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IRRI toward 2000 and beyond

The goal

To improve the 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 environmental,
social. and economic benefit and to help enhance
national rice research systems.

The strategy

To increase rice production efficiency and
sustainability in all rice-growing environments through
interdisciplinary research and to ensure the relevance
of IRRI research and the complementarity of interna-
tional and national research efforts through close
collaboration with national programs.
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Rice Researcn in
rucial Environmen

ach vear. global population
swells by more than S0
million people. Each vear,
millions of hectares of
prime cropland are shifed

out of agricultural produc-
ton. Fach vear, more and more peo-
ple must be ted by the food produced
on lessand less land. and with what is
often forgotten, Tess water and less
labor,

The inherent challenge o agricul-
tural research is to help farmers—in
particular farmers in crucial environ-
ments of the cconomically less-devel-
oped countries of the world—con-
tinue to increase and sustin their pro-
ductivity. But kinds that are intensively
cropped—pushed to produce two,
three, or even more crops a vedar—are
showing signs of stress. Marginal
Linds. being forced into production as
people struggle to feed themselves.,
are deteriorating rapidly. The high-
productivity agriculture made possible
by today’s knowledge depends on a
wide range of inputs derived from
non-renewable natural resources.

¢ In South Asia, some 10 million
hectares of highly productive irrigated
ricelands—10 percent of the total irri-
aated area planted to rice in the
world—ure showing signs of fatigue.
Up to 40 pereent more nitrogen ferti-
lizer is needed o produce the same
amount of rice as 10 vears ago. Re-
search into the causes and into oppor-
tunities for alleviating the problem is
underwiy,
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® For the vast majority of the rice
cconomies of the world, particularly in
South and Southeast Asia where popu-
lation growth is high. breaking the
vield barrier is eritical. But the modem
high-vielding rice plant designed 30
VEUADS d4gois resisting current etforts o
raise its vield ceiling. Attention is on
developing i new plant tvpe designed
to produce much higher vields.

* Risk of flood and drought, poor
soils, discases and insect pests, weed
infestations are discouraging farmers
in the less favorable rinfed Jowlands
from investing in the modern, high-
vielding rice technology and inputs
that would increase their production.
Improved germplasm and integrated
pest and nutrient management tech-
nology are being developed o reduce
both the investment costs and the
risks.

® ‘The lowlands in general and
irrigation systems in particular depend
on well-preserved water catchments in
the uplands. Upland rice farming fami-
lies are among the world's poorest
people. Their influence on the ex-
tremely fragile upland environments
has been underestimated, and long
neglected. IRRI is committed 1o con-
tributing to new solutions to improved
living conditions in these rural envi-
ronments which are often centers of
important rural cultures as well.

® Farmers who crop the fragile
and vulnerable delta regions of the
great rivers cope daily with the con-
straints of uncontrolled floods, prob-

The inherent
challenge to
agricultural research
is to help farmers—
In particular farmers
In crucia! environ-
ments of the
economically less-
developed countries
of the world—
continue to increase
and sustain their
productivity.
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lem soils. and pests. Identifving alter-
natives and reducing risk in the tlood-
prone areas are critical to improving
their well-being and productivity,

This annual report for IRRI 1992-
1993 highlights some of our current
accomplishments i rescarch and in-
ternational services, The achievements
reported here are but o few examples
of the Institute's progress towsrd
achieving its goal:

Lo improce the well-heing of
present and futiere generations of rice

Jarmers and consumens. particularly

those with low incones.

This goal. although stated in
somewhat different words, has re-
mained essentially the same since
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IRRI's founding in 1900, Given the
continuing cconomic, social, and envi-
ronmental changes confronting the
world, meeting the goal is only possi-
ble through close partnership with all
concerned: public and private sectors:
sovernments and nongovernmental
organizations: national and interna-
tional research etforts, IRRIES role is in
improving the genetic resource base
and the management of natural re-
sources refated to the cultivation of
rice.

These concerns were at the center
of intense discussion among all IRR]
staff during the Lst half of 1992 and
into 1993, as we developed the Insti-
wite's medium-term plan tor 1994

1998. The research agenda we ham-
mered out identifies current crucial
issues and anticipates the research
needed to alleviate rice production
concerns of the decades ahead. T
takes into account the continuing con-
straints of reduced funding and the

second statt reduction in three vears,
and sets priorities for [RREs role in
conducting rice research in crucial en-
vironments.

We are confident that 1RRI s ca-
pabie of assuming its share of respon-
sibility for the development of more
sustainable and, at the same time,
more highly productive rice-based ag-
ricultural production systems. The Ex-

terna) Review Panel that examined our

programs and management in 1992
affirmed that capability.

With a forward-looking program,
fundamentally changed structures and
facilities, and strengthened scientific
leadership, the entire staff of IRRI feels
prepared for its continuing adventure
in research to improve the world's
most important tood crop, rice. @

"

Klaus Lampe
Director General
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Population Growth
and Rice Production

he race to avoid a population
growth rice production collision has
vet to be won. So far, the race has
heen an even heat. Although
populations of countries where rice

is a staple food grain increased by
an daverage 70 pereent over the last 25 vears,
the higher vields made possible by diffusion of
new rice technology kept up. Global rice
production doubled. the price of rice on the
world market fell by more than 40 pereent, and
per capita rice consumption increased by an
average 25 pereent.

But populations in the major rice-consum-
ing countries continue to swell, while growth

India, R Citwera

in production has slowed dramatically in the

10 countries that account for 85 percent of global
production. If these two trends continue, de-
mand in many pans of Asia will outstrip produc-
tion within just & few vears. Changes in the diets
of people in some newly-industrialized and
fast-developing countries will not change the
general trend.

Poverty alleviation is an additional force
hehind increasing demand for rice. Millions of
Asians and Africans still lack their second., or
even their first, daily rice meal. Recent projec-
tions show that need for rice will be some =0
percent higher in 2025 than it is today. Yields
must more than double just to maintain current

Incha, R. Cabrera

Milllons of Aslans
and Africans still
lack their second,
or even their first,
daily rice meal.



Populations in the major
rice-consuming countries
continue to swell, while
growth in production has
slowed dramatically in the
10 countries that account
for 85 percent of global
production.



per cipita consumption, and must
incredse even more o nike progress
toward overcoming malnutrition and
poverty in Africa and South Asia.

Achieving food security
Complacency about the world's ability
to handle the population food equa-

tion seems to be growing, In a number

of circles, attention is shifting from
incredasing prodactivity to conserving
natural resources, Donor agencies are
allocating more of their limited re-
search funds to projects that aim at
conserving the natural resource hase
and less to those aimed at increasing
food production.

What is needed s both, in a
mutuallv-supporting framework.

Policymukers in the economically
fess-developed countries also are
shitting emphasis, Many countries are
withdrawing subsidies from agricul-
tral inputs. and reducing investments
in water resource development and in
agricultural research and extension.
Instead they are adopting policies that
promote cropping diversification at the
expense of food production,

Financing for the development
and maintenance of the irrigation
svstems and drainage facilities that
fucled the diftusion of modern rices in
the 1900s and 1970s has lessened
dramatically.

An important factor behind this
compliacency toward rice production is
declining real prices on the interna-
tional market. But world trade involves
an insignificant + pereent of world
production, and international price
trends do not reflect the shaky balanee
of global supply-and-demand.

For example, China and India
constine 55 pereent of global rice
supplies. It i series of natural disasters
forced either of them to import just a
small fraction of natonal denund,
world rice prices would increase
substantially. If Japan and South Korea
open their domestic nirkets in re-

Bangladesh, R. Cabrera




Many countries
are withdrawing
subsidies from
agricultural inputs,
reducing invest-
ments in water
resource develop-
ment and in
agricultural
research and
extenslon, and
adopting policies
that promote
cropping diversifi-
cation at the
expense of food
grain production.

sponse o international pressure for
liberalization of trade in agricultural
commaoditics, world rice prices can be
expected to rise,

On the other hand. if Myvanmar

and Cambodia decided 1o exploit their

excess production capacity and push
for exports, world rice prices would
fall below todav's level, regardless of
supplyv-und-demand in other major
rice-growing countries,

The continuing decline in interni-
tional rice prices is primarily the result
ol increasing competition for a stag-
nant imoort market. Only four export-
ing countries—Thaikind, the USA,
Vietnam. and Pakistin—compete for
two-thirds of the thin world nuarket.
The major rice importers are Sub-
Saharan Mfrica. the EEC countries,
Iran. Traq. and Saudi Arabia. In Asia,
only Makivsiaand Sri Lanka are major
importers.

In general. an important political
objective in the major rice-consuming
countries is to achieve self=sutticiency
in production and maintain domestic
price stability through procurement
and adjustment of stocks. In the
poorer rice-dependent countries.,
achieving self-sufficieney is dictated
by the limited availability of forcign
exchange to finance major interna-
tional purchases and by the experi-
ence of unfavorable international
deals when price are high in vears of
supply deficits and Tow in vears of
surpluses,

Even countries with high income
and the capacity 1o import relatively
low-cost rice from abroad have tried
to nmaintain self=sutficieney by encour-
aging high cost domestic production
through suppart 1o rice farmers.
Policymakers in the major exporting
countries face political pressures (o

ngladest, R. Cabrera
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support domestic prices. Adjusting
supplies in response to changing
demand s seen as i issue that needs
to be resolved mostly by production
within national boundaries, Very few
countries want to depend on ex-

change across barders,

Signs of declining productivity
Growth in rice production over the
List 30 vears has been prinurily
achieved through growth in vield. But
recent developments suggest that vield
gains are flatiening. Reversing that
tend will not he casy,

The equation is complicaied by a
reduction in rice arei. As the ccono-
mies of rice-producing countries
expand. prime riceland is being lost 1o
industriddization and arbanization.
During the 198305, the harvested area
of rice declined in China, Japan.
Myvanmuar, and the Philippines.

It environmental concerns induce
policies to remove nirginal Linds
from rice production and to move
from intensive rice-rice cropping
SYSICINS O TCC-NONTIce svstems, rice
area will decline even faster. This will
intensify the pressure 1o increase
vields o meer the anticipated increase
in demand.

Irrigated rice accounts for almaost
75 pereent of total supplies. Most
farmers already plant high-vielding
modern varicties and their best vields
are approaching the vield potential
scientists are dable o obtain with
todav’s knowledge. Yiclds in Japan
and South Korea have fluctuated
around 6 1o 0.3 tons per hectare and
in Eavpt, around ~ tons, for the last
three decades. Yields in Chinas Java,
Indonesia. and the Punjab and “Tamil
Nadu. India, will soon reach that level.
Even those vields are at risk as
salinization and degradation ol irriga-
tion svstems reduce both the arca
under irrigation and the quality of
irrigated land.

In the humid and subhumid
tropics, the gap between farmers’
vields and experimental vield potential
is still Lirge hecause of such natural
forces as floods, droughts, temporary
submergence from heavy raintall, and
salinity. Scientists have had limited
steeess so farin developing varieties
tolerant ol such abiotic stresses,

Most of the increase in rice vields
in the fvorable environments of the
fast 25 vears was achieved through
planting genetically improved varicties
designed 1o be responsive 1o inputs
and supplving those inputs with
intensive application of agrochemicals.

Variation in average vields among
countrices is highlv correled with
differences in use of chemical tertiliz-
ers. In countries where fertilizer use is
still Tow, vields, and production. could
be increased by applyving more
fertilizer, it the risks of such an
investment could he reduced. Con-
cerns for environmental protection,
however, may discourage increased
use of agrochemicals in general.

What is needed is a nest-generi-
tion plint tvpe and nest-genertion
cropping technology that relies less on
inputs from oft-the-farm and more on
knowledge-based nanagement 1o
mitintain the nataral resource base
while raising vields. New technology
is needed across rice ceosystems, in
the risky environments as well as in
the favorable environments.

Another factor which could slow
agrowth in productivity is the increas-
ing demand for rice with better cating
quality. In China, for example, rising
incomes and reduced consumer
subsidies for rice are contributing o
increasing demand for high quality
rice. This rice commands premitim
prices in urban markets, and farmers
are eager o grow varieties with the
grain qualities consumers like,

Another emerging consumer
demand s for environment-friendly

food products. In Japan, there is a
profitable market for rice produced by
organic farming,

These trends are inducing some
farmers to grow traditional cultivars
that have low vields, but that produce
rice appealing 1o the Tocal nurket,

Rice scientists have so far had
limited suceess in developing high-
vielding cultivars with better grain
quality. Quality factors also depend on
consumer preferences in different
countrics. Rescarch on quality charac-
teristics and breeding for quality grain
must be country=specitic, and that
research is costly.

The demand for rice

some rgue that the current slowdown
of growth in rice production is a
response o sluggish demand, particu-
Larly where income and food con-
sumption have reached high levels
due to rapid cconomic development.
studies of consumption do show that
per capita rice intake largely depends
on level of income.

For people at the lowest income
levels, rice is a luxury. The poor rely
on low-cost sources of food energy—
coarse griins and sweet potato, When
their incomes increase, their rice
consumption goes up. Rice becomes
less important only at the high in-
comes where people can afford more
expensive foods—vegetables, bread,
fish. meat.

In Asia, per capitu rice consump-
tion has declined only in Japan, South
Korea, Malaysia, and Thailand—the
high and middle income countries,
The income threshold at which higher
quality, more varied foods are substi-
tuted for rice has not yet been reached
for China. India. Indonesia, and
Bangladesh—the countries that
account for 70 percent of world rice
consumption and dominate growth in
demand Jor rice, B

Bangladesh, R.Cabrera



he ecosystems within
which rice is grown are

characterized by elevation,
rainfall pattern, depth of fiooding

and drainage, and by the adapta-

tion of rice to these agroecological
factors.

Phatppmes, R Cabrera

Rainfed lowland
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. Rice is transplanteu or
: direct seeded in puddled
soil on icvel to slightly

sloping, bunded or diked
fields with variable

. depth and duration of
i flooding, depending on
3 rainfall. Soils alternate

from flooded to non-

- flooded. Yields vary
 depending on rainfall,
+ cultivation practices,

and use of fertilizer.

' Rainfed lowland rice
" makes up 25 percent of

the world's harvested
rice area and 17 percent
of world production.

Crucial issucs. Areas
where rainfed lowland
rice is the predominant
ecosystem are among
the world's most
densely populated rural
regions and home to
some of the world's
poorest rural and urban
populations. The
rainfed lowlands must
contribute to the pro-
duction needed to feed
expanding urban areas
while presecrving natural
resnurces and improv-
ing the well being of
farm families.®




Crucia
Issues

he ability of Farmers 1o
produce enough tood
bases the abilite of the
world to conserve nataral
resources, protect the en-

vironment and provide
for the development of countries
and peoples By 2023 more than
S billion of the world's anticipated
o billion people will depend on

IRRI, R.Cabrera

rice as their staple food,
Fnabling farmers 1o grow the

rice needed to feed those people
requires considerable rescarch IRRI is working to resolve cru- The challenge is to
generate a continuing

clfort.and soon. The challenge is 1o cial issues in rice-growing environ-
series of scientific

gencrate o continuing series ol scei- ments, agaressively seeking wavs 1o .

o R , e C “‘] : advances in agricultural
entitic advances in agriculiural teeh-— increase rice production and pro- technology. One example
nologv. Protecting the vield and ductivity while conserving the is using the tools of bio-
produaction gains already made also agricultural resource base for the technology in breeding
calls for considerable rescarch ef- future. Population growth and rices resistant to impor-
. . Lt : . hiol Lot lonsiticos i ric tant insects or diseases.
fort. A strong foundation of strategic high population densities in rice- This apparatus enables
rescarch conducted by international dependent countries transhate into biolistic transformation -
centers is fundamental, with impor-— crucil rescarch issues. inserting foreign genes

into rice cells, where they
escitred ] Sesterns may integrate into the
FCSCAIC systems, rice genome.

tnt links to national agriculiural

10






Upland
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Rice is direct seeded in
non-flooded, well-drained
soil on level to steeply
sloping fields. Crops suf-
fer from tack of moisture
and inadequate nutri-
tion. and current yields
are very low. Upland rice
makes up 13 percent of
the world's harvested
rice area and 4 percent
of rice production.
Crucial issues. The
uplands support millions
of people, most of them
ai the subsistence level.
The slash-and-burn agri-

culture that often follows
logging in upland areas
opens the way for seri-
ous soil erosion and
degradation that impacts
the lowland watershed.
Improved technology is
needed that wiil help
rehabilitate degraded
uplands and transform
them into sustainable
agroecosystems. @

Bangladesh, R.Cabrera
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Cross-ecosystems
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Some issues are common to all rice-
growing areas: concepts that link rice
science and technology developed at
different levels (gene, cell, tissue,
plant, ecosystem, global community)
and integrate ecosystem comporants
into agroecologies. The research
makes use of new techniques and
newly-developed methodologies and
has a longer time frame and larger
spatial domain than ecosystem-
specific work.m

india. S.Fujisara

Deepwater and tidal wetlands

(Flood-prone)

BRI MR

Rice is direct seeded or
transplanted in the rainy
season on fields charac-
terized by medium to
very deep flooding (50 to
more than 300 cm) from
rivers and from tides in
river mouth deltas. Soils
cycle from flooded to
non-flooded and may
have severe problems of
salinity and toxicily. The
rice crop grows as flood-
water rises, with harvest
after the water recedes.
More than 15 million
hectares in South and
Southeast Asia are sub-
ject to various types of
uncontrolled flooding.
West Africa and Latin
America also have some
flood-prone riceland.

Crucial issues. Rice
is often the only crop
that can be grown in the
flood-prone areas. Yields
are low because of prob-
lem soils and unpredict-
able combinations of
drought and flood, and
crop failures are com-
mon. Yet these low-lying
areas support more than
100 million people,
most of them in poor
farm families. They need
sustainable production
systenis.







People

Helping improve living

and working conditions.

Farmers need input-cficient tech-
nologies that allow the rice they
arow (o be sold at prices profitable

to them and aftfordable by consum-
crs. At the same time, those who
werk in the ricefields must he
nelped o improve their working
conditions, their cconomic status,
ther health, their well-being,

Permanency

Sustaining the

natural resource base.

The permuanencey of the food pro-
¢ tion base on which we all rely.
wlavand Tor the generations 1o
come, depends on care and use of
the genetic diversity of rice and on

hushandry of the naural resource

base ot soil-water-hiofogical activity,

Productivity

Increasing resource use efficiency.
Increasing the input output efti-
cieney ol nutrients, water, and
Libor make possible sustainable
crop intensification and continuing
reduction in the cost of rice
production on agricultural laind.

Protection

Caring for the environment.

The world's rising concerns about
Liund degradation, soil erosion,
witter shortages, and environmental
pollution tran.tae. for rice
rescearch, into the challenge of
developing production svstems that
minimize pollution. that protect the
environment and haman health,

Partnership

Supporting and

working with partners.

Working with relevant partners

has many svnergistic benefits:
shortening the time needed 1o solve
problems, enabling scientific collab-
oration wdcross political borders and
cconomic harriers, stretching scarce
rescarch resources, speeding the
exchange of information and
advinceed rescearch methodologies,

15
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Irrigated

KUATQTYTS:

Rice is transplanted or
direct seeded in puddled
soil on leveled, bunded
fields with water control,
in both dry and wet sea-
sons in the lowlands, in
the summer at higher
elevations, and during
the dry season in flood-
prone areas. The crop is
heavily fertilized. Using
modern technology,
yields can reach 5 tons
per hectare in the wet
season, more than 10
tons in the dry season.
Irrigated rice makes up
55 percent of world's
harvested rice area and
75 percent of world rice
production. It provides
the major supply for ur-
ban consumers. Growth
in irrigated rice produc-
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tion has been largely
responsible for the re-
cent stability of urban
rice supplies and prices.

Crucial issues. The
irrigated area devoted to
rice is declining and
yields are stagnating.
Evidence is mounting
that flooded rice soils
are not resilient to inten-
sification pressures, and
that the productivity
made possible by cur-
rent technology may not
be sustainable. Yet the
irrigated system must
produce even larger
yields, economically ar:d
sustainably, if future
populations are to be
fed. m
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PEOPLE:
Helping improve living and
working conditions

citer understanding of the way houscholds. communities, and na-
tions munage their resources, and ol the Factors that determine
the trade-offs people make between maximizing their income in
the short-term and sustaining their resouree base in the long-
term, can hetpin setting rescarch priorities and in formulating

. g public policy. Evaluating the impacts of policy and of technologi-
cul change also provides information to guide maodification and to set new
directions for public policy and rescarch,

Urbanization, income growth and demand for rice

[n Asii, two-thirds of the calories inan average person's diet come from
grain. Rice is the most important. In some countries, rice contributes more
than 75 pereent of the total calories consumed.

Even though per capita consumption of rice has been declining in coun-
tries with rapid cconomic growth and high income. consumption continues
1o increase in the lower income countries. Understanding the factors that
contribute to changes in demand can help in formulating national policies
toward sell-sulficiency in food grains,

As part of an extensive collaborative project involving TFPRLLTRRI, and
national progrims, we studied changes in demand for rice. Variables were
the share of rice in otd consumption expenditures, the price index of rice
and the total price index of Wl commaodities, and the rate of urbanization,
The hypothesis: that urbanization affects consumption patterns by shifting
the budger share allocated to rice as real income changes.,

Cross-section ditat for the countries that consume 83 pereent ol world
rice production-—China. India, Indonesia, Japan, Republic of Korea, Paki-
stan, Philippines. Thaitand. and “Taiwan, China—were used. For Asiaas a
whole, the demand for food grains brought about by growth in income is
still positive: a 10 pereent rise in per capita income will lead o a 304 percent
increase inrice consumption, o 3.2 pereent increase inowheat consumption,
and LS pereent ineredase in coirse grain consumption.

17



As incomes increase,
the demand for food
grains also increases.
Overall demand for
rice in Asia is
expected to grow
faster than popula-
tion.

18

Price elasticities are high for

wheat and coarse grains, but rela-
tively low for rice, That is, a 1o per-
cent increase in price would reduce
demand for wheat by o pereent. for
coarse arains by 5 pereent. But for
rice, 10 pereent inerease in price
would reduce demand by only 2
pereent.

As the e of urbanization in-
creases, the demand for cereal
grains induced by growth in income
declines. But the effect is not svim-
metrical. A 1O percent increase in

the rate of urbanization will reduce
consumption of couarse griins by

S percent and of rice by T pereent,
but will increase consumption of
wheat by S pereent. appears tha
urhanization induces chanues in
food habits separately from the
changes induced by growth in in-
Come.

The threshold at which per
capitit consumption of cercals starts
to decline with further increases in
ncome tn cconontic terms, when
the commaodity hecomes aninferior
cood) depends on both the prapor-
ton of meome spent on cereals the
budget sharer and the rate o
urbanization.

Overall demand tor cereal
s e Asiis expected o grow
Laster than populaion tindicated by
positive income clasticities of de-
muand s Chinag India, Pakistan, and
Indonesia-—the conntries that ac
count for more than 75 percent of
total food arain consumption in Asia
and dominsue growth in demand for
rice-—have ver o reach the income
threshold at which per capita con-
sumption of cercals starts 1o decline,

Dentind for rice and wheat is
expected o grow at nearly the same
e s incresses inincome. Wheat
will probably have a stronger mar-
Ket, because urbanization itsell -
credses demand for wheat G Lrae
part of itin the form ol processed
and fast foodsy and lessens demand
for rice,

The lower income countries off
Asiit continue 1o be vulnerable o
scasonal shorttfalls inrice supplies.
Ata given shortfall, the price of rice
must increase much Gaster than the
prices of wheat and coarse grain 1o
reduce denand enough o clear the
market. The important point is that
any increase in basic food prices
puts pressure on the ability of poor
people to buy enough food.



Impact of public policy
and technology
A case study of Mycannmnar. Rice pro-
duction in Myvannuw during the Lue
1900s and carly 1970s stagnated al
daround 8.5 million tons @ vear. Then
the covernment introduced a policy
pickage designed to encourage
Frmers o adopt modern rice tech-
nology. Production grew a spectacu-
L S percent a vear well into the
middle of the T9S0s,

Almost half the increase in pro-
duction can be traced 10 greater use
of chemical fertilizers, more than a

third to adoption of modern high-
viclding cultivars, and more than a
tenth to anincrease in the area
under irrigation.

In 1987, policy shifted. Subsidies
on agricultural inputs were with-
drawn and the private sector wis
lowed to participate in rice mar-
keting. The fertilizer-to-rice price
ratio increased rapidly, use of ferti-
lizer dropped precipitously, and rice
vields fefl.

A case study of hidonesia. Pro-
ductivity of rice farming in Indone-

stic grew by nearly 3 pereent a vear

1969-89. Technological change was
the driving forcee,

Farmers” adoption of modern
high-yiclding varicties contributed
28 percent of the increase. The next
most important fictors involved the
availability of information: the gov-
crnment’s agricultural intensification
program contributed 27 percent and
improvement in literacy contributed
20 pereent. Breeding ol second and
third generation improved high-
vielding varicties also made @ sig-
nificant contribution. m
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Information in
rice genetic
resources data
base includes
descriptors on
morphological
characters of all
accessions.

IRRI, R. Cabrera




IRGC contains
about 74,500
accessions of

0. sativa, 1,200

of O. giaberrima,
and 2,100 of wild
species. The base
collection contains
seed samples of
54,682 accessions,
packed in partially
evacuated
aluminum cans and
maintained in long-
term storage. The
total active
collection includes
seed samples of
about 20,000
accessions of

0. sativa, 550 of
0. glaberrima, and
1,400 of wild
species prepack-
aged in 10-gram
aluminum foil
packets, ready to
send requesting
tice breeders.

PERMANENCY:
Sustaining the natural
resource base

he permanency of the food production base on which the world

relies, now and for the vears o come, depends on the care and

use of the genctic diversity of rice and on hushandry of the

natural resource base of agriculture—soil, water, biological activ-

ity. Preserving genetic resources in perpetuity, evaluating the

tong-term cffects of intensive cropping of ricefields, mitigating
farmers' risks through characterizing resource use, arresting, degradation are
necessary activities.

Preserving and using genetic resources

The International Rice Germplasm Center (IRGC) acquired 2,318 samples
from 19 countries in 1992—2 111 of cultivated rices and 207 of wild rices.
The new samples came mainly from China, Cambaodia, Laos, Philippines,
Bangladesh, and Vietnam. More than 470 were collected during missions in
which IRRI scientists worked with scientists of the host country,

IRGC and national program staff members collected wild rices in India,
Indonesia, Myanmar, and the Philippines. In the first exploration through
West Kalimantan, Indonesia, the team found three wild Oryza species:

O. officinalis from the coastal arcas, O. ridleyi from low-lying forests, and
O. rufipogon from the middle reaches of the Kapyuas River. Tidal swamp
rices were collected from Sintang.

O. nivara was collected from saline tracts in Uttar Pradesh, India. Col-
lections also were made from the only known Philippine population of
O. rufipogon. This species has perennial features and will be a genetic
source for development of the perennial rice plant projected for the upland
rice ecosysten.

Both upland and rainfed traditional cultivated rices adapted to high ali-
tudes were collected from fields between 1,300 and 1,600 meters above sei
level in Chin state, Myanmar.,

Rice genetic resources data bases

We have integrated genetic resources data base tables for more efficient in-
formation scarches and added new variables for some descriptors, including
a uniform set of color descriptors applicable o all Oryza species.

Other information in the data base includes seed viability data on about
45,000 accessions und isozyme profiles for 2,811 accessions. The isozyme
profiles, developed in an ORSTOM-IRRI collaboration, are part of the the
increasing use of new biotechnology wols for more precise characterization.,
We updated the cultural type file, passport table, and characterization data
base. All germplasm data bases at IRR] now use the IRGEC aceession number
as the principal descriptor.

We also updated the International Rice Genealogy Data Base—records
of the genetic ancestry of rice varicties and hybridizations made by national
programs. Rice breeders in national rice improvement programs were asked
to provide the pedigrees of new varieties released by their programs.
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The data set now contains more
than 100,000 crossing records: the
cenedogies of more than 2,500
post-IRS varicties released in 08
countries, mosty in Asia, Africa, and
Latin Americi: 1ooo pre-IRS varie-
ties that Lirmers continue 1o grow or
that rice breeders stll use in their
hybridization programs: and about
LS00 varictios used in developing
Post-IRS varictics.

By tracing the ancestry of rice
cultivars to their original land race
progenitors, we can measure the
degree of genetic diversity in rice.
determine the evioplasmic sources
of ditferent cultivars, and identify

the genetic sources of shared traits.

Germplasm dispersal

External consulumts examined the
dittusion of rice germplasm by
analvzing ditd on new rice varieties
released i I8 countries from 1903
e 19v0OF 1700 modern varicties
released, 390 were borrowed tithat
is. thev were developed in one
country and refeased inanother.
Most of the borrowed varieties were
made available througsh the Interna-
tional Network for Genetic Evalua-
tion of Rice (INGERY: IRRI provided
three-fourths of then,

About 75 percent of all the new
varietios have at least one borrowed
parent. more than 5 pereent have
at feast one parent from IRRL and
more than 35 percent have at least
one parent from another country.
About 80 pereent of these parental
borrowings appeir to have heen
chosen from INGER nurseries.

The varietal pedigrees indicate
that genetic diversity s increasing,
Only three varietios released hefore
1965 had more than four ancestors.
The 222 varietios released atter 1980
can be taced 1o five or more ances-
tors and 72 have more than 13
aneestors,
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Latin America
and the Caribbean

The share of ancestors delivered
through IRRI-developed breeding
lines continues to grow. IRRI pro-
vided more than one-half the ances-
tors for varicties released 1965-T4
and nearly three-tourths the ances-
tors for varictios released 1981-90,

INGER is 2 primiary conduit of
new varietios: since 1988, S8 entries
in INGER nurseries have been re-
[eased as varicties in 18 countries in
Astae Africa, and Latin America.
Those entries were developed by
plant breeders in 13 different coun-
tries and at IRRL HTA, and CIAT

Analvsis of the cconomic impli-
cations estimates the average value
of a released variety at $2.5 million
dollars per vear,in perpetuity. The
annual value of an INGER nursery is
conservatively estimated at $103
million. Adding 1,000 accessions 1o
IRGC generates more than T new

varieties, with a value of $3235 mil-
lion. An additional Lind race intro-
duced by IRREis worth $30 million.
(R Evanson and D. Gollin, Genetic Re-
sources in Agricultural Productivine Change
Yale University, unpublished

Genetic diversity at the DNA level
Characterization of conserved
germplasm at the gene level enables
scientists to better use this precious
resource and improves management
ol materials in the IRGC. This vear
we used biotechnology—isozyvime
and molecubir markers at the DNA
level—to identify diversity within
the genus Oryza.

We chose a sample of 300 ac-
cessions of cultivated rice, halt rep-
resentative of the TRGC collection
and halt a selection of suceesstul
varicties and clite lines, their ulti-
mate parents, and the donors of
their resistance to abiotic and biotic

SITCSSesS,



The interconti-
nental flow of rice
breeding lines
through INGER.

J. Recuenco / A, Paelino

Most had already been analyzed
for 15 isozyme lodi. in an earlier
ORSTOM-IRRI project. This further
exploration involved analvsis for 30
restriction fragment length
polvmorphism (RFLPY loct distrib-
uted over the genome, on
mitochondrial DNA REFLP probes,
and one chiropodist DNA marker
assessed through polvmerase chain
reaction (PCRY. A O8-aceession sub-
setwis amalvzed with 17 primers
for randomhy amplificd polymorphic
DNACRAPD

The indicas and japonicas, and
thedr reciprocal recombinations, ap-
puar to represent the main structure
of diversity in caltivated rice on all
chromosomes. Although isozymes,
RELEP or RAPD markers can be used
to classify rice germplasm according
to these mauradly cohesive gene

pools. their use is nov strictly neces-

sary. The results of o combination of

morphological, physiological and
simple biochemical tests will lead 1o
the same classifications.

Gene mapping and manipulation
Molecular-aided selection can in-
crease the efficiency of rice breed-
ing. The most common technique
used 1o identify marker genes s
RFLP analysis. IRRT s a focal point
ot efforts to integrate existing ge-
netic naps of rice, to provide re-
searchers evervwhere witly asingle,
more complete nap of the rice
Lenome,

This involves orienting the RELP
map developed ar Coredl Univer-
sity, USA: Jocating isozyvme and
maorphological or physiological
genes on that map via linkage to
existing DNA markers: adding RAPD
nurkers o underpopulated regions
ol the genome: and developing new
markers aimed at increasing the
case of use and degree of genetic
variation detectable by the markers.
The IRRI-Cornell shuule Project
plavs a central role inintegration of
rice genome data,

A detailed survey of the molecu-
Lar diversity in rice undertaken this
vedr had two najor purposes:

o ‘To detect genetic trends aris-
ing from domestication and modern
breeding it could be important in
designing breeding programs,

o To establish o data base on
the diversing of the large IRGC col-
lection that will aid future gene tag-
ging activities and improve strate-
gies tor gene and quantitative trait
foct tQT1) tagging.

We selected 17 raditional and
maodern cultivars (o represent the
breadth of available molecular and
agroccological diversity and used
197 single restriction enzyme probes
mapped by Cornell University scien-
tists 1o examine their RELP. The
number of RELP alleles distin-
auished per locus was relatively

low, and 22 percent of the probes
did not reveal any broad variation,
or polvmorphism. The distribution
of loci with no polvmorphism was
not random; some clusters delimited
about 10 percent of the mapped
genome, corresponding 1o gups on
chromosomes 2 and +and to a
chromosome fragment missing in
the intraspecitic genetic map on
chromosome =,

Now we can generalize o the
entire mapped genome, The genetic
diversity of indica and japonica rices
has arisen prinarily from separate
domestication of different wild an-
cestors, Recombination of indicas
and jponicias appears to be the ori-
gin of most detectable DNA differ-
ences. A trend toward additional
inttogression detected in modern
varietios results from the use of
jiponicd orinte mediate indica
FIPONIC PATClS i CrOsses.

These results allow o detailed
description of the genetic differe-
tiation of cnltivated rice at the DNA
fevel and have important implica-
tions for gene or QT tagging strate-
gies, The results also point to a
paradox: the moleculir markers
identify a genetic trend of intro-
aression between indicas and
jponicas. Yet rice breeders repeat-
edhyv note that indica and japonica
cultivars have poor combining abil-
ity, This focuses on the need toim-
prove the computibility between
these groups of rices and for a long-
term breeding program o introgress

discrete traits,

Sustaining intensively cropped rice
In intensive rice production systems,
irrigation is used 1o produce two or
more crops < year on the same
picce of Tund. More fertilizer and
pesticides are applicd o cach crop,
With the increase in number of rice
crops. other crops e displaced.
thus Tessening diversity in the svs-
tem. The intensively cropped iri-
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gated farms of tropical Asia produce
more than 70 percent of the world's
rice.

The increased productivity of
intensified systems is Lrgely respon-
sible tor the recent stability of rice
supplies and the decline in rice
prices that is benefiting poor con-
sumers. But growth in production is
leveling off, and some farmers’
ficlds are showing signs of decreas-
ing total factor productivity. Evi-
dence is mountiag that continuously
flooded riceficlds may not be resil-
ient to the pressures of the intensive
cropping that is currenthy mecting
rice production needs.

[ntensification of irrigated rice
production began with the introduc-
tion of modern high-yiclding varie-
ties in the 1900s—only yesterday, in
terms of the history of agriculture.
such rapid change in the way Lind
is used raises broad questions:

e How is intensification influ-
encing the productive capacity of
the soil?

e How is intensification impact-
ing the quality of the environment
and the well-being of farm families?

We are focusing first on identi-
fying the key processes and proper-
ties that govern soil quality, changes
in the pest environment, and input
requirements. Data from long-term
experiments on continuously
cropped irrigated rice in the ropics
indicate declining vield rends even
with improved cultivars and where
nutrients—including micro nutri-
cnts—added. There is evidence that,
contrary to what occurs in other sys-
tems, soil organic matter and wotal
nitrogen content increasces.

We measured the relationships
among soil properties, soil nitrogen-
supplying capacity, plant health and
nitrogen use efficiency on both irri-
gated and rainfed farmers” fields
during the rainy season in central
Luzon, Philippines. Yields on con-
trol plots without added nitrogen
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varied widely, from 2.9 1o 6.4 tons
per hectare, meaning that effective
soil nitrogen-supplying capacity (es-
timated by the crop’s nitrogen up-
take) ranged from < to 134 kilo-
grams of nitrogen per hectare.

The tarmers did not appear to
recognize the relarionship between
vield and the soil's capacity to sup-
ply nitrogen, and did not adjust the
amounc of fertilizer they applied to
match their son condition. Yet it is
hypothesized that the soil nitrogen-
supplying capacity is partly respon-

sible for the decline in factor pro-
ductivity in such intensive systems.

Greater ability to predict the
nitrogen-supplying capacity of
Hlooded rice soils would enable
farmers to better match their nitro-
gen fertilizer inputs to the indig-
enous soil supply. That would be a
major step toward developing sus-
tainable, more profitable {looded
rice systems.

The change in the hasic capacity
of the soil to supply nitrogen also
affects the optimal time and amount



of nitrogen o apply to a rice crop
for its most efficient use, the syn-
chronization of availability and crop
need. As nitrogen-supplying capuac-
ity decreases, the match of supply
with ciop demand deteriorates. The
tim‘ag of nitrogen fertilizer applica-
tions must be carefully adjusted.

The best time is a function of
the plant’s nitrogen status and
growth stage. Total nitrogen need
can be predicted by a simulation
model. A chlorophyll meter can give
a quick estimate of leaf nitrogen
status,

i Intensive systems
are producing the
rice that keeps
urban supplies and
prices stable. But
growth in produc-
tion is leveling off,
while populations
continue to
increase.

India, R. Cabrera

We put all of this together in an
experiment on the IRRI Research
Farm across the 1992 wet season
and 1993 dry season. Two wet
seeded and two transplanied crops
cach season received the amount of
nitrogen predicted by seasonal de-
mand.

For two crops, the nitrogen was
applied at the standard recom-
mended times (for transplanted rice,
2/3 at transplanting, 1/3 at panicle
initiation; for wet-seeded rice, equal
splits at seeding, midtillering and
panicle initiation). For the other two

crops, nitrogen was applied on the
hasis of knowledge, when leaf ni-
trogen status indicated it was
needed.

Knowledge-based timing pro-
duced 5 kilograms more grain for
cach kilogram of nitrogen applied
than did routine application—a 20
percent increase in fertilizer input
efficiency.

Sustaining rice - wheat ylelds

A relatively new intensified cereal
cropping system is rice in the rainy
season, wheat in the dry season,
Rice - wheat systems are found on
more than 15 million hectares of
the Ganjetic Plain in Asia.

An international collaboration
of Bangladesh, India, Nepal, Paki-
stan, IRRI, and CIMMYT is identify-
ing constraints to the productivity
of this intensive system. Soil nutri-
ent depletion and groundwater de-
pletion appear to be affecting its
long-term sustainability.

Less crop diversity may exhaust
soil nutiients. Also, as farmyard ma-
nure is increasirgly used for house-
hold fuel rather than being applied
to the fields, micronutrier *s are not
replaced.

Loss of groundwater results
from increased pumping to irrigate
both crops. Other factors include
using floodwater to control weeds
in rice, pumping to charge canals,
and overuse of water in general
(given subsidized clectrical rates).

Sustaining ralnfed rice environments
Farmers in rainfed areas confront
variable, diverse environments, and
their crops are vulnerable to both
drought and flooding. Traditional
rice-based cropping has been low
intensity. Now, population growth
is pressuring intensification of
rainfed cropping in Asia, in both
the lowlands and the uplands.
Farmers are shortening fallows to
plant more rice and other crops,
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but are not increasing inputs (o sus-
tin the demand on the svstem,

Research indicates significant
potential for increasing the etti-
cieney with which resources are
usedd in different rainfed rice envi-
ronments, and for Lirge increases in
svstem productivity. More thorough
analvais of the environments will
cnable developing strategic man-
dgements matched with adapred
cultivars.

Characterizing agro-ecoregions
Geographic information svstems
and crop process models are help-
my us characterize the biophvsical
and sociocconomic resources of the
privcipal rainfed vice environments.
This knowledge will help rescarch-
ers assess the probabilities of the
oveurrence of cstress and s sever-
iy understnd and manipulae nu-
trient dyiamics, and design svstems
that use nataral resources in i sus-
rtinable manner.,
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The relative favorabiliny of a
rainted rice-growing area is a fune-
tion ol slope, hvdrology, soil. and
length of growing season, Upland
and flood-prone or deepwater arcas
are characterized primarily by spa-
tal factors, The heterogeneous
rainfed lowland arcas are more
complex, and a temporal dimension
is needed for usetul characteriz-
tion. Given ditferent combinations
of hvdrology and soil, an area that
is Lavorable one vear may be
drought-prone or flood-prone the
nest

Anabvzing an agricultural area
involves evaluating the relative im-
portance of critical parameters on
different spatial scales. The aimiis 1o
improve our understnding ol the
biophvsical and sociocconomic
constraints hat farmers tace. The
variables considered include

o oxtent ol Lnd are,

* population dependent on the
fand for livelihood,

¢ cxisting production svstems,

e use of natural and human
FCSOUICEs,

o available infrastructure,

e covernment policies and
investment, and

e potential for improvement.

This vear.we analvzed castern
Indizcin a pilot study in cooperation
with the Indian Council of Agricul-
tural Rescarch and with state agricul-
tural universities and depariments of
agriculture,

At the mega level castern India
is obviouslv . priorine region for re-
search on rice: it contains two-thirds
of the total national rice arca and s
home to halt the country's popula-
tion. Most depend on rice farming,
but vields average onlv LS tons per
hectare,

At the macro fevels only slightly
more than 20 percent of the rice
are s irrigated. Nearly halfis
rainfed lowland: the remainder is
divided about equally between up-
Land and deep o very deep water.

Analysis of
Eastern India went
from the general
region through
state and district
steps to focus on

one block,
Masodha in
Faizabad area,
Uttar Pradesh
state.
|
|
|
= P
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£
¥



Faizabad
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Depth and extent of flooding
on the rainfed lowland farms vary
widehy from vear to vear, depend-
ing on when the monsoon begins
and ends and on the raintall patern
and amount.

Analysis of Faizabad district in
Cttar Pradesh state used information
from remote sensing satellites, se-
lective field cheeks, and auxiliary
datas Maps a the 1:250.000 scale
delineated physiographic units, Tand
use paterns, soils, and arcas of
flooding and drought in rice. We
intearated information on climate,
groundwiter, irrigation sources,
laindholding. and input usc.

About 10 pereent of the area is
favorable rainfed lowlands, St per-
cent drought-prone, 2 pereent sub-
mergence-prone, and 1 pereent
both drought- and submergence-
PI'( nme.

[Tl Rainfed shatlow favorable
[} Pondiakefriver

‘e Block/district headquarters

Rainfed shallow, drought and submergence-prone
Rainted shallow drought-prone
Rainfed shallow submergence-prone

About 40 percent
of the Faizabad
area is favorable
rainfed lowlands,
51 percent
drought-prone, 2
percent submer-
gence-prone, and
4 percent both

' drought- and

Maya Bazar

Tanda N\~
®
> Maf/;a Baskhan
3 /'ye, ®

Bhiti &~

Pratappur

amkhi Akbz;rpur

°
Jalalpur

The next focus was on Masodha
block in Faizabad district. The ma-
jor part—21.000 hectares with 8,000
hectares of riceland—was classilicd
as shallow Lvorable rainfe L About
[+ percent is aflected by flooding,
10 percent by sodicity, and 2 per-
cent by waterlogging, Only 32 per-
cent of the groundwater potential
for irrigation has been developed.

At the micro level, rapid roral
appraisal of 90 sites in the Masodha
block involved agroccosystem
mappingand diagnostic surveys.
The analysis focused on spatial,
temporal, resource flow, and deci-
sion patterns, Static factors included
Lind types and uses, sourees ol wa-
ter, and soil properties. Dynamic
Factors were ficld water depth and
rainfall: cropping pattern and crop
calendar: crop vields, varicties and
nanagement practices: insects, dis-

submergence-
prone.

J. Recuenco / A. Paeimo

cases and weeds: production costs
and returns: labor supply patern;
assets, income distribution and
lindholding, and demography by
social class and gender,

The wrea wis zoned into
dgroccosysiems o identify prob-
fems and opportunies, and 1o set
rescitrch priorities on the basis of
coverage, number of houscholds
aflected, complexity, severity, fre-
quencey of occurrence, importance
in the farming system. and farmers!
pereeptions.

This ¢mpirical picture of the en-
tire region is providing a basis for
formulating the rescarch agenda
and allocating rescarch resources
the national, regional, and zonal
levels. Tealso s a case study of how
to use this methodology. @
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Current genera-
tions of a new rice
plant being
developed at IRRI
have sturdy stems,
large panicles, low
tillering, and dark
green leaves.

PRODUCTIVITY:
Increasing resource use
efficiency

he greater rice production needed to meet growth in demand

must come from new breakthroughs at the vield frontier and in

factor productivity. We cannot target a 50 percent increase in

rice production without much higher input output cfficiency of

nitrogen, water, and Lkibor, Basically, this means matching im-

proved cultivars with improved resource management. Higher
factor productivity has an additional benelit: the increased production re-
sulting from changes in plant and cropping efficieney adds very litle to
farmer costs. Gains can be shared by producers and consumers,

Developing a new rice plant

Work continues to develop prototypes for a rice plant that will have much
higher vield potential than today’s best varieties, This vear, we selected ad-
ditional donors tmostly tall tropical japonicas) for such traits as sturdy
stems, Large panicles, low tillering, and dark green leaves, and made 290
crosses aimed at increasing the harvest index (the ratio of grain to straw, an
important key to higher yields).

The main avenue for improving the harvest index is to increase the size
of rice panicles tmore and bigger grains) and reduce the number of unpro-
ductive tillers, Large panicles can be induced by controlling excessive
tillering through water and fertilizer management and by selecting varicties
with large panicles and low tillering capacity, such as the new plant type.

Meanwhile, our more conventional breeding program continues 1o
muke incremental improvements in yield. Breeding line IR6O819-3:4-2-1,
which has more spikelets per panicle, outyielded IR72 in the wet season
(6.5 Uha to 5.9 ¢ ha with 90 kg N ha), We also developed short-statured
lines with the sd-7 dwarting gene from Shen Nung 89-360, a japonica from
China.

Predicting yield potential for rice

Maximum rice vields achieved in tropical environments so far are abowt

10 tons per hectare: in temperate envirtonments, 15 tons per hectare. Attin-
ing that yield potential depends on the variety grown and on temperature
and solar radiation.

We have developed a computer model that estimates the yields attain-
able in different environments, interprets differences in yield in terms of
physiological variables. and predicts the vield potential of a particular vari-
ety ina given environment.

ORYZAL simulates rice vield in different seasons in relation to the
crop’s nitrogen status. Extensions can be added to tike into account soil
components and nitrogen and water uptake. The model caleulates daily dry
matter production (panicles, leaves, stems, and roots), summed across the
growing scason, to explain differences in bionuss production and yield at
different nitrogen levels, with different varieties, during different scasons, in
different environments,

29


http:Seaio.Si
http:SI-;R.Nd
http:cc(().St

Its advantage over other models
is that it assesses the impact on
vield of planting date. weather, and
Luitude aca given feal nitrogen con-
tent.

We used ORYZATL 1o simulate
the impact of global climate change
on rice production. Global circuba-
tion models are predicting an aver-
A2C [WMperature mnerease ol | ¢
and SO apm increase in carbon
diovide, With the increase in tems-
perature, ORYZAT predicted an 8-9
percent viekd reduction tor IRT2 and
IRSSTOO-113-3 arown with high ni-
trogen inputs at IRREin both dny
and wet seasons, Increased carbon
dioxide partly reversed this effect. 1o
a predicted vield reduction of 3 per-
cent. But a5 percent reduction in
radiation also resulied in 3 pereent
vield reduction,

Model analyvses suggest that va-
victics with longer grain-filling dura-
tion will be necded o reverse the
negative elfects ol a temperature

NCredse,

Schematic
representation of
ORYZA1. Solid
lines represent
flows of material;
dotted lines, flows
of information.
Input require-
ments are lati-
tude, daily
weather (solar
radiation, mini-
mum and maxi-
mum tempera-
ture), plant
density, date of
emergence or
transplanting, and
morphological
characteristics of
the variety. Time
of integration is
one day.

Temperature

Hespiraiion

National agricultural rescarch
svstems are involved in develop-
ment of ORYZA L and related mod-
cls through the Svstems Analysis
and Simulation of Rice Production
ESARPY researcly network supported
by IRRT and the Centre for
Agrobiological Rescarch and
Wageningen Agricultural University,
the Netherbands.

Wet seeding to save labor and water
With the shrinking availability and
increasing cost of kibor and water,
combined with new short-duration
cultivars and herbicides for weed
control, farmers are switching, from
transplanting to direct seeding their
rice crops. Wet seeding—Dbroadenst-
ing pregerminiated seed onto
puddied soil—is o popular practice
in irrigated and Lavorable minded
lowlind areas of Malavsie, Philip-
pines. Thailind. and Vietam.

We monitored 00 farms in the
Upper Pampanga River Integrated
[rrigation System of the Philippines,

Two wet seeded rice crops gave a
higher profit than two tansplanted
crops, the result of higher vields
and lower Libor costs. Yields from
wet seeded rice were 8 pereent
higher in the dev scason, T percent
higher in the wet season.,

W also compared water use
cfficiency in two blocks of the svs-
teme, one planted Lrgely o wet
seeded rice, one Lrgely tans-
planted. A lighter soil textare in the
wet seeded rice area allowed
areater water loss to percolation,
resulting in higher water denvand.
Even so. transplanted rice used 23
pereent more water than wel
seeded rice.

Farmers who wet seeded fin-
ished their Tand soaking and
puddling three times faster than
Girmers who transplanted. The rio
of water denund 1o wiater supplied
wis much more efficient in the wet
secded fields, primarily because
farmers used herbicides rather than
water depth to control weeds.
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But increased use of herbicides
may predispose adirect-seeded sys-
tem 1o changes in weed composi-
tion and to herbicide-resistant weed

races,

Intensifying rainfed lowland rice

One way to improve the well-being
ol rice tarming families in the
rainfed lowlands is to intensify the
svstem by adding another crop,
such as alegume betore or atter the
rice crop. But cropping inensifica-
tion demands that more nutrients be
supplicd and can increase disease
And insect pest pressure, Diredt
seeding of vice leads 1o greater
weed nunagement problem, espe-
iy with dy seeding,

Minimizing the risk of drought

W compared transphanted and din
seeded ramy season nce crops in
moderaely drought-prone
Urbiztondo, Panaasinan, Philip-
pines, for their relative valnerabilin
to droneht. Dy sceded rice was ai
stenificanth Tower risk than trans
planted rice.

Farmers were able to complete
div seeding operations after only
PSOmsm of ranball had accumulated:
transplanting operations had to wait
tor ootk i aceumulation: The diy
secded cropestablished 17 davs
dhead ot rransplanted ree m 1991
and s daves ahead in 1ov20cap-
tred 100 e oF carly scason rain-
Ll Tes reproductive and matarity
preriods comdided with the more as-
sured rainy period of the area’s
vnimodal rainkadl panern.

We tsed these values and long-
term w eather data to estimate the
probabilinv o drought risk o the
rainted crops. The coneept s called
relative water supph —=the ratio of
available water to the water demand
of the crop.

Transplinted rice is expeaed to
sutfer severe drought stress about

once in o vears; dry seeded rice
would not. The dry seeded crop's
advantage is carlier establishment
and carlier harvest.

The farmers who dry seceded
their rice saved S8 per hectaie
Labor costs Even with lower vields
in the 1992 wet scason, dae to se-
vere weed infesttion, dry seeded
rice wis slighthv more profitable
than transplanted rice, Phere was no
difference between row seeding or
broadeast sowing in crop estiablish-
ment of div seceded rice, but row
seeding simplificd weed contral,

Farmers are intensitving their
svstems with a muanghean crop after
rice. The mungbean crop following
drv seeded vice averaged STIS per
hectare higher return than
munghean following transplanted
rice. The returme-to-cost ratio for
Ehor and tined capitad, plus carrent
inpues, was highest with a fallow
div seeded rice - munghean evele.
Drought/flooding tolerance
Rices tolerant of the nutjor con-
straints in the rainfed Tow lands—
drought and floodine—waoutd he
boon to tarmers who are struggling
to increase their productivity and
profits, Varietios that can produce
an adequate vield after the stress off
too much or oo itde water, and
that are responsive to fvorable con-
ditions, allow Lrmers 1o inerease
their inputs with much Tess risk.

fdentifving sources of tolerance
for sater stress is one focus of our
work to "mprove germplasm,

Submergence: We dry seeded
1312 breeding lines inactank. then
submerged the me-month-old seed-
lings for 10 davs. Only 22 percent
were tolerant of submeroence.

Drowght: W e dry seeded 1182
breeding Tines i maoist puddled soil
Kept saturated for 13 davs, then
drained and dried the plot o -1o
bar soil moisture content. Only 18
percent were tolerant of drougl,

Mechanisms of anoxia tolerance
Direct seeded rice often germines
or emerges in looded soil, without
oxvaen. The seeds ol some varietios
survive this anosic situation betier
than others, T direct seeded crop,
high survival vates ranshie into
more unitorm cropy establishment,
and that hoosts productivity,

The enzvmes that limit the abil-
iy ol rice to survive under anoxia
are not known, but we do know
that the alcohol fermentation path-
wavin plant tissues alows the pro-
duction of energy from gl colysis 1o
continue without oxvaen, We stud-
icdd the o enzvmes inthat path-
wiy, alcohol dehvdrogenase tADED
and perinate decarboxyvlase (PDEC,
We dlso studied the two phospho-
fructohinases enzvmes that control
alvcolvsis, AT and PPEdependent
PIKN.

Rice varietios Calrose and FRT3A
bad the highest in vitro activities Tor
ATP-dependent PEN and for PDC,
This could allow higher res ol al-
cohol fermentation. and nun he one
reason for their anosia tolerinee,
Anoxi-tolerant 1R 12 had the Towest
activity for these keyv enzvmes of
anaerobic metabolisme nall varie-
ties, PPEdependent PER and 2D
were 30 oS00 tmes lower than
ADI activity,

Enzvme activity can be used to
indicate metabolic Timitations of in-
tolerant varictios and to identity
mechanisms of tolerance. Next, we
will develop probes for tolerance
for flooding and utilize molecutar
CNZINCCTING 10 INCIEIsSe exXpressions
of these enzvmes i rice,

Development of constructs for
transtorming rice with genes for
ADIH and PDC is underway in
special project in collboration with
Fiboratories in Australia and the
United States.

K1l



Drought resistance in dry seeded rice
Dryv seeded rice is more tolerant of
drought than transplanted rice be-
cause it has a deeper and stronger
root svstent. Even so, varicties differ
in their response to water defi-
cieneys other plant characteristics
also contribute o drought tolerance.

We subjected BR20, BR2I1, IRO4,
and IR72 to water deficit at the veg-
ctative stage and at the reproductive
stage. IRT2 coped best with drougl
at the vegetative stage: s plants
were Lrger, nitrogen uptake
puanicle initiation and tlowering was
greater, and total non-steactural car-
bohyvdrate content was higher.

IRT2. however, performed poor-
est with drought at the reproductive
stages its Lrger plants wanspired
more witer than other cultivars and
it suffered more dameagee. BR20. with
snitller plants, had the highest vield.

Al caltivars had the same rela-
tionship between feal water poten-
tial and CO, assimilation. Leat area
and whole plant trinspiration are
the primary factors that attect leal
waler potential: the Targer the leaf
arci, the greater the tanspiration
and the taster and more severe the
water deficit stress,

In the field, however, weed
transpiration and soil evaporation
nuy overshadow any potential ben-
efit to the rice crop of a small,
WUIC-Comemnving canopy.

Upland rice varieties
Upland farmers in northern
Mindanao, Philippines. primarily
arow traditional low-viclding rice
varietios, We asked about their se-
lection criteria, Important character-
istics are vield. carly maturity, cating
quality, lodging resistance. discase
resistiance, drought olerance, and
adaptation to difterent soil tvpes,
These upland farmers regularly
ke reasoned choices of tradi-
tional rice varicties and practice
sound management. They are suc-
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cesstul to the extent allowed by the
risks inherent in the system, but
could benefit from new varicties tar-
geted to different agroecological
niches.

IRRI's role is to make available
to upland rice breeders improved
germplasm that combines traits tor
tolerance for consiraints with trits
for higher viclds. For example, the
ability of w crop to compete with
weeds would improve the produe-
ii‘»‘il) of fuiron. We found tha titler
number. drv weight, and leal area
index contribute to the competitive-
ness of rice against weeds.

There appears to be consider-
able scope for breeding upland
cultivars that are more phosphorus-
clficient. Factors identified so far in-
clude internal plant mechanismes
that regulate the amount of phos-
phorus in aboveground deyv matter
and external mechanisms—such as
root diameter, Iength, and densitv—
that affect the plants ahiline 1o ex-
tract phosphorus from the soil.
Other external mechanisms are root
hair length and density, release of
agents that can mobilize organically-
bound phosphorus.solubilization
cllects due to root-induced changes
in soil chemical conditions, and
myeorrhizal effeas.

Rice-based deepwater systems
Low-lving areas subject to uncon-
trolluble floading are home 1o more
than 100 million poor farmers and
their dependents in South and
Southeust Asia. Rice is often their
only crop. They need ways 1o in-
crease thedr rice harvests and o ex-
pand their cropping options.

One example is Bangladesh.
More than half of that country’s 10,2
million hectares of riceland is
Hooded to depths of 30 10 180
centimeters during the rainy season.,
Projections indicate that double-
cropped rice—an early winter rice
crop using boro varicties followed

by a transplanted deepwaier rice

crop in the rainy scason—could be
suceessful on 2.0 million hectares
where only one winter rice crop s
now grown. The next step is to
breed high-yvielding varictics
adapted to winter temperatures and
to design cultural practices suitable
for rainy scason water depths,

Improved deepwater rice germplasm

Thai and IRRT breeders have defined
the characteristics needed ina more
productive plant tvpe for arcas with

maximum flooding depths ol about

100 cm. Ability 1o clongate as flood-
WHCTS Hise is an important trait,



Transterring the high tillering
and fast elongating ability of an ac-
cession of O rufipogon o deep-
water rice breeding lines shows
promise for developing the new

plant type within the next five vears,

Salt tolerance for tidal wetlands

Rate of Teal clongation is o simple,
reliable indes of salt olerance in
rice. IUis nondestructive and more
convenient than measuring dry
weight or the relative rate of growth
in following up on the effects of salt
on plants.

An immediate decrease in the
leat elongation rate as salinity in-
creased indicates that tolerant Nonal
Bokra rice plants respond 1o the os-

motic stress imposed by salinity, not
to the ionic stress, After the initial
stress. growth rates recovered and
renitined constant, suggesting that
Nona Bokra plants adapted.

On the other hand. the leal area
index of nontolerant IR28 plants de-
creased steadily with high salinity,
indicating slowly increasing ionic
stress with the intluy of sodium into
the feaves.

Low-lying areas
subject to uncon-
troliable flooding
are home to more
than 100 million
poor farmers and
their dependents
in South and
Southeast Asia.
Rice is often their
only crop.

Tnadand, D. Puckndge

Now we can use RELP mapping
to identify the genes for differential
response, and develop faster, more
reliable screening for donors of tol-
erance for salinity, @
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Integrated Pest
Management
(IPM) is based on
the premise that
no single pest
control method
will be successful
and long-lasting by
itself. Biological,
physical, and
chemical methods
are integrated into
cohesive strate-
gies designed to
provide sustain-
able crop protec-
tion. The empha-
sis is on maximiz-
ing natural control
mechanisms. An
IPM strategy uses
a combination of
resistant varieties,
agronomic prac-
tices known to
reduce yield
losses due to
pests, and conser-
vation practices
that preserve and
increase the
natural enemies of
pests. Pesticides
are applied only to
avoid economic
yield loss, and
then only pesti-
cides that cause
minimal harm to
humans and the
environment are
used.

PROTECTION:
Caring for the environment

rowing cnough rice to feed burgeoning populitions is pressur-
ing fragile environments. The issues include Tand degradation,
soil crosion, water shortages, and pollution. For IRRI, this
transhutes into research on ways to protect the environment
and human health, while helping poor farmers improve the
profitability of their rice-based systems.

Developing IPM technology

Environmental and health problems resulting from unsafe use of pesticides,
and the need o find less expensive methods of pest eontrol are impelling
national and international organizations and groups to reevaluate pesticide
use and o trn to integrated pest management.

Development of an IPA strategy requires knowledge based on a combi-
nation of strategic and appiied research, to invesugate the ecological factors
that affect pests and 1o design and evaluate new control methods. 1t also
depends on frmer participation and on changes in public policy.

Host plant resistance

A rice plant that is genetically resistant to yield-threatening pests—what is
called host plant resistance—is a key element in reducing the use of pesti-
cides in rice production. For three decades, IRRT plant breeders have en-
sured that cach new clite cultivar and breeding line possesses wide range
of genes for resistance to pests and diseases. This means a continuous effort
in breeding activities 1o keep ahead of evolving and changing pests.

Land races, cultivated rice, and closely related wild rices have been the
sources of genetic resistance. Pest and pathogen populations change over
time, however, and genetic resistance breaks down, while some pest and
discase problems remain intractable. Increased genetie diversity against
pests and cultivars with more durable resistance are needed. Biotechnology
adds a new dimension 1o the search for improved host plant resistance:

e Wide hybridization makes it possible for breeders to use genes drawn
from the wider pool of the entire: Oryza genus. Tissue culture enables the
rescuce of embryo seeds from hybrids between O sativa and distantly re-
lated species of the genus, such as O anstralionsis. After several eycles of
backcrossing to the cultivated rice, chromosomal stability s restored, with
picees of the wild genome integrated into the chromosomes of the elite par-
ent. Several uselul genes have been tansferred from different wild species
into cultivited rice.

e Genetic engineering makes it possible 1o transter into rice specilic
genes originating {rom any living organism or virus, or even from chemical
synthesis. The first group of useful foreign genes to be put into rice are in-
tended to improve pest and discase resistance:
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endotoxin genes of Bacillas
thirringiensis (B.U) for insect resist-
ance.

— sovhean trvpsin inhibitor for
InseCt resistiancee,

— two barley genes, chitinase
and ribosome inactivating protein
CRIPY. for resistance to the fungal
discases sheath blight and blast.

* Molecular marker technology
increases the efficieney with which
specific desirable genes can be
combined in improved breeding
lines. Useful genes are tigged with
Hanking DNA markers, aceelerating,
the abiline of plint breeders 1o
screen for their presence. Such
murkers will be especially useful in
hreeding for resistnce to pests and
discases that are not endemie at
IRRE headquarters or for senes with
overlipping effects that can contrib-
ute 1o complex and more durable

resistinee.
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Reducing disease epidemics
Epidemiology is one area of strate-
gic IPAL rescarch. An example is rice
tngro disease. Infornation about
its epidemiology is limited, In col-
laboration with NRI we measured
the incidence and spread of tungro
in different rice varieties and the of-
fect that introduced sources of infec-
tion had on its spread. These studies
were made on the IRRI research
farmy in both the wet and dry sea-
sons,

Tungro appeared carlier and
spread faster, with higher final inci-
dence. in the wet season than in the
dry scason, The strong effect of in-
troduced inocutum suggests that the
availability of primary inoculum has
a significant influence on discase
dynamics. Roguing—removing in-
fected plants and replacing them
with healthy plants—did not reduce
incidence of the discase. Fstablish-
ing an isolation distance between o

virus source and the susceptible rice
varictios nay be a practical way of
reducing discase incidence.

We continued 1o search for ge-
netic resistance 1o the two viruses
that cause rice tingro discase. Re-
sults this vear suggest that resistance
to the bacillitorm virus in seven ac-
cessions of O, rufipogon. O,
r_)/_]}'t'fll(llf.\‘, and O, I‘I'(//(fl‘l'\[\ oS el
depend on veaor resistance. These
wild rices could he useful in trans-
ferring tungro resistance into im-
proved cultivars,

Farmers’ pest management decisions
A multidisciplinary integrated pest
survey in central Luzon. Philippines,
monitored the ricefields of 89 farm-
ers dcross four seasons, We related
dat on discises, insect pests, weed
infestation, cropping practices. and
vicld 1o the famers” pereeptions of
pest problems and 1o their socioeco-
nomic and technical backarounds.

W tound o close relationship
between the backgrounds of the
farmers, their perceptions ol pests.
and their use of pesticides. While all
farmers used insecticides, only the
more experienced, older farmers did
SO N response 1o aperecived pest
threat. Younger farmers were less
concerned about insect pests and
said they noticed fewer pests, Ten-
ants were more concerned about
pests than leasers and owners.,

These differences in frmers’
backgrounds and their pesticide de-
cisions suggest that the introduction
of 1PN practices into i1 cropping svs-
tem must be tailored o the firmers’
pereeptions,

Pesticide-related health damage

We estimated the effects of impaired
health on farm productivite in
Luguna, Nueva Ecij, and Quezon
Provinces. The Philippines. These
areas are characterized Dy intensive
irrigated rice systems—2-3 crops a
vear. Damage to farmers” health



caused by improper and excessive
pusticide applications reduces pro-
ductivity enough to wipe out profits
from the rice crop.

The study tracked 152 rice farm-
ers Tor two vears, Two groups used
pesticides regulariy, one rarely used
pesticides. Those who routinely
used pesticides were twice as likely
to have health problems as those
who rarely used them. The costs of
treating the pesticide-related ill-
nesses increased in direct reliion 1o
the frequency of pesticide use, The
vadue of crops lost o pests wis
lower than the expense of treating
the pesticide-refated illnesses.

[adequante storage. unsade han-
dling practices, short intervals he-
tween spraving, and inefticient
spraver nintenanee were found o
resull in enormous exposure 1o
chemicals of hoth the farmer and
his household,

Capturing genes for resistance
It takes substantial effort to transfer
A resistant gene into i desired ge-
netic background, in particukir
when stable resistunce is the objec-
tive, Cultivars face o variety of
pathogen populations in the field,
and the genes conveving resistance
need 1o he characterized against
spectrum of pathogen populations.
Ancimproved set of near-
isogenic lines allows the genes car-
ricd in those lines to be stadied in
detail and provides a specitic set of
differentials for classitving patho-
tvpes. We collaborated with
Hokkaido University to eliminate
lines with identical resistant genes
from our set for classifving the rice
blast fungus, and reduced the set
from 22t 5 lines. This makes using
the lines to wpe virulenee maore effi-
cient.
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Plant breeding to
incorporate new
genetic diversity
for pest resist-
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ance into im-
proved lines has
maintained a
quiet revolution,
ensuring approxi-
mately one third
of current yields

without the need

| for extra chemical
© pest control.
Yields or the
original high-
yielding varieties,
exemplified here
by IR8, would
have declined an
average 1.3
percent a year, a
total of about two
tons per hectare.
New varieties with
host plant resist-
ance have main-
tained their yield
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Rice yellow mottie virus resistance
Rice vellow mottle virus is a threat
to intensified rice cultivation in sub-
Saharan Africa. Traditional varieties
in Madagascar are susceptible 1o the
insect-transmitted virus, which
thrives on ratoons and in stubble,

We looked for resistance among
more than 200 entries evaluated at
Tsararano station in Marovoay. The
cultivars included traditional farm-
ersTvarieties, entries from the
INGER in Africa screening set, and
improved breeding lines and varie-
ties. Upland varieties FARO 11 and
FARO 13, and lowland selections
TONA2I9-14-2-4, TOX3219-31-1-3-2-
2B and TOX3233-31-06-2-3-20 were
confirmed resistant. Wild rice spe-
cies O longistaminata, which is
widely distributed in sub-Saharan
Africa and Madagascar, could be an-
other source of resistance,

The rice vellow mottle virus re-
search in Madagascar is a collabora-

potential.

90 94 |

tion of FOFIFA, IRRI, and G'T7Z Plant

Protection Service,

Groundwater quality

Many rural areas depend on shallow
groundwater for their domestic wa-
ter supply. Aany groundwater aqui-
fers, especially in irrigated areas, are
connected hvdraudically with the
riceficlds. Water containing nitrate
residucs from applied nitrogen ferti-
lizer may reach these aquiters
through deep percolation. Unsafe
concentrations of pesticide residues
also muy accumulate.

We studied houschold water
supplics in two intensive rice culti-
vation arcas of the Philippines, the
Upper Pangasinan River Trrigation
Svstem in Nueva Ecija Provinee and
the Santa Cruz River lirigation Sys-
tenein Laguna Provinee, Wider sam-
ples were collected onee o month
from manuallv-operated shallow
tubewells,
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Screening for
resistance to rice
yellow mottle
virus in Madagas-
car is a collabora-
tion of FOFIFA,
IRRI, and GTZ
Plant Protection
Service.
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Nitrate residues were found at
all sites, but concentrations were
considerably below the maximum
LO ppm permissible. Nearly all the
water samples in Laguna had detect-
able levels of the pesticides carbo-
furan and endosultan. Levels were
lower in Nueva Ecija where farmers
use less pesticide.

This is important haseline data
against which to measure ground-
water quality in relation to changing
crop management over the fong
tern.

Protecting the uplard

The uplands of the humid tropics
are being impacted by special prob-
lems related o population pressures
and agricultural intensification. In
general, the basic problem is the

soil degradation associated with de-
forestation by commerdial logging,
followed by the movement of ex-
cess population onto the cleared
land.

The intensive cultivation and
overgrazing that tollow lead to rapid
leaching, soil acidification, and cro-
sion. The result is loss of soil fertil-



ity, declining yields, and and degra-
dation. This affects not only the up-
Lands, but also the sustainability of
lower parts of the watershed.

As population densities in-
crease, what are the cconomically
and environmertallv viable protec-
tion options? In the fong run, i sys-
tem of forming tat closely mimics
the dense nataral yvesetation of the
hunmid foresis would work best. In
the short i, people must be
helped o feed themselves while re-
habititating and sustainig their en-
vironment,

\ppropriate land use and public
investment can help o prevent the
problen. In Southeast Asiia, public
policv—unchecked logging and
poor conservaton cttorts—contrib-
utes more to soil deoradation than
does population-induced agricul-
tural intensification.

[ pland cultivaton by itself does
not necessarily lead o land degra-
dation. soil erosion develops and
aceelerates when the Lirming svstem
does not include conservation meas-
ures. I farmers are toinvest in con-
servation, they need 1o see the prof-
itability of the practices. This implics
that they have secure aecess o land.
with the alnlity o make long-term
decisions thae il enhance current
and long-term pavolfs.

Indigenous control of sail erosion
Hedgerows are among the options
proposed for controlling soil erosion
and sustaining soil fertility, Re-
scirchers from the Visavas State
College of Agriculiure (VISCAY and
IRRE Tound that some farmers at the
Matalom, Philippines, Upland Rice
Research Consortium site already
were aing acontour hedgerow sys-
tem 1o control erosion. In fact, sev-
eral claimed they invented the ap-
proach as long ago as 194,

The general practice wis to
leave narrow hands unplowed
along visually estinited contour

lines Volunteer weeds and grasses
grew o form a hedgerow that
helped stop soil movement. But six
Firmers had stopped cultivating
their hedgerowed fickds because the
hedgerows attracted grazing cattle
and because soil nutrients had been
d('])]('lcd.

Of the 20 firmers who re-
sponded to technical advice and
adopted contour hedgerow technol-
oy within the Tast 10 vears, nearly
i had abandoned or fallowed their
ficlds. They said grazing aninmals
had damaged the hedgerows and
adjacent rice plantings, and soil nu-
ricnts had been depleted. The
Levcaena levcocepbalea trees
planted in the hedgerows were be-
ing harvested for firewood,

ICappears that upland farmers
recognize and actively seek solu-
tions to their soil erosion problems.
[tis important that the echnology
fit the social environment and be
integrated into other cropping tech-

nologies.

Methane from flooded ricefields
Although we know flooded
riceficlds are a major source of the
greenhouse gas methane, there s
considerable uncertainty as 1o how
much the production of rice contrib-
utes 1o atmospheric methane levels,
More precise medsurement of meth-
ane production and emission is
necded i we are to devise wavs o
reduce emissions without sacrificing
rice vield.

We used a continuous measur-
NG system Lo assess methane emis-
sions from flooded rice soils and 1o
identify controlling factors, Methane
fluxes were higher in the dry season
than in the wet season. Within a
season, i rice crop had three emis-
sion peaks: soon alter transplanting,
during the carly reproductive stage,
and at ripening. Daily ¢missions
scemed to be controlled by tem-
petature. with the highest emissions

in the carly afternoon and the Tow-
est Late at night.

The mode of applving fertilizer
did not aftect emission patterns, but
adding organic matter such as straw
and green manure greatly increased
methane emission from transplant-
ing through the reproduction phase,
Cultural practices, such as soil dis-
turbances or soil diving during rice
arowth, released Lrge amounts of
trapped methane.

Measurements in the Liboratory
showed that the patern of en-
trapped methane and release of
methane by bubbling tealled
chullitiony closely followed the totl
flux pattern. Soils can he categorized
into four groups according o the
pattern and umount of methane they
produce during anacrobic incuba-
tion.

Methane production and enmis-
sion in relation to rice growth is
clearly complex. More accuriate esti-
mates of methane emission from
wetland rice will ke into account
soil properties, witer regime, or-
canic amendments, and cultural
practices.

We also measured nitrous oxide
c¢missions under similar conditions,
Nitrous oxide fluxes were inversely
refated to methane emissions, Ni-
trous oxide emissions during fallow
and during a flooded rice crop were
high immediately after raintall ancd
low during growth duration. except
alter nitrogen application. Mid-sca-
son drving of the field suppressed
methane Huxes without incredsing
nitrous oxide emissions. B






Collaboration has
many synergistic
benefits: shorten-
ing the time
needed to solve
prohlems, speed-
ing the transfer of
information and
advanced research
methodologies,
enabling scientific
collaboration
across political
borders and
economic barriers,
stretching scarce
research
resources.

PARTNERSHIPS:
Supporting and working
with others

ity all IRREs work involves some form of collaboration, of
partership. This has many svnergistic benefits: shortening the
time needed o solve problems, speeding the wanster of informa-
ton and advanced rescarch methodologies, enabling scientific
collaboration across political borders and cconomic barriers,
stretching scrce research resources, ITmportant parinerships
include bikueral agreements, shuttle rescarch, and joint ventures, Consortia
and networks streamtine collaboration and cooperation.

The International Network for Genetic Evaluation of Rice (INGER)

INGER promotes genetic diversity in ditferent ccosvstems through global
exchange. evaluation and use of improved breeding materials, including va-
ricties and clite lines originating from sources worldwide, Some entries in
the vield and stress nurseries for different rice ceosvstenis demonstrate high
levels of vield stabiity and stress tolerance over aowide range of specitic bi-
otic and abiotic stress hot spots,

In 1992038 sets of 19 nurseries—10 for different ccosvstems and 9 for
stress tolerance, ool of 1300 entrics—were distributed to 33 countries: 18
in Asia, 3 in West Asiaand North Africas 9 in sub-Salaran Africa and 1 in
Latin America, plus Australia,

In addition. INGER-Latin America composed and distributed nursery
sets of germplasimy suitable for moisture-favorable conditions and for acid
soils and INGER-Africa prepared and sent 9 nursery sets (o 13 countries in
West Africa and 17 countries in cast. central, and southern Afvica,

In follow-up activities, 775 entries were evaluated inadditional vield i
als in 20 countries, and 002 entries were used in the crossing programs of
19 countries. Three entries were released as varictios: OR1T12-99 from India
wis eleased as Santepheap 3 in Cambaodia, Barkat ¢(K78-13) from India was
released with the same name in Bhatan, and TRYTO3-11-2-2-3 from IRRT wis
released as Pant Dhan 10 in India.

The Rainfed Lowland Rice Research Consortium

The heterogencous, variable, and widely dispersed environments of rainfed
lowland rice and the related major abiotic and biotic constraints are chal-
lenging consortivm members to link with other research initiatives.

Major breeding activities for the rinfed Towlinds have been transterred
from IRRI headquanters in the Philippines (o consortivm sites: Central Rice
Research Institute ¢CRRD. Cattack, India, for medium-deep water (30-70
cm): Ubon, Thailind. for shallow water with Tow fertiline soils.

The Upland Rice Research Consortium

Improving the productivite of upland rice and improving the well-heing, of
Frming families in the uplands of ropical Southeast Asia involve working
with both the hiophysical environment and the sociocconomice environ-
ment. The issues are the same across the region: impoverished rural com-
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@ Rainfed lowland sites !

M Upland sites

Rainfed Lowland Rice Research Consortium

Bangladesh

India

Indonesia

Philippines

Thailand
IRRI
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Bangladesh Rice Research Institute,
regional station at Rajshahi.

Central Rice Research Institute,
Cuttack, Orissa, and Narendra Dev
Agricultural University Experiment
Station, Faizabad. Masodha.
Central Research Institute for Food
Crops, Sukamandi Research Institute,
Jakenan Experiment Station, Central
Java.

Philippine Rice Research Institute,
Batac, llocos Norte.

Rice Research Center, Ubon.
Tarlac, Pangasinan, Ptilippines.

Upland Rice Research Consortium

India Central Rice Research Institute,
Hazaribagh Rice Research Centre.

Indonesia Agency for Agricultural Research and
Development and Central Research
Institute for Food Crops, Sitiung
Research Station, Sumatra.

Philippines  Philippine Rice Research Institute,
Matalom, Leyte.

Thailand Ministry of Agriculture, Samoeng
Rasearch Station, Northern Thailand.

IRRI Cavinti, Laguna, Philippines.
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munitic oor soils, the need for
food secarity.

Rice is only one component of
the complex cropping systems of
the uplunds. Farmers need tlexible
svstems that closely associate food
preduction with cash crops and
livestock. The technology muast pro-
tect natural resources: in particular,
the evele must arrest soil erosion

witter runoff,
Consortitin members are carry-

and

ing out research on drought, weeds,

blast. poor soils. and fand manage-
ment,

The Asian Rice Farming Systems
Network (ARFSN)

ARESN puarticipants evaluated tech-
nology at 39 Kkev sites in 10 coun-
tries of Asia and in Madagascar.
They tested cropping, crop-animal,

and crop-fish systems, examined the
roles of women in rice farming,
evaluated equipment for timely op-
cerations inintensive cropping,
evialuated varietal setections of for-
age crops, dnd used geographic in-
formition systems (GIS) to extripo.
late recommended domains for
promising agricultural technologies,

The International Network on Soil
Fertility and Sustainable Rice Farm-
ing (INSURF)

INSURFE continued to focus on
subnetwork activities in the irri-
gated. rainfed lowland, and upland
rice ecosystems. Participants tested
improved soil fertiliny: management
practices and evaluated their contri-
bution to sustaining rice-based crop-
ping systems, Cooperators in Bang-
adesh, India. Indonesia, Malaysia,

the Philippines, and Thailand used
Soil Taxonomic and Fertility Capa-
bility Classification to characterize a
Jarge number of testing sites. This
information will help in developing
extrapolation dontins,

The Integrated Pest Management
Network (IPMN)

[PMN focuses on interdisciplinary
rescarch that involves both national
scientists and extension specialists,
Dingnostic workshops enable na-
tional system teams to derive re-
search, extension, and policy priori-
tics. Country teams also evaluate
Farmer participatory research as a
meins of communicating 1PN con-
cepts, such as plant compensation
for damage due to pests and natural
control of rice pests.
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Country
and regional
projects

some cconomically less-developed
countries still need assistanee in im-
proving their rescarch capacity. The
special country and regional
projects coordinaed by IRRE are de-
signed 1o help national programs
nuthe the transition, from institution
development to research collabora-
tion. Fach projects rescarch plans
are coordinated with IRREs work, 1o
capture the svoergistic benefits for
both.

During 1992, external funding
supported special project work with

the national rice rescarch svstems of

Bangladesh, Bhutan, Cambodia,
Favpt, Liao PDR. Madagise i,
Myanmar, and Victhanm. B
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Training

A cruct! need inrice reseirch s
continuing enhancement of the ahil-
ity of naional agricultural research
systems to carry out their research
agendi. A number of national pro-
grams stll lack o critical mass ol ad-
equattely rained personned.

During 1992, 289 scholurs and
rescarch fellows from 31 countries
participated in degree and
postdegree training at IRRL Some
rescarch fellows are assigned 1o
work at consortia kev sites.

The Institute actively encour-
ages and assists mational svstems to
share inregional training responsi-
bilities, thus making better use of
resources and stimulating more re-
sairch collaboration. This vear, IRRI
began 1o decentralize its raining
program by transterring its Rice Pro-
duction Training Course 1o Thai-
land. Thai and IRRT trainers led 27
participants from = countries
through the course.

Some 050 national program ie-
scarchers were trained in short-term
courses at IRRI and in-country dur-
ing 1992,

Courses at IRRI headquarters

Training and technology transfer

Enginceering for rice agriculture

Integrated Pest Management

International Nenwork on Sustain-
able Rice Farming Svstems

Farming svstems rescarch

Geographic Information Systems
training on extrapolation of agri-
cultural technologies

Rice seed health testing

Irrigation water management

Rice biotechnology

Gender analvsis and its application
to rice-based farming systems
research

Research management (IRRISISNAR-
UPLIY

Collaborative courses in country

Breran: Rescarch data analysis and
ninagement;
Practical on-farm trial

CarBobry: Rescearch report writing
and making effective oral presen-
Liion;
Rice production cum training and
technology transfer:
special rice production

My Weed control in telecaster
rice

Pritieeises: Geographic information
svstenm and dat collection:
Integrated Pest Management
(PhilRice-FAO-IRRIY:
Dt management for on-furm
triads (Bureau of Agricultural
Rescarch-1RR1

INDIA: Farming systems research
workshop:
Experiential and knowledge-
sharing in environmental clarac-
terization workshop:
Experimental design and data
anatlysis

Lao PDR: Integrated pest manage-
ment workshop:
Pest monitoring

TratasD: Project nunagement
system workshop:
Rice production research

ViErNas: Logical framework ap-
proach to agricultural rescarch
pkinning @



Information and
knowledge
exchange

International conferences and work-
shops bring together scientists from
Al over the world, to discus cur-
rent problems, review the Luesi re-
sedreh results, and develop rescanrch
strateaies. TRRY \pt)n.\nl\'d 32 confer-
cnees workshops and collaborative
rescarch planning meetings during
1992 with 1073 participanis from
sone 10 countries,

The 20se International Rice Re-
search Conference at IRRE headegua-
ters 21-25 April 1992 drew 245 par-
ticipants from 30 countries. Techni-
cil papers were presented within
Kev rescarch themes: hvbrid rice,
nutrient processes and nmanage-
ment.and pest seience and manage-
ment.

The second group of Outstand-
ma Young Women in Rice Science
wits recognized: Mrs: Ai-Na Hsa of
Tatwvan, Dr. Watanakai Panbanered
of Thailand, Dr. . Shobha Rani of
India. and Mis. Young Hee Son of
Korea, Their outstinding scientific
contributions exemplify the impaor-
tant role women plav in rice re-
scarch and development.

International conferences/

workshops 1992

Application of soil water enginecr-
ing tor paddy field management,
Bangekok, Thailand

Potentiad tor nodulation and nitro-
vcen tination inrice, at [RR]

International Rice Rescarch
Conlerence, it IRRI

Satellite remote sensing for agricul-
tral projects, IRRE-Scor Conseil
workshop seminar, at IRRI

Botanical pest control, IRRI-ADR
project workshop. at IRRI

Interpretation of data from experi-
ments on upland soils, TBSRAM-
IRRI training workshop, at 1RRI

Women in rice frming svstems,
Chiang Mai, Thailand

Long-term nutrient numagement
strategies for sustainable produc-
tvity ol rice-based cropping svs-
tems, [CAR-IRRE colliboration,
New Delhis India

Research and collaborative work plan

meetings 1992

PhitRice-IRRIL ac IRRI

Deepwater rice research plinning
neeting, at IRRI

Rainted fowland rice rescarch con-
sortivm meeting, at 1RR]

PN network workshop on rice
leatfolder management, Beijing.,
China

Fronce-IRRI, at IRRI

Thailand-IRKRE Bangkok. Thailand

SARP plinning workshop, at IRRI

Korea-[RRI, at IRRI

Rice supplyand demand project
plinning workshop, at [RRI

IRRE-TCAR, Cuttack, India

SARPS planning workshop, at IRRI

IPN network review and planning
workshop. at IRRI

Upland rice-based farming svstems
resedrch planning meeting,
Chiang M, Thailand

Upland Rice Rescarch Consortium
Steering Committece meeting, at
IRRI

China-IRRI. at IRRI

Vietam-IRRE Hanoi, Vicetam

BRRIFIRRIL Jovdebpur, Bangladesh

LCRISAT-IRRIE collaborative meeting
on agroccological zones, at IRRI

ARFSN-INSURF-IPNIN joint mecting,
in \ictnam

International Rice-Wheat Collabor-
tion advanced workshops,
Faizabad. India

CINT-IRRE collaborative research
meeting, at IRRI

Sri Lanka-1RR1L ar IRRI

IRRI publications released in 1992
International rice rescearch newslet-

terovol 17onos, 10205, 15,0
(1992)

Rice titerature updite, February,
April, June, August, October, De-
cember (1992)

[RRT 1991-1992: sharing responsibili-
ties, 1992080 pages.

Program report for 1991, 1992, 322
I)}lgL'S.

Biotertilizer germplasm collections at
IRRIL. E. R Watanabe, PoAL Roger,
Jo K Ladha, and CoVan Flove,
1992, 00 pages.

Biological nitrogen fixation lor sus-
tainable agriculiure. | K. Ladha,
1. George, and B, B. Bohlool,
1092200 pages. twith Kluwer
Acidenmic Publishers)

Consumer demand for rice grain
quadity, Edited by L1 Etnnevehr,
B. Datt, and B. O Juliano, 1992,
248 pages. owith International De-
velopment Rescarch Centre,
Canada)

A farmer's primer on growing rice.
Revised edition. B.S: Vergara,
1092219 pages.

Frontiers of nutrition and tood sccu-
rity in Asia, Africa, and Latin
America, 19920171 pages. (with
the Smithsonizn Institution)

Nodulation and nitrogen fixation in
rice: potential and prospedts, Ed-
ited by G S Khush and
JoBennett 19920130 pages.

Rice in deep water, David Catling,
1992 cwith The Macmillan Press
Lich

Rice in Latn America: improvement,
management, and marketing, Edi-
tor: Federico Cuevas-Perez. 1992,
288 puages. twith CIAT)

Rice production in Utar Pradesh:
progress and suggestions for -
provenmient. Mo DL Pathak. 1992,
253 pages. (with Wiley Eastern
Limitedh m
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IRRI Today

Looking Ahead:
Rice research in a time of change

eveloping [IRRI's Medium-Term Plan for 199:4-1998 dominated
Institute activites during the latter part of 1992 and well into
1993. This second plan within IRRI'S strategic framewaork,
Toweard 2000 and beyond, was developed with full participa-
tion of the IRRI staff, both internationally and nationally re-
cruited. and of its partners worldwide. The process started

with theappointment of a Fask Foree. Its members carried out carctul logi-
cal framework planning and identified the hard choices to be made if eriti-
cal objectives were to he met within the limited funding projected.

AILIRRT staft reviewed the resulting program and the first draft of a plan
for 1994-1998 was written. Colleagues from Africa, North and South
America, Europe, and Asia: nongovernmental organizations and national ag-
ricultural rescarch systems: and basic, strategic, applicd and adaptive re-
search interests reviewed it at IRRI during November 1992, Their insights
sharpenced the tocus for turther revision. The final plan was submitted to
TAC in February 1993,

Imbedded in the plan are new approaches to research on crucial issues
in rice environments. The first identifies challenges of enormous breacdth
and critical impact. The achievements expected from these Mega Projects is
high: the speed and extent of their success depends on the resources that
can be applied. Mega Projects include:

 Raising the irrigated rice vield plateau.

e Reversing trends of declining productivity in intensively-cropped
irrigated systems.

e Improving rice - wheat cropping systems.

* Enhancing the conservation of rice genetic resources.

* Exploiting biodiversity for sustainable pest management.

The second new approach is the challenge of stretching research hori-
zons. Exploring New Frontiers requires applyving imaginative insight using
sophisticated methodologies. New Frontier projects include:

e Developing a hybrid rice that captures apomixis, to harness hybrid
vigor for resource-poor farmers who cannot afford to purchase seed for
each crop.
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o Assessing opportunitios for
nitrogen fixation in rice, to reduce
production costs and lessen de-
pendence on non-organic fertilizer
sources. thus conserving natural re-
SOUTCUS,

o Exploring the role of
allelopathy and biological control of
weeds, to reduce the need o apply
herbicides.

o Developing o perennial rice
plant. to help control erosion on
upland slopes while providing poor
trm families with part ot their basic
food supply.

IRREUS Medium-Term Plan for
19941998 affirms the Institute's
commitment to preparing for agri-
culture's futare, a tutare that con-
serves soilswater, natural resources
and biodiversity while increasing
rice production, generating rural in-
come and improving the well-heing
of rice-dependent people. in par-
ticular women and children.

External Reviews

Two CGIAR TAC external review
pancls examined IRRI and its pro-
arams during 1992: the Fourth Ex-
ternal Program and Management Re-
view and the Intercenter Review for
Rice. Both panels visited TRRI in
April 19920 members ol the External
Review Pancel returned 4-25 Septem-
ber for the main information collect-
ing phuse and o prepare their re-
port. We quote a few excerpts from
the summary of that report:

"o W have found TRRI swell
along in w radical ransformation of
its programme objectives, staffing.
organization. and management. ..

"o We have been deeply im-
pressed by the dedication and en-
ergy with which the manuagement
and staft of IRRE have been pursu-
ing the ransformation of its life and
work. .

"o This External Review finds
an IRRI that is visibly different in
both scientific and manzgement
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[CrMS — N RNV WAVS i rejuve-
nated IRRI—an IRRT that has higher
promise to lead the world of rice
rescarch into the next century”

Peer reviews of projects
AS-member international expert
pancl reviewed crop and resource
management networks 8 May
19020 Kev recommendations were to
integrate rescarch undertaken within
the networks into appropriate re-
saarch projects, develop guidelines
for establishing and discontinuimeg
trials. establish information ex-
change and Tink network activities
to research projecis,

Four international experts re-
viewed TRRES rescarch on environ-
mental characterizaion To-20 No-
vember 19920 Kev recommendations
are 1o

o Increase the svstems focus of
rescarch by integrating diagnostic
studies, model and data devclop-
ment, and experimention,

e Give priority to establishing
primary environmental data files,

o Develop a rekational geo-
graphic informanon system (GIS)
it base.

* Continue collaboration with
national and international agencies
1o stimulate more agrocecological

analysis,

Renovation of the Physical Plant

In 1990, we began rehabilitating
IRRI's aging physical plant with spe-
cial funding from Germany and Ja-
pan. Remodeling of the Laboratory:,
Training. and Conference Center
CLTCC building) has provided new
facilities for the Agronomy, Plant
Physiology and Agroccology Divi-
sion. Remodeling of N Brady
Laboratory Annex has upgraded mo-
lecular biology Taboratories. Major
renovation of the Service Building
has made more efficient work space
in the Agricultural Enginceering Divi-
sion.

We also rehabilitated the Ge-
netic Resources Center, Phyvtotron,
Information Center Gneluding major
renovation of the Libraryy and aging
clectrical power facilities, and im-

proved fire safety and security. FF,
HAlL Hall has been converted inta
new offices Tor administration,
IRRT's infrastructure and re-
search facilities are ready 1o carry
out the work of IRRI's medium-term
plan for 199:4-1998 and bevond.



Kenzo Hemmi Laboratory

The new Taboratory building was
dedicated 9 April 1992 as Kenzo
Henvind Leboratory, Tlemmi Lab
houses the offices and laboratories
ol the Soil and Water Sciences Divi-
sion and the Analvrical Services
Laborories. IRREs collection off
biofertilizer germplasim is main-
tained within the Soil and Water
Sciences Division,

Increasing efficiency, reducing costs
IRRT now has S0 pereent fewer na-

tionally recruited stft positions than
it had in 1989, W began with
spedial st separation program in
1V8Y, Vacant positions 1990-1992
were frozen, then cancelled. A see-
ond special separation program in
carlyv 1993 completed the reduction.
An internal sk foree identified
arcas where costs could be re-

Remodeling of the
Laboratory,
Training, and
Conference
Center (LTCC
building) has
provided new
facilities for the
Agronomy, Plant
Physiology and
Agroecology
Division.

IRRL. L. Sayo

duced. efficiency improved, and
operations streamlined. The recom-
mendations included improving in-
ventory control and rationalizing
cquipment purchases. @
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1992 Financial Statements

The International Rice Research Institute

(A NONSTOCK, NONPROFIT ORGANIZATION)

FINANCIAL STATEMENTS
Decemer 31, 1992 anD 1991
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Report of Independent Accountants

To the Board of Trustees of
The International Rice Research Institute
(A nonstock, nonprofit organization)

We have examined the statement of assets, liabilities and fund balances of The
International Rice Research Institute (a nonstock, nonprofit organization) as at
December 31, 1992 and 1991, and the related statements of sources and
applications of funds and of changes in financial position for the years then
ended. Our examinations were made in accordance with generally accepted
auditing standards and accordingly included such tests of the accounting
records and such other auditing procedures as we considered necessary in the
circumstances.

As explained more fully in Note 2, the [nstitute's financial statements are
prepared on the basis of accounting practices prescribed for international
agricultural research centers secking assistance from the Consultative Group
on International Agricultural Research. Such practices conform with generally
accepted accounting principles, except in the manner of accounting for
commitments as actual liabilities.

In our opinion, except for the effects on the financial statements of recognizing
commitments as actual liabilities, as described in the second paragraph, the
financial statements referred to above present fairly the assets, liabilities and
fund balances of The International Rice Research Institute as at December 31,
1992 and 1991 and its sources and applications of funds and the changes in its
financial position for the years then ended, in conformity with generally
accepted accounting principles consistently applied.

Joaquin Cunanan & Co.
Makati, Metro Manila, Philippines
February 21, 1993



STATEMENT OF ASSETS, LIABILITIES
AND FUND BA! ANCES
DecemBir 31, 1992 aND 1991

1992 1991
ASSETS
CURRENT AssETS
Cash and short-term placements (Note 3)* $36,362,464  $33,586,509
Accounts receivable - donors (Note 4) K,976,747 7,244,122
Receivables from officers and employees 237,024 296,350
Advances to projects and other receivables 1,295,478 1,230,330
[nventory of materials and supplies 1,555,852 1,784,387
Prepaid expenses 180,677 214419
Total current asscets 45,608,242 44,361,623
Prorery AND Eouintent (Note 5) 50,297,877 43,285,178
Less: Accumulated depreciation 24,516,429 22,418,032
25,781,448 20,866,216
$71,389,690 465,227,869
LIAB!LITIES AND FUND BALANCES
CURRENT LiaBiLImes
Accounts payable and accrued expenses (Note 6) $13,911,387  $16,352,355
Grants applicable to succeeding periods (Note 7) 12,262,402 13,503,696
Other lHabilities (Note 8) 1,150,470 083,534
Total current liabilities 27,324,259 30,899,585
ACCOUNTS Payasi e AND AcCruED Expenses (Note 6) 8,608,083 7,764,981
Ortier Liasinas (Note 8) 1,374,418 1,279,342
Carrran RereaceseNt Fusnp (Notes 2 and 3) 4,992,576 1,833,592
Fuxp Barances
Invested in property and equipment (Notes 2 and 5) 25,781,448 20,866,246
Core operations (Note 2) 19,906 (1,381,611
Working capital 2,718,501 2,718,501
Self-sustaining operations 311,676 196,599
Communication and publications 524,098 463,772
3,574,781 1,997,258
Cumulative translation adjustments (265,875) 586,565
29,080,354 23,450,069
$71,389,690  $65,227,869

*(See accompanying notes to financial statements)
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STATEMENT OF SOURCES AND

APPLICATIONS OF FUNDS

Decemser 31, 1992 anNp 1991

52

1992 1991
Sources oF Funps
Core operations:

Grants $28,873,247  $25,984,979

Earned income 1,304,823 1,729,086

Foreign-currency transaction adjustments 12,122 2,281

Balance - previous year (1,381,61-1) -

28,808,578 27,716,346
Capital - transfer from core operations 819,048 3,963,277
Working capital:

Balance - previous year 2,718,501 2,718,501
Complementary projects - Grants 12,890,106 8,293,172
Selt-sustaining operations:

Revenue 1,105,674 939,125

Balance - previous vear 196,599 428,764

1,302,273 1,367,894

Communication and publications:
Revenue 180,983 262,030
Balance - previous vear 163,772 416,012
64,755 678,042
Cumulative translation adjustments (852,440} (94,489)
546,330,821 SH,642,743
ArrLICATIONS OF Fuxps
Core operations 530,414,932 $30,385,921
Overhead recovery (1,626,260 (1,287,961)
Capital SI19048 3,963,277
Complementary projects 12,890,106 8,203,172
Self-sustaining operations 99(),597 1,171,295
Communication and publications 120,057 214,270
43,608,480 42,739,974
Funp Barances

Core operations 19906 (1,381,619
Working capital 2,718,501 2,718,501
Self-sustaining operations 311,676 196,599
Communication and publications 524,698 463,772
3,574,781 1,997,258
Cumulative translation adjustments (852,440 (94,489)
2,722,341 1,902,769

$46,330,821 544,642,743




STATEMENT OF CHANGES IN
FINANCIAL POSITION
DecemBer 31, 1992 anD 1991

1992 1991
Sources oF Funps
Excess of revenue over expenses (expenses over revenue)
Core operations and self-sustaining activities $725,083  ($1,660,513)
Add (deduct) items not affecting cash during the year:
Depreciation of property and equipment 2,611,935 1,833,892
Translation adjustments 852,440 94,489
Gain on disposal of property and equipment . - (13,670)
4,189,458 254,198
Disposals and write-off of property and equipment 3,602,038 4,048,975
Decrease in:
Accounts receivable-donors 1,267,375 -
Receivables from officers and employcees 59,826 -
Advances to projects and other receivables - 29,918
Inventory of materials and supplies 233,535 -
Prepaid expenses 33,742 95,703
Increase in:
Short-term accounts pavable and accrued expenses - 4,493,806
Current portion of other liabilities 466,936 273,683
Long-term pertion of other labilities 95,076 -
Grants applicable to succeeding periods - 6,957,778
Long-term accounts payable and accrued expenses 843,102 549,147
Capital replacement fund 3,158,084 1,833,892
Funds invested in property and equipment 4,915,202 -
Torar Sources or Fusms 18,864,974 18,537,100
APPLICATION OF FUNDS
Acquisitions/adjustments of property and equipment 11,129,175 4,895,642
Increase in:
Accounts receivable-donors - 3,446,229
Receivables from officers and employees - 151,241
Advances to projects and other receivables 65,142 -
Inventory of materials and supplies - 244,752
Decrease in:
Short-term accounts payable and accrued expenses 2,440,968 -
Grants applicable to succeeding periods 1,601,294 -
Long-term portion of other liabilities - 48,098
Cumulative translation adjustments 852,440 94,489
Funds invested in property and equipment 973,555
Payment of loan payable - 2,200,000
Torar ArpeLicaTioN oF Funns 16,089,019 12,054,006
INCREASE IN FunDs 2,775,955 0,483,094
CASHAND SHORT-TERM PLACEMENTS
January 1 33,586,509 27,103,415
December 31 536,362,464  $33,586,509
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NoTtes To FINANCIAL
STATEMENTS
DeceMBER 31, 1992 anp 1991
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1. General

The International Rice Research Institute (Institute) was established in 1960 to

undertake basic research on the rice plant and applied research on all phases

of rice production, management, disiribution and utilization with the objective
of attaining nutritive and economic advantage or benefit for the people of Asia
and other major rice-growing areas.

As a nonstock, nonprofit organization under Republic Act No. 2707 and an
international organization under Presidential Decree No. 1620, the Institute
was conferred the status of an international organization in the Philippines
and was granted, among other privileges and prerogatives, the following tax
exemptions:

a) exemption from the payment of gift, franchise, specific, percentage, real
property, exchange, import, export, documentary stamp, value-added and
all other taxes provided under existing laws or ordinances. This exemption
extends to goods imported and owned by the Institute to be leased or used
by its staff;

b) exemption from payment of gift tax; all gifts, contributions and donations
to the Institute are considered allowable deductions for purposes of
determining the income tax of the donor; and

c) exemption from payment of income tax of non-Filipino citizens serving on
the Institute's technical and scientific staff on salaries and stipends in
United States dollars (US$) received solely from, and by reason of, service
rendered to the Institute.

The Institute receives support from various donor agencies and entities
primarily through the Consultative Group on International Agricultural
Research (CGIAR). CGIAR is a group of donors composed of governments of
various nations and international organizations and foundations.

2. Basis of financial statements presentation and significant accounting
policies

The accompanying financial statements, expressed in US$, are prepared on the

basis of accounting practices prescribed for international agricultural research

centers seeking assistance from the CGIAR. The CGIAR - prescribed

accounting practices conform with generally accepted accounting principles,

except in the manner of accounting for commitments.

A summary of the Institute's significant accounting practices is set forth to
facilitate the understanding of data presented in the financial statements.

Foreign currency transactions - The financiai siatements of the Institute are
stated in US$. Philippine peso and other foreign ¢ 1rrency-denominated
transactions are translated to US$ for reporting purposzs at standard
bookkeeping rates which approximate the exchange raies prevailing at the
dates of the transaction. Exchange differences resuliing from the settlement of
foreign currency-denominated obligations at rates which are different from
which they were originally booked are credited/charged to operations.
Exchange differences resulting from the translation of balances of foreign
currency-denominated accounts are earried in the "Cumulative Translation
Adjustments” account.

Reveni:e - Revenue from unrestricted core grants are pledged on an annual
basis and are recognized in the accounts when there is probability of collection
in the year the grant is pledged. These are utilized to fund core programs and
the regular operating requirements of the Institute.

Restricted core grants and grants for complementary projects are
recognized as income when funds are committed or received from the donors
to the extent of expenses actually incurred. Disbursements from these sources
are limited by conditions embodied in agreements with donor organizations.



Grants are identified with specific periods and are taken up in the financial
statements without regard to the date on which these are actually received.
Excess of grants received over expenses is shown as "Grants Applicable to
Succeeding Periods,” a liability account in the Statement of Assets, Liabilities
and Fund Balances.

Expenditures and commitments - Liabilities for purchases of goods and
services are taken up in the accounts as incurred and/or as obligated without
regard to the actual timing of payment. Obligated expenditures, also called
commitments, are those which are contracted and/or committe for goods or
services to be received or performed at a future date.

As of December 31, 1992 and 1991, goods and services not yet received but
treated as expenses and accounts payable amounted to $10,939,644 and
$11,669,660, respectively.

Inventory of materials and supplies - Inventory of materials and supplies is
stated at cost using the moving average method. Materials in transit are stated
at invoice cost.

Property and equipment - Property and equipment acquired prior to 1991 are
carried at cost or estimated value. Acquisitions starting 1991 are stated at cost
and are acquired through a capital grant or grant designated by the Institute
or donor for the purposc. Depreciation is computed on the straight-line
method over the estimated useful lives of the related assets. Replacement and
renovation of assets and property are financed through funded reserves
equivalent to the accumulated depreciation charged annually to operating
expenses.

3. Cash and short-term placements
Cash and short-term placements at December 31 consist of

1992 1991
Unrestricted $5,748,723 $ 3,726,376
Restricted 30,613,741 29,860,133

$36,362,464 $33,586,509

The restricted cash balance includes $4,992,576 and $452,278 as of December
31, 1992 and 1991, respectively, which represents fund set aside for
replacements of or improvements on property and equipment.

4. Accounts receivable - donors
Accounts receivable from donors consist of unreleased balances of approved
grants at December 31 and are classified as follows:

1992 1991
Core grants
Unrestricted $3,095,390 $3,272,162
Restricted 200,000 1,276,704
Complementary project grants 2,681,357 2,695,256
$5,976,747 $7,244,122

The Secretariat of CGIAR assists the Institute in following up the release of
core grants by donors. Substantially all of the receivables from core grant
donors at balance sheet date have been obligated for expenditures.
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5. Property and equipment; leases

Property and equipment at December 31 are classified under the following

accounts:
1992 1991
Cost
Research center:
Buildings and improvements $23,957,605 $20,274,416
Site development 324,665 266,581
Research, machinery and equipment 15,415,790 12,631,451
Transportation equipment 5,129,425 4,919,074
Furniture and fixtures 1,022,533 903,104
Library items 437,369 437,369
Assets-in-transit 775,035 -
Construction in progress and other projects 3,235,455 3,853,183
50,297,877 $43,285,178
Less: Accumulated Depreciation
Research center:
Buildings and improvements 9,929,774 9,346,003
Site development 96,850 43,534
Research, machinery and equipment 9,898,943 8,896,708
Transportation equipment 3,984,606 3,623,369
Furniture and fixtures 606,256 509,318
24,516,429 22,418,932
$25,781,448 $20,866,246

The land used as site for research activities is leased for a period of 25 years
up to year 2000 from the University of the Philippines for a nominal rent and
is renewable upon mutual agreement of the parties. Pursuant to the
Memorandum of Understanding between the Government of the Republic of
the Philippines and the Institute, all the physical plant, equipment and other
assets belonging to the Institute shall become the property of the University

when the Institute’s operations are terminated.

[n support of any expansion of the agricultural research program of the
Institute and the University, the Philippine Government authorized the
University to acquire by negotiated sale or by expropriation certain private
agricultural property under Presidential Decree No. 457.

The Institute also leases land and other property from third parties for
project experimental sites for periods ranging from one to five years.

6. Accounts payable and accrued expenses

The short-term and long-term accounts payable and accrued expenses consist
of outstanding commitments and accrued liabilities at December 31 as follows:

1992 1991
Outstanding commitments for $14,835,090 $18,463,165
core and capital operations
Outstanding commitments for 2,975,350 1,061,768
complementary projects
Accrued expenses 4,709,030 _i502,4()3
22,519,470 24,117,336
Less: Short-term liabilities 13,911,387 16,352,355
Long-term liabilities $8,608,083 $7,764,981




Accruals of unused sick and vacation leaves represent about 81% and 73%
of the accrued expenses in 1992 and 1991, respectively.

7. Grants applicable to succeeding periods
Grants applicable to succeeding periods at December 31 consist of grants
received in advance for the following;:

1992 1991
Unrestricted core $ 2,000,000 $ -
Restricted projects 3,016,569 3,037,475
Complementary projects 7,245,833 10,826,221

$12,262,402 $13,863,696

8. Other liabilities

The current and long-term other liabilities substantially represent reserves for
estimated expenditures to be incurred for trainees participatirg in various
programs. The estimated expenditures cover postdoctoral scholars, research
fellows and trainees' stipends, board and lodging, other direct expenses and
reimbursable overhead costs to be incurred by the Institute. Funding for these
reserves is derived from charges against grants for trainees, including special
projects.

9. Staff benefit plan
The Institute maintains a noncontributory provident fund for the benefit of its
Nationally Recruited Staff. Monthly contribution to the fund is computed at
10.5% of the employees' basic salary. The plan provides for lump-sum
payment in Philippine peso to qualified employees/members, upon their
separation from the Institute, under certain conditions.

Contributions to the fund amounted to $555,730 in 1992 (1991 - $546,437).

10. Reclassification of accounts
Certain accounts in the 1991 financial statements were reclassified to conform
with the 1992 financial statements presentation.
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SCHEDULE OF SOURCES

AND APPLICATIONS OF

CORE OPERATIONS, CAPITAL,
WORKING CAPITAL AND
COMPLEMENTARY PROJECTS FUNDS
DECEMBER 31, 1992 AND 1991
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1992

1991

SOURCES OF FUNDS
Core grants and earned income:
Unrestricted:

Government of Japan

United States Agency for International
Development

International Bank for Reconstruction
and Development

European Economic Community

Overseas Development Administration -
United Kingdom

Canadian International Development Agency

Swedish Agency for Research Cooperation

BMZ, Germany

Danish International Development Agency

Government of Australia

Government of Korea

Government of Finland

Government of Belgium

The Ford Foundation

Government of the Philippines

Government of Norway

Government of India

People’s Republic of China

Government of Italy

Government of Spain

Earned income

Stabilization mechanism fund - inflation/
foreign exchange adjustments

Foreign-currency transaction adjustments

Restricted:

United Nations Development Programme
The Rockefeller Foundation

Government of Netherlands

Government of France

Government of [taly

Government of Korea

The Ford Foundation

The Swiss Development Cooperation
Balance of grants - previous year

Transfer to complementary projects
Grants applicable to succeeding periods

Fund balance - previous year

Transfer to capital fund
Transfer from current operations

$ 6,727,545

$ 6,357,391

5,400,000 5,400,000
2,500,000 2,887,000
2,289,121 2,313,265
1,553,760 1,555,016
1,383,648 1,576,942
856,516 805,143
837,037 710,430
784,025 573,466
645,915 665,890
200,000 200,000
193,367 555,546
150,000 150,376
150,000 150,000
123,000 121,960
121,560 103,339
100,000 100,000
80,000 50,000
68,900 80,199
30,000 30,000
1,304,823 1,729,086
- 630,000

12,122 2,281
25,511,339 26,747,330
1,562,750 1,910,634
451,134 280,554
269,476 163,124
239,102 255,931
200,000 200,000
30,000 30,000

- 62,000

305,606 22417
1,308,966 2,224,196
4,367,034 5,148,856
- (400,000)
(1,415,776)  (1,308,966)
2,951,258 3,439,890
(1,381,614) -
27,080,983 30,187,220
(598,491)  (3,860,969)
1,381,614 -




1992 1991
Restricted (essential) projects:
Government of Japan 556,712 924,491
Asian Development Bank 421,744 258,059
Government of Belgium 74,509 166,242
The Ford Foundation - 200,000
The Rockefeller Foundation - 59,929
Government of Australia - 41,861
United States Agency for International
Development - 26,737
1,052,965 1,677,319
Balance of grants - previous year 1,728,509 556,502
2,781,474 2,233,821
Grants applicable to succeeding periods (1,600,793)  (1,728,509)
Transfer from (to) complementary projects (15,652) 810,440
Transfer to capital fund (220,557) (102,308)
944,472 1,213,444
28,808,578 27,539,695
Capital fui.d - transfer from core operations 598,491 3,860,969
- transfer from essential projects 220,557 102,308
819,048 3963,277
Working capital fund balance - previous year 2,718,501 2,718,501
Complementary grants:
United States Agency for International

Development 2,230,433 2,615,443
Government of Australia 1,472,052 904,529
United States Environmental Protection Agency 1,052,259 933,642
BMZ/GTZ 947,157 6,793,015
The Rockefeller Foundation 916,581 402,023
The Swiss Development Cooperation 832,232 582,690
International Development Research Centre 557,326 613,422
Government of Netherlands 349,501 369,950
Overseas Development Administration -

United Kingdom 295,687 152,723
Government of Sweden 204,446 -
Islamic Republic of Iran 128,000 -
United Nations Development Programme 66,540 -
Government of Korea 55,058 117,839
Asian Development Bank 52,875 1,500,840
Government of Japan 38,200 78,400
Government of Denmark 35,010 58,200
Government of Belgium 34,274 120,315
The Ford Foundation 12,492 163,000
Food and Agriculture Organization 5,286 59,399
Canadian International Development Agency - 173,882
Government of the Philippines - 32,356
Others 17,657 32,490

9,303,066 15,704,158
Balance of grants - previous year 10,826,221 4,125,220
20,129,287 19,829,378
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1992 1991

Transfer from restricted core operations - 400,000
Transfer to (from) essential projects 15,652 (810,440)
Grants applicable to succeeding periods (7,245,833) (10,826,221)
Funds returned to donor (9,000) (122,894)

12,890,106 8,469,823

$45,236,233  $42,691,296

ATPPLICATIONS OF FUNDS

Core operations
Programs $18,871,585  $20,802,369
General administration and operation 8,940,762 7,749,660
Depreciation expense 2,602,585 1,833,892
Overhead recovery (1,626,260)  (1,287,961)
_2878R,672 29097960
Capital 819,048 3,963,277
Complementary projects 12,890,106 8,293,172

42,497,826 41,354,409

EXCESS OF SOURCES OVER APPLICATIONS
(APPLICATIONS OVER SOURCES) OF FUNDS
Core operations 19,906 (1,381,614)
Working capital 2,718,501 2,718,501

$2,738,407  $1,336,887




[RRI trustees 1992

DR WALTER P. FALCON
JOSS- 1993

CHNRMAN OF 11 Boagb
Director

Institute for tnternationed Stidios
SManford Diiversity

Saanford. Califorinia 91305-00353
I

DR JOSE VD ABUEVA

Fx-offici

Dresident

Duiversity of the Philippines
Diliman. Quezon City, Metro Manila
Philippines

DR DIETER F. R BOMMER
JOSS-190 3

D- 3405 Rosdorf

O Obernfesa

Sticlring

Germany

DR, PRISCHLA WANJIRU KARIUKI
10922190

Professor of Psycholog):

I niversity of Nairohi

£2.0). Box 309~

Nairvohi

Aemya

DR, KLAUS LAMPE

Ix-ufficio

Director General

hternational Rice Research Institute (IRRD
PO Box 933

Metntlea 1099

Phiippines

DR.IBRAHIM MANWAN
1900-1995

Director

Contral Research Institite for Food Crops
(CRIFC

dalan Merdacla 14~

Bogor 10111
Icdonesia

DR JAMES R, MOWTLLIAM
1000)- 1905

129 Mugea Way

Red Hill ACT 2003

Australia

Dr. RAJENDRA S, PARODA

1900- 1993

Regional Plant Production and Protection
Officer

Regional Office for Asia and the Pacific
(RAPA)

Food and Agricultiure Organization of the
[ nited Nations (F10)1

Malitean Mansion, Phra Atit Roaed
Bewgghol 10200

Thaitand

HON. ROBERTO S. SEBASTIAN
Fx-afficio

Secretary

Department of Agricultire

Dilivian. Quezon City 3008, Metro Manila
Philippines

DR HOWARD A, STEPPLER
TOSS-1995

FEmeritus Professor

Department of Plant Science

Facully of Agricelral and Environmental

Sciences

Macdonald Campus of MeGill University
20101 Labeshore Road
Ste-Aune-de-Bellerue. Quebe 119X 10O
Cenniada

DR, SHINYA TSURU
1902-1904

H-13, T-Fubazana
Sctdgeaya-ku

'/'(l/\jl'rﬁ 138

Japai

DR PETCHARAT WANNAPEE
[O80- 1992

Depaty Director General

Department of Agricultiral Extension
Ministry of Agriculture and Cooperatives
2nd Floor: 2103 1 Phabolyotin R
Kbet Bansienen: Bangkole 10900
Thaili:d

DR, VO-TONG NUAN

10001995

Vice Rector and Center Divector

Mekong Deltee Farming Systems Research
and Decelopmient Center

Lniversity of Cantho

Cantho, Haugiang

Vietnam

DR, MUHANMNAD YUNUS
[U89-19Y4

Managing Director

Grameen Bank

Mirpur Tieo

Dbtker 12106

Bangladesh
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KLAUS LAMPE, Ph D, director general

FERNANDO A. BERNARDO, Ph D, deputy
director general for international
Jrograams

KENNETH S, FISCHER. Ph D, deputy
director general for research

MICHAEL F. Lo GOON MBA, deputy director
general for finance and administration

ADMININTRATIVE PERSONNEL

ERNEST W, NUNN, Ph D, director, opera-
tions

EDWARD N SAYEGH, BBA, director,
Jinance

BENITO S, VERGARA, Ph D, director,
administration. and part-time liaison
scientist for China

RKWANCHAL A GONMEZ, Ph D, statistician
and bead. biometrics, and bead., liaison,
courdination and planning

PEDRO G, BANZON, LLB. manager.
sechrity and safety

REBECCA CPASCUAL MS. manager, food
and housing services

ORLANDO G.SANTOS, NIPS, sendor farm
andd grovnds superintendent

IAMES ] MULLANEN . NIBA, consultant
addviser

DIOSCORO L UNIALL Ph D, consultant®

STALE POSEED TO NATIONAL AGRICELTERAL
RESEARCTESYSTEVS
Bangladesh

JERRY L MCINTOSEHL Pho D veseareh
sestenns spectalist and IRREyepresentative
NOEL PONMANGOR. N Aar, consultant

Cambodia

TIARRY [NESBITT, Ph DL aeronomist ciid
team leader

RAM CHET CHAUDHARY . Ph D, pleant
hreeder

PETER FRANCIS WHITE, Pl D, sodl scientist!

Egypt

RICHARD L. TINSLEY. Ph D, agronomist
aned teant leader

DERK PHLLERISLANBERS, Ph D, plant
hreeder
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international staff 19

ADUSUMILLI NARAYANA RAO, Ph D,
dagronomist (weed scientist)

India
BRIINANDAN GHILDYAL, Ph D, liciison
scientist

Indonesia/Malaysia/Brunei

CEZAR P.MANARIL, Ph D, agronomist aned
licison scientist

GENARO O. SAN VALENTIN, Ph D,
agronomist’

; Japan

TADASHI MORINARA, Ph D, licison
scientist

MASAMI HIMEDA, D Agr, part-time liaison
screntist?

Lao PDR

JOHN M. SCHILLER, Ph D, agronontist and
team leader

SUNTT PUSHPAVESA, NS, plant hreeder

WALTER RODER. Ph D, agrononiist

Madagascar

VETHAIVA BALASUBRAMANIAN, Ph D, soil
scientist aned team leader

SUSAN WL ALNY. Pho D). agroeconontist

MARTHA M GAUDREAUL Ph DL cropping
SESTCINS d@rononist

TONMAS MASANJO, Ph D, plant breeder

Myanmar
ROSENDO K. PALIS, Ph D, farniing systems
dgronomist and IRRE representative

Thailand

DONALD WL PUCKRIDGE, Ph D, agrono-
mist aned IRRE vepresentative, and
progran leader. deepreater and tidal
wetlands rice ceosystent research

Africa
KRISHNA ALLURL Ph D, fiaison scicntist
and INGER regional coordinetor

Latin America
FEDERICO E. CUEVAS-PEREZ, Ph D, fiaison
scientist and INGER regional coordinator

STAFF AT HEADQUARTIERS

Agricultural engineering division

GRAEME R, QUICK, Ph D, agricultural
engineer and bead

TERENCE WOODHEAD, Ph D, physicist and
licison scientist rice-wheat coordinator

JEFFREY ] HASTINGS, BS, profect leader

WESLEY BUCHELE. Ph D, visiting scientisi?

MARK BORU DOUTHWAITE, NS, consuldt-
ant'

KENNETH R. JAMES, NS, constltant®

YUSINGHL Pho D, consultant!

Agronomy, plant physiology and
agroecology division

KENNETH G. CASSMAN, Ph D, agronomist
and bead

SURAJIT K. DE DATTA, Ph D, agronommist
anidd progran leader, rainfed lowland
rice ccosystent research’

DENNIS P GARRITY . Ph D, agronontist

KEITH T, EXGRAN, Ph D, agronontist

MARTIN J. KROPEEF, Ph D, agronomist crop
maodeler

KECTTT MOODY, Ph D, agrononist

TINOTHY L SETTER. Ph D, plant physiolo-

Qist

MINORU YAMAUCHL Ph D, plant physiolo-
List

VIRENDRA PAL SINGEHL Ph D, associate
agronomist

ROBIN B NATTHEWS, Ph D, risiting
scientist

SHAOBING PENG, Ph D, eisiting scientist

UPENDRA SINGEE Ph DL eisiting scientist!

DANIEL €. OLK. Pl D). associate visiting
scientist!

CHARLES ASHURST, BS. consultant’

LISA BEAN. BS. consultant®

ABDULLAHT O, EGELL I'h D, constltant®

HANK GREENWAY. Ph D, consultant

JAMES W JONES, Ph D consnltant’

PIERCE L. JONES, Ph D, consultent®
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H. H. VAN LAAR, BS, consiltant
CURTIS WELDON, BS, cousiltant®
MARCO WOPEREIS, MS, consultant

Entomology division

DALE G. BOTTRELL, Ph D, entomolugist
and head

KONG LUEN HEONG, Ph D, entomologist

JAMES AL LITSINGER, Ph D, enmtomologist

LUIS REY L VELASCO. Ph D, visiting
scientist!

KENNETH SCHOENLY, Ph D, associate
visiting scientist’

ROBERT BOS, Ph D, consultant

MICHAEL 1 WAY. Ph D, consultant’

Plant breeding, genetics and

biochemistry division

GURDEN SO KHUSH, Ph Uy, poincipal plent
eeder and head

JOHN BENNETT, Ph D, setior molecttlar
hiologist!

NING HUANGL Ph DL plant molectlar
coneticist!

RYOICHIIKEDA, Phe D, pleant breeder

BIENVENIDO O. JULIANO, Ph D, chenist!

SURAPONG SARKARUNG, Ph D, plant
breeder

DHARMAWANSA SENADHIRA, Ph D, plenint
hreeder

SANT S, VIRMANL Ph DL plant brecder

FRANCISCO TAVIER ZAPATA, Ph D, tissue
cultinre specialist

DARSHAN S.BRAR, Ph D, associate plat
bieeder

SUSAN K MCCOUCH, Ph D, assuciate
Leneticist

MICHEL NCARRAUDEAU L MS, pisiting
scientist aonid prograne leader, upland rice
coosystent resedreh

MOO SANG LINL Ph D, visiting sciortist

GERARD SECOND, Ph D, risiting scientist

NCPANDA, Ph D, consulianr

CHUANYIN WU PO D, consultant’

Plant pathology division

TWNG WAH MEW, Ph D, plant pathaologist
anel head

FHHROKE KROGANAZAWA, Ph D, plenint
/){Il/)u/ug/,x‘l

PAUL SCTENG. Ph D, plennt pathologist and
program leader. cross-ccosystems reseearch

ROBERT S, ZEIGLER, Phv D pleint peatholo-
List aiidd progran leader, rainfed fowdand
rice Ceosysient rese areht

REBECCA NELSON. Ph D associcate plent
pathologist

EVANGELYN G ALOCIJA, Pl D, pisiting
scientist:

CHRISTOPHER C. MUNDT, Ph D, visiting
scientist!

JEAN-CLAUDE PROT, Ph D, risiting scientist

SERGE SAVARY, Ph D, visiting scientist

ALAN K. WATSON, Ph D, risiting scientist

Social sciences division

MAHABUB HOSSAIN. Ph D, agricultural
cconomist and bead!

CRISTINA C. DAVID, Pho D, agricultural
cconontist and acting head?

JAMES SAMUEL FUNSARA, Ph D, social
sclentist

PRABHU L. PINGALL Ph D, agricultural
cconomist and program leader, irvigated
rice ccosystent researeh

ELEANOR 1. HUKE, BFA, visiting scientist’

ROBERT E. HUKE. Ph D, wusiting scientist

SARM 1. TISCH, Ph b, visiting scientist!

MUBARIK ALL Ph D, associate visiting
scientist

ELEAZER D HUNT, Ph D, associcte visiting
scientist?

Soil and water sciences division

HEINZ-ULRICH NEUE. Ph D, soil chemist
aned head

SADIQUL L BHUIYAN, Ph D, agricultural
engineer

GUY JOSEPH DUNN KIRK, Ph D, soif
chentist’

JAGDISH K. LADHA, Ph D, soil
microbiologist

TO PHUC TUONG. Ph D, water manage-
ment engineer

MICHAEL J. HEDLEY. Ph D, visiting
scieutist®

KEVIN BRONSON, Ph D, associate visiting
scientist!

Genetic resources center

MICHAEL T, JACKSON, Ph D, heaed

SANG-WON AHN, Ph D, plant patbologist
(INGER)

VOSESHU DURVASULA, Ph D, plant hreeder
and global covrdinator, hiernational
Network for Genetic Evaluation of Rice
(INGER)

DUNCAN A VAUGHAN, Ph D, associate
geneticist

ROBERT EVENSON. Ph D, consultant®

DOUGLAS GOLLIN, Ph D, consuftant®

Information center

THEODORE HUTCHCROFT, Ph D, visiting
scieutist anied acting head'

CAROLYN DEDOLPH, NS, scicuce editor
e writer

!

M. LARUE POLLARD, Ph D, editor

MARINUS CORNELIS VAN DEN BERG, BS,
head, computer services

LINA M, VERGARA, MS, fibrarian?

GEORGE T. BRANDSBERG, MS, visiting
scientist®

LESLIE ROSE, MS, visiting scientist

DEEANNA ADKINS, cditorial associate?

CRISPIN C. MASLOG, Ph D, constltenns®

WALTER ROCKWOOD, MS. consultant’

WILLIAM L SMITH, BS, consultant!

International programs managernent
office

GLENN L. DENNING. Ph D, scicutist-
fsiernational collaboration and head

ROMEO C. BRUCE, Ph D, consultant

BIBIANO M. RAMOS, MS, consultar?

Network coordination

ERNESTO L. ARAGON, Ph D, associate
dgronomist and coordinator, lierna-
tional Nettwork on Soil Fertility and
Sustainable Rice Farming (INSURE)

VIRGILIO R, CARANGAL, Ph D, agronomist
and coodinator, Asian Rice Farming
Sustens Netrork CARISN)

HARDJOSUBROTO SUBAGJO, Ph D,
consultant®

Training center

ELLIS L. MATHENY, IR.. Ph D, Dbead

ROBERT T. RAAB, Ph D, training and
conrsetrare specialist

Noined during the year

“Left during the year

Yoined and left during the year

'On study leave

“Died during the year

“I'ransferred from Agronomy, plant physiol-
ogy and agroccology division

“Promoted
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Consultative Group on
International Agricultural
Research (CGIAR)

The CGIAR is a worldwide network of
research centers supported by an
international donor group. IRRI is part
of this global system. Through research
and education, the CGIAR helps make
farming in developing countries more
productive—the first stepping stone out
of poverty. For farmers and the rural
poor, increased agricultural production
leads to better nutrition, higher in-
comes and improved standards of
living. Increased and more stable
production of food staples also leads to
lower prices, which allow poor people in
the cities to satisfy more of their food
needs.

Some 2,000 scientists repre-
senting 60 different nationalities
conduct research at CGIAR centers and
in collaboration with national program
scientists in some 40 developing
countries.
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CIMMYT i
Mexico

CIAT—Centro Internacional de Agricultura
Tropical, with headquarters in Colombia. Focus on
germplasm development in beans, cassava,
tropical forages and rice for Latin America, and on
resource management in hunmid ecosystems in
tropical America thillsides, forest margins and
savannas).

CIFOR—Center for International Forestry
Research. with headquarters in Indonesia. Focus
on conserving and improving the productivity of
tropical forest ecosystems.

CIMMYT—Centro Internacional de Majoranmiento
de Maiz y Trigo, with headquarters in Mexico.
Focus on increasing the productivity of resources
committed to maize. wheat and triticale in
developing countries.

CIP—Centro Internacional de la Papa. with
headquarters in Peru. Focus on potato and sweet
potato improven.2ni, and on naturai resource
conservation In the Andean region.

IFPRI
Washington, D.C.

® CiaT
Colombia

@ CPP
Peru

IBPGR—Intemational Board for Plant Genetic
Resources, with headquarters in Italy. Focus on
conserving gene pools of current and potential
crops and forages.

ICARDA—International Center for Agricultural
Research in the Dry Areas, with headquarters in
Syria. Focus on increasing the productivity of
farming systems involving wheat, barley,
chickpea, lentils, pasture legumes and small
ruminants in North Africa and West Asia.

ICLARM—-International Center for Living Aquatic
Resources Management, with headquarters in the
Philippines. Focus on improving production and
management of aquatic resources in developing
countries.

ICRAF-—International Council for Research in
Agrofarestry, with headquarters in Kenya. Focus
on nutigating tropicai deforestation, tand
depletion and rural poverty through improved
agroforestry systems.

Cote



ISNAR
@ The Netherlands

INIBAP
@ France
®
IBPGR
Rome
®
ICARDA
Syria
ILCA®
@ ITA Ethiopia
L Nigeria

oire °
@ ILRAD & ICRAF
Kenya

ICRISAT—International Crops Research Institute
for the Semi-Arid Tropics. with headquarters in
India. Focus on contributing to more sustainable
agricultural production svetems through improved
productivity of surghum, milet. chickpea,
pigeonpea and groundnut.

IFPRI—International Food Policy Rescarch
Institute, with headauarters in the United States.
Focus on dentfying and analy2ing policies for
meetng, the food needs of developing countries.
in particular the poorer countries.

lIMI---International Irngation Management
Institute. with headquarters in Sn Lanka. Focus
on strengthening the development, dissemination
and adoption of lasting :improvements in the
performance of rmgated agnculture in developing
countries.

NTA—International Institute of Tropical Agncul-
ture. with headquarters n Nigeria. Focus on

ICRISAT
india
®
[ J
[ ]
IMMI
Sri Lanka
®
CIFOR
Indonesia

contributing to sustamnable and increasing food
production in the humid and subhumid tropics, in
particular in maize, cassava, cowpea, plantain,
soybean and yam, anc in partnership with African
national agricuftural reearch systems,

ILCA—Internaticnal Livestock Center for Africa,
with headquarters in Ethiopia. Focus on improving
ltvestock production and the contribution of
livestock to sustainable agricultural productions
sysiems.

ILRAD—International Laboratory for Research on
Animal Diseases. with headquarters in Kenya.
Focus on controlling major a~imal diseases
(trypanosonuasis and tic'-borne diseases) that
seriously limit livestock industries i Africa and
many other parts of the world.

INIBAP—International Networls for the Improve-
ment of Banana and Piantain, with headquarters
in France. Focus on increasing the productivity

IRRI & ICLARM

Philippines

and stability of banana and plantain grown on
small farms in developing countries.

IRRI—Internauonal Rice Research Institute, with
headquarters in the Philippines. Focus on
generating and disseminating rice-related
knowledge and technology of long-term environ-
mental, social and economic benefit.

ISNAR—International Service for Natioral
Agricultural Research, with headquarters in the
Nethertands. Focus on institutional development
and strengthening of national agricultural
research systems.

WARDA—West Africa Rice Development
Association, with headquarters in Cote d'lvoire.
Focus on improving rice varieties and production
methods among smallholder farm families in the
upland/inland-swamp continuum, the Sahel and
mangrove swamp environments.
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