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To improve the well-being of present and future
generations of rice farmers and consumers,
particularly those with low incomes.
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To generate and disseminate rice-related knowledge
and technology of short- and long-term environmental,
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To increase rice production efficiency and
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interdisciplinary research and to ensure the relevance
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tional and national research efforts through close
collaboration with national programs.
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Rice Research in
Crucial Environments

E
ach year, global population
swells by more than 80
million people. Each year,
millions of hectares of
prime cropland are shifted.
out of agricultural produc-

tion. Each year, more and more peo-
pie must be fed by the food produced
on less and less land, and with what is
often forgotten, less water and less
labor.

The inherent challenge to agricul-
tural research is to help farmers—in
particular farmers in crucial environ-
ments of the economically less-devel-
oped countries of the world—con-
tinue to increase and sustain their pro-
ductivity. But lands that are intensively
cropped—pushed to produce two,
three, or even more crops a year—are
showing signs of stress. Marginal
lands, 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—l0 percent of the total irri-
gated area planted to rice in the
world—are showing signs of fatigue.
Up to 40 percent more nitrogen ferti-
lizer is needed to produce the same
amount of rice as 10 years ago. Re-
search into the causes and into oppor-
tunities for alleviating the problem is
underway.

• For the vast majority of the rice
economies of the world, particularly in
South. and Southeast Asia where popu-
lation growth is high, breaking the
yield barrier is critical. But the modern
high-yielding rice plant designed 30
years ago is resisting current efforts to
raise its yield ceiling. Attention is on
developing a new plant type designed
to produce much higher yields.

• Risk of flood and drought, poor
soils, diseases and insect pests, weed
infestations are discouraging farmers
in the less favorable rainfed lowlands
from investing in the modern, high-
yielding rice technology and inputs
that would increase their production.
improved. germplasrn and integrated
pest and nutrient management tech-
nology are being developed to 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 to 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-
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lem soils, and pests. Identifying alter-
natives and reducing risk in the flood.-
prone areas are critical to improving
their well-being and productivity

This annual report for IRRI 1992-
1993 highlights some of our current
accomplishments in research and in-
ternational services. The achievements
reported here are but a few examples
of the Institute’s progress toward
achieving its goal:

To improve the welt-being of
present and future generations of rice
farmers and consumers, particularly
those with low incomes.

This goal, although stated in
somewhat different words, has re-
mained essentially the same since
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IRRI’s founding in 1960. Given the
continuing economic, 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;
governments and nongovernmental
organizations; national and interna-
tional research efforts. IRRI’s role is in
improving the genetic resource base
and the management of natural re-
sources related to the cultivation of
rice.

These concerns were at the center
of intense discussion among all IRRI
staff during the last half of 1992 and
into 1993, as we developed the Insti-
tute’s medium-term plan for 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. It
takes into account the continuing con-
straints of reduced funding and the
second staff reduction in three years,
and sets priorities for IRRI’s role in
conducting rice research in crucial en-
vironments.

We are confident that IRRI is ca-
pable 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-
ternal 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 food crop, rice.

Klaus Lampe
Director General
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Population Growth
and Rice Production

T
he race to avoid a population
growth/rice production collision has
yet to be won. So far, the race has
been an even heat. Although
populations of countries where rice
is a staple food of countries where rice

an average 70 percent over the last 25 years,
the higher yields 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 percent, and
per capita rice consumption increased by an
average 25 percent.
       But populations in the major rice-consum-
ing countries continue to swell, while growth

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 parts of Asia will outstrip produc-
tion within just a few years. 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
behind 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 70
percent higher in 2025 than it is today. Yields
must more than double just to maintain current

M i l l i o n s  o f  A s i a n sM i l l i o n s  o f  A s i a n sM i l l i o n s  o f  A s i a n sM i l l i o n s  o f  A s i a n sM i l l i o n s  o f  A s i a n s
a n d  A f r i c a n s  s t i l la n d  A f r i c a n s  s t i l la n d  A f r i c a n s  s t i l la n d  A f r i c a n s  s t i l la n d  A f r i c a n s  s t i l l
l a c k  t h e i r  s e c o n d ,l a c k  t h e i r  s e c o n d ,l a c k  t h e i r  s e c o n d ,l a c k  t h e i r  s e c o n d ,l a c k  t h e i r  s e c o n d ,
o r  eo r  eo r  eo r  eo r  evvvvv e n  t h e i r  fe n  t h e i r  fe n  t h e i r  fe n  t h e i r  fe n  t h e i r  f i ri ri ri ri r s t ,s t ,s t ,s t ,s t ,
d a i l y  r i c e  m e a l .d a i l y  r i c e  m e a l .d a i l y  r i c e  m e a l .d a i l y  r i c e  m e a l .d a i l y  r i c e  m e a l .
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per capita consumption, and must
increase even more to make progress
toward overcoming malnutrition and
poverty in Africa and South Asia.

AAAAAchiechiechiechiechieving fving fving fving fving food securityood securityood securityood securityood 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
increasing productivity to conserving
natural resources. Donor agencies are
allocating more of their limited re-
search funds to projects that aim at
conserving the natural resource base
and less to those aimed at increasing
food production.

What is needed is both, in a
mutually-supporting framework.

Policymakers in the economically
less-developed countries also are
shifting emphasis. Many countries are
withdrawing subsidies from agricul-
tural 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
systems and drainage facilities that
fueled the diffusion of modern rices in
the 1960s and 1970s has lessened
dramatically.

An important factor behind this
complacency toward rice production is
declining real prices on the interna-
tional market. But world trade involves
an insignificant 4 percent of world
production, and international price
trends do not reflect the shaky balance
of global supply-and-demand.

For example, China and India
consume 55 percent of global rice
supplies. If a series of natural disasters
forced either of them to import just a
small fraction of national demand,
world rice prices would increase
substantially. If Japan and. South Korea
open their domestic markets in re-



7

ManManManManMany countriesy countriesy countriesy countriesy countries
are withdraare withdraare withdraare withdraare withdrawingwingwingwingwing
subsidies frsubsidies frsubsidies frsubsidies frsubsidies fromomomomom
agricultural inagricultural inagricultural inagricultural inagricultural inputs,puts,puts,puts,puts,
reducing inreducing inreducing inreducing inreducing invvvvvest-est-est-est-est-
ments in wments in wments in wments in wments in watatatatatererererer
resourresourresourresourresource dece dece dece dece devvvvvelop-elop-elop-elop-elop-
ment and inment and inment and inment and inment and in
agriculturalagriculturalagriculturalagriculturalagricultural
researresearresearresearresearch andch andch andch andch and
eeeeextxtxtxtxtension, andension, andension, andension, andension, and
adopting policiesadopting policiesadopting policiesadopting policiesadopting policies
that prthat prthat prthat prthat promoomoomoomoomottttteeeee
crcrcrcrcropping divopping divopping divopping divopping divererererersifsifsifsifsifi-i-i-i-i-
cation at thecation at thecation at thecation at thecation at the
eeeeexpense of fxpense of fxpense of fxpense of fxpense of foodoodoodoodood
grain prgrain prgrain prgrain prgrain production.oduction.oduction.oduction.oduction.

sponse to international pressure for
liberalization of trade in agricultural
commodities, world rice prices can be
expected to rise.
       On the other hand, if Myanmar
and Cambodia decided to exploit their
excess production capacity and push
for exports, world rice prices would
fall below today’s level, regardless of
supply-and-demand. in other major
rice-growing countries.
      The continuing decline in interna-
tional rice prices is primarily the result
of increasing competition for a stag-
nant import market. Only four export-
ing countries—Thailand, the USA,
Vietnam, and Pakistan—compete for
two-third.s of the thin world market.
The major rice importers are Sub-
Saharan Africa, thee EEC countries,
Iran, Iraq, and Saudi Arabia. In Asia,
only Malaysia and Sri Lanka are major
importers.

      In general, an important political
objective in the major rice.-consuming
countries is to achieve self-sufficiency
in production and. maintain domestic
price stability through procuremen.t
and adjustment of stocks. In the
poorer rice-dependent countries,
achieving self-sufficiency is dictated
by the limited availability of foreign
exchange to finance major interna-
tional purchases and by the experi-
ence of unfavorable” international
deals when price are high in years of
supply deficits and low in years of
surpluses
      Even countries with high income
and the capacity to import relatively
low-cost rice from abroad have tried
to maintain self-sufficiency by encour-
aging high cost domestic production
through support to rice farmers.
Policymakers in the major exporting
countries face political pressures to
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support domestic prices. Adjusting
supplies in response to changing
demand is seen as an issue that needs
to be resolved mostly by production
within national boundaries. Very few
countries want to depend on ex-
change across borders.

Signs of declining prSigns of declining prSigns of declining prSigns of declining prSigns of declining productivityoductivityoductivityoductivityoductivity

Growth in rice production over the
last 30 years has been primarily
achieved through growth in yield. But
recent developments suggest that yield
gains are flattening. Reversing that
trend will not be easy.

The equation is complicated by a
reduction in rice area. As the econo-
mies of rice-producing countries
expand, prime riceland. is being lost to
industrialization and urbanization.
During the 1980s, the harvested area
of rice declined in China, Japan,
Myanmar, and the Philippines.

If environmental concerns induce
policies to remove marginal lands
from rice production and to move
from intensive rice-rice cropping
systems to rice-nonrice systems, rice
area will decline even faster. This will
intensify the pressure to increase
yields to meet the anticipated increase
in demand.

Irrigated rice accounts for almost
75 percent of total supplies. Most
farmers already plant high-yielding
modern varieties and. their best yields
are approaching the yield potential
scientists are able to obtain with
today’s knowledge. Yields in Japan
and South Korea have fluctuated.
around 6 to 6.5 tons per hectare and
in Egypt, around V tons, for the last
three decades. Yields in China; Java,
Indonesia, and the Punjab and Tamil.
Naclu, India, will soon reach that level.
Even those yields are at risk as
salinization and degradation of irriga-
tion systems reduce both the area
under irrigation and the quality of
irrigated land.

In the humid. and subhumid
tropics, the gap between farmers
yields and experimental yield potential
is still large because of such natural
forces as floods, droughts, temporary
submergence from heavy rainfall, and
salinity. Scientists have lad. limited
success so far in dev eloping varieties
tolerant of such abiotic stresses.

Most of the increase in rice yields
in the favorable environments of the
last 25 years was achieved through
planting genetically improved varieties
designed to be responsive t9 inputs
and supplying those inputs with
intensive application of agrochemicals.

Variation in average yields among
countries is highly correlated. with
differences in use of chemical fertiliz-
ers. In countries where fertilizer use is
still low, yields, and production, could
be increased by applying more
fertilizer, if the risks of such an
investment could be reduced. Con-
cerns for environmental, protection,
however, may discourage increased
use of agrochemicals in general.

What is needed is a next-genera-
tion plant type and next-generation
cropping technology that relies less on
inputs from off-the-farm and more on
knowledge-based management to
maintain the natural resource base
while raising yields. New technology
is needed across rice ecosystems, in
the risky environments as well as in
the favorable environments.

Another factor which could slow
growth in productivity is the increas-
ing demand for rice with better eating
quality. In China, for example, rising
incomes and reduced consumer
subsidies for rice are contributing to
increasing demand for high quality
rice. This rice commands premium
prices in urban markets, and farmers
are eager to grow varieties with the
grain qualities consumers like.
Another emerging consumer
demand is 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 yields, but that produce
rice appealing to the local market.

Rice scientists have so far had
limited success in developing high-
yielding cultivars with better grain
quality. Quality’ factors also depend on
consumer preferences in different
countries. Research. on quality charac-
teristics and breeding for quality grain
must be country-specific, and that
research is costly.

The demand fThe demand fThe demand fThe demand fThe demand for riceor riceor riceor riceor rice

Some argue that the current slowdown
of growth in rice production is a
response to sluggish demand, particu-
larly where income and food con-
sumption have reached high levels
due to rapid economic 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 grains and sweet potato. When
their incomes increase, their i-ice
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 capita 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 for rice. B
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Rainfed lowland

T he ecosystems within
which rice is grown are
characterized by elevation,

rainfall pattern, depth of flooding
and drainage, and by the adapta-
tion of rice to these agroecological
factors.

Crucial
Rice
Environments

Rice is transplanted or
direct seeded in puddled
soil on level to slightly
sloping, bunded or diked
fields with variable
depth and duration of
flooding, depending on
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.

Crucia l  i ssues .  Areas
where  ra infed  lowland
r ice  i s  the  predominant
ecosys tem are  among
the  wor ld’s  most
dense ly  popula ted  rura l
regions  and home to
some of  the  wor ld’s
poores t  rura l  and  urban
popula t ions .  The
ra infed  lowlands  must
cont r ibute  to  the  pro-
duct ion  needed to  feed
expanding  urban  areas
whi le  preserv ing  na tura l
resources  and improv-
ing  the  wel l  be ing  of
farm fami l ies .
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Crucial
Issues
in
Rice
Research

T
he  ab i l i t y -  o f  f a rmers  to
p roduce  enough  food
bases  the  ab i l i t y  o f  the
wor ld  to  conse rve  na tu ra l
r e sources ,  p ro tec t  the  en -
v i ronment  and  p rov ide

for  the  development  of  count r ies
and people .  By 2025,  more  than
5 b i l l ion  of  the  wor ld’s  an t ic ipa ted
10 b i l l ion  people  wi l l  depend on
r ice  as  the i r  s tap le  food.

Enabl ing  farmers  to  grow the
r ice  needed to  feed  those  people
requi res  cons iderable  research
effor t ,  a r id  soon.  The  chal lenge  i s  to
genera te  a  continuing ser ies  of  sc i -
ent i f ic  advances  in  agr icul tura l  tech-
nology.  Pro tec t ing  the  y ie ld  and
product ion  ga ins  a l ready made a lso
ca l l s  for  cons iderable  research  ef -
for t .  A s t rong foundat ion  of  s t ra tegic
research  conducted  by  in terna t ional
centers  i s  fundamenta l ,  wi th  impor-
tant  l inks  to  na t ional  agr icul tura l
research  sys tems

IRRI  i s  working  to  resolve  cru-
c ia l  i ssues  in  r ice-growing envi ron-
ments ,  aggress ive ly  seeking  ways  to
increase  r ice  product ion  and pro-
duct iv i ty  whi le  conserv ing  the
agr icul tura l  resource  base  for  the
fu ture .  Popula t ion  growth  and
high  popula t ion  dens i t ies  in  r ice-
dependent  count r ies  t rans la te  in to
cruc ia l  research  i ssues .

The chal lenge is  tThe chal lenge is  tThe chal lenge is  tThe chal lenge is  tThe chal lenge is  tooooo
generatgeneratgeneratgeneratgenerate a cont inuinge a cont inuinge a cont inuinge a cont inuinge a cont inuing
ser ies of  scient i fser ies of  scient i fser ies of  scient i fser ies of  scient i fser ies of  scient i f icicicicic
advadvadvadvadvances In agr iculturalances In agr iculturalances In agr iculturalances In agr iculturalances In agr icultural
tttttechnologyechnologyechnologyechnologyechnology.  One e.  One e.  One e.  One e.  One examxamxamxamxamplepleplepleple
is using the tis  using the tis  using the tis  using the tis  using the tools of  bio-ools of  bio-ools of  bio-ools of  bio-ools of  bio-
tttttechnology in breedingechnology in breedingechnology in breedingechnology in breedingechnology in breeding
r ices resistant tr ices resistant tr ices resistant tr ices resistant tr ices resistant to imo imo imo imo imporporporporpor-----
tant  insects or  diseases.tant insects or  diseases.tant insects or  diseases.tant insects or  diseases.tant insects or  diseases.
This apparatus enablesThis apparatus enablesThis apparatus enablesThis apparatus enablesThis apparatus enables
blol ist ic  t ransfblol ist ic  t ransfblol ist ic  t ransfblol ist ic  t ransfblol ist ic  t ransformation -ormation -ormation -ormation -ormation -
inserinserinserinserinser t ing ft ing ft ing ft ing ft ing foreign genesoreign genesoreign genesoreign genesoreign genes
intintintintinto r ice cel ls ,  where theo r ice cel ls ,  where theo r ice cel ls ,  where theo r ice cel ls ,  where theo r ice cel ls ,  where theyyyyy
mamamamamay inty  inty  inty  inty  integrategrategrategrategrate inte inte inte inte into theo theo theo theo the
r ice genome.r ice genome.r ice genome.r ice genome.r ice genome.
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Upland

Rice is direct seeded in
non-flooded, well-drained
soil on level to steeply
sloping fields. Crops suf-
fer from lack 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
at 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 will help
rehabilitate degraded
uplands and transform
them into sustainable
agroecosystems. 

J. Figarola
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Some issues are common to al l  r ice-
growing areas: concepts that l ink r ice
science and technology developed at
dif ferent levels (gene, cel l ,  t issue,
plant,  ecosystem, global community)
and integrate ecosystem components
into agroecologies. The research
makes use of new techniques and
newly -developed methodologies and
has a longer t ime frame and larger
spatial  domain than ecosystem-
specif ic work.

Cross-ecosystems

Deepwater and tidal wetlands
(flood-prone)

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 toxicity. 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
systems.
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People
Helping imHelping imHelping imHelping imHelping imprprprprprooooovvvvve l iv inge l iv inge l iv inge l iv inge l iv ing
and wand wand wand wand worororororking condit ions.king condit ions.king condit ions.king condit ions.king condit ions.
Farmers need input-efficient tech-
nologies that allow the rice they
grow to be sold at  prices profitable
to them and affordable by consum-
ers.  At the same time, those who
work in the ricefield.s must be
helped to improve their working
conditions,  their economic status,
their health,  their well-being.

Permanency
Sustaining theSustaining theSustaining theSustaining theSustaining the
natural  resournatural  resournatural  resournatural  resournatural  resource base.ce base.ce base.ce base.ce base.
The permanency of the food pro-
duction base on which we all  rely,
today and for the generations to
come, depends on care anti  use of
the genetic diversity of rice and on
husbandry of the natural resource
base of soil-water-biological activity.

Productivity
Increasing resourIncreasing resourIncreasing resourIncreasing resourIncreasing resource use efce use efce use efce use efce use efffffficiencyiciencyiciencyiciencyiciency.....
Increasing the input/output effi-
ciency of nutrients, water, and
labor make possible sustainable
crop intensification and continuing
reduction in the cost of rice
production on agricultural, land.

Protection
Caring fCaring fCaring fCaring fCaring for the enor the enor the enor the enor the envirvirvirvirvironment.onment.onment.onment.onment.
The world’s rising concerns about
land degradation, soil erosion,
water shortages, and environmental
pollution translate, for rice
research, into the challenge of
developing production systems that
minimize pollution, that protect the
environent and human health.

Partnership
SupporSupporSupporSupporSuppor t ing andt ing andt ing andt ing andt ing and
wwwwworororororking with parking with parking with parking with parking with par tnertnertnertnertners.s .s .s .s .
Working with relevant  partners
has many synergis t ic  benefi ts :
shortening the t ime needed to solve
problems,  enabl ing scient i f ic  col lab-
orat ion across  pol i t ical  borders  and
economic barr iers ,  s t retching scarce
research resources,  speeding the
exchange of  information and
advanced research methodologies .
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R i c e  i s  t r a n s p l a n t e d  o r

d i r e c t  s e e d e d  i n  p u d d l e d

s o i l  o n  l e v e l e d ,  b u n d e d

f i e l d s  w i t h  w a t e r  c o n t r o l ,

i n  b o t h  d r y  a n d - w e t  s e a -

S o n s  i n  t h e  l o w l a n d s ,  i n

t h e  s u m m e r  a t  h i g h e r

e l e v a t i o n s ,  a n d  d u r i n g

t h e  d r y  s e a s o n  i n  f l o o d -

p r o n e  a r e a s .  T h e  c r o p  i s

h e a v i l y  f e r t i l i z e d .  U s i n g

m o d e r n  t e c h n o l o g y ,

y i e l d s  c a n  r e a c h  5  t o n s

p e r  h e c t a r e  i n  t h e  w e t

S e a s o n ,  m o r e  t h a n  1 0

t o n s  i n  t h e  d r y  s e a s o n .

I r r i g a t e d  r i c e  m a k e s  u p

5 5  p e r c e n t  o f  w o r l d ’ s

h a r v e s t e d  r i c e  a r e a  a n d

7 5  p e r c e n t  o f  w o r l d  r i c e

p r o d u c t i o n .  I t  p r o v i d e s

t h e  m a j o r  s u p p l y  f o r   u r -

b a n  c o n s u m e r s .  G r o w t h

i n  i r r i g a t e d  r i c e  p r o d u c -

t ion  has  been  la rge l y

respons ib le  fo r  the  re -

cent  s tab i l i t y  o f  u rban

r i ce  supp l ies  and  p r i ces .

        C ruc ia l  i ssues .  The

i r r i ga ted  a rea  devoted  to

r i ce  i s  dec l in ing  and

y ie lds  a re  s tagnat ing .

Ev idence  i s  mount ing

that  f l ooded  r i ce  so i l s

a re  not  res i l i en t  to  in ten -

s i f i ca t ion  p ressures ,  and

that  the  p roduct i v i t y

made  poss ib le  by  cur-

ren t  techno logy  may  not

be  sus ta inab le .  Yet  the

i r r i ga ted  sys tem must

produce  even  la rger

y ie lds ,  economica l l y  and

sus ta inab l y,  i f  fu tu re

popu la t ions  a re  to  be

fed .

Irrigated
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Highlights 1992

PEOPLE:
H e l p i n g  i mp rove  l i v i n g  a n d
wo r k i n g  c o n d i t i o n s

B
et ter  understanding of  the way households communit ies ,  and na-
t ionsmanage their  resources,  and of  the factors  that  determine
the t rade-offs  people make between maximizing their  income in
the short- term and sustaining their  resource base in the long-
term,can help in set t ing research prior i t ies  and in formulat ing
public  pol icy.  Evaluat ing the impacts  of  pol icy and of  technologi-

ca l  change  a lso  provides  informat ion  to  guide  modif ica t ion  and to  se t  new
di rec t ions  fo r  pub l i c  po l i cy  and  re sea rch .

UUUUU r b a n i z a t i o n ,   i n c o m e  g rr b a n i z a t i o n ,   i n c o m e  g rr b a n i z a t i o n ,   i n c o m e  g rr b a n i z a t i o n ,   i n c o m e  g rr b a n i z a t i o n ,   i n c o m e  g r ooooo w t h  a n d  d e m a n d  fw t h  a n d  d e m a n d  fw t h  a n d  d e m a n d  fw t h  a n d  d e m a n d  fw t h  a n d  d e m a n d  f o r  r i c eo r  r i c eo r  r i c eo r  r i c eo r  r i c e
In  As ia ,  two- th i rds  o f  the  ca lo r i e s  in  an  ave rage  pe r son’s  d ie t  come  f rom
gra in .  R ice  i s  the  mos t  impor tan t .  In  some  coun t r i e s ,  r i ce  con t r ibu tes  more
than  75  pe rcen t  o f  the  to t a l  ca lo r i e s  consumed .

Even  though  pe r  cap i t a  consumpt ion  o f  r i ce  has  been  dec l in ing  in  coun-
t r i e s  wi th  r ap id  economic  g rowth  and  h igh  income ,  consumpt ion  con t inues
to  inc rease  in  the  lower  income  coun t r i e s .  Unders t and ing  the  f ac to r s  tha t
con t r ibu te  to  changes  in  demand  can  he lp  in  fo rmula t ing  na t iona l  po l i c i e s
toward  se l f - su ff i c i ency  in  food  g ra ins .

As  par t  of  an  extens ive  col labora t ive  pro jec t  involv ing  IFPRI ,  IRRI ,  and
na t iona l  p rograms  we  s tud ied  changes  in  demand  fo r  r i ce .  Var i ab les  were
the  sha re  o f  r i ce  in  to t a l  consumpt ion  expend i tu res ,  t he  p r i ce  index  o f  r i ce
and  the  to t a l  p r i ce  index  o f  a l l  commodi t i e s ,  and  the  r a t e  o f  u rban iza t ion .
The  hypo thes i s :  t ha t  u rban iza t ion  a ffec t s  consumpt ion  pa t t e rns  by  sh i f t ing
the  budge t  sha re  a l loca ted  to  r i ce  a s  r ea l  income  changes .

C r o s s - s e c t i o n  d a t a  f o r  t h e  c o u n t r i e s  t h a t  c o n s u m e  8 5  p e r c e n t  o f  w o r l d
r i c e  p r o d u c t i o n — c h i n a ,  I n d i a ,  I n d o n e s i a ,  J a p a n ,  R e p u b l i c  o f  K o r e a  P a k i -
st a n , P h i l i p p i n e s , Thailand and Taiwan. China—were used. For Asia as a
whole ,  the  demand.  for  food gra ins  brought  about  by  growth  in  income is
s t i l l  posi t ive:  a  10 percent  r ise  in  per  capi ta  income wil l  lead to a  3.4 percent
inc rease  in  r i ce  consumpt ion ,  a  3 .2  pe rcen t  inc rease  in  whea t  consumpt ion ,
and  a  1 .8  pe rcen t  inc rease  in  coa r se  g ra in  consumpt ion .
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As incomes increase,As incomes increase,As incomes increase,As incomes increase,As incomes increase,
the demand fthe demand fthe demand fthe demand fthe demand for for for for for foodoodoodoodood
grains also increases.grains also increases.grains also increases.grains also increases.grains also increases.
OvOvOvOvOverall demand ferall demand ferall demand ferall demand ferall demand fororororor
vice in Asia isvice in Asia isvice in Asia isvice in Asia isvice in Asia is
eeeeexpectxpectxpectxpectxpected ted ted ted ted to gro gro gro gro grooooowwwww
fffffastastastastaster than popula-er than popula-er than popula-er than popula-er than popula-
tion.tion.tion.tion.tion.

Price elast ici t ies  are  high for
wheat  and coarse grains,  but  rela-
t ively low for  r ice.  That  is ,  a  10 per-
cent  increase in pr ice would reduce
demand for  wheat  by 6 percent ,  for
coarse grains by 5 percent .  But  for
r ice,  a  10 percent  increase in pr ice
would reduce demand.  by only 2
percent .

As the rate  of  urbanizat ion in-
creases,  the demand.  &.w cereal
grams induced by growth in income
decl ines.  But  the effect  is  not  sym-
metr ical .  A 10 percent  increase in

the rate  of  urbanizat ion wil l  reduce
consumption of  coarse grains by
5 percent  and of  r ice by 1 percent ,
but  wil l  increase consumption of
wheat  by 5 percent .  I t  appears  that
urbanizat ion induces changes in
food habi ts  separately from the
changes induced,  by growth in in-
come.
       The threshold at  which per
capi ta  consumption of  cereals  s tar ts
to decl ine with,  fur ther  increases in
income ( in economic terms,  when
the commodity becomes an infer ior
good) depends on both the propor-
don of  income spent  on cereals  ( the
budget  share)  and the rate  of
organizat ion.
       Overal l  demand for  cereal
grains in  Asia is  expected to grow
faster  than populat ion ( indicated by
posi t ive income elast ic i t ies  of  de-
mand).  China,  India,  Pakistan,  and.
Indonesia—the countr ies  that  ac-
count  for  more than 75 percent  of
total  food grain consumption in Asia.
and dominate growth in demand.  for
r ice—have yet  to  reach the income
threshold at  which per  capi ta  con-
sumption of  cereals  s tar ts  to  decl ine.
   Demand for  r ice and wheat  is
expected to grow at  nearly the same
rate  as  increases in  income.  Wheat
wil l  probably have astronger  mar-
ket ,  because urbanizat ion i tself  in-
creases demand for  wheat  (a  large
part  of  i t  in  the form of  processed
anti  fast  foods)  ant i  lessens demand.
for  r ice.
       The lower income countr ies  of
Asia cont inue to be vulnerable to
seasonal  shortfal ls  in  r ice supplies .
At  a  given shortfal l ,  the pr ice of  r ice
must  increase much faster  than the
prices  of  wheat  and coarse grain to
reduce demand enough to clear  the
market .  The important  point  is  that
any increase in  basic  food prices
puts  pressure on the abi l i ty  of  poor
people to  buy enough food.
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ImImImImImpact  of  publ ic  pol icypact  of  publ ic  pol icypact  of  publ ic  pol icypact  of  publ ic  pol icypact  of  publ ic  pol icy
and tand tand tand tand technologyechnologyechnologyechnologyechnology
A  case s tudy of  Myanmar.  Rice pro-
duct ion in Myanmar during the la te
1960s and ear ly 1970s s tagnated.  a t
around 8.5 mil l ion tons a  year.  Then
the government  introduced a  pol icy
package designed to encourage
farmers to  adopt  modern,  r ice tech-
nology.  Product ion grew a spectacu-
lar  5  percent  a  year  well  into the
middle of  the l980s.

Almost  half  the increase in pro-
duct ion can be t raced to greater  use
of  chemical  fer t i l izers ,  more than a

third.  to  adoption of  modern high-
yielding cul t ivars ,  and more than a
tenth to  an increase in  the area
under  i r r igat ion.

In 1987 pol icy shif ted.  Subsidies
on agricul tural  inputs  were with-
drawn and.  the pr ivate  sector  was
al lowed to part ic ipate  in  r ice mar-
ket ing.  The fer t i l izer- to-r ice pr ice
rat io  increased rapidly,  use of  fer t i -
l izer  dropped precipi tously,  and r ice
yields  fel l

A case s tudy of  Indonesia.  Pro-
duct ivi ty of  r ice farming in Indone-
sia  grew by nearly 3 percent  a  year

1969-89. Technological change was
the driving force.
       Farmers’ adoption of modern
high-yielding varieties contributed
28 percent of the increase. The next
most important factors involved the
availabili ty of information: the gov-
ernment’s agricultural intensification
program contributed 27 percent and
improvement in l i teracy contributed
20 percent.  Breeding of second and
third generation improved high-
yielding varieties also made asig-
nificant contribution.
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InfInfInfInfInformation in theormation in theormation in theormation in theormation in the
rice generice generice generice generice genetictictictictic
resourresourresourresourresources dataces dataces dataces dataces data
base includesbase includesbase includesbase includesbase includes
descriptdescriptdescriptdescriptdescriptororororors ons ons ons ons on
mormormormormorphologicalphologicalphologicalphologicalphological
charactcharactcharactcharactcharactererererers of alls of alls of alls of alls of all
accessions.accessions.accessions.accessions.accessions.
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PERMANENCYPERMANENCYPERMANENCYPERMANENCYPERMANENCY:::::
Sustaining the natural
resource base

T
he permanency of the food. production base on which the world
relies,  now and for the years to come, depends on the care and
use of the genetic diversity of rice and on husbandry of the
natural resource base of agriculture-soil ,  water,  biological activ-
ity.  Preserving genetic resources in perpetuity,  evaluating the
long-term effects of intensive cropping of ricefields,  mitigating

farmers ’  r isks through characterizing resource use,  arresting degradation are
necessary activit ies.

PreserPreserPreserPreserPreser v ing  and  us ing  genev ing  and  us ing  genev ing  and  us ing  genev ing  and  us ing  genev ing  and  us ing  genet ic  resourt i c  resourt i c  resourt i c  resourt i c  resourcescescescesces
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, Cambodia, Laos, Philippines,
Banglades h,  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 ream found. three wild Oryza  species:
O.officinalis  from the coastal areas,  O. ridley i  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 ecosystem.

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

Rice  geneRice  geneRice  geneRice  geneRice  genet ic  resourt i c  resourt i c  resourt i c  resourt i c  resources  data  basesces  data  basesces  data  basesces  data  basesces  data  bases
We have integrated genetic resources data base tables for more efficient in-
formation searches and added new variables for some descriptors,  including
a uniform set of color descriptors applicable to all  Oryza  species.

Other information in the data base includes seed viabili ty data on. about
45,000 accessions and 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 tools for more precise characterization.
We updated the cultural type fi le,  passport table,  and characterization data
base. All  germplasm data bases at  IRRI now use the IRGC accession number
as the principal descriptor

We also updated the International Rice Genealogy Data Base—records
of the genetic ancestry of rice varieties 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.

IRIRIRIRIRGC containsGC containsGC containsGC containsGC contains
about 7about 7about 7about 7about 74,5004,5004,5004,5004,500
accessions ofaccessions ofaccessions ofaccessions ofaccessions of
0. sativ0. sativ0. sativ0. sativ0. sativa,a,a,a,a, 1 1 1 1 1,200,200,200,200,200
of of of of of 0. glaberrima0. glaberrima0. glaberrima0. glaberrima0. glaberrima,,,,,
and 2,and 2,and 2,and 2,and 2,1111100 of wild00 of wild00 of wild00 of wild00 of wild
species. The basespecies. The basespecies. The basespecies. The basespecies. The base
collection containscollection containscollection containscollection containscollection contains
seed samseed samseed samseed samseed samples ofples ofples ofples ofples of
54,682 accessions,54,682 accessions,54,682 accessions,54,682 accessions,54,682 accessions,
packpackpackpackpacked In pared In pared In pared In pared In partiallytiallytiallytiallytially
eeeeevvvvvacuatacuatacuatacuatacuatededededed
aluminum cans andaluminum cans andaluminum cans andaluminum cans andaluminum cans and
maintained in long-maintained in long-maintained in long-maintained in long-maintained in long-
ttttterm sterm sterm sterm sterm storage. Theorage. Theorage. Theorage. Theorage. The
tttttoooootal activtal activtal activtal activtal activeeeee
collection includescollection includescollection includescollection includescollection includes
seed samseed samseed samseed samseed samples ofples ofples ofples ofples of
about 20,000about 20,000about 20,000about 20,000about 20,000
accessions ofaccessions ofaccessions ofaccessions ofaccessions of
0. sativ0. sativ0. sativ0. sativ0. sativaaaaa, 550 of, 550 of, 550 of, 550 of, 550 of
0. glaberrima,0. glaberrima,0. glaberrima,0. glaberrima,0. glaberrima, and and and and and
11111,400 of wild,400 of wild,400 of wild,400 of wild,400 of wild
species prepackspecies prepackspecies prepackspecies prepackspecies prepack-----
aged in 1aged in 1aged in 1aged in 1aged in 10-gram0-gram0-gram0-gram0-gram
aluminum faluminum faluminum faluminum faluminum foiloiloiloiloil
packpackpackpackpackeeeeets, ready tts, ready tts, ready tts, ready tts, ready tooooo
send reqsend reqsend reqsend reqsend requestinguestinguestinguestinguesting
rice breederrice breederrice breederrice breederrice breeders.s.s.s.s.
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The data set now contains more
than 100,000 crossing records; the
genealogies of more than 2,500
post-IRS varieties released in 68
countries,  mostly in Asia,  Africa,  and
Latin America; 1,600 pre-IR8 varie-
ties that farmers continue to grow or
that rice breeders sti l l  use in their
hybridization programs; and about
1,500 varieties used. in developing
post-IRS varieties.

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 cytoplasmic sources
of different cultivars,  and identify
the genetic sources of shared traits.

G e r mG e r mG e r mG e r mG e r m p l a s m  d i s p e rp l a s m  d i s p e rp l a s m  d i s p e rp l a s m  d i s p e rp l a s m  d i s p e r s a ls a ls a ls a ls a l
External consultants examined the
diffusion of rice germplasm by
analyzing data.  on new rice varieties
released in 18 countries from 1965
to 1990. Of 1,709 modern varieties
released, 390 were borrowed. (that
is,  they were developed, in one
country and released in another).
Most of the borrowed varieties were
made available through the Interna-
tional Network for Genetic Evalua-
tion of Rice (INGER); IRRI provided
three-fourths of them.

About 75 percent of all  the new
varieties have at least one borrowed
parent,  more than 45 percent have
at least one parent from IRRI, and
more than 35 percent have at least
one parent from another country.
About 80 percent of these parental
borrowings appear to have been
chosen from INGER nurseries.

The varietal  pedigrees indicate
that genetic diversity is increasing.
Only three varieties released before
1965 had more than four ancestors.
The 222 varieties released after 1986
can he traced to five or more ances-
tors and 72 have more than 15
ancestors.

The share of  ancestors  del ivered
through IRRI-developed breeding
l ines continues to grow. IRRI pro-
vided more than one-half  the ances-
tors  for  variet ies  released 1965-74
and nearly three-fourths  the ances-
tors  for  variet ies  released 1981-90.

INGER is  a  pr imary conduit  of
new variet ies:  s ince 1988,  58 entr ies
in INGER nurseries  have been re-
leased as  variet ies  in  18 countr ies  in
Asia,  Africa,  and Lat in America.
Those entr ies  were developed by
plant  breeders  in  13 different  coun-
tr ies  and at  IRRI,  I ITA, and CIAT

Analysis  of  the economic impli-
cat ions est imates  the average value
of  a  released variety at  $2.5 mil l ion
dollars  per  year,  in  perpetui ty.  The
annual  value of  an INGER nursery is
conservat ively est imated at  $105
mil l ion.  Adding 1,000 accessions to
IRGC generates  more than 14 new

varieties, with a value of $325 mil-
lion. An additional land. race intro-
cluced by IRRI is worth $50 million.
(R. Evanson and D. Gollin. Genetic Re-
sources in Agricultural Productivity Change.
Yale University, unpublished.)

GeneGeneGeneGeneGenetic divtic divtic divtic divtic divererererersity at the DNA lesity at the DNA lesity at the DNA lesity at the DNA lesity at the DNA levvvvvelelelelel
Characterization of conserved
germplasm at the gene level enables
scientists to better use this precious
resource andimproves management
of materials in. the IRGC. This year
we used biotechnology—isozyme
and molecular markers at the DNA
level—to identify diversity within
the genus Oryza.

We chose a sample of 500 ac-
cessions of cultivated rice, half rep-
resentative of the IRGC collection
and half a selection of successful
varieties and elite lines, their ulti-
mate parents, and the donors of
their resistance to abiotic and biotic
stresses.
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The intThe intThe intThe intThe interererererconti-conti-conti-conti-conti-
nental flonental flonental flonental flonental flow of ricew of ricew of ricew of ricew of rice
breeding linesbreeding linesbreeding linesbreeding linesbreeding lines
thrthrthrthrthrough INGER.ough INGER.ough INGER.ough INGER.ough INGER.

Most had already been analyzed
for 15 isozyme loci,  in an earlier
ORSTOM-IRRI project.  This further
exploration involved analysis for 30
restriction fragment length
polymorphism (HELP) loci distrib-
uted over the genome. on
mitochondrial DNA RFLP probes,
and one chiropodist  DNA marker
assessed through polymerase chain
reaction (PCR). A 68-accession sub-
set was analyzed. with 17 primers
for randomly amplified, polymorphic
DNA (RAPD)

The indicas and japonicas,  and
their reciprocal recombinations,  ap-
pear to represent the main structure
of diversity in cultivated rice on all
chromosomes. Although isozymes,
RFLP or RAPD markers can be used
to classify rice germplasm according
to these naturally cohesive gene
pools,  their use is not strictly neces-
sary. The results of a combination of

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

Gene mapping and manipulationGene mapping and manipulationGene mapping and manipulationGene mapping and manipulationGene mapping and manipulation
Molecular-aided selection can in-
crease the efficiency of rice breed-
ing. The most common technique
used to identify marker genes is
RFLP analysis.  IRRI is a focal point
of efforts to integrate existing ge-
netic maps of rice,  to provide re-
searchers everywhere with a single,
more complete map of the rice
genome.

This involves orienting the RFLP
map developed at Cornell  Univer-
sity,  USA; locating isozyme and
morphological or physiological
genes on that map via l inkage to
existing DNA markers;  adding RAPD
markers to underpopulated. regions
of the genome; and developing flew
markers aimed at increasing the
ease of use and degree of genetic
variation detectable by the ma.rkers
The IRRI-Cornell  Shuttle Project
plays a central  role in integration of
rice genome data.

A detailed survey of the molecu-
lar diversity in rice undertaken this
year had two major purposes:

• To detect genetic trends aris-
ing from domestication and modern
breeding that could be important in
designing breeding programs -

• To establish a data base on
the diversity of the large IRGC col-
lection that will  aid future gene tag-
ging activities and improve strate-
gies for gene and quantitative trait
loci (QTL) tagging.

We selected 147 traditional and
modern cultivars to represent the
breadth of available molecular and
agroecological diversity and used
197 single restriction enzyme probes
mapped by Cornell  University scien-
tists to examine their RFLP. The
number of RFLP alleles distin-
guished per locus was relatively

low, and 22 percent of the probes
did not reveal any broad. variation,
or polymorphism The distribution
of loci with no polymorphism was
not random; some clusters delimited.
about 10 percent of the mapped
genome, corresponding to gaps on
chromosomes 2 and. 4 and to a
chromosome fragment missing in
the intraspecific genetic map on
chromosome 7.

Now we can generalize to the
entire mapped genome. The genetic
diversity of indica and japonica rices
has arisen primarily from separate
domestication of different wild an-
cestors.  Recombination of indicas
and japonicas appears to be the orb
gin, of most detectable DNA differ-
ences .A trend toward additional
introgression detected, in modern
varieties results from the use of
japonica or intermediate indica /
japonica parents in crosses.

The results allow a detailed
description of the genetic differen-
tiation of cultivated rice at  the DNA
level and have important implica-
tions for gene or QTL tagging strate-
gies.  The results also point to a
paradox:the molecular markers
identify a genetic trend of intro-
gression between indicas and
japonicas.  Yet rice breeders repeat-
edly note that indica and japonica
cultivars have poor combining abil-
i ty.  This focuses on the need to im-
prove the compatibili ty between
these groups of rices and for a long-
term breeding program to introgress
discrete traits.

Sustaining intSustaining intSustaining intSustaining intSustaining intensivensivensivensivensively crely crely crely crely cropped riceopped riceopped riceopped riceopped rice
In intensive r ice product ion systems,
irr igat ion is  used to produce two or
more crops a  year  on. .  the same
piece of  land.  More fer t i l izer  and
pest icides are  appl ied to each crop.
W i th  the increase in number of  r ice
crops,  other  crops are  displaced,
thus lessening diversi ty  in  the sys-
tem. The intensively cropped.  i r r i -
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gateci farms of tropical Asia produce
more than 70 percent of the world’s
rice.

The increased productivity of
intensified. systems is largely respon-
sible for 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’
fields are showing signs of decreas-
ing total factor productivity. Evi-
dence is mounting that continuously
flooded ricefields may not be resil-
ient to the pressures of the intensive
cropping that is currently meeting
rice production needs

Intensification of irrigated, rice
production began with the introduc-
tion of modern high-yielding varie-
ties in the 1960s-only yesterday, in
terms of the history of agriculture.
Such rapid change in the way land
is used raises broad. questions:

• Flow is intensification influ-
encing the productive capacity of
the soil?

• 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 tropics
indicate declining yield trends even
with improved cultivars and where
nutrients—including micro nutri-
ents—added. There is evidence that,
contrary to what occurs in oti er sys-
tems, soil organic matter and total
nitrogen. content increases.

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

varied widely,  f rom 2.9 to  6.4 tons
per  hectare,  meaning that  effect ive
sod ni t rogen-supplying capaci ty (es-
t imated.  by the crop’s  ni t rogen up-
take)  ranged from. 44 to 134 ki lo-
grams of  ni t rogen per  hectare.

The farmers did not  appear  to
recognize the relat ionship between
yield and the soi l ’s  capaci ty to  sup-
ply ni t rogen,  and did.  not  adjust  the
amount  of  fer t i l izer  they applied to
match their  soi l  condit iom Yet  i t  is
hypothesized that  the soi l  ni t rogen-
supplying capaci ty is  par t ly  respon-

s ib le  for  the  dec l ine  in  fac tor  pro-
duct iv i ty  in  such  in tens ive  sys tems.

Grea ter  ab i l i ty  to  predic t  the
ni t rogen-supply ing  capaci ty  of
f looded r ice  so i l s  would  enable
farmers  to  be t te r  match  the i r  n i t ro-

gen Fer t i l izer  inputs  to  the  indig~
enous  so i l  supply.  That  would  be  a

major  s tep  toward  developing  sus-
ta inable ,  more  prof i tab le  f looded

r ice  sys tems.
The  change  in  the  bas ic  capaci ty

of  the  so i l  to  supply  n i t rogen a lso
affec ts  the  opt imal  t ime and amount
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of nitrogen to apply to a rice crop
for its most efficient use, the syn-
chronization of availability and. crop
need. As nitrogen-supplying capac-
ity decreases, the match of supply
with crop demand deteriorates. The
timing of nitrogen fertilizer app1ica-
lions 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.

We put  al l  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 transplanted crops
each season received the amount  of
ni t rogen predicted by seasonal  de-
mand. .

For  two crops,  the ni t rogen was
applied at  the s tandard recom-
mended t imes (for  t ransplanted r ice,
2/3 at  t ransplant ing,  1/3 at  panicle
ini t ia t ion;  for  wet-seeded r ice,  equal
spl i ts  a t  seeding,  midt i l ler ing and
panicle  ini t ia t ion) .  For  the other  two

c r o p s ,  n i t r o g e n  w a s  a p p l i e d  o n  t h e
b a s i s  o f  k n o w l e d g e ,  w h e n  l e a f  n i -
t r o g e n  s t a t u s  i n d i c a t e d  i t  w a s
n e e d e d .

K n o w l e d g e - b a s e d  t i m i n g  p r o -
d u c e d .  5  k i l o g r a m s  m o r e  g r a i n  f o r
e a c h  k i l o g r a m  o f  n i t r o g e n  a p p l i e d
t h a n  d i d  r o u t i n e  a p p l i c a t i o n - a  2 0
p e r c e n t  i n c r e a s e  i n  f e r t i l i z e r  i n p u t
e f f i c i e n c y.

Sustaining rice - wheat yieldsSustaining rice - wheat yieldsSustaining rice - wheat yieldsSustaining rice - wheat yieldsSustaining rice - wheat yields
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, nutrients. Also, as farmyard ma-
mire is increasingly ‘used. for house-
hold fuel rather than being applied
to the fields, micronutrients 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. electrical rates).

Sustaining rainfSustaining rainfSustaining rainfSustaining rainfSustaining rainfed rice ened rice ened rice ened rice ened rice envirvirvirvirvironmentsonmentsonmentsonmentsonments
Farmers  in  ra infed  areas  confront
var iable ,  d iverse  envi ronments ,  and
the i r  c rops  are  vulnerable  to  both
drought  and  f looding .  Tradi t ional
r ice-based  cropping  has  been  low
intens i ty.  Now,  popula t ion  growth
is  pressur ing  in tens i f ica t ion  of
ra infed .  c ropping  in  Asia ,  in  both
the  lowlands  and the  uplands .
Farmers  a re  shor tening  fa l lows to
plant  more  r ice  and o ther  c rops ,
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but  are  not  increasing inputs  to  sus-
tain the demand on the system.

Research indicates  s ignif icant
potent ial  for  increasing the eff i -
ciency with which resources are
used in different  rainfed.  r ice envi-
ronments ,  and for  large increases in
system product ivi ty.  More thorough
analysis  of  the environments  wil l
enable developing strategic man-
agement ,  matched with adapted
cult ivars

CharactCharactCharactCharactCharacter iz ing agrer iz ing agrer iz ing agrer iz ing agrer iz ing agro-ecoregionso-ecoregionso-ecoregionso-ecoregionso-ecoregions
Geographic information systems
and crop process  models  are  help-
ing us character ize the biophysical
and socioeconomic resources of  the
principal  rainfed.  r ice environments .
This  knowledge wil l  help research-
ers  assess  the probabil i t ies  of  the
occurrence of  a  s t ress  ‘and i ts  sever-
f ly,  understand and manipulate  nu-
tr ient  dynamics,  and design systems
that  use natural  resources in  a  sus-
tainable manner

The relat ive favorabi l i ty  of  a
rainfed.  r ice-growing area is  a  func-
t ion of  s lope,  hydrology,  soi l ,  and
length of  growing season.  Upland
and f iood-prone or  deepwater  areas
are character ized pr imari ly  by spa-
t ia l  factors .  The heterogeneous
rainfed lowland,  areas are  more
complex,  and a.  temporal  dimension
is  needed for  useful  character iza-
t ion.  Given different  combinat ions
of  hydrology and soi l ,  an area that
is  favorable  one year  may be
drought-prone or  f lood-prone the
next .

Analyzing an agricul tural  area.
involves evaluat ing the relat ive im-
portance of  cr i t ical  parameters  on
different  spat ial  scales .  The aim is  to
improve our  understanding of  the
biophysical  and socioeconomic
constraints  that  farmers face.  The
variables  considered.  includ.e

• extent  of  land area,
• populat ion dependent  on the

land for  l ivel ihood,

• existing production systems,
• use of natural and human

resources,
• available infrastructure
• government policies and

investment,  and
• potential  for improvement.
This year,  we analyzed. eastern

India in a pilot study in cooperation
with the Indian Council  of Agricul-
tural Research and with state agricul-
tural universit ies and departments of
agriculture.

At the mega level,  eastern India
is obviously a priority region for re-
search on rice: i t  contains two-thirds
of the total  national rice area and is
home to half the country’s popula-
tion Most depend on rice farming,
but yields average only 1.8 tons per
hectare.

At the macro level,  only slightly
more than 20 percent of the rice
area is irrigated. Nearly half is
rainfed. lowland; the remainder is
divided about equally between up-
land and deep to very deep water

Analysis ofAnalysis ofAnalysis ofAnalysis ofAnalysis of
EastEastEastEastEastern India wern India wern India wern India wern India wententententent
frfrfrfrfrom the generalom the generalom the generalom the generalom the general
region thrregion thrregion thrregion thrregion throughoughoughoughough
statstatstatstatstate and district.e and district.e and district.e and district.e and district.
stststststeps teps teps teps teps to fo fo fo fo focus onocus onocus onocus onocus on
one blocone blocone blocone blocone blockkkkk,,,,,
Masodha inMasodha inMasodha inMasodha inMasodha in
FFFFFaizabad area,aizabad area,aizabad area,aizabad area,aizabad area,
Uttar PradeshUttar PradeshUttar PradeshUttar PradeshUttar Pradesh
statstatstatstatstate.e.e.e.e.
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Depth and extent  of  f looding
on the rainfed lowland farms vary
widely from year  to  year,  depend-
ing on when the monsoon begins
and ends ant i  on the rainfal l  pat tern
and amount .

Analysis  of  Faizabad dis tr ic t  in
Uttar  Pradesh s tate  used information
from remote sensing satel l i tes ,  se-
lect ive f ie ld checks,  and auxi l iary
data.  Maps at  the 1:250,000 scale
del ineated physiographic uni ts ,  land
use pat terns,  soi ls ,  ant i  areas  of
f looding and drought  in  r ice We
integrated,  information on cl imate,
groundwater,  i r r igat ion sources,
landholding,  and input  use.

About  40 percent  of  the area is
favorable rainfed lowlands,  51 per-
cent  drought-prone,  2  percent  sub-
mergence-prone,  and 4 percent
both.  drought-  and submergence-
prone

The next  focus was on Masodha
block in Faizabad dis tr ic t .  The ma-
jar  part—21,000 hectares  with 8,000
hectares  of  r iceland—was classif ied
as shal low favorable rainfed.  About
14 percent  is  affected by f looding,
10 percent  by sodici ty,  and 2 per-
cent  by water logging.  Only 32 per-
cent  of  the groundwater  potent ial
for  i r r igat ion has been developed.

At the micro level ,  rapid rural
appraisal  of  90 s i tes  in .  the Masodha
block involved agroecosystem
mappingand diagnost ic  surveys.
The analysis  focused on spat ial ,
temporal ,  resource f low, and deci-
s ion pat terns.  Stat ic  factors  included
land types and uses,  sources of  wa-
ter,  and soi l  propert ies .  Dynamic
factors  were f ield water  depth and
rainfal l ;  cropping pat tern and crop
calendar;  crop yields ,  var iet ies  and
management  pract ices;  insects ,  dis-

eases and weeds;  product ion costs
and returns;  labor  supply pat tern;
assets ,  income distr ibut ion and
landholding,  and demography by
social  c lass  and gender

The area was zoned into
agroecosystems to ident i fy prob-
lems and opportunies ,  and.  to  set
research prior i t ies  on the basis  of
coverage,  number of  households
affected,  complexi ty,  severi ty,  f re-
quency of  occurrence,  importance
in the farming system, and farmers
percept ions.

This  empir ical  picture of  the en-
t i re  region is  providing a  basis  for
formulat ing the research agenda
and al locat ing research resources at
the nat ional ,  regional ,  and zonal
levels .  I t  a lso is  a  case s tudy of  how
to use this  methodology.
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PRODUCTIVITY:
Increasing resource use
efficiency

T
he greater rice production needed to meet growth in demand
must come from new breakthroughs at  the yield frontier and in
factor productivity.  We cannot target a 50 percent increase in
rice production without much higher input/output efficiency of
nitrogen, water,  and labor Basically,  this means matching im-
proved cultivars with improved resource management Higher

factor productivity has an additional benefit :  the increased, production re-
sulting from changes in plant and cropping efficiency adds very li t t le to
farmer costs.  Gains can he shared by producers and consumers.

DeDeDeDeDevvvvveloping a neeloping a neeloping a neeloping a neeloping a new r ice plantw r ice plantw r ice plantw r ice plantw r ice plant
Work continues to develop prototypes for a rice plant that will  have much
higher yield potential  than today’s best varieties.  This year,  we selected ad-
ditional donors (mostly tall  tropical japonicas) for such traits as sturdy
sterns,  large panicles,  low til lering, and dark green leaves,  and made 296
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 (more and bigger grains) and reduce the number of unpro-
ductive t i l lers.  Large panicles can be induced by controlling excessive
til lering through water and ferti l izer management and by selecting varieties
with large panicles and low ti l lering capacity,  such as the new plant type.

Meanwhile,  our more conventional breeding program continues to
make incremental improvements in yield.  Breeding line IR60819-34-2-1,
which has more spikelets per panicle,  outyielcled IR72 in the wet season
(6.5 t /ha to 5.9 t /ha with 90 kg N/ha).  We also developed short-statured
lines with the sd-1  dwarfing gene from Shen Nung 89-366, a japonica from
China.

Predict ing yield poPredict ing yield poPredict ing yield poPredict ing yield poPredict ing yield potttttential  fential  fential  fential  fential  for r iceor r iceor r iceor r iceor r ice
Maximum rice yields achieved in tropical environments so far are about
10 tons per hectare; in temperate environments,  15 tons per hectare.  Attain-
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 yield potential  of a particular vari-
ety in a given environment.

ORYZAl simulates rice yield in different seasons in relation to the
crop s nitrogen status Extensions can he added to take into account soil
components and nitrogen and water uptake. The model calculates daily dry
matter production (panicles,  leaves,  stems. and, roots),  summed across the
growing season, to explain differences in biomass production and yield at
different nitrogen levels,  with different varieties,  during different s e a s o n s ,  i n
different environments.
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Its advantage over other models
is that i t  assesses the impact on
yield of planting (late,  weather,  and
latitude at  a given leaf nitrogen con-
tent.

We used ORYZA l to simulate
the impact of global climate change
on rice production. Global circula-
tion models are predicting an aver-
age temperature increase of 1 0C
and a 50 ppm increase in carbon
dioxide. With the increase in tem-
perature,  ORYZA1 predicted an 8-9
percent yield reduction for IR72 and
IR581O9-113-3 grown with high ni-
trogen inputs at  IRRI in both city
and wet seasons. Increased carbon
dioxicie partly reversed this effect to
a predicted yield reduction of 3 per-
cent.  But a 5 percent reduction in
radiation also resulted in 3 percent
yield,  reduction.

Model,  analyses suggest that va-
rieties with longer grain-fil l ing dura-
tion will  be needed to reverse the
negative effects of a temperature
increase

National  agricul tural  research
systems are involved in develop-
ment  of  ORYZA1 and related mod-
els  through the Systems Analysis
and Simulat ion of  Rice Product ion
(SARP) research network supported
by IRRI and the Centre  for
Agrobiological  Research.  and
Wageningen Agricul tural  Universi ty,
the Netherlands.

WWWWWeeeeet seeding tt seeding tt seeding tt seeding tt seeding to sao sao sao sao savvvvve labor and we labor and we labor and we labor and we labor and watatatatatererererer
With  the  shr inking  avai lab i l i ty  and
increas ing  cos t  of  labor  and  water.
combined wi th  new shor t -dura t ion
cul t ivars  an t i  herb ic ides  for  weed.
cont ro l ,  fa rmers  are  swi tching  f rom
transplant ing  to  d i rec t  seeding  the i r
r ice  c rops .  Wet  seeding-broadcas t -
ing  pregerminated .  seed .  onto
puddled .  so i l - i s  a  popular  prac t ice
in  i r r iga ted ,  and  favorable  ra infed
lowland areas  of  Malays ia ,  Phi l ip-
p ines ,  Thai land. ,  and .  Vie tnam.

We moni tored  60  farms in  the
Upper  Pampanga River  In tegra ted
Ir r iga t ion  Sys tem of  the  Phi l ippines

Two wet  seeded.  r ice  c rops  gave  a
higher  prof i t  than  two t ransplanted
crops ,  the  resul t  of  h igher  y ie lds
and lower  labor  cos ts .  Yie lds  f rom
wet  seeded r ice  were  S  percent
h igher  in  the  dry  season.  11  percent
h igher  in  the  wet  season

We a lso  compared  water  use
eff ic iency  in  two b locks  of  the  sys -
te rn ,  one  p lanted  la rge ly  to  wet
seeded r ice ,  one  la rge ly  t rans-
p lanted .  A l ighter  so i l  tex ture  in  the
wet  seeded r ice  a rea  a l lowed
grea ter  water  loss  to  percola t ion . ,
resul t ing  in  h igher  water  demand.
Even so ,  t ransplanted  r ice  used  25
percent  more  water  than  wet
seeded r ice .

Farmers  who wet  seeded f in-
i shed  the i r  land  soaking  and
puddl ing  three  t imes  fas ter  than
farmers  who t ransplanted .  The  ra t io
of  water  demand to  water  suppl ied
was  much more  eff ic ient  in  the  wet
seeded.  f ie lds ,  pr imar i ly  because
farmers  used  herb ic ides  ra ther  than
water  depth  to  cont ro l  weeds .

SchematicSchematicSchematicSchematicSchematic
representation ofrepresentation ofrepresentation ofrepresentation ofrepresentation of
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lines representlines representlines representlines representlines represent
flofloflofloflows of matws of matws of matws of matws of material;erial;erial;erial;erial;
dododododotttttttttted lines, floed lines, floed lines, floed lines, floed lines, flowswswswsws
of infof infof infof infof information.ormation.ormation.ormation.ormation.
InInInInInput reqput reqput reqput reqput require-uire-uire-uire-uire-
ments are lati-ments are lati-ments are lati-ments are lati-ments are lati-
tude, dailytude, dailytude, dailytude, dailytude, daily
wwwwweather (solareather (solareather (solareather (solareather (solar
radiation, mini-radiation, mini-radiation, mini-radiation, mini-radiation, mini-
mum and maxi-mum and maxi-mum and maxi-mum and maxi-mum and maxi-
mum tmum tmum tmum tmum tememememempera-pera-pera-pera-pera-
ture), plantture), plantture), plantture), plantture), plant
densitydensitydensitydensitydensity, dat, dat, dat, dat, date ofe ofe ofe ofe of
emergence oremergence oremergence oremergence oremergence or
transplanting, andtransplanting, andtransplanting, andtransplanting, andtransplanting, and
mormormormormorphologicalphologicalphologicalphologicalphological
charactcharactcharactcharactcharacteristics oferistics oferistics oferistics oferistics of
the vthe vthe vthe vthe varieariearieariearietytytytyty. Time. Time. Time. Time. Time
of intof intof intof intof integration isegration isegration isegration isegration is
one daone daone daone daone dayyyyy.....
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But increased use of herbicides
may predispose a direct-seeded sys-
tem to chancres in weed composi-
tion and to herbicide-resistant weed.
races.

IntIntIntIntIntensify ing rainfensify ing rainfensify ing rainfensify ing rainfensify ing rainfed loed loed loed loed lowland r icewland r icewland r icewland r icewland r ice
One way to improve the well-being
of rice farming families in the
rainfed. lowlands is to intensify the
system by adding another crop,
such as a legume before or after the
rice crop. But cropping intensifica-
tion demands that more nutrients be
supplied and can increase disease
and insect pest pressure.  Direct
seeding of rice leads to a greater
weed management problem. espe-
cially with dry seeding.

Minimizing the r isk of  drMinimizing the r isk of  drMinimizing the r isk of  drMinimizing the r isk of  drMinimizing the r isk of  droughtoughtoughtoughtought
We compared transplanted and city
seeded. rainy season rice crops in
moderately drought-prone
Urbiztondo, Pangasinan, Philip-
pines,  for their relative vulnerabili ty
to drought.  Dry seeded rice was at
significantly lower risk than trans-
planted rice.

Farmers were able to complete
dry seeding operations after only
150 mm of rainfall  had accumulated;
transplanting operations had. to wait
For 600 mm accumulation. The dry
seeded crop, established 47 clays
ahead. of transplanted rice in 1991
and 38 clays ahead in 1.992, cap-
tured. 400 mm of early season rain-
fall  I ts reproductive and maturity
periods coincided with the more as-
sured rainy period of the area’s
unimodal rainfall  pattern.

We used these values and long-
term weather data to estimate the
probabili ty of drought risk to the
rainfed. crops. The concept is called
relative water supply—the ratio of
available water to rue water- demand
of the crop.

Transplanted rice is expected to
suffer severe drought stress about

once in  4 years;  dry seeded r ice
would not .  The dry seeded crop’s
advantage is  ear l ier  establ ishment
and.  ear l ier  harvest .

The farmers  who dry seeded
their  r ice saved $48 per  hectare
labor  costs .  Even with lower yields
in the 1992 wet  season,  due td)  se-
vere weed infestat ion,  dry seeded
rice was s l ight ly more profi table
than t ransplanted r ice There was no
difference between row seeding or
broadcast  sowing in crop estahl ish-
ment  of  dry seeded r ice,  but  row
seeding simplif ied weed control .

Farmers  are  intensifying their
systems with a  mungbean crop af ter
r ice.  The mungbean crop fol lowing
dry seeded r ice averaged $115 per
hectare higher  return than
mungbean fol lowing transplanted
rice.  The return-to-cost  rat io  for
labor  and f ixed capi tal ,  plus  current
inputs ,  was highest  with a  fal low -
dry seeded r ice -  mungbean cycle .

DrDrDrDrDrought/f looding tought/f looding tought/f looding tought/f looding tought/f looding to leranceoleranceoleranceoleranceolerance
Rices tolerant  of  the major  con-
straints  in  the rainfed 1owlands—
drought  and f looding—would be a
boon to farmers who are s truggling
to increase their  product ivi ty  and
profi ts .  Variet ies  that  can produce
an adequate yield af ter  the s t ress  of
too much or  too l i t t le  water,  and
that  are  responsive to favorable con-
di t ions,  a l low farmer-s  to  increase
their  inputs  with much less  r isk

Ident ifying sources of  tolerance
for  water  s t ress  is  one focus of  our
work to improve germplasm.

Submergence :  We dry seeded
1,312 breeding l ines in  a  tank,  then
submerged the one-month-old seed-
l ings for  10 days.  Only 22 percent
were tolerant  of  submergence.

Drought:  We dry seeded 1,182
breeding l ines in  moist  puddled soi l
kept  saturated for  45 days,  then
drained and dried the plot  to  -10
bar  soi l  moisture content .  Only 18
percent  were tolerant  of  drought .

Mechanisms of anoMechanisms of anoMechanisms of anoMechanisms of anoMechanisms of anoxia txia txia txia txia toleranceoleranceoleranceoleranceolerance
Direct seeded rice often germinates
or emerges in flooded soil, without
oxygen. The seeds of some varieties
survive this seeds of some varieties
survive this seeds situation better
than others. In a direct seeded crop,
high survival rates translate into
more uniform crop establishment,
and that boosts productivity.

The enzymes that limit the abil-
ity of rice to survive under anoxia
are not known, but we do know
that the alcohol fermentation path-
way in plant tissues allows the pro-
duction fo energy from glycolysis to
continue without oxygen. We stud-
ied the two enzymes in that path-
way, alcohol dehydrogenase (ADH)
and pyruvate decarboxylase (PDC).
We also studied the two phosphor-
fructokinases enzymes that control
glycolysis, ATP- and PPI-dependent
PFK.

Rice varieties Calrose and FRI3A
had the highest in vitro activities for
ATP-dependent PFK and for PDC.
This could allow higher rates of al-
cohol fermentation, and may be one
reason for their anoxia tolerance.
Anoxia-tolerance IR42 had the lowest
activity for these key enzymes of
anaerobic metabolism. In all varie-
ties, PPI-dependent PFK and PDC
were 50 to 500 times lower than
ADH. activity.
Enzyme activity can be used to
indicate metabolic limitations of in-
tolerance varieties and to identify
mechanisms of tolerance. Next, we
will develop probes for tolerance
for flooding and utilize molecular
engineering to increase expressions
of these enzymes in rice.

development of constructs for
transforming rice with genes for
ADH and PDC is underways in a
special project in collaboration with
laboratories in Australia and the
United States.
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DrDrDrDrDrought resistance in drought resistance in drought resistance in drought resistance in drought resistance in dry seeded ricey seeded ricey seeded ricey seeded ricey seeded rice

Dry seeded rice is more tolerant of
drought than transplanted rice be-
cause it has a deeper and stronger
root system. Even so varieties differ
in their response to water defi-
ciency; other plant characteristics
also contribute to drought tolerance.

We subjected BR2O, BR21, IR64,
and IR72 to water deficit at the veg-
etative stage and. at the reproductive
stage. IR72 coped best with (drought
at the vegetative stage; its plants
were larger, nitrogen uptake at
panicle initiation and flowering was
greater, and total non-structural car-
bohydrate content was higher.

IR72, however, performed poor
est with drought at the reproductive
stage; its larger plants transpired
more water than other cultivars and
it suffered more damage. BR2O, with
smaller plants, had the highest yield..

All cultivars had the same rela-
tionship between leaf water poten-
tial and CO2 assimilation Leaf area
and whole plant transpiration are
the primary factors that affect leaf
water potential: the larger the leaf
area., the greater the transpiration
and. the faster and more severe the
water deficit stress.

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

UUUUUpland rice vpland rice vpland rice vpland rice vpland rice varieariearieariearietiestiestiestiesties

Upland farmers in northern
Mindanao, Philippines, primarily
grow traditional low-yielding rice
varieties. We asked about their se-
lection criteria. Important character-
istics are yield, early maturity, eating
quality, lodging resistance, disease
resistance, drought tolerance, and
adaptation to different soil types.

These upland farmers regularly
make reasoned choices of tradi-
tional rice varieties and practice
sound management. They are suc-

cessful to the extent allowed by the
risks inherent in the system, but
could. benefit from new varieties tar-
geted to different agroecological
niches.

IRRI’s role is to make available
to upland rice breeders improved
germplasm that combines traits for
tolerance for constraints with traits
for higher yields. For example, the
ability of a crop to compete with
weeds would improve the produc-
tivity of labor. We found that tiller
number, dry weight, and. leaf 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-
efficient. Factors identified so far in-
dude internal plant mechanisms
that regulate the amount of phos-
phorus in aboveground dry matter
and external mechanisms—such as
root diameter,length, and density—
that affect the plant’s ability to 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
effects due to root-induced changes
in soil chemical conditions, and
mycorrhizal effects.

Rice-based deepwRice-based deepwRice-based deepwRice-based deepwRice-based deepwatatatatater syster syster syster syster systemsemsemsemsems

Low-lying areas subject to uncon-
trollable flooding are home to more
than 100 million poor farmers and.
their dependents in South and.
Southeast Asia. Rice is often their
only crop. They need ways to in-
crease their rice harvests and to ex-
pand. their cropping options.

One example is Bangladesh.
More than half of that country’s 10.2
million hectares of riceland is
flooded to depths of 30 to 180
centimeters during the rainy season.
Projections indicate that double-
cropped rice—an early winter rice
crop using boro varieties followed

by a transplanted deepwater rice
crop in the rainy season—could be
successful on 2.64 million hectares
where only one winter rice ct-op is
now grown. The next step is to
breed high-yielding varieties
adapted to winter temperatures and

to design cultural practices suitable
for rainy season water depths.

ImImImImImprprprprprooooovvvvved deepwed deepwed deepwed deepwed deepwatatatatater r ice germer rice germer rice germer rice germer rice germplasmplasmplasmplasmplasm

Thai and IRRI breeders have defined
the characteristics needed in a more
productive plant type for areas with
maximum flooding depths of about
100 cm. Ability to elongate as flood-
waters rise is an important trait.
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LoLoLoLoLowlying areaswlying areaswlying areaswlying areaswlying areas
subject tsubject tsubject tsubject tsubject to uncon-o uncon-o uncon-o uncon-o uncon-
trtrt rt rt rol lable f loodingollable f loodingollable f loodingollable f loodingollable f looding
are home tare home tare home tare home tare home to moreo moreo moreo moreo more
than ioo mil l ionthan ioo mil l ionthan ioo mil l ionthan ioo mil l ionthan ioo mil l ion
poor fpoor fpoor fpoor fpoor farmerarmerarmerarmerarmers ands ands ands ands and
their dependentstheir dependentstheir dependentstheir dependentstheir dependents
In South andIn South andIn South andIn South andIn South and
Southeast Asia.Southeast Asia.Southeast Asia.Southeast Asia.Southeast Asia.
Rice is ofRice is ofRice is ofRice is ofRice is of ttttten theiren theiren theiren theiren their
only cronly cronly cronly cronly crop.op.op.op.op.

Transferring the high ti l lering
and fast  elongating abili ty of an ac-
cession of 0. rufipogon  to deep-
water rice breeding lines shows
promise for developing the new
plant type within the next five years.

Salt  tSalt  tSalt  tSalt  tSalt  tolerance folerance folerance folerance folerance for  t idal  wor t idal  wor t idal  wor t idal  wor t idal  weeeeetlandstlandstlandstlandstlands
Rate of leaf elongation is a simple,
reliable index of salt  tolerance in
rice.  It  is  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
leaf  elongat ion rate  as  sal ini ty  in-
creased indicates  that  tolerant  Nona
Bokra r ice plants  respond to the os-
motic  s t ress  imposed by sal ini ty,  not
to the ionic  s t ress .  After  the ini t ia l
s t ress ,  growth rates  recovered and
remained constant ,  suggest ing that
Nona Bokra plants  adapted

On the other  hand,  the leaf  area
index of  nontolerant  IR28 giants  de-
creased.  s teadi ly with high sal ini ty,
indicat ing s lowly increasing ionic
stress  with the inf lux of  sodium into
the leaves.

Now we can use RFLP mapping
to ident ify the genes for  different ial
response,  and develop faster,  more
rebable screening for  donors  of  tol-
erance for  sal ini ty.   
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IntIntIntIntIntegrategrategrategrategrated Ped Ped Ped Ped Pestestestestest
ManagementManagementManagementManagementManagement
(IPM) is based on(IPM) is based on(IPM) is based on(IPM) is based on(IPM) is based on
the premise thatthe premise thatthe premise thatthe premise thatthe premise that
no single pestno single pestno single pestno single pestno single pest
contrcontrcontrcontrcontrol meol meol meol meol methodthodthodthodthod
will be successfulwill be successfulwill be successfulwill be successfulwill be successful
and long-lasting band long-lasting band long-lasting band long-lasting band long-lasting byyyyy
itself Biological,itself Biological,itself Biological,itself Biological,itself Biological,
phphphphphysical, andysical, andysical, andysical, andysical, and
chemical mechemical mechemical mechemical mechemical methodsthodsthodsthodsthods
are intare intare intare intare integrategrategrategrategrated inted inted inted inted intooooo
cohesivcohesivcohesivcohesivcohesive strate strate strate strate strate-e-e-e-e-
gies designed tgies designed tgies designed tgies designed tgies designed tooooo
prprprprprooooovide sustain-vide sustain-vide sustain-vide sustain-vide sustain-
able crable crable crable crable crop prop prop prop prop proooootttttec-ec-ec-ec-ec-
tion. The emtion. The emtion. The emtion. The emtion. The emphaphaphaphapha
sis is on maximize-sis is on maximize-sis is on maximize-sis is on maximize-sis is on maximize-
ing natural contring natural contring natural contring natural contring natural contrololololol
mechanisms. Anmechanisms. Anmechanisms. Anmechanisms. Anmechanisms. An
IPM stratIPM stratIPM stratIPM stratIPM strategy usesegy usesegy usesegy usesegy uses
a combination ofa combination ofa combination ofa combination ofa combination of
resistant vresistant vresistant vresistant vresistant varieariearieariearieties,ties,ties,ties,ties,
agragragragragronomic prac-onomic prac-onomic prac-onomic prac-onomic prac-
tices knotices knotices knotices knotices known twn twn twn twn tooooo
reduce yieldreduce yieldreduce yieldreduce yieldreduce yield
losses due tlosses due tlosses due tlosses due tlosses due tooooo
pests, and conserpests, and conserpests, and conserpests, and conserpests, and conser-----
vvvvvation practicesation practicesation practicesation practicesation practices
that preserthat preserthat preserthat preserthat preservvvvve ande ande ande ande and
increase theincrease theincrease theincrease theincrease the
natural enemies ofnatural enemies ofnatural enemies ofnatural enemies ofnatural enemies of
pests. Ppests. Ppests. Ppests. Ppests. Pesticidesesticidesesticidesesticidesesticides
are applied only tare applied only tare applied only tare applied only tare applied only tooooo
aaaaavvvvvoid economicoid economicoid economicoid economicoid economic
yield loss, andyield loss, andyield loss, andyield loss, andyield loss, and
then only pesti-then only pesti-then only pesti-then only pesti-then only pesti-
cides that causecides that causecides that causecides that causecides that cause
minimal harm tminimal harm tminimal harm tminimal harm tminimal harm tooooo
humans and thehumans and thehumans and thehumans and thehumans and the
enenenenenvirvirvirvirvironment areonment areonment areonment areonment are
used.used.used.used.used.

PRPRPRPRPROOOOOTECTION:TECTION:TECTION:TECTION:TECTION:
Caring fCaring fCaring fCaring fCaring for the enor the enor the enor the enor the envirvirvirvirvironmentonmentonmentonmentonment

G
rowing enough r ice to  feed burgeoning populat ions is  pressur-
ing fragi le  environments .  The issues include land degradat ion,
soi l  erosion water  shortages,  and pol lut ion.  For  IRRI,  this
t ranslates  into research on ways to protect  the environment
and human heal th,  while  helping poor farmers improve the
profi tabi l i ty  of  their  r ice-based,  systems.

DeDeDeDeDevvvvveloping IPM teloping IPM teloping IPM teloping IPM teloping IPM tececececechnologyhnologyhnologyhnologyhnology
Environmental  and.  heal th problems resul t ing from unsafe use of  pest icides,
and.  the need.  to  f ind,  less  expensive methods of  pest  control  are  impell ing
nat ional  and internat ional  organizat ions and.  groups to reevaluate  pest icide
use and to turn to integrated pest  management .

Development  of  an IPM strategy requires  knowledge based on a  combi-
nat ion of  s t rategic  and applied research,  to  invest igate  the ecological  factors
that  affect  pests  and.  to  design and evaluate  new control  methods.  I t  a lso
depends on farmer part ic ipat ion and on changes in public  pol icy.

Host plant  resistanceHost  plant  resistanceHost  plant  resistanceHost  plant  resistanceHost  plant  resistance
A rice plant  that  is  genet ical ly  resis tant  to  yield- threatening pests—what  is
cal led host  plant  resis tance—is a  key element  in  reducing the use of  pest i -
cides in .  r ice product ion.  For  three decades,  IRRI plant  breeders  have en-
sured that  each new el i te  cul t ivar  and breeding l ine possesses a  wide range
of genes for  resis tance to pests  and diseases.  This  means a  cont inuous effort
in  breeding act ivi t ies  to  keep ahead of  evolving ant i  changing pests .

Land races,  cul t ivated r ice and.  c losely related wild r ices  have been the
sources of  genet ic  resis tance.  Pest  and pathogen populat ions change over
t ime,  however,  and genet ic  resis tance breaks down,  while  some pest  and
disease problems remain intractable .  Increased generic  diversi ty  against
pests  and cul t ivars  with more durable resis tance are  needed.  Biotechnology
acids a  new dimension to the search for  improved host  plant  resis tance:

• Wide hybridizat ion makes i t  possible  for  breeders  to  use genes drawn
from the wider  pool  of  the ent i re  Oryza genus.  Tissue cul ture  enables  the
rescue of  embryo seeds from hybrids  between O.sativa  and dis tant ly  re-
lated species  of  the genus,  such as  O. ausiral iensis  After  several  cycles  of
backcrossing to the cul t ivated,  r ice,  chromosomal s tabi l i ty  is  restored,  with
pieces of  the wild.  genome integrated into the chromosomes of  the el i te  par-
ent .  Several  useful  genes have been t ransferred from different  wild species
into cul t ivated r ice.

• Genet ic  engineering makes i t  possible  to  t ransfer  into r ice specif ic
genes originat ing from any l iving organism or  virus,  or  even from chemical
synthesis .  The f i rs t  group of  useful  foreign genes to  be put  into r ice are  in-
tended to improve pest  and disease resis tance:
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FFFFFarmerarmerarmerarmerarmers whos whos whos whos who
rrrrroutinely useoutinely useoutinely useoutinely useoutinely use
pesticides arepesticides arepesticides arepesticides arepesticides are
twice as liktwice as liktwice as liktwice as liktwice as likely tely tely tely tely tooooo
hahahahahavvvvve healthe healthe healthe healthe health
prprprprproblems as thoseoblems as thoseoblems as thoseoblems as thoseoblems as those
who rarely usewho rarely usewho rarely usewho rarely usewho rarely use
themthemthemthemthem

— CryIIA a ncl  CryIA(b)
endotoxin genes of  Baci l lus
thuringiensis  (B. t . )  for  insect  resis t -
ance.

— soybean t rypsin inhibi tor  for
insect  resis tance

— two barley genes,  chi t inase
and.  r ibosome inact ivat ing protein
(RIP),  for  resis tance to the fungal
diseases sheath bl ight  and blast

• Molecular  marker  technology
increases  the eff ic iency with which
specif ic  desirable  genes can be
combined in improved breeding
l ines.  Useful  genes are tagged with
flanking DNA markers ,  accelerat ing
the abi l i ty  of  plant  breeders  to
screen for  their  presence.  Such
markers  wil l  be especial ly  useful  in
breeding for  resis tance to pests  and.
diseases that  are  not  endemic at
IRRI headquarters  or  for  genes with
overlapping effects  that  can contr ib-
ute  to complex and more durable
resis tance.

RRRRReducing disease epidemicseducing disease epidemicseducing disease epidemicseducing disease epidemicseducing disease epidemics
Epidemiology is one area of strate-
gic IPM research. An example is rice
tungro disease. Information about
its epidemiology is l imited In col-
laboration with NRL we measured
the incidence and spread of tungro
in different rice varieties and. the ef-
fect that introduced sources of infec-
tion had on its spread. These studies
were made on the IRRI research
farm in both the wet and dry sea-
sons.

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

virus source and the susceptible rice
varieties may be a practical way of
reducing disease incidence.

We continued to search for ge-
netic resistance to the two viruses
that cause rice tungro disease.  Re-
sults this year suggest that resistance
to the bacill iform virus in seven ac-
cessions of O. rufipogon, O.
officinalis ,  and O.ridleyi  does not
depend on vector resistance. These
wild, rices could be useful in trans-
ferring tungro resistance into im-
proved cultivars.

FFFFFarmerarmerarmerarmerarmers’ pest management decisionss’ pest management decisionss’ pest management decisionss’ pest management decisionss’ pest management decisions
A multidisciplinary integrated pest
survey in central  Luzon, Philippines,
monitored the ricefields of 89 farm-
ers across four seasons. We related
data on diseases,  insect pests,  weed
infestation.,  cropping practices,  and
yield to the Burners’ perceptions of
Pest problems and to their socioeco-
nomic and technical backgrounds.

We found a close relationship
between the backgrounds of the
farmers,  their perceptions of pests,
and their use of pesticides.  While all
farmers used insecticides,  only the
more experienced. older farmers did
so in response to a perceived rest
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 farmers
backgrounds and. their pesticide de-
cisions suggest that the introduction
of IPM practices into a cropping sys-
tem must be tailored to the farmers’
perceptions

PPPPPesticide-relatesticide-relatesticide-relatesticide-relatesticide-related health damageed health damageed health damageed health damageed health damage
We est imated the effects  of  impaired
heal th on farm product ivi ty in
Laguna,  Nueva Eci ja ,  and Quezon
Provinces,  The Phil ippines.  These
areas are  character ized by intensive
irr igated r ice systems—2-3 crops a
year.  Damage to farmers’ heal th
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Plant breeding tPlant breeding tPlant breeding tPlant breeding tPlant breeding tooooo
incorincorincorincorincorporatporatporatporatporate nee nee nee nee newwwww
genegenegenegenegenetic divtic divtic divtic divtic divererererersitysitysitysitysity
fffffor pest resist-or pest resist-or pest resist-or pest resist-or pest resist-
ance intance intance intance intance into im-o im-o im-o im-o im-
prprprprprooooovvvvved lines hased lines hased lines hased lines hased lines has
maintained amaintained amaintained amaintained amaintained a
qqqqquieuieuieuieuiet ret ret ret ret revvvvvolution,olution,olution,olution,olution,
ensuring apprensuring apprensuring apprensuring apprensuring approooooxi-xi-xi-xi-xi-
matmatmatmatmately one thirely one thirely one thirely one thirely one thirddddd
of current yieldsof current yieldsof current yieldsof current yieldsof current yields
without the needwithout the needwithout the needwithout the needwithout the need
fffffor eor eor eor eor extra chemicalxtra chemicalxtra chemicalxtra chemicalxtra chemical
pest contrpest contrpest contrpest contrpest control.ol.ol.ol.ol.
Yields of theYields of theYields of theYields of theYields of the
original high-original high-original high-original high-original high-
yielding vyielding vyielding vyielding vyielding varieariearieariearieties,ties,ties,ties,ties,
eeeeexxxxxemememememplifplifplifplifplified hereied hereied hereied hereied here
bbbbby IR8, wy IR8, wy IR8, wy IR8, wy IR8, wouldouldouldouldould
hahahahahavvvvve declined ane declined ane declined ane declined ane declined an
aaaaavvvvverage 1erage 1erage 1erage 1erage 1.3.3.3.3.3
perperperperpercent a ycent a ycent a ycent a ycent a yearearearearear, a, a, a, a, a
tttttoooootal of about twtal of about twtal of about twtal of about twtal of about twooooo
tttttons per hectare.ons per hectare.ons per hectare.ons per hectare.ons per hectare.
NeNeNeNeNew vw vw vw vw varieariearieariearieties withties withties withties withties with
host plant resist-host plant resist-host plant resist-host plant resist-host plant resist-
ance haance haance haance haance havvvvve main-e main-e main-e main-e main-
tained their yieldtained their yieldtained their yieldtained their yieldtained their yield
popopopopotttttential.ential.ential.ential.ential.

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

The stud.y tracked 152 rice farm-
ers for two years.  Two groups usedi
pesticides regularly,  one rarely used
pesticides.  Those who routinely
used pesticides were twice as l ikely
to have health problems as those
who rarely Lised them. The costs of
treating th.e pesticide-related il l-
nesses increased, in direct relation to
the frequency of pesticide use.  The
value oF crops lost to pests was
lower than the expense of treating
the pesticide-related il lnesses.

Inadequate storage, unsafe han-
dling practices,  short  intervals be-
tween spraying, and inefficient
sprayer maintenance were found to
result  in enormous exposure to
chemicals of both the farmer and.
his household.

Capturing genes fCapturing genes fCapturing genes fCapturing genes fCapturing genes for resistanceor resistanceor resistanceor resistanceor resistance
It  takes substantial  effort  to transfer
a resistant gene into a desired ge-
netic background, in particular
when stable resistance is the objec-
tive.  Cultivars face a variety of
pathogen populations in the field,
and the genes conveying resistance
need to be characterized against a
spectrum of pathogen populations.

An improved set of near-
isogenic l ines allows the genes car-
ried in those lines to be studied in
detail  and provides a specific set of
differential’s For classifying patho-
types.  We collaborated with.
Hokkai do University to eliminate
lines with identical resistant genes
from. our set  for classifying the rice
blast  fungus, and reduced the set
from 22 to 5 lines.  This makes using
the lines to type virulence more effi-
cient.

Rice yRice yRice yRice yRice yelloelloelloelloellow mow mow mow mow mottle virus resistancettle virus resistancettle virus resistancettle virus resistancettle virus resistance
Rice yellow mottle virus is a. threat
to intensified, rice cultivation in sub-
Saharan Africa. Traditional varieties
in Madagascar are susceptible to the
insect-transmitted. vinis, 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-
ers varieties, entries from the
INGER in Africa screening set, and
improved breeding lines and varie-
ties. Upland varieties FARO 11 and
FARO 43, and lowland selections
T0X3219-14-2-4, T0X3219-51-1-3-2-
2B, and T0X3233-3 I -&2-3-2A were
confirmed resistant. Wild rice spe-
cies O.longisiaminata ,  which is
widely distributed in sub-Saharan
Africa and Madagascar, could be an-
other source of resistance.

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

tion of FOFIFA, IRRI, and.GTZ Plant
Protection Service.

GrGrGrGrGroundwoundwoundwoundwoundwatatatatater qer qer qer qer qual i tyual i tyual i tyual i tyual i ty
Many rural areas depend on. shallow
groundwater for their domestic wa-
ter supply. Many groundwater aqui-
fers,  especially in irrigated areas,  are
connected hydraulically with the
ricefields.  Water containing nitrate
residues from applied nitrogen ferti-
l izer may reach these aquifers
through deep percolation. Unsafe
concentrations of pesticide residues
also may accumulate.

We studied household. water
supplies in two intensive rice culti-
vation areas of the Philippines,  the
Upper Pangasinan River Irrigation
System in Nueva Ecija Province and
the Santa Cruz River Irrigation Sys-
tem in Laguna Province. Water sam-
ples were collected once a month
from manually-operated shallow
tubewells.
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Screening fScreening fScreening fScreening fScreening fororororor

resistance tresistance tresistance tresistance tresistance to riceo riceo riceo riceo rice

yyyyyelloelloelloelloellow mow mow mow mow mottlettlettlettlettle

virus in Madagas-virus in Madagas-virus in Madagas-virus in Madagas-virus in Madagas-
car is a collabora-car is a collabora-car is a collabora-car is a collabora-car is a collabora-
tion of Ftion of Ftion of Ftion of Ftion of FOFIFOFIFOFIFOFIFOFIFAAAAA,,,,,

IRRI, and GIRRI, and GIRRI, and GIRRI, and GIRRI, and GTZTZTZTZTZ

Plant PrPlant PrPlant PrPlant PrPlant Proooootttttectionectionectionectionection

SerSerSerSerService.vice.vice.vice.vice.

Nitrate residues were found. at
all sites, but concentrations were
considerably below the maximum
10 ppm permissible. Nearly all the
water samples 113 Laguna had detect-
able levels of the pesticides carbo-
furan and. endosulfan. Levels were
lower in Nueva Ecija where farmers
use less pesticide.

This is importan.t baseline data
against which to measure ground-
water quality in relation to changing
crop management over the long
term.

PrPrPrPrProooootttttect ing the uplandect ing the uplandect ing the uplandect ing the uplandect ing the upland
The uplands of  the humid tropics
are being impacted by special  prob-
lems related to populat ion pressures
and agricul tural  intensif icat ion.  In
general ,  the basic  problem is  the
soi l  degradat ion associated with de-
forestat ion by commercial  logging,
fol lowed by the movement  of  ex-
cess  populat ion onto the cleared
land

The intensive cul t ivat ion and
overgrazing that  fol low lead to rapid
leaching soi l  acidif icat ion,  and cro-
sion.  The resul t  is  loss  of  soi l  fer t i l -
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i ty, declining yields, and land degra-
dation This affects not only the rip-
lands, but also the sustainability of
lower parts of the watershed.

As population densities in-
crease, what are the economically
and environmentally viable protec-
Hon options? In the long run, a sys-
tem of farming that closely mimics
the dense natural vegetation of the
humid. forests would work best. In
the short run, people must be
helped to feed themselves while re-
habilitating and sustaining their en-
vironment.

Appropriate land use and public
investment can help to prevent the
problem. In Southeast Asia, public
policy—unchecked logging and
poor conservation efforts—contrib-
utes more to soil degradation than
does population-induced agricul-
tural intensification.

Upland cultivation. by itself does
not necessarily lead to land degra-
dation. Soil erosion develops and
accelerates when the farming system
does not include conservation meas-
ures. If farmers are to. .invest in con-
servation, they need to see the prof-
itability of the practices. This implies
that they have secure access to land,
with the ability to make long-term
decisions that will enhance current
and. long-term payoffs.

Indigenous contrIndigenous contrIndigenous contrIndigenous contrIndigenous control of soil erol of soil erol of soil erol of soil erol of soil erosionosionosionosionosion
Hedgerows are among the opt ions
proposed for  control l ing soi l  erosion
and sustaining soi l  fer t i l i ty- .  Re-
searchers  from the Visayas State
College of  Agricul ture (VISCA) and
IRRI found that  some farmers a . t  the
Matalom, Phil ippines,  Upland Rice
Research Consort ium si te  already
were using a  contour  hedgerow sys-
tem to control  erosion.  In fact ,  sev-
eral  c laimed they invented the ap-
proach as  long ago as  1944.

The general  pract ice was to
leave narrow bands unplowed.
along visual ly est imated contour

l ines.  Volunteer  weeds and grasses
grew to form a hedgerow that
helped stop soi l  movement .  But  s ix
farmers had s topped cul t ivat ing
their  hedgerowed Odds because the
hedgerows at t racted grazing cat t le
and because soi l  nutr ients  had been
depleted.

Of the 20 farmers who ye-
sponded to technical  advice and
adopted contour  hedgerow technol
ogy within the las t  10 years ,  near ly
al l  had abandoned or  fal lowed their
f ie lds .  They said grazing animals
had damaged.  the hedgerows and
adjacent  r ice plant ings,  and soi l  nu-
tr ients  had been depleted The
Leucaena leucocephala  t rees
planted in the hedgerows were be-
ing harvested,  for  f i rewood.

I t  appears  that  upland farmers
recognize and act ively seek solu-
t ions to their  soi l  erosion problems.
I t  is  important  that  the technology
fi t  the social  environment  and be
integrated,  into other  cropping tech-
nologies .

MeMeMeMeMethane frthane frthane frthane frthane from flooded ricefom flooded ricefom flooded ricefom flooded ricefom flooded ricefieldsieldsieldsieldsields
Although we know flooded
ricefields are a major source of t ie
greenhouse gas methane, there is
considerable uncertainty as to how
much the production of rice con trib-
utes to atmospheric methane levels.
More precise measurement of meth-
ane production and emission is
needed. if  we are to devise ways to
reduce emissions without sacrificing
rice yield.

We used a continuous measur-
ing system to assess methane emis-
sions from flooded rice soils and to
dentify controlling factors.  Methane
fluxes were higher in the dry season
than in the wet season. Within a
season, a rice crop had three emis-
sion peaks: soon after transplanting,
during the early reproductive stage,
and a: ripening. Daily emissions
seemed. to be controlled by tern-
perature,  with the highest emissions

in. the early afternoon and the low-
est late at night.

The mode of applying fertilizer
did. not affect emission patterns, hut
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 drying during rice
growth., released large amounts of
trapped methane.

Measurements in the laboratory
showed that the pattern of en-
trapped methane and release of
methane by bubblin.g (called
ebullition) closely followed the total
flux pattern. Soils can be categorized
into four groups according to the
pattern and amount of methane they
produ cc during anaerobic incuba.-
tion.

Methane production and emis-
sion in relation to rice growth is
clearly complex. More accurate esti-
mates of methane emission from
wetland rice will take into account
soil properties, water regime, or-
ganic amendments, and. cultural
practices.

We also measured nitrous oxide
emissions under similar at conditions.
Nitrous oxide fluxes were inversely
related, to methane emissions. Ni-
trous oxide emissions during fallow
and during a flooded, rice crop were
high immediately after rainfall an and
low during growth. duration, except
after nitrogen application. Mid-sea-
son drying of the field. suppressed
methane fluxes without increasing
nitrous oxide emissions. 
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Col laborat ion hasCol laborat ion hasCol laborat ion hasCol laborat ion hasCol laborat ion has
manmanmanmanmany synergist icy synergist icy synergist icy synergist icy synergist ic
benefbenefbenefbenefbenef i ts :  shori ts :  shori ts :  shori ts :  shori ts :  shor ttttten-en-en-en-en-
ing the t imeing the t imeing the t imeing the t imeing the t ime
needed tneeded tneeded tneeded tneeded to solvo solvo solvo solvo solveeeee
prprprprproblems, speed-oblems, speed-oblems, speed-oblems, speed-oblems, speed-
ing the transfing the transfing the transfing the transfing the transfer  ofer  ofer  ofer  ofer  of
infinfinfinfinformation andormation andormation andormation andormation and
advadvadvadvadvanced researanced researanced researanced researanced researchchchchch
mememememethodologies,thodologies,thodologies,thodologies,thodologies,
enabl ing scient i fenabl ing scient i fenabl ing scient i fenabl ing scient i fenabl ing scient i f icicicicic
col laborat ioncol laborat ioncol laborat ioncol laborat ioncol laborat ion
acracracracracross pol i t icaloss pol i t icaloss pol i t icaloss pol i t icaloss pol i t ical
borborborborborderderderderders ands ands ands ands and
economic barr iereconomic barr iereconomic barr iereconomic barr iereconomic barr iers,s,s,s,s,
strestrestrestrestretching scartching scartching scartching scartching scarcecececece
researresearresearresearresearchchchchch
resourresourresourresourresources.ces.ces.ces.ces.

PPPPPARTNERSHIPS:ARTNERSHIPS:ARTNERSHIPS:ARTNERSHIPS:ARTNERSHIPS:
Supporting and working
with others

V
irtually all IRRI’s work involves some form of collaboration, of
partnership This has many synergistic benefits: shortening the
time needed. to solve problems, speeding the transfer of informa-
tion and advanced research methodologies enabling scientific
collaboration across political borders and. economic barriers,
stretching scarce research resources. Important partnerships

include bilateral agreements, shuttle research, and joint ventures Consortia
and networks streamline collaboration and cooperation.

The IntThe IntThe IntThe IntThe International Neernational Neernational Neernational Neernational Netwtwtwtwtwororororork fk fk fk fk for Geneor Geneor Geneor Geneor Genetic Evtic Evtic Evtic Evtic Evaluation of Rice (INGER)aluation of Rice (INGER)aluation of Rice (INGER)aluation of Rice (INGER)aluation of Rice (INGER)
INGER promotes genetic diversity in different ecosystems through global
exchange evaluation and use of improved breeding materials,including va-
rieties and elite lines originating from sources worldwide. Some entries in
the yield and stress nurseries for different rice ecosystems demonstrate high
levels of yield stability and stress tolerance over a wide range of specific bi-
otic and abiotic stress hot spots.

In 1992, 638 sets of 19 nurseries—10 for different ecosystems and 9 for
stress tolerance, a total of 1,300 entries-were distributed to 35 countries: 13
in Asia, 3 in West Asia and North Africa, 9 in sub-Saharan Africa anti 4 in
Latin America, plus Australia.

In addition, INGER-Latin America composed and distributed nursery
sets of germplasm suitable for moisture-favorable conditions and tar acid
soils and INGER-Africa prepared and sent 9 nursery sets to 1 3 countries in
West Africa and 17 countries in east, central, and southern Africa.

In follow-tip activities, 775 entries were evaluated in additional yield tri-
als in 20 countries, and 602 entries were used in the crossing programs of
19 countries. Three entries were released, as varieties: 0R142-99 from India
was released as Santepheap 3 in Cambodia, Barkat (.1(73-13) from India was
released, with the same name in Bhutan, and 1119763-111-2-2-3 from IRRI was
released as Pant Dhan 10 in India.

The RainfThe RainfThe RainfThe RainfThe Rainfed Loed Loed Loed Loed Lowland Rice Rwland Rice Rwland Rice Rwland Rice Rwland Rice Researesearesearesearesearch Consorch Consorch Consorch Consorch Consortiumtiumtiumtiumtium
The heterogeneous, variable. and widely dispersed environments of rainfed
lowland rice and the related major abiotic and biotic constraints are chal-
lenging consortium members to link with other research initiatives.

Major breeding activities for the rainfed lowlands have been transferred
from IRRI headquarters in the Philippines to consortium sites: Central Rice
Research Institute (CRRI). Cuttack, India, for medium-deep water (50 X 7(0
cm); Ubon, Thailand, for shallow water with low fertility soils.

The UThe UThe UThe UThe Upland Rice Rpland Rice Rpland Rice Rpland Rice Rpland Rice Researesearesearesearesearch Consorch Consorch Consorch Consorch Consortiumtiumtiumtiumtium
Improving the productivity of upland rice and. improving the well-being of
farming families in the uplands of tropical Southeast Asia involve working
with both the biophysical environment and the socioeconomic environ-
ment. The issues are the same across the region: impoverished rural com-



42

RainfRainfRainfRainfRainfed Loed Loed Loed Loed Lowland Rice Rwland Rice Rwland Rice Rwland Rice Rwland Rice Researesearesearesearesearch Consorch Consorch Consorch Consorch Consor t iumtiumtiumtiumtium

Bangladesh Bangladesh Rice Research Institute,
regional stat ion at Rajshahi.

India Central  Rice Research Institute,
Cuttack, Orissa, and Narendra Dev
Agricultural  University Experiment
Station, Faizabad, Masodha.

Indonesia Central  Research institute for Food
Crops, Sukamandi Research Institute
Jakenan Experiment Station, Central
Java.

Phi l ippines Phil ippine Rice Research Institute,
Batac, I locos Nor te.

Thai land Rice Research Center,  Libon.
IRRI tarlac,  Pangasinan, Phi l ippines.

UUUUUpland Rice Rpland Rice Rpland Rice Rpland Rice Rpland Rice Researesearesearesearesearch Consorch Consorch Consorch Consorch Consor tiumtiumtiumtiumtium

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
Research Station, Northern Thailand.

IRRI Cavinti, Laguna, Philippines.
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muni t ies ,  poor  so i l s ,  the  need  for
food secur i ty.

Rice  i s  only  one  component  of
the  complex  cropping sys tems of
the  uplands .  Farmers  need  f lex ib le
sys tems tha t  c lose ly  assoc ia te  food
product ion  wi th  cash  crops  and
l ives tock .  The  technology must  pro-
tec t  na tura l  resources ;  in  par t icu lar,
the  cycle  must  a r res t  so i l  e ros ion
ar id  water  runoff .

Consor t ium members  a re  car ry-
ing  out  research  on  drought ,  weeds ,
b las t ,  poor  so i l s ,  and  land manage-
ment .

The Asian Rice FThe Asian Rice FThe Asian Rice FThe Asian Rice FThe Asian Rice Farming Systarming Systarming Systarming Systarming Systemsemsemsemsems
NeNeNeNeNetwtwtwtwtwororororork (ARFSN)k (ARFSN)k (ARFSN)k (ARFSN)k (ARFSN)
ARFSN par t ic ipants  eva lua ted  tech-
nology a t  39  key  s i tes  in  16  coun-
t r ies  of  Asia  and  in  Madagascar.
They tes ted  cropping ,  c rop-animal ,

and crop-f ish systems,  examined the
roles  of  women in r ice farming,
evaluated equipment  for  t imely op-
erat ions in intensive cropping,
evaluated varietal  select ions of  for-
age crops,  and used geographic in-
formation systems (G IS)  to  extrapo-
late  recommended domains for
promising agricul tural  technologies .

The IntThe IntThe IntThe IntThe International Neernational Neernational Neernational Neernational Netwtwtwtwtwororororork on Soilk on Soilk on Soilk on Soilk on Soil
FFFFFererererertility and Sustainable Rice Ftility and Sustainable Rice Ftility and Sustainable Rice Ftility and Sustainable Rice Ftility and Sustainable Rice Farm-arm-arm-arm-arm-
ing (INSURF)ing (INSURF)ing (INSURF)ing (INSURF)ing (INSURF)
INSURF continued to focus on
sub network act ivi t ies  in  the i r r i -
gated,  rainfed lowland,  and upland
rice ecosystems.  Part ic ipants  tested
improved soi l  fer t i l i ty  management
pract ices  and evaluated their  contr i -
but ion to sustaining r ice-based crop-
ping systems.  Cooperators  in  Bang-
ladesh,  India ,  Indonesia ,  Malaysia ,

the Philippines and Thailand used
Soil  Taxonomic and Ferti l i ty Capa-
bili ty Classification to characterize a
large number of testing sites.  This
information will  help in developing
extrapolation domains.

The IntThe IntThe IntThe IntThe Integrategrategrategrategrated Ped Ped Ped Ped Pest Managementest Managementest Managementest Managementest Management
NeNeNeNeNetwtwtwtwtwororororork (IPMN)k (IPMN)k (IPMN)k (IPMN)k (IPMN)
IPMN focuses on interdisciplinary
research that involves both national
scientists and. extension specialists.
Diagnostic workshops enable na-
tional system teams to derive re-
search, extension, and. policy priori-
t ies.  Country teams also evaluate
farmer participatory research as a
means of communicating IPM con-
cepts,  such as plant compensation
for damage due to pests and. natural
control of rice pests.
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CountrCountrCountrCountrCountryyyyy
and regionaland regionaland regionaland regionaland regional
prprprprprojectsojectsojectsojectsojects
Some economically less-developed
countries still need assistance in im-
proving their research capacity. The
special Country and regional
projects coordinated, by IRRI are de-
signed to help national programs
make the transition, from institution,
development to research col1abora-
tion. Each project’s research plans
are coordinated with IRRI is work, to
capture the synergistic benefits for
both.

During 1992, external funding
supported special project work with
the national rice research systems of
Bangladesh, Bhutan, Cambodia,
Egypt, Lao PDR, Madagascar,
Myanmar, and Vietnam 

TTTTTrainingrainingrainingrainingraining
A crucial need in rice research is
continuing enhancement of the abil-
ity of national agricultural research
systems to carry out their research
agenda. A number of national pro-
grams still lack a critical mass of ad-
equately trained, personnel.

During 1992, 239 scholars and
research fellows from 34 countries
participated. in degree and
postdegree training at IRRI. Some
research fellows are assigned to
work at consortia key sites.

The Institute actively encour-
ages and. assists national systems to
share in regional training responsi-
bilities, thus making better use of
resources and stimulating more i-c-
search collaboration. This year, IRRI
began. to decentralize its training
prograrri by transferring its Rice Pro-
duction Training Course to Thai-
land. Thai and IRRI trainers led 27
participants from 7 countries
through the course.

Some 650 national program re-
searchers were trained in short-term
courses at IRRI and in-country dur-
ing 1992.

CourCourCourCourCourses at IRRI headqses at IRRI headqses at IRRI headqses at IRRI headqses at IRRI headquaruaruaruaruar tttttererererersssss

Training and. technology transfer
Engineering for rice agriculture
Integrated. Pest Management
International Network on Sustain-

able Rice Faming Systems
Farming systems research
Geographic Information Systems

training on extrapolation of agri.-
cultural technologies

Rice seed health testing
Irrigation water, management
Rice biotechnology
Gender analysis and its application

to rice-based farming systems
research

Research management (IRRI-ISNAR-
UPLB)

CollaborativCollaborativCollaborativCollaborativCollaborative coure coure coure coure courses in countrses in countrses in countrses in countrses in countryyyyy
BHUTAN: Research data analysis and

management;
Practical on-farm trial

CAMBODIA: Research report writing
and making effective oral presen-
tation;
Rice production aim training and.
technology transfer;
Special rice production

MYANMAR: Weed control in telecaster
rice

PHILIPPINES: Geographic information
system and data collection;
Integrated Pest Management
(PhilRice-FAO-IRRI);
Data management for on-farm
trials (Bureau of Agricultural
Research-IRRI)

INDIA: Farming systems research
workshop;
Experiential and knowledge-
sharing in environmental charac-
terization workshop;
Experimental design and data
analysis

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

THAILAND: Project management
system workshop;
Rice production research

VIETNAM: Logical framework ap-
proach to agricultural research

planning. 
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InfInfInfInfInformation andormation andormation andormation andormation and
knoknoknoknoknowledgewledgewledgewledgewledge
eeeeexxxxxchangechangechangechangechange
International conferences and work-
shops bring together scientists from
all over the world., to discuss cur-
rent problems, review the latest re-
search results, and develop research
strategies. IRRII sponsored 32 confer-
ences workshops and collaborative
research planning meetings during
1992, with 1,073 participants From
some 40 countries.

The 21st International Rice Re-
search Conference at IRRI headquar-
ters 21-25 April 1992 drew 245 par-
ticipants from 30 countries. Techni-
cal papers were presented within
key research themes: hybrid rice,
nutrient processes and. manage-
merit, and. pest science and manage-
ment.

The second group of Outstand-
ing Young Women in Rice Science
was recognized: Mrs. A..i-Na Hsu of
Taiwan, Dr. Watanalai Panbangred
of Thailand, Dr. N. Shobba Kini of
India, and Mrs. Young Rice Son of
Korea. Their outstanding scientific
contributions exemplify the impor-
tant role women play in rice re-
search and development.

IntIntIntIntInternational confernational confernational confernational confernational conferences/erences/erences/erences/erences/
wwwwworororororkshops 1kshops 1kshops 1kshops 1kshops 1992992992992992
Application of soil water engineer-

ing for paddy field management.
Bangkok, Thailand

Potential for nodulation and nitro-
gen fixation in rice at IRRI

international Rice Research
Conference at IRRI

Satellite remote sensing for agricul-
tural projects, IRRI-Scot Conseil
workshop/seminar, at IRRI

Botanical pest control, IRRI-ADB
project workshop, at IRRI

Interpretation of data from experi-
ments on upland soils, IBSRAM-
IRRI training workshop, at IRRI

Women in rice farming systems,
Chiang Mai, Thailand

Lou g-term nutrient management
strategies for sustainable produc-
tivity of rice-based cropping sys-
tems, ICAR-IRRI collaboration,
New Delhi, India

RRRRResearesearesearesearesearch and collaborativch and collaborativch and collaborativch and collaborativch and collaborative we we we we worororororkkkkk
planplanplanplanplan
meemeemeemeemeetings 1tings 1tings 1tings 1tings 1992992992992992
PhilRice-IRRI, at IRRI
Deepwater rice research planning

meeting, at IRRI
Rainfed lowland rice research con-

sortium meeting, at IRRI
IPM network workshop on rice

leaffolder management, Beijing,
China

France-IRRI, at IRRI
Thailand-IRRI, Bangkok, Thailand
SARP planning workshop, at IRRI
Korca- IRRI, at IRRI
Rice supply and. demand project

planning workshop. at IRRI
IRRI-ICAR, Cuttack, India
SARP3 planning workshop, at IRRI
IPM network review and planning

workshop, at IRRI
Upland rice-based Firming systems

research planning meeting,
Chiang Mai Thailand

Upland Rice Research Consortium
Steering Committee meeting, at
IRRI

China-IRRI, at IRRI
Viernam-IRRI, Hanoi, Vietnam
BRIRI-IRRI, Joydebpur. Bangladesh
ICRISAT-IRRI collaborative meeting

on agroecological zones, at IRRI
ARFSN-INSURE-IPMN joint meeting,

in Vietnam
International Rice-Wheat Collabora-

tion advanced workshops,
Faizabad, India

CIAT-IRRI collaborative research
meeting, at IRRI

Sri Lanka-IRRI, at IRRI

IRRI publications released inIRRI publications released inIRRI publications released inIRRI publications released inIRRI publications released in
11111992992992992992
International rice research newslet-

ter, vol. 17, nos. 1, 2, 3, 4, 5.6
(1992:)

Rice literature ii pd.ate, February,
April, June, August, October, De-
cember (1992)

IRRI 1991-1992: sharing responsibili-
ties. 1992. 80 pages.

Program report for 1991. 1992. 322
pages.

Biofertilizer germplasm. collections at
IRRI. E. R Watanabe, P. K Roger,
J. K. Ladha, and C. Van Hove.
1992. 66 pages.

Biological nitrogen fixation for sus-
tamable agriculture. J. K. La d.ha,
T. George, and 13. B. Bohol.
1992. 209 pages. (with Kluwer
Academic Publishers)

Consumer demand. for rice grain
quality. Edited by L. J. Unnevehr
B. DulL and B. 0. Juliano. 1992.
245 pages. (with International De-
velopment Research Centre,
Canada)

A farmer’s primer: on growing rice.
Revised edition. B. S. Vergara.
1992. 219 pages.

Frontiers of nutrition and food secu-
rity in Asia, Africa, and Latin
America. 1992. 171 pages. (with
the Smithsonian Institution)

Nodulation. and nitrogen fixation in
rice: potential and prospects. Ed-
ited by G. S. Khush and
J. Bennett. 1992. 136 pages.

Rice in deep water. David Catling.
1992. (with The Macmillan Press
Lid)

Rice in Latin America: improvement,
management, and marketing. Ecu-
tot: Pederico Cuevas-Perez. 1992.
288 pages. (with CIAT)

Rice production in Uttar Pradesh:
progress and. suggestions for im-
provement. M. D. Pathak. 1992.
253 pages. (with Wiley Eastern
Limited)
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IRRI Today

Looking Ahead:Looking Ahead:Looking Ahead:Looking Ahead:Looking Ahead:
Rice research in a time of change

D
eveloping IRRI’s Medium-Term Plan for 1994-1998 dominated
Institute activit ies during the latter part  of 1992 and. well  into
1993. This second plan within IRRI’s strategic framework,
Toward 2000 and beyond, was developed with.  .full  participa-
tion of th.e IRRI staff,  both internationally and nationally re-
cruited, and of i ts partners worldwide. The process started

with the appointment of a Task Force. Its members carried out careful.  logi-
cal framework planning and identified the hard choices to be made if  crit i
cal objectives were to be met within the l imited funding projected.

All IRRI staff 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 at
ricultural research systems; and basic,  strategic,  applied and adaptive re-
search. interests reviewed it  at  IRRI during November 1992. Their insights
sharpened the focus for further revision.. .  The final plan was submitted to
TAG in February 1993.

Imbedded in the plan are new approaches to research on crucial issues
in rice environments.  The first  identifies challenges of enormous breadth
and crit ical 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 yield plateau.
• Reversing trends of declining productivity in intensively-cropped

irrigated systems.
• 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 applying imaginative insight using
sophisticated methodologies.  New Frontier projects include:

• 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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• Assessing opportunities for
nitrogen fixation in rice, to reduce
production costs and lessen dc-
pendence on non-organic fertilizer
Sources, thus conserving natural re-
sources.

• Exploring the role of
alleloparhy and biologtcai control of
weeds, to reduce the need to apply
herbicides.

• Developing a perennial rice
plant, to help control erosion on
upland. slopes win I e providing poor
farm families with part of their 1asic
food supply.

IRRI’s Medium-Term Plan for
19944998 affirms the Institute’s
commitment to preparing for agri-
cultures future, a future that con-
serves soil, water, natural resources
and biodiversity while increasing
rice production, generating rural in~
come and improving the well-being
of rice-dependent people, in par-
ticular women and children.

ExtExtExtExtExternal Rernal Rernal Rernal Rernal Reeeeevievievievieviewswswswsws
Two CGIAR/TAC external review
panels examined IRRI and its pro-
grams during 1992: the Fourth Ex-
ternal Program and Management Re-
view and the Intercenter Review for
Rice. Both panels visited. IRRI in
April 1992: members of the External
Review Panel returned 4-25 Septem-
ber for the main information collect-
ing phase and to prepare their re-
port. We quote a few excerpts from
the summary of that report:

“. . . We have found IRRI well
along in a radical transformation of
its programme objectives, staffing
organization, and management.

“. . . We have been deeply im-
pressed by the dedication and en-
ergy with which the management
and still of IRRI have been pursuit-
ing the transformation of its life and
work.

“. . . This External Review finds
an IRRI that is visibly different in
both scientific and management

terms in many ways a rejuve-
nated IRRI-an IRRI that has higher
promise to lead the world of rice
research into the next century.

PPPPPeer reeer reeer reeer reeer revievievievieviews of prws of prws of prws of prws of projectsojectsojectsojectsojects
A 5-member international expert
panel reviewed crop and. resource
management networks 4-S May
1992. Key recommendations were to
integrate research undertaken within

the networks into appropriate re-
search projects,  develop guidelines
for establishing and. discontinuing
trials,  establish information ex-
change and link network activit ies
to research projects.

Four international experts re-
viewed IRRIs research on environ~
mental characterization 16-20 No-
vember 1992. Key recommendations
are to

• Increase the systems focus of
research by integrating diagnostic

studies,  model anti  data develop-
ment,  and experimentation.

• Give priority to establishing
primary environmental data fi les.

• Develop a relational geo-
graphic information system (GIS)
data base.

• Continue collaboration with
national and international agencies
to stimulate more agroecological
analysis.

RRRRRenoenoenoenoenovvvvvation of the Phation of the Phation of the Phation of the Phation of the Physical  Plantysical  Plantysical  Plantysical  Plantysical  Plant
In 1990, we began rehabili tating
IRRIs aging physical plant with spe-
cial  funding from Germany and Ja-
pan. Reniocleling of the Laboratory,
Training, and Conference Center
(LTCC building) has provided new
facili t ies for the Agronomy, Plant
Physiology and Agroecology Divi-
sion. Remodeling of N. C. Brady
Laboratory Annex has upgraded mo-
lecular- biology laboratories Major
renovation of the Service Building
has made more efficient work space
in the Agricultural Engineering Divi-
sion.

We also rehabi l i ta ted the Ge
net ic  Resources Center.  Phytotron,
information Center  ( including major
renovat ion of  the Library)  and aging
electr ical  power faci l i t ies ,  and I to-
proved f i re  safety and securi ty,  F.  F.
Hil l  Hal l  has been converted into
new off ices  for  administrat ion

IRRI’s  infrastructure mci  re-
search faci l i t ies  are  ready to carry
out  the work of  IRRIs medium-term
plan for  1994-1998 and beyond.
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RRRRRemodel ing  o f  theemode l ing  o f  theemode l ing  o f  theemode l ing  o f  theemode l ing  o f  the
LaboratLaboratLaboratLaboratLaborato ro ro ro ro r yyyyy,,,,,
TTTTTra in ing ,  andra in ing ,  andra in ing ,  andra in ing ,  andra in ing ,  and
ConfConfConfConfConferenceerenceerenceerenceerence
CentCentCentCentCenter  (Ler  (Ler  (Ler  (Ler  (LTTTTTC CC CC CC CC C
bu i ld ing )  hasbu i ld ing )  hasbu i ld ing )  hasbu i ld ing )  hasbu i ld ing )  has
p rp rp rp rp rooooov ided  nev ided  nev ided  nev ided  nev ided  newwwww
fffff ac i l i t ies  fac i l i t ies  fac i l i t ies  fac i l i t ies  fac i l i t ies  fo r  theor  theor  theor  theor  the
AAAAA grg rg rg rg ronomonomonomonomonomyyyyy,  P lant,  P lant,  P lant,  P lant,  P lant
PhPhPhPhPhys io logy  andys io logy  andys io logy  andys io logy  andys io logy  and
AAAAA grg rg rg rg roeco logyoeco logyoeco logyoeco logyoeco logy
D iv is ion .D iv is ion .D iv is ion .D iv is ion .D iv is ion .

KKKKKenzo Hemmi Laboratenzo Hemmi Laboratenzo Hemmi Laboratenzo Hemmi Laboratenzo Hemmi Laboratorororororyyyyy
The new laboratory bui lding was
dedicated 9 Apri l  1992 as  Kenro
Hemmi Laboratory .  Hemmi Lab
houses the off ices  and laboratories
of  the Soi l  and Water  Sciences Divi-
s ion and the Analyt ical  Services
Laboratories .  IRRI’s  col lect ion,  of
biofer t i l izer  germplasm is  main-
tamed within the Soil  and Water
Sciences Division.

IIIIIncreasing efncreasing efncreasing efncreasing efncreasing efffffficiencyiciencyiciencyiciencyiciency, reducing costs, reducing costs, reducing costs, reducing costs, reducing costs
IRRI now has 50 percent fewer in-
tionally recruited staff positions than
it  had in 1989. We began with a
special staff separation program in
1989. Vacant positions 1990-1992
were frozen,then cancelled. A sec-
ond special separation program in
eady 1993 completed the reduction.

An internal task force identified
areas where costs could be re-

duced,  e f f ic iency improved,  and
operaf lons  s t reaml ined .  The  recom-
mendat ions  inc luded improving in-
ventory  cont ro l  and .  ra t ional iz ing
equipment  purchases .  
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1992 Financial Statements

The International Rice Research Institute
(A NONSTOCK, NONPROFIT ORGANIZATION)

FINANCIAL STATEMENTS

DECEMBER 31, 1992 AND 1991

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 Institute’s financial statements are
prepared on the basis of accounting practices prescribed for international
agricultural research centers seeking 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

50



51

STATEMENT OF ASSETS, LIABILITIES
AND FUND BALANCES
DECEMBER 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) 5,976,747 7,244,122
Receivables from officers and employees 237,024 296,850
Advances to projects and other receivables 1,295,478 1,230,336
Inventory of materials and supplies 1,555,852 1,789,387
Prepaid expenses 180,677 214,419

Total current assets 45,608,242 44,361 ,623

PROPERTY AND EQUIPMENT (Note 5) 50,297,877 43,285,178
Less: Accumulated depreciation 24,516,429 22,418,932

25,781,448 20,866,246

$71,389,690 $65,227,869

LIABILITIES AND FUND BALANCES
CURRENT LIABILITIES

Accounts payable and accrued expenses (Note 6) $13,911,387 $16,352,355
Grants applicable to succeeding periods (Note 7) 12,262,402 13,863,696
Other liabilities (Note 8) 1,150,470 683,534

Total cuarrent liabilities 27,324,259 30,899,585

ACCOUNTS PAYABLE AND ACCRUED EXPENSES (Note 6) 8,608,083 7,764,981

OTHER LIABILITIES (Note 8) 1,374,418 1,279,342

CAPITAL REPLACEMENT FUND (Notes 2 and 3) 4,992,576 1,833,892

FUND BALANCES
Invested in property and equipment (Notes 2 and 5) 25,781,448 20,866,246

Core operations (Notc 2) 19,906 (1,381,614)
Workicg 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 (265,875) 586,565

29,090,354 23,450,069

$71 ,389,690 $65,227,869

*(See accompanying notes to financial statements)
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1992 1991

SOURCES OF FUNDS
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 (1,381,614) -

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

Self-sustaining operations:
Revenue 1,105,674 939,125
Balance - previous year 196,599 428,769

1,302,273 1,367,894

Communication and publications:
Revenue 180,983 262,030
Balance - previous year 463,772 416,012

644,755 678,042

Cumulative translation adjustments (852,440) (94,489)

$46,330,821 $44,642,743

APPLICATIONS OF FUNDS
Core operations $30,414,932 $30,385,921
Overhead recovery (1,626,260) (1,287,961)
Capital 819,048 3,963,277
Complementary projects 12,890,106 8,293,172
Self-sustaining operations 990,597 1,171,295
Communication and publications 120,057 214,270

43,608,480 42,739,974

FUND BALANCES
Core operations 19,906 (1,381,614)
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 $44,642,743

STATEMENT OF SOURCES AND

APPLICATIONS OF FUNDS

DECEMBER 31, 1992 AND 1991

5250
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STATEMENT OF CHANCES IN
FNANCIAL POSITION

DECEMBER 31, 1992 AND 1991

1992 1991

SOURCES OF FUNDS
Excess of revenue over expenses (expenses ova 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 employees 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 payable and accrued expenses - 4,493,806
Current portion of other liabilities 466,936 273,683
Long-term portion of other liabilities 95,076 -
Grants applicable to succeeding periods - 6,957,778
Long-term accounts payable and accrued expenses 843,102 549,147
Capital replacement fund 3,158,684 1,833,892
Funds invested in property and equipment 4,915,202 -

TOTAL SOURCES OF FUNDS 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 2,440,908 -
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

TOTAL APPLICATJON OF FUNDS 16,089,019 12,054,0%

INCREASE IN FUNDS 2,775,955 6,483,094

CASH AND SHORT-TERM PLACEMENTS
January 21 33,586,509 27,103,415

December 31 $36,362,464 $33,586,509
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NOTES TO FINANCIAL

STATEMENTS

DECEMBER 31,1992 AND 1991

1 . G e n e r a l
T h e  I n t e r n a t i o n a l  R i c e  R e s e a r c h  I n s t i t u t e  ( I n s t i t u t e )  w a s  e s t a b l i s h e d  i n  1 9 6 0  t o
u n d e r t a k e  b a s i c  r e s e a r c h  o n  t h e  r i c e  p l a n t  a n d  a p p l i e d  r e s e a r c h  o n  a l l  p h a s e s
o f  r i c e  p r o d u c t i o n  m a n a g e m e n t ,  d i s t r i b u t i o n  a n d  u t i l i z a t i o n  w i t h  t h e  o b j e c t i v e
o f  a t t a i n i n g  n u t r i t i v e  a n d  e c o n o m i c  a d v a n t a g e  o r  b e n e f i t  f o r  t h e  p e o p l e  o f  A s i a
a n d  o t h e r  m a j o r  r i c e - g r o w i n g  a r e a s .

A s  a  n o n s t o c k ,  n o n p r o f i t  o r g a n i z a t i o n  u n d e r  R e p u b l i c  A c t  N o .  2 7 0 7  a n d  a n
I n t e r n a t i o n a l  o rg a n i z a t i o n  u n d e r  P r e s i d e n t i a l  D e c r e e  N o .  1 6 2 0 ,  t h e  I n s t i t u t e
w a s  c o n f e r r e d  t h e  s t a t u s  o f  a n  i n t e r n a t i o n a l  o rg a n i z a t i o n  i n  t h e  P h i l i p p i n e s
s n d  w a s  g r a n t e d  a m o n g  o t h e r  p r i v i l e g e s  a n d  p r e r o g a t i v e s ,  t h e  f o l l o w i n g  t a x
e x e m p t i o n s :
a ) e x e m p t i o n  f r o m  t h e  p a y m e n t  o f  g i f t ,  f r a n c h i s e  s p e c i f i c ,  p e r c e n t a g e ,  r e a l

p r o p e r t y,  e x c h a n g e ,  i m p o r t ,  e x p o r t ,  d o c u m e n t a r y  s t a m p ,  v a l u e - a d d e d  a n d
a l l  o t h e r  t a x e s  p r o v i d e d  u n d e r  e x i s t i n g  l a w s  o r  o r d i n a n c e s .  T h i s  e x e m p t i o n
e x t e n d s  t o  g o o d s  i m p o r t e d  a n d  o w n e d  b y  t h e  I n s t i t u t e  t o  b e  l e a s e d  o r  u s e d
b y  i t s  s t a f f ;

b ) e x e m p t i o n  f r o m  p a y m e n t  o f  g i f t  t a x ;  a l l  g i f t s ,  c o n t r i b u t i o n s  a n d  d o n a t i o n s
t o  t h e  I n s t i t u t e  a r e  c o n s i d e r e d  a l l o w a b l e  d e d u c t i o n s  f o r  p u r p o s e s  o f
d e t e r m i n i n g  t h e  i n c o m e  t a x  o f  t h e  d o n o r ;  a n d

c ) e x e m p t i o n  f r o m  p a y m e n t  o f  i n c o m e  t a x  o f  n o n - F i l i p i n o  c i t i z e n s  s e r v i n g  o n
t h e  I n s t i t u t e ’s  t e c h n i c a l  a n d  s c i e n t i f i c  s t a f f  o n  s a l a r i e s  a n d  s t i p e n d s  i n
U n i t e d  S t a t e s  d o l l a r s  ( U S $ )  r e c e i v e d  s o l e l y  f r o m ,  a n d  b y  r e a s o n  a t ,  s e r v i c e
r e n d e r e d  t o  t h e  I n s t i t u t e .
T h e  I n s t i t u t e  r e c e i v e s  s u p p o r t  f r o m  v a r i o u s  d o n o r  a g e n c i e s  a n d  e n t i t i e s

p r i m a r i l y  t h r o u g h  t h e  C o n s u l t a t i v e  G r o u p  o n  I n t e r n a t i o n a l  A g r i c u l t u r a l
R e s e a r c h  ( C G I A R .  C G I A R  i s  a  g r o u p  o f  d o n o r s  c o m p o s e d  o f  g o v e r n m e n t s  o f
v a r i o u s  n a t i o n s  a n d  i n t e r n a t i o n a l  o rg a n i z a t i o n s  a n d  f o u n d a t i o n s .

2 . B a s i s  o f  f i n a n c i a l  s t a t e m e n t s  p re s e n t a t i o n  a n d  s i g n i f i c a n t  a c c o u n t i n g
p o l i c i e s

T h e  a c c o m p a n y i n g  f i n a n c i a l  s t a t e m e n t s ,  e x p r e s s e d  i n  U S $ ,  a r e  p r e p a r e d  o n  t h e
b a s i s  o f  a c c o u n t i n g  p r a c t i c e s  p r e s c r i b e d  f o r  i n t e r n a t i o n a l  a g r i c u l t u r a l  r e s e a r c h
c e n t e r s  s e e k i n g  a s s i s t a n c e  f r o m  t h e  C G I A R .  T h e  C G I A R  -  p r e s c r i b e d
a c c o u n t i n g  p r a c t i c e s  c o n f o r m  w i t h  g e n e r a l l y  a c c e p t e d  a c c o u n t i n g  p r i n c i p l e s ,
e x c e p t  i n  t h e  m a n n e r  o f  a c c o u n t i n g  f o r  c o m m i t m e n t s .

A s u m m a r y  o f  t h e  I n s t i t u t e ’s  s i g n i f i c a n t  a c c o u n t i n g  p r a c t i c e s  i s  s e t  f o r t h  t o
f a c i l i t a t e  t h e  u n d e r s t a n d i n g  o f  d a t a  p r e s e n t e d  i n  t h e  f i n a n c i a l  s t a t e m e n t s .

F o re i g n  c u r re n c y  t r a n s a c t i o n s  -  T h e  f i n a n c i a l  s t a t e m e n t s  o f  t h e  I n s t i t u t e  a r e
s t a t e d  i n  U S $ .  P h i l i p p i n e  p e s o  a n d  o t h e r  f o r e i g n  c u r r e n c y - d e n o m i n a t e d
t r a n s a c t i o n s  a r e  t r a n s l a t e d  t o  U S $  f o r  r e p o r t i n g  p u r p o s e s  a t  s t a n d a r d
b o o k k e e p i n g  r a t e s  w h i c h  a p p r o x i m a t e  t h e  e x c h a n g e  r a t e s  p r e v a i l i n g  a t  t h e
d a t e s  o f  t h e  t r a n s a c t i o n .  E x c h a n g e  d i f f e r e n c e s  r e s u l t i n g  f r o m  t h e  s e t t l e m e n t  o f
f o r e i g n  c u r r e n c y - d e n o m i n a t e d  o b l i g a t i o n s  a t  r a t e s  w h i c h  a r e  d i f f e r e n t  f r o m
w h i c h  t h e y  w e r e  o r i g i n a l l y  b o o k e d  a r e  c r e d i t e d / c h a rg e d  t o  o p e r a t i o n s .
E x c h a n g e  d i f f e r e n c e s  r e s u l t i n g  f r o m  t h e  t r a n s l a t i o n  o f  b a l a n c e s  o f  f o r e i g n
c u r r e n c y - d e n o m i n a t e d  a c c o u n t s  a r e  c a r r i e d  i n  t h e  “ C u m u l a t i v e  Tr a n s l a t i o n
A d j u s t m e n t s ”  a c c o u n t .

R e v e n u e  -  R e v e n u e  f r o m  u n r e s t r i c t e d  c o r e  g r a n t s  a r e  p l e d g e d  o n  a n  a n n u a l
b a s i s  a n d  a r e  r e c o g n i z e d  i n  t h e  a c c o u n t s  w h e n  t h e r e  i s  p r o b a b i l i t y  o f  c o l l e c t i o n
i n  t h e  y e a r  t h e  g r a n t  i s  p l e d g e d .  T h e s e  a r e  u t i l i z e d  t o  f u n d  c o r e  p r o g r a m s  a n d
t h e  r e g u l a r  o p e r a t i n g  r e q u i r e m e n t s  o f  t h e  I n s t i t u t e .

R e s t r i c t e d  c o r e  g r a n t s  a n d  g r a n t s  f o r  c o m p l e m e n t a r y  p r o j e c t s  a r e
r e c o g n i z e d  a s  i n c o m e  w h e n  f u n d s  a r e  c o m m i t t e d  o r  r e c e i v e d  f r o m  t h e  d o n o r s
t o  t h e  e x t e n t  o f  e x p e n s e s  a c t u a l l y  i n c u r r e d .  D i s b u r s e m e n t s  f r o m  t h e s e  s o u r c e s
a r e  l i m i t e d  b y  c o n d i t i o n s  e m b o d i e d  i n  a g r e e m e n t s  w i t h  d o n o r  o rg a n i z a t i o n s .

54
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G r a n t s  a r e  i d e n t i f i e d  w i t h  s p e c i f i c  p e r i o d s  a n d  a r e  t a k e n  u p  i n  t h e  f i n a n c i a l
s t a t e m e n t s  w i t h o u t  r e g a r d  t o  t h e  d a t e  o n  w h i c h  t h e s e  a r e  a c t u a l l y  r e c e i v e d .
E x c e s s  o f  g r a n t s  r e c e i v e d  o v e r  e x p e n s e s  i s  s h o w n  a s  “ G r a n t s  A p p l i c a b l e  t o
S u c c e e d i n g  P e r i o d s ,  a  l i a b i l i t y  a c c o u n t  i n  t h e  S t a t e m e n t  o f  A s s e t s ,  L i a b i l i t i e s
a n d  F u n d  B a l a n c e s .

E x p e n d i t u re s  a n d  c o m m i t m e n t s  -  L i a b i l i t i e s  f o r  p u r c h a s e s  o f  g o o d s  a n d
s e r v i c e s  a r e  t a k e n  u p  i n  t h e  a c c o u n t s  a s  i n c u r r e d  a n d / o r  a s  o b l i g a t e d  w i t h o u t
r e g a r d  t o  t h e  a c t u a l  t i m i n g  o f  p a y m e n t .  O b l i g a t e d  e x p e n d i t u r e s 1  a l s o  c a l i e d
c o n ’ i n i i t m e n t s ,  a r e  t h o s e  w h i c h  a r e  c o n t r a c t e d  a n d / o r  c o m m i t t e d  f o r  g o o d s  o r
s e r v i c e s  t o  b e  r e c e i v e d  o r  p e r f o r m e d  a t  a  f u t u r e  d a t e .

A s  o f  D e c e m b e r  3 1 ,  1 9 9 2  a n d  1 9 9 1 ,  g o o d s  a n d  s e r v i c e s  n o t  y e t  r e c e i v e d  b u t
t r e a t e d  a s  e x p e n s e s  a n d  a c c o u n t s  p a y a b l e  a m o u n t e d  t o  $ 1 0 , 9 3 9 , 6 4 4  a n d
$ 11 , 6 6 9 , 6 6 0 ,  r e s p e c t i v e l y.

I n v e n t o r y  o f  m a t e r i a l s  a n d  s u p p l i e s  -  I n v e n t o r y  o f  m a t e r i a l s  a n d  s u p p l i e s  i s
s t a t e d  a t  c o s t  u s i n g  t h e  m o v i n g  a v e r a g e  m e t h o d .  M a t e r i a l s  i n  t r a n s i t  a r e  s t a t e d
a t  i n v o i c e  c o s t .

P ro p e r t y  a n d  e q u i p m e n t  -  P r o p e r t y  a n d  e q u i p m e n t  a c q u i r e d  p r i o r  t o  1 9 9 1  a r e
c a r r i e d  a t  c o s t  o r  e s t i m a t e d  v a l u e .  A c q u i s i t i o n s  s t a r t i n g  1 9 9 1  a r e  s t a t e d  a t  c o s t
a n d  a r e  a c q u i r e d  t h r o u g h  a  c a p i t a l  g r a n t  o r  g r a n t  d e s i g n a t e d  b y  t h e  I n s t i t u t e
o r  d o n o r  f o r  t h e  p u r p o s e .  D e p r e c i a t i o n  i s  c o m p u t e d  o n  t h e  s t r a i g h t - l i n e
m e t h o d  o v e r  t h e  e s t i m a t e d  u s e f u l  l i v e s  o f  t h e  r e l a t e d  a s s e t s .  R e p l a c e m e n t  a n d
r e n o v a t i o n  o f  a s s e t s  a n d  p r o p e r t y  a r e  f i n a n c e d  t h r o u g h  f u n d e d  r e s e r v e s
e q u i v a l e n t  t o  t h e  a c c u m u l a t e d  d e p r e c i a t i o n  c h a r g e d  a n n u a l l y  t o  o p e r a t i n g
e x p e n s e s .
3 .  C a s h  a n d  s h o r t - t e r m  p l a c e m e n t s
C a s h  a n d  s h o r t - t e r m  p l a c e m e n t s  a t  D e c e m b e r  3 1  c o n s i s t  o f

1992 1991

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

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

T h e  r e s t r i c t e d  c a s h  b a l a n c e  i n c l u d e s  $ 4 , 9 9 2 , 5 7 6  a n d  $ 4 5 2 , 2 7 8  a s  o f  D e c e m b e r
3 1 ,  1 9 9 2  a n d  1 9 9 1 ,  r e s p e c t i v e l y,  w h i c h  r e p r e s e n t s  f u n d  s e t  a s i d e  f o r
r e p l a c e m e n t s  o f  o r  i m p r o v e m e n t s  o n  p r o p e r t y  a n d  e q u i p m e n t .

4 .  A c c o u n t s  r e c e i v a b l e  -  d o n o r s
A c c o u n t s  r e c e i v a b l e  f r o m  d o n o r s  c o n s i s t  o f  u n r e l e a s e d  b a l a n c e s  o f  a p p r o v e d
g r a n t s  a t  D e c e m b e r  3 1  a n d  a r e  c l a s s i f i e d  a s  f o l l o w s :

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

T h e  S e c r e t a r i a t  o f  C G I A R  a s s i s t s  t h e  I n s t i t u t e  i n  f o l l o w i n g  u p  t h e  r e l e a s e  o f
c o r e  g r a n t s  b y  d o n o r s .  S u b s t a n t i a l l y  a l l  o f  t h e  r e c e i v a b l e s  f r o m  c o r e  g r a n t
d o n o r s  a t  b a l a n c e  s h e e t  d a t e  h a v e  b e e n  o b l i g a t e d  f o r  e x p e n d i t u r e s .
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5 .  P r o p e r t y  a n d  e q u i p m e n t ;  l e a s e s
P r o p e r t y  a n d  e q p i p m e n t  a t  D e c e m b e r  3 1  a r e  c l a s s i f i e d  u n d e r  t h e  f o l A o w i n g
a c c o u n t s :

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
TransportMica equipment 5,129,425 4,919,074
Furnijzare and fixtures 1,022,533 903,104
Library items 437,369 437,369
Assets-hi-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 aad improvements 9,929,774 9,346,003
Site development 96,850 43,534

Research, machinery and equipment 9,898,943 8,896,708
Tranqiertation 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

T h e  l a n d  u s e d  a s  s i t g  f o r  r e s e a r c h  a c t i v i t i e s  i s  l e a s e d  f o r  a  p e r i o d  o f  2 5  y e a r s
u p  t o  y e a r  2 0 0 0  f r o m  t h e  U n i v e r s i t y  o f  t h e  P h i l i p p i n e s  f o r  a  n o m i n a l  r e n t  a n d
is r e n e w a b l e  u p o n  m u t u a l  a g r e e m e n t  o f  t h e  p a r t i e s .  P u r s u a n t  t o  t h e
t v t e x n o r a n d u r n  o f  U n d e r s t a n d i n g  b e t w e e n  t h e  G o v e r n m e n t  o f  t h e  R d p u b l i c  o f
t h e  P h i l i p p i n e s  a n d  t h e  I n s t i t u t e ,  a l l  t h e  p h y s i c a l  p l a n t ,  e q u i p m e n t  a n d  o t h e r
a s s e t s  b e k m g i n g  t o  t h e  I n s t i t u t e  s h a l l  b e c o m e  t h e  p r o p e r t y  o f  t h e  U n i v e r s i t y
w h e n  t h e  I n s t i t u t e s  o p e r a t i o n s  a r e  t e r m i n a t e d .

I n  s u p p o r t  o f  a n y  e x p a n s i o n  o f  t h e  a g r i c u l t u r a l  r e s e a r c h  p r o g r a m  “ o f  t h e
I n s t i t u t e  a n d  . t h e  U n i v e r s i t y,  t h e  P h i l i p p i n e  G o v e r n m e n t  a u t h o r i z e d  t h e
U n i v e r s i t y  t o  a c q u i r e  b y  n e g o t i a t e d  s a l e  o r  b y  e x p r o p r i a t i o n  c e r t a i n  p r i v a t e
a g r i c u l t u r a l  p r o p e r t y  u n d e r  P r e s i d e n t i a l  D e c r e e  N o .  4 5 7 .

T h e  I n s t i t u t e  a l s o  l e a s e s  l a n d  a n d  o t h e r  p r o p e r t y  f r o m  t h i r d  p a r t i e s  f o r
p r o j e c t  e x p e r i m e s t a l  s i t e s  f o r  p e r i o d s  r a n g i n g  f r o m  o n e  t o  f i v e  y e a r s .

6 .  A c c o u n t s  p a y a b l e  a n d  a c c r u e d  e x p e n s e s
T h e  s h o r t - t e r m  a n d  l o n g - t e r m  a c c o u n t s  p a y a b l e  a n d  a c c r u e d  e x p e n s e s  c o n s i s t
& o u t s t a n d i n g  c o m m i t m e n t s  a n d  a c c r u e d  l i a b i l i t i e s  a t  D e c e m b e r  3 1  a s  f o l l o w s :

1992 1991

Outstanding jomznitxnents 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 4,592,403

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
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A c c r u a l s  o f  u n u s e d  s i c k  a n d  v a c a t i o n  l e a v e s  r e p r e s e n t  a b o u t  8 1 %  a n d  7 3 %
o f  t h e  a c c r u e d  e x p e n s e s  i n  1 9 9 2  a n d  1 9 9 1 ,  r e s p e c t i v e l y .

7 .  G r a n t s  a p p l i c a b l e  t o  s u c c e e d i n g  p e r i o d s
G r a n t s  a p p l i c a b l e  t o  s u c c e e d i n g  p e r i o d s  a t  D e c e m b e r  3 1  c o n s i s t  o f  g r a n t s
r e c e i v e d  i i i  a d v a n c e  f o r  t h e  f o l l o w i n g :

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 .  O t h e r  l i a b i l i t i e s
T h e  c u r r e n t  a n d  l o n g - t e r m  o t h e r  l i a b i l i t i e s  s u b s t a n t i a l l y  r e p r e s e n t  r e s e r v e s  f o r
e s t i m a t e d  e x p e n d i t u r e s  t o  b e  i n c u r r e d  f o r  t r a i n e e s  p a r t i c i p a t i n g  i n  v a r i o u s
p r o g r a m s .  T h e  e s t i m a t e d  e x p e n d i t u r e s  c o v e r  p o s t d o c t o r a l  s c h o l a r s ,  r e s e a r c h
f e l l o w s  a n d  t r a i n e e s  s t i p e n d s ,  b o a r d  a n d  l o d g i n g ,  o t h e r  d i r e c t  e x p e n s e s  a n d
r e i m b u r s a b l e  o v e r h e a d  c o s t s  t o  b e  i n c u r r e d  b y  t h e  I n s t i t u t e .  F u n d i n g  f o r  t h e s e
r e s e r v e s  i s  d e r i v e d  f r o m  c h a rg e s  a g a i n s t  g r a n t s  f o r  t r a i n e e s ,  i n c l u d i n g  s p e c i a l
p r o j e c t s .

9 .  S t a f f  b e n e f i t  p l a n
T h e  I n s t i t u t e  m a i n t a i n s  a  n o n c o n t r i b u t o r y  p r o v i d e n t  f u n d  f o r  t h e  b e n e f i t  o f  i t s
N a t i o n a l l y  R e c r u i t e d  S t a f f .  M o n t h l y  c o n t r i b u t i o n  t o  t h e  f u n d  i s  c o m p u t e d  a t
1 0 . 5 %  o f  t h e  e m p l o y e e s ’ b a s i c  s a l a r y.  T h e  p l a n  p r o v i d e s  f o r  l u m p - s u m
p a y m e n t  i n  P h i l i p p i n e  p e s o  t o  q u a l i f i e d  e m p l o y e e s / m e m b e r s ,  u p o n  t h e i r
s e p a r a t i o n  f r o m  t h e  I n s t i t u t e ,  u n d e r  c e r t a i n  c o n d i t i o n s .
 C o n t r i b u t i o n s  t o  t h e  f u n d  a m o u n t e d  t o  $ 5 5 5 , 7 3 0  i n  1 9 9 2 ( 1 9 9 1  -  $ 5 4 6 , 4 3 7 ) .

1 0 .  R e c l a s s i f i c a t i o n  o f  a c c o u n t s
C e r t a i n  a c c o u n t s  i n  t h e  1 9 9 1  f i n a n c i a l  s t a t e m e n t s  w e r e  r e d a s s i f i e d  t o  c o n f o r m
w i t h  t h e  1 9 9 2  f i n a n c i a l  s t a t e m e n t s  p r e s e n t a t i o n .
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SCHEDULE OF SOURCES
AND APPLICATIONS OF
CORE OPERATIONS, CAPITAL,
WORKING CAPITAL AND
COMPLEMENTARY PROJ ECTS
FUNDS
DECEMBER 31, 1992 AND 1991

1992 1991

SOURCES OF FUNDS
Core grain and earned income:

Unrestricted:
Government of japan $ 6,727,545 $ 6,357,391
United States Agency for International

Development 5,400,000 5,400,000
International Bank for Reconstruction

and Development 2,500,000 2,887,000
European Economic Community 2,289,121 2,313,265
Overseas Development Administration -

United Kingdom 1,553,760 1,555,016
Canadian International Development Agency 1,383,648 1,576,942
Swedish Agency for Research Cooperation 856,516 805,143
BMZ, Germany 837,037 710,430
Danish International Development Agency 784,025 573,466
Government of Australia 645,915 665,890
Government of Korea 200,000 200,000
Government of Finland 193,367 555,546
Government of Belgium 150,000 150,376
The Ford Foundation 150,000 150,000
Government of the Philippines 123,000 121,960
Government of Norway 121,560 103,339
Government of India 100,000 100,000
Peoplets Republic of China 80,000 50,000
Government of Italy 68,900 80,199
Government of Spain 30,000 30,000
Earned income 1,304,823 1,729,086
Stabilization mechanism fund - inflation! - 630,000

foreign exchange adjustments
Foreign-currency transaction adjustments 12,122 2,281

25,511,339 26,747,330

Restricted:
United Nations Development Programme 1,562,750 1,910,634
The Rockefeller Foundation 451,134 280,554
Government of Netherlands 269,476 163,124
Government of France 239,102 255,931
Government of Italy 200,000 200,000
Government of Korea 30,000 30,000
The Ford Foundation - 62,000
The Swiss Development Cooperation 305,606 22A17
Balance of grants - previous year 1,308,966 2,224,196

4,367,034 5,148,856
Transfer to complementary projects - (400,000)
Grants applicable to succeeding periods (1,415,776) (1,308,966)

2,951,258 3,439,890

Fund balance - previous year (1,381,614) -

27,080,983 30,187,220

Transfer to capital fund (598,491) (3,860,969)

Transfer from current operations 1,381,614 -
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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 rants - 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 fund - transfer from core operations 598,491 3,860,969
- transfer from essential projects 220,557 102,308

819,048 3.963.277

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 $2,691,296

APPLICATIONS OV RJNDS
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)

28,788,672 29,097,960

Capital 819,048 3,963,277

Complementary projects 12,890,106 8,293,172

42,497,826 41,354409

EXCESS OP SOURCES OVER APPLICATIONS

(APRUCATLONS OVER SOURCE) OP FUNDS

Core operations 19,906 (1,381,614)
Working capital 2,718,501 2,718,501

$2,738,407 $1,336,887
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IRRI trustees 1992

DR. WALTER P. FALCON
1988-1993
CHAIRMAN OF THE BOARD

Director
Institute of International  Studies
Stanford University
Stanford, California 94395-60.55
USA

DR. JOSE V. ABUEVA
Ex-officio
President
University of the Philippines
Diliman Quezon City. Metro Manila
Philippines

DR. DIETER F. R. BOMMER
1988-1993
D-3 405 Rosdorf
OT Obernjesa
Siidring 1
Germany

DR. PRISCILLA WANJIRU KARIUKI
1992-1994
Professor of Psychology
University of Nairobi
P.O. Box 30197
Nairobi
Kenya

DR. KLAUS LAMPE
Ex-officio
Director General
international Rice Research Institute (IRRI)
P. C). Box 933
Manila 1099
Phihppines

DR. IBRAHIM MAN WAN
1990-1995
Direcior
Central Research .Institute for Food Crops
(CRIFC)
Jalan Merdeka 147
Bogor 16111
Indonesia

DR. JAMES R. McWILL[AM
1990-1995
129 Mugga Way
Red Hill ACT 2603
Australia

Dr. PAJENDPA S. PARODA
1990-1 993
Regional Plant Production 5776! Pro/cc/ion
Officer
Regional Office for Asia and the Pacific
(RA10
Food and Agriculture Oganization
United Nations (LAO)
Maliwan Mansion, Pwat Atit Road
Bangkok 10200
Thailand

HON. ROBERTO S. SEBASTIAN
Ex-officio
Secretary
Department of Agriculture
Diliman, Quezon City 3008, Metro Manila
Philippines

DR. HO WARD A. STEPPLER
1988-1993
Emeritus Professor
Department of Plant Science
Faculty of Agricultural and Environmental
Sciences
Macdonald Campus of McGill University
21,111 Lakeshore Road
Ste-Anne-de-Bellevue. Quebec H9X 160
Canada

DR. SHINYA TSURU
1992-1994
11-13, 7-.Fukasawa
Setaga ya-ku
Tokyo 138
Japan

DR. PETCHABAT WANNAPEE
1989-1992
Deputy Director General
Department of  Agricultural Extension
Ministry of Agriculture and Cooperatives
2ndFloor; 2143/1 Phaholyotin Road
khet,  Bangkhen, Bangkok, 109000
Thailand

DR. VO-TONG XUAN
1990-199.5
Vice Rector and Center Director
Mekong Delta Farming Systems Research
and .Developement Center
University of  Cantho
Cantho,Haugiang
Vietnam

DR. MUHAMMAD YUNUS
19894.994
Managing Director
Grameen Bank
Mirpur Two
Dhaka 1216
Bangladesh
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IRRI international staff 1992

KLAUS LAMPE, Ph D, director general
FERNANDO A. BERNARDO, Ph D, deputy

director general for international
programs

KENNETH S. FISCHER, Ph D, deputy
director genera/for research

MICHAEL F. L GOON, MBA, deputy director
generalfor finance and administration

ADMINISTRATIVE PERSONNEL

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

EDWARD N. SAYEGH, BBA, director,
finance

BENITO S. VERGARA, Ph D, director,
administration, and pare-time liaison
scientist Jbr China

KWANCHAI A. GOMEZ, Ph D, statistician
and head, biometrics, and head, liaison,
coordination and planning

PEDRO G. BANZON, LLB, manager
security and safety2

REBECCA C. PASCUAL, MS, manager, food
and housing services

ORLANDO G. SANTOS, MPS, senior farm
and grounds superintendent

JAMES J. MULLANEY, MBA, consultant
adviser

DIOSCORO L. UMALI, Ph D, consultant

STAFF POSTED TO NATIONAL AGRICULTURAL

RESEARCH SYSTEMS

Bangladesh
JERRY L. MCINTOSH, Ph D, research

systems specialist and IRRI representative
NOEL P. MAGOR, M Agr, consultant3

Cambodia
HARRY J. NESBITT, Ph D, agronomist and

team leader
RAM CHET CHAUNDHARY, Ph D, plant

breeder
PETER FRANCIS WHITE, Ph D, soil scientist

Egypt
RICHARD L. TINSLEY, Ph D, agronomist

and team leader
DERK HILLERISLAMBERS, Ph D., plant

breeder

ADUSUMILLI NARAYANA RAG, Ph D,
agronomist (weed scientist)

India
BRIJNANDAN GHILDYAL, Ph D, liaison

scientist

Indoncsia/Malaysia/Brunei
CEZAR P. MAMARIL, Ph D, agronomist and

liaison scientist
GENARO 0. SAN VALENTIN, Ph D,

agronomist

Japan
TADASHI MORINAKA, Ph D, liaison

scientist1

MASAMI HIMEDA, D Agr, part-time liaison
scientist2

Lao PDR
JOHN M. SCHILLER, Ph D, agronomist and

team leader
SUVIT PUSHPAVESA, MS, plant breeder
WALTER RODER, Ph D, agronomist

Madagascar
VETHAIYA BALASUBRAMANIAN, Ph D, soil

scientist and learn leader
SUSAN W ALMY, Ph D, agroeconomist
MARTHA M. GAUDREAU, Ph D, cropping

systems agronomist
TOMAS MASATO, Ph D, plant breeder

Myanmar
ROSENDO K. PALIS, Ph D, farming systems

agronomist and IRRI representative

Thailand
DONALD W. PUCKRJDGE, Ph D, agrono-

mist and IRRI rep resentative, and
program leader deepwater and tidal
wetlands rice ecosystem research,

Africa
KRISHNA ALLURI Ph D, liaison scientist

and INGER regional coordinator

Latin America
FEDERICO F. CUEVAS-PEREZ, Ph D, liaison

scientist and INGER regional coordinator

STAFF AT HEADQUARTERS

Agricultural engineering division
GRAEME R. QUICK, Ph D, agricultural

engineer and head
TERENCE WOODHEAD, Ph D, physicist and

liaison scientist/rice-wheat coordinator
JEFFREY J. HASTINGS, BS, project leader2

WESLEY BUCFIELE, Ph D, visiting scientist2

MATh BORU DOUTHWAITE, MS, consult-
ant1

KENNETH R. JAMES, MS, consultant3

Y. SINGH, Ph D, consultant1

Agronomy, plant physiology and
agroccology division

KENNETH (3. CASSMAN, Ph D, agronomist
and head

SURAJIT K. DE DATTA, Ph D, agronomist
and program leader; rainfed lowland
rice ecosystem research2

DENNIS P. GARRifY, Ph D, agronomist2

KEITH T. INGRAM, Ph 1), agronomist
MARTIN V KROPFF, Ph D, agronomist/crop

modeler
KEITH MOODY, Ph D, agronomist
TIMOTHY U SEYUER, Ph D, plant physiolo-

gist
MINORU YAMAUCHI, Ph D, plant physlolo-

gist
VIRENDRA PAL SINGH, Ph D, associate

agronomist
ROBIN B. MATTHEWS, Ph D, visiting

scientist’
SI-IAOBfNG PENG, Ph D , visiting scientist
UPENDPA SINGH, Ph D, visiting scientist’
DANiEL C. OLK, Ph D, associate visiting

Scientist1

CHARLES .ASI-IURST, BS, consultant3

LISA BEAN, BS, consultant3

ABDULLAHI O. EGEH, Ph D, consultant3

RANK GREENWAY, Ph D, consultant3

JAMES W. JONES, Ph B, consultant3

PIERCE H.. JONES, Ph D, consultant3
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H. H. VAN LAAR, BS, consultant1

CURTIS WELDON, BS, consultant3

MARCO WOPEREIS, MS, consultant1

Entomology division
DALE G. BOYL’RELL, Ph D, entomologist

and bead
KONG LUEN HEONG, Ph D, entomologist
JAMES A. LITSINGFR, Ph D, entomologist2

LUIS REY L VELASCO, Ph 1), visiting
scientist1

KENNETH SCJ-IOENLY, Ph D, associate
visiting scientist3

ROBERT BOS, Ph D, consultant2
MICI-IAEL J. WAY, Ph D, consultant3

Plant breeding, genetics and
biochemistry division
GURDEV S. .KHUSH, Ph D, principal plant

breeder and bead
JHON BENNET, Ph D, senior molecular

biologist1

NING HUANG, Ph D, plant molecular
geneticist’

RYGICHI IKEDA, Ph D, plant breeder
BIENVENIDO O. JULIANO, Ph D, chemist4

SURAPONG SARKARUNG, Ph D, plant
breeder

DHARMAWANSA SENADHIPA, Ph D, plant
breeder

SANT S. VIffiVIANI, Ph D, plant breeder
FRANCISCO JAVIER ZAPATA, Ph D, tissue

culture specialist
DARSHAN S. BRAR, Ph D, associate plant

breeder
SUSAN R. MCCOUCH, Ph D, associate

geneticist
MICHEL A. ARRAUDEAU, MS, visiting

scientist and program leader, upland rice
ecosystem research

MOO SANG LIM, Ph D, visiting scientist
GERARD SECOND, Ph .D, visiting scietntist
N. PANDA, Ph ID, consultant2

CHUANYIN WV, Ph D, consultant3

Plant pathology division
TWNG WAH MEW, Ph D, plant pathologist

and head
HIROKI KOG.A.NAZAWA, Ph D, plant

pathologist
PAUL & TENG, Ph D, plant pathologist and

program leader, cross-ecosystems research
ROBERT S. ZEIGLER, Ph D, plant patholo-

gist and program leader, rainfed lowland
rice ecosystem research1

REBECC.A NELSON, Ph D, associate plant
pathologist

EVANGELYN C. ALOCILJA, Ph D, visiting
scientist2

CHRISTOPHER C. MUNDT, Ph D, visiting
scientist’

JEAN-CLAUDE PROT, Ph D, visiting scientist
SERGE SAVARY, Ph D, visiting scientist
ALAN K. WATSON, Ph D, visiting scientist

Social sciences division
MAHABUB HOSSAIN, Ph D, agricultural

economist and head’
CRISTINA C. DAVID, Ph D, agricultural

economist and acting head2

JAMES SAMUEL FUJISAKA, Ph D, social
scientist

PRABHU L PINGALI, Ph D, agricultural
economist and program leader irrigated
rice ecosystem research

ELEANOR H. HUKE, BFA, visiting scientist3

ROBERT K HUKE, Ph D, visiting scientist3

SARAH J. TISCH, Ph D, visiting scientist1

MUBARIK ALl, Ph D, associate visiting
scientist

ELEAZER 0. HUNT, Ph D, associate visiting
scientist

Soil and water sciences division
HEINZ-ULRICH NEUE, Ph D, soil chemist

and head
SADIQUL L BHUIYAN, Ph D, agricultural

engineer
GUY JOSEPH DUNN KIRK, Ph D, soil

chemist
JAGDISH K. IADHA, Ph D, soil

microbiologist
TO PHUC TUONG, Ph D, water manage-

ment engineer
MICHAEL J. HEDLEY, Ph D, visiting

scientist3

KEVIN BRONSON, Ph D, associate visiting
scientist1

Genetic resources center
MICHAEL T. JACKSON, Ph D, head
SANG-WON AHN, Ph D, plant pathologist

(INGER)
V SESHU DURVASULA, Ph D, plant breeder

and global coordinator, International
Network for Genetic Evaluation of Rice
(INGER)

DUNCAN A. VAUGHAN, Ph D, associate
geneticist

ROBERT EVENSON, Ph D, consultant3

DOUGLAS GOLLIN, Ph D, consultant3

Information center
THEODORE HUTCHCROFT, Ph D, visiting

scientist and acting head1

CAROLYN DEDOLPH, MS, science editor
and writer

M. LARUE POLLARD, Ph B, editor
MARINUS CORNELIS VAN DEN BERG, BS,

head, computer services
LINA M. VERGARA, MS, librarian2

GEORGE T. BRANOSBERO, MS, visiting
scientist3

LESLIE ROSE, MS, visiting scientist
DEEANNA ADKINS, editorial associate2

CRISPIN C. MASLOG, Ph B, consultant1

WALTER ROCKWOOD, MS, consultant1

WILLIAM H. SMITH, BS, consultant’

International programs management
office

GLENN L. DENNING, Ph D, scientist-
international collaboration and head

ROMEO C. BRUCE, Ph .D, consultant2

BIBIANO Ad. RAMOS, MS, consultant2

Network coordination
ERNESTO L. AVAGON, Ph B, associate

agronomist and coordinator; Interna-
tional Network on Soil Fertility and
Sustainable Rice Farming (INSURF)

VIRCILIO R CARANGAL, Ph D, agronomist
and coordinator, Asian Rice Farming
Systems Network (ARFSN)

HARDJOSUBROTO SUBAGJO, Ph D,
consultant3

Training center
ELLIS L. MATHENY. JR., Ph D, head
ROBERT T. RAAB, Ph D. training and

courseware specialist

1Joined during the year
2Left during the year
3Joined and left during the year
4On study leave
5Diecl during the year
6TransfeJTed. from Agronomy, plant physiol-

ogy and agroecology division
7Promoted
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ConsultativConsultativConsultativConsultativConsultative Gre Gre Gre Gre Group onoup onoup onoup onoup on
IntIntIntIntInternational Aernational Aernational Aernational Aernational Agriculturalgriculturalgriculturalgriculturalgricultural
RRRRResearesearesearesearesearch (CGIAR)ch (CGIAR)ch (CGIAR)ch (CGIAR)ch (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 dif ferent nationalities

conduct research at CGIAR centers and

in collaboration with national program

scientists in some 40 developing

countries.

CIACIACIACIACIATTTTT-Centro Internacional de Agricultura
Tropical. with headquarters in Colombia. Focus on
gerrnplasm development in beans, cassava,
tropical forages and rice for Latin America, and On
resource management in humid ecosystems in
tropical America (hillsides, forest margins and
savannas).

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

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

CIPCIPCIPCIPCIP-Centro Internacional de Ia Papa. with
headquarters in Peru. Focus on potato and sweet
potato improvement, and on natural resource
conservation in the Andean region.

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

ICARDICARDICARDICARDICARDAAAAA-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.

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

ICRAFICRAFICRAFICRAFICRAF-International Council for Research in
Agroforestry, with headquarters in Kenya. Focus
on mitigating tropical deforestation, land
depletion and rural poverty through improved
agroforestry systems.

M i s s i o n  o f  t h e  C G I A R

T h ro u g h  i n t e r n a t i o n a l  re s e a rc h

a n d  re l a t e d  a c t i v i t i e s ,  a n d  i n

p a r t n e r s h i p  w i t h  m a t i o n a l  re -

s e a rc h  s y a t e m s ,  t o  c o e t r i b u t i o n  t o

s u s t a i n a b l e  i m p ro v e m e n t s  i n  t h e

p ro d u c t i v i t y  o f  a g r i c u l t u re ,

f o re s t r y  a n d  f i s h e r i e s  i n  d e v e l o p -

i n g  c o u n t r i e s  i n  w a y s  t h a t  e n -

b a n c e  n u t r i t i o n  a n d  w e l l - b e i n g ,

e s p e c i a l l y  a m o n g  l o w - i n c o m e

p e o p l e .
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ICRISAICRISAICRISAICRISAICRISATTTTT—International Crops Research Institute
for the Semi-Arid Tropics, with headquarters in
India. Focus on contributing to more
sustainable
agricultural production systems through
improved
productivity of sorghum, millet, chickpea,
pigeonpea and groundnut.

IFPRIIFPRIIFPRIIFPRIIFPRI—International Food Policy Research
Institute, with headquarters in the United
States.
Focus on identifying and analyzing policies for
meeting the food needs of developing
countries,
in particular the poorer countries.

IIMIIIMIIIMIIIMIIIMI—International Irrigation Management
Institute, with headquarters in Sri Lanka. Focus
on strengthening the development,
dissemination
and adoption of lasting improvements in the
performance of irrigated agriculture in
developing
countries.

IITIITIITIITIITA—A—A—A—A—International Institute of Tropical Agricul-
ture, with headquarters in Nigeria. Focus on

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

IFPRIIFPRIIFPRIIFPRIIFPRI—International Food Policy Research
Institute, with headquarters in the United
States.
Focus on identifying and analyzing policies for
meeting the food needs of developing
countries,
in particular the poorer countries.

IIMIIIMIIIMIIIMIIIMI—International Irrigation Management
Institute, with headquarters in Sri Lanka. Focus
on strengthening the development,
dissemination
and adoption of lasting improvements in the
performance of irrigated agriculture in
developing
countries.

IITIITIITIITIITA—A—A—A—A—International Institute of Tropical Agricul-
ture, with headquarters in Nigeria. Focus on

and stability of banana and plantain grown on
small farms in developing countrie&

IRRIIRRIIRRIIRRIIRRI—International 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.

ISNARISNARISNARISNARISNAR—International Service for National
Agricultural Research, with headquarters in the
Netherlands. Focus on institutional
development
and strengthening of national agricultural
research systems.

WWWWWARDARDARDARDARDAAAAA—West Africa Rice Development
Association, with headquarters in Cote d’Ivoire.
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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The International Rice Research Institue (IRRI) was establish in
1960 by the Ford and Rockefeller Foundations with the help and
approval of the Government of the Philippines.Today IRRI is
one of 18 nonprofit international research centers supported by
the Consultative Group on International Agricultural Research
(CGIAR).The CGIAR is sponsored by the Food Agriculture
Organization of the United Nations (FAO),the International Bank
for Reconstruction and Development (World Bank),and the
United Nations Development Programme (UNDP).Its member –
ship comprises donor countries ,international nad regional
organizations, and private foundations.

IRRI receives support through the CGIAR from a number
of donors including FAO,UNDP,World Bank, European
Economic Community,Asian Development Bank,Rockefellr
Foundation,Ford Foundation, and the international aid agencies
of the following governments: Australia, Belgium, Canada,
People’s Republic ofChina,Finland,France, Germany, India,
Islamic Republic of Iran,Italy ,Japan,Republic of Korea ,the
Netherlands, Norway Philippines ,Spain Sweden ,United
kingdom, and United States

The responsibility for this publication rests with the International
Rice Research Institute.

Copyright © International Rice Research Institute 1993.
All rights reserved. Except for quotations of short passages for the
purpose of criticism and review, no part of this publications may be
reproduced, stored in retrieval systems, or transmitted in any form or
by any means, electronic, mechanical, photocopying, recording, or
otherwise ,without prior permission of IRRI. This permission will
not be unreasonably withheld for use for noncommercial
purposes.IRRI does not require payment for the noncommercial use
of its published works, and hopes
that this , copyright declaration will not diminish the bona fide use
of its research findings in agricultural research and development.

The designations employed in the presentation of the
material in this publication do not imply the expressions of any
status of any country ,territory, city, or area, or of its authorities,
or the deliminations of its frontiers or boundaries .

International Rice Research Institute
P.O. Box. 933 1099 Manila Philippines
Fax:(63-2) 818-2087,522-4240
Electronic mail: %IN” Postmaster @ IRRI.CGNET.COM”
Telex: (ITT) 40890 RICE PM

(CWI) 14519 IRILB PS
(RCA) 22456 IRI PH
(CWI) 14861 IRI PS
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