)
Special and
C -
ore collaborative  Total
Unrestricted  Restricted project

United Kingdom Overseas Development

Administration 1,546,396 21,600 1,567,996
United Nations Development Programme 1,815,200 1,815,200
United States Agency for International Development 4,128,028 1,757,856 5,885,884
Miscellaneous grants 66,782 66,782
Funds reimbursed under collaborative research programs
Food and Agriculture Organization 23,000 23,000
International Center of Insect Physiology and Ecology 44,926 44,926
International Fertilizer Development Center 45,080 45,086
International Food Policy Research Institute 107,393 107,393
United States Department of Agriculture/University

of Minnesota 9,080 9,080
University of Giessen 35,030 35,030
University of Hamburg 23,610 23,610

Total 9,324,258 15,943,043 7,257,142 32,525,043

* Receipts are accounted for on a cash basis. Amounts shown in boldface differ from 1988 pledges from grantors in that
they may reflect 1987 or 1989 pledges received in 1988, or may not reflect the full amount of 1988 pledges, which are anticipated
to be received in 1989, Also, the Government of France (through the research organizations ORSTOM and IRAT) provided
IRRI the services of four resident scientists; the value of their services cannot be quantified.
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P. O. Box 933

1099 Manila

Philippines

Pror. ZHANG YIHUA

Director

Institute of Crop Germplasm Resources
Chinese Academy of Agricultural Sciences
30 Bui Shi Qiao Road

Beijing

China

Personnel

Office of the Director General

M. S. Swaminathan, Ph D, dircctor general!
Kraus Lamee, Ph D, director general®
Fernanpo A, Berxarbo, Ph D, deputy director
general

Maxo D. Patnak, Ph D, director, research and
training

Rouert L. Borrorein, MBA, director,
administration

Favstino M. Saiacee, BS, CPA, dircctor,
protocol and liaison

Enwarn N, Saveah, BBA, director, finance
Purita M. LeGasp, BBA, CPA, special assistant
to the director general

Kinn Win, MS, visiting scientist

Administrative Staff

Reecca C. Pascrar, MS, manager, food and
housing services

Zosimo Q. Pizarro, LLB, manager, legal office
Pepro G. Baxzox, LLB, manager, security,
sufety, and shipping

B. P. Grnoyar, Ph D, IRRI lizison scientst,
India®

L. TANARA, D Agr, part-time IRRI liaison
scientist, Jupan®

Warter C. Tarpax, BS, IRRI liaison scientist,
Indonesia and Malaysia®

Dioscoro L. Usmari, Ph D, IRRI lizison scientist,
China (consultant)®

Epwarn D, Seratr, Ph D, project manager.
Egypt’

Stpnasoy Biswas, Ph D, project director,
India, (consultuant)'?

Cooperative Research Staff

Africa

Kristina ALLurt, Ph D, IRTP linison scientist for
West Africa
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K. GopatakrisiNa Piuiat, Ph D, IRTP coordina-
tor for East Africa

Bangladesh

Jerry Lo McIntosH, Ph D, research systems
specialist/IRRI representative

NotL P. MaGor, M Agr, crepping systems
agronomist

Cambodia

Hagrry J. Nessirr, Ph D, agronomist and

team leader!

Rast Chir Cravbuary, Ph D, plant breeder!
Erxest W, Nuax, Ph D, research development
specialist!

GreGor J. Weus, Ph D, consulant, 1IRRI-
Indochina Prog.am

China
Dioscoro L. Ustanl, Ph D, IRRI liaison
scientist (consultant)

Egypt
Epwarp D. Seratr, Ph D, project manager
A. P. K. Renpy, Ph D, plant pathologist

India

B. P. Guunyal, Ph D, IRRI linison scientist
Stbiasmoy Biawas, Ph D, project director!
H. Davin Catung, Ph D, entomologist!

Indonesia/Malaysia
Warter C. Tappan, BS, IRRI linison scientist

Japan
L. Tanaka, D Agr, part-time IRRI liaison scientist

Latin America

Maxter J. Rosero, Ph D, IRRI laison scientist!
Feperico E. Ceevas-Perez, Ph D, IRTP
coordinator for Latin America

Madagascar
B. B. Suam, Ph D, plant breeder
Jases Ro Hooeeer 111 Ph D, agronomist

Myanma (formerly Burma)
Rosenno K. Patis, Ph 1D, farming systems
agronomist

Thailand
Donatny W. Puckringe, Ph D, agronomist

Agricultural Economics

Jonix Co Fuss, Ph D, agricultural economist
and head?

Cristina C. Davip, Ph D, agricultural economist
J. Barr Derr, MS, agricultural economist
LeoNnarno A. Goxzates, Ph D, agricultural
cconomist

Prasie L. PinGan, Ph D, associate agricultural
economist

J. Samuel Frpisaka, Ph D, visiting scientist
Yunro Havas, Ph D, visiting scientist®

Rouserr E. Heke, Ph D, visiting scientist!
Keniro Orstra, Ph D, visiting scientist

Nivan Fo Co Ranaweera, Ph D, visiting scientist

Agricultural Engineering

GraeMme R, Quick, Ph D, agricultural engineer
and head!

Josepn K. Campuerl, MS, visiting scientist!

Agronomy

Suraprr K. D Datra, Ph D, principal agronomist
and head

Crzar P. Masarit, Ph D, agronomist

Kerrtt Moony, Ph D, agronomist?

Doxatn W, Prckrinak, Ph D, agronomist®
Kerrh T, InGraym, Ph D, associate agronomist
Rotaxn J. Buresh, Ph D, visiting scientist
Jasmes E. Hua, Ph D, visiting scientist'

Cereal Chemistry

Bienvexmo O, Junano, Ph D, chemist and head

Communication and Publications
Tuosas R, HarGrove, Ph D, editor and head
StephEN J. Banta, Ed D, editor

M. LaRuE Pouarn, Ph D, editor

Wiiam H. Smrrh, BS, editor

¢
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Lioyp R. Bostian, Ph D, visiting scientist?
[ax MonTtaGNes, MA, visiting editor
Vrinoa Kuaisee, MA, consultant?
DEVINDER Starsia, MS, consultant!

Computer Center

Georae C. Krajesik, Ph D, software coordinator
and head

Sean E. O'Coxzor, BS, computer hardware
coordinator’

Entomology

3. Mikie Steparn, Ph D, entomologist and
heaaq!

Jases AL Lrrsinaer, Ph D, entomologist
Osas Mochina, 1) Agr, entomologist!
Rasestt CoSaxena, Ph D, entomologist

H. Davin Catuxna, Ph D, entomologist' *
Z. R, Knax, Ph D, associate entomologist
WeNDELL Lo Morrin, Ph D, visiting scientist!
Prrer Ao C. Oor, MS, visiting scientist®

Integrated Experimental Farm
and Grounds

OriaNDO G SANTOs, MPS, senior farm and
grounds superintendent

International Rice Germplasm
Center

Te-Tze Criana, Ph D, principal geneticist
and head
Duncany A Vavanan, Ph D, associate genceticist

International Rice Testing
Program

V. Seste Dervastia, PhoD, plant breeder and
global coordinator

Menasysan Axnak, PhoD, plant breeder

Saxag Wox Ann, PhoD, associate phint
pathologist

Kristiza ArLvr, PhoD, linison scientist for
West Alrica®

MANUEL . Rosero, Ph D, IRRI liaison scientist!
Feperico E. Crevas-Perez, Ph D, IRTP

—_

coordinator for Latin America’®
K. Goparakristina Puaal, Ph D, IRTP coordina-
tor for East Africa®

Library and Documentation Center
Lina M. VErGara, MS, librarian

Multiple Cropping

VirGuio R, Caranaar, Pho D, agronomist,
officer-in-charge

Dexsis P Gakriry, Pho D, agronomist

Ray Kesar Pasney, PhoD, visiting scientist!
FoW.OT. Pesina DE Veies, PhD, visiting
scientist

Plant Breeding

Guroey S. Kiesi, PhoD, principal plant breeder
and head

Ders HieeRisLassers, Pho D, plant breeder
Ryorcir Ikena, PhoD, plant breeder!
Tsearrean Oaawa, D Agr, plant breeder!
Drarsawassa Sexaptika, Ph D, plant Breeder
SANT S Viraast, Phe DL oplant breeder

Rast Gt Chat bhary, Pho D, plant breedert®
B. B, Suan, Ph D, plant breeder?

Fraxcisco J. Zavara, Ph D, tissue culture
specialist

Darsiian 8. Brar, Ph 1, associate plant breeder
Davip | Macki, Ph D, associate plant breeder
Lestiy AN S, PhoD, associate plant breeder
Michrr AL ARRAUDEAL, MS, visiting plant breeder
Esvanten Grinerpost, MS, visiting scientist
Bewr ] Howrr, Ph D, visiting scientist!
Choxa-Ho K, Ph D, visiting scientist

Plant Pathology

TwNe-Wart Mew, Ph DL plant pathologist

and head

Hirovesn Vinsso, D Agr. plang pathologist!
Paci. S, Texa, Pho D, plant pathologist,
epidemiologist

ANkREDDY PKL Renoy, Ph D, plant pathologist®

Jonx Micnaen Boxsay, Pho D, associate plant

pathologist
Hei Livsa, Ph DL associate plant pathologist
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S,

Hisatostr Kake, Ph D, visiting scientist
Jean-Cravrpe Prot, Ph D, visiting scientist?

Plant Physiology

Bexrro S, Vercara, Ph D plant physiologist
and head

ShiGEME ARIEa, D Agr, plant physiologist!
Genstictt Waba, 1D Agr, plant physiologist
K. Takabasnn, [ Agr, visiting scientist!

Jons MU Wisoxn, Pho D, visiting scientist!

Rice Farming Systems Program

Viroito R Caraxcal, Ph D, agronomist and
head?

Jurry Lo McIxrost, Ph D, rescarch systems
specialist IRRI representative’

Jass R Hoopeper 1 Ph D, agronomist®
Norr PoNacor, M Agr, cropping systems
agronomist’

Rosexno Ko Pans, Ph DL farming, svstems
agronomist’

Doxatn Go Fagis, Fh D, visiting scientist®
Nicoras Mateo, Ph D, visiting scientist!
Cive WL F. Licarroor, Ph D, associate
visiting scientist”!

Soil Microbiology

Iwao Waranasr, D Agr, soil microbiologist
and head

Jachisit Ko Labna, Ph D, assodiate soil
microbiologist

Pierre AL Roarr, D Pedologie, visiting scientist

Soils

Henz-Uricn Neve, PhoD, soil chemist and head
TereNce Woobneab, Ph D, physicist

Guy Jo DL Kirs, Ph D, associas soil chemist?

Statistics

Kwaxcial A. Gosiz, Ph D, statistician and head

Training and Technology Transfer
Dax R Minnick, PhoD, training specialist

and head

Grens Lo DesNiNG, Ph D, scientist tinternational
collaboration)

Flargy H. Nessrrer, Ph D, agronomist and
team leader'?

Erxest WO Nesa, Ph D, rescarch development
specialist*®

Jur M. Sriavay MAL consultant!

Grraor J. Weis, Ph D, consultant**

Water Management

Sabiour I Brvivax, Ph D, agricultural engineer
and head

Grorat J. Morinpis, Ph D, associate agricultural
engineer

'Left during the year.

‘On study leave training.
fJoined and left during the year.
Toined during the year,
*Cooperative rescarch staff.
"Dicd during the year,




