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RRI is acutely aware of its responsibilities in examining 
the interdependencies, interactions, synergisms, and 
impacts of all aspects of rice culture. Our work in 1987 built 

upon ihe breakthroughs and steady advancements in in-
creasing the production of rice in tile many environments in 

which it is grown around the world. 
We recognize tIe increases in rice production that are 

needed in the next 10 years, and beyond. The challenge is to 
defend earlier gains as we strive for increased gains. In Asia, 
where land for the expansion of agriculture is limited. this 
means intcnsifcaiion-increasing both yield per crop aiid 

crops per year. 1his nLst be achieved within the context of 

usiainabilit... -cnservationof soil, nutrient, and water 
resourccs. 

We reCadize that achievements in our research must 
ultimatCly rCSult in benefits to people--in f0od to eat, in 
ilnC0111C Ctehanlce tle quality ofilife, in reliC from sulsistenceome 
drudgery, in opportunities for personal fulfillmcnt by all 

memnlbers of low-income farl Iamilies, 
These highlights of IRRI research during 1987 are brief 

vignettes of somc of the interactive prograns through which 
we work to advance knowledge and technology across the 
cutting edges of the m1any elements that result in rice 

pidu y~self-sufficiency 
Earlier achievements of IRRI scientists drew world 

recognition this year. Two awards in particular must be 
highlighted, 

Two IRRI scientists were awarded tile 1987Japan Prize for 
their roles in thle development of the improved semidwarf 

varieties that were the breakthrough that dramatically in-
creased rice yield potential. Mr. Henry M.Beachell, former IRRI 
plant breeder, and Dr. Gurdev S. Khush, bead of the IRRI plant 
breeding department, sharcd Japan's most prestigious scienti-
fic recognition.

tprices 

BeachCll, who joined IRRI in 1963. was honored for his 
part in developing IRS, the first semidwarfrice variety with the 

potential to double yields in the tropics. Khtmsh, who joined 
IRRI in 1967, led tile effort that developed IR36, a variety with 
genetic resistance and tolerance for dozens of' diceases, 
insects, and environmental stresses. 

The world rice 
situation 
In 1987, world rice production 
dropped below requirements, 
the result of prolonged drought 
in India, Indonesia, 
Kampuchea, Laos, Philippines,
Sri Lanka, Thailand, and
Vietna and f d

Vietnam and of flooding in 
Bangladesh. The rood and 
Agriculture Organization 
eqtimates 1987 production to 
be about 454 million tons, 4 
percent (18 million tons) below 
that of 1986; Asia's output is 
estimated at 414 million tons, 
4.3 percent (19 million tons) 
below that o;1986. 

World tr'ide inrice in 1987 is 
projected to be 11 million tons; 
about 0.5 million tons less thani 96(h euto hr
in 1986 (the result of a sharp 
reduction in Brazil's imports 
and lower shipments to Africa). 
But Asia's rice imp,.,rts for 1987, 
which had been steadily 
declining over the last five 
years because of increased 

in many 
countries, are projected at 0.8 
million tons, 15 percent higher 
than in 1986. 

Inresponse, the world rice 
price has risen strongly, from a 
low of $195/ton at the end of 
1986 to more than $300/ton at 
the beginning of 1988. That 
price increase marks a sharp 
turnaround from the previous
five years, when nominal rice

had fallen to their lowest 
level in more than a decade. 

With the 1987 production 

shortfall, import requirements in 
1988 are expected tc increase 
again. But the rice output of 
many exporting countries has 
been reduced, and export 
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supplies are expected to lag m
be'lind import needs. Reflecting
 
this, world rice trade isforecast
 
to decline further in 1988, and
 
prices are expected to
 
continue to rise.
 

Global rice imports had
 
dropped sharply when
 
adoption of modern rice
 
technology shifted the
 
comparative advantage of
 
growing rice in favor of
 
traditional importing countries.
 
Strong agricultural
 
protectionism among
 
developed countries
 
contributed directly and
 
indirectly to the decline in
 
world rice price as well.
 

With the general slowing of 
economic growth in major rice
growing countries that resulted
 
from depressed world
 
commodity prices and external
 
debt problems, public support
 
to the rice sector dwindled. The
 
short- to medium-term forecast
 
of continuing low world rice
 
prices contributed in recent
 
years to low priority being
 
accorded output and input

price subsidies, investments in
 
irrigation, and support of rice
 
research.
 

The late 1987 world rice
 
shortfall and price increase
 
may have been caused by
 
weather factors. But a
 
slowdown in public investments 
in irrigation and rice research, 
inpart a response to the low
world rice price trend, is The Japan Prize was presented t4 April 1987 in thecreating conditions for future presence of Crown Prince Akihito in Tokyo. The Science andfood shortages. Projections of Technology Foundation ofJapan initiated the Prize in 1985 to 
demand and supply to the year.
2000 indicate the possibility of recogniz persons who have "served the cause of peace andglobal as well as Asian prosperity for mankind through original and outstanding
shortfalls in rice production, achievements in science and technology,." This was the first 

time the award had been given to agricultural scientists. 
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Director General M.S. Swaminathan was named recipient Less than 5percent of global nce 
of the first General Foods World Food Prize, established by the production istraded internationally; 

most rice is marketed and eaten
General Foods Fund, Inc., to recognize, encourage, and reward within 50 kilometers of where itis
 
outstanding individual achievement in improving and increas- grown.
 
ing the world food supply. Tile prize was presented 6 October "
 
1987 in ceremonies at the Smithsonian Institution in
 
Washington, D.C.
 

The World Food Prize is designed to honor individual 
contributions to addressing and alleviating hunger and mal
nutrition. Another purpose is to attract talented, creative, and 
dedicated young people to careers in the complex and 
challenging food and agriculture systems. 

"The Prize gives recognition to the importance of the Trends in production, Population, 
production of food and tht. right of all persons to nutrition yield, and area planted to rice in 

security, which includes not only an adequate quantity of food South and Southeast Asia, 1955-2000. 

Index (1954/56=100) 
340 

300 

-- Production 

------- Population 

260 Yield
 
.... Area
 

220 

180 

140 

4,
100 , 

195515 I I 1970 1975I 19801980 1 1990 1995 20001960 1965 1985 



In Kerala, India. a local helper ,WaMn 
to collect a sam ple of )1vza r!1llp,,,
Habitat descriptions arc important in 
documenting the ecologies ofdifferent species and in ealy
identification of potential rcsisiances 
and] , rances. 

Inone wild rice collection this year, 
we found athreatened population of 
O'za officialis growing amid debris 
under aviaduct on a road near
Bangkk, Thailand. 
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but nutritious food and safe drinking water, so that they may
realize their full potential," Swaminathan said. 

Swaminathan became Director General of IRRI in 1982 
and completed his assignmnlent in January 1988. 

GENETIC
 
CONSERVATION
 
AND EVALUATION
 

he aim of germplasm conservation and evaluation 

is to provide the building blocks for improved
germpnlasm with higher and more stable yield potential.

We arc working toward identifying the sources of resistance to 
diseases and insect pests and of tolerances for a range of 
adverse growing conditions. In the process, refine ourwe 
ability to identify and screen for desirable characzetistics and 
against undesirable traits. 

Genetic resources 
Gernplasn fuels eveiy aspect of biological research. One ofIRRI's distinct advantages in breeding improved rices for manydifferent environmental and cultural needs is the unusually 
rich germplasm collection maintained in the International Rice 
Germplasm Center (IRGC). Much of the material conserved is
already extinct in the wild, no longer grown by farmers, or no 
longer available in the original donor countries of the tropics.

During 1987, an Asia-wide collaborative collection of wild 
species was begun. Exploratory missions with national agricul
tural research programs netted germplasrn of nne wild taxa,
with field descriptions of the samples and Oe ecology of the 
sites where they were found.

This collection is saving populatiori!,, of wild ricesthreatened by, urban development and destru6c'd.n of forest 
areas. One population of Oryza granulata we fotnd in the
central plains of Thailand consisted of a single plant with one 
seed (we collected two tillers and the seed, leaving'ihe plant in 
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its habitat). Apopulation of the rare Oryza ridlcyi consisted of 
two plants with eight seeds. 

In addition, the collection missions are pinpointing 
locations where wild relatives of rice are being conserved 
alongside other flora and fauna in botanical gardens, forest 
reserves, and wildlife parks. 

The wild species carry an array ofgenetic resistances and 
tolerances for many stresses, both biological and ecological. 
Their distant relationship to domesticated species also 
provides new insights into rice genetics. Increasing research at 
the cellular and molecular level has tripled demand for wild 
species germplasm. 

The rice germplasm collection now includes more than 
83,000 accessions. A major activity is rejuvenating seed to 
respond to requests from national programs. In 1987, we did a 
large-scale seed increase for the Philippine Rice Research 
Institute (1,286 varieties) and the Philippine Department of 
Agriculture (576 varieties). This is an important part of IRGC 
activity, since many indigenous traditional varieties are no 
longer grown by farmers and may not be found in national 
getmplasm collections. 

We also expanded computerization of our operations, 
working toward fully integrated management. This year, we 
tested an improved procedure for identifying duplicates in the 
collection, using computer records in conjunction with field 
evaluation. So far we have matched 134 duplicates among 
39,180 accessions. 

Yield potential 
Yield ceilings for rice grown in the tropics appear to have 
reached a plateau. Our research indicates that one way to 
improve yield isto increase the number of high density grains 
per panicle. Heavier grains are important in increasing head 
rice recovery. 

We have been working on identifying factors involved in 
development of high-density grain. Defoliation and spikelet 
removal studies showed that, although there is competition for 
carbohydrate, spikelets in the fifth and sixth positions on the 
primary branches are stronger sinks. They have the highest 
grain filling rates and final weights; those in the second 
position have the lowest weights and take longer to fill. 



j 

Ideal plant type
for producing
high-density
grain 
* Low tillering, with only
primary tillers developing.
* Large panicles, to 
cc.pensate for low tillering. 
* Thick culm, with more 
vascular bundles to lessen 
lodging, support a larger 
panicle, and promote 
carbohydrate accumulation. 
* Panicles with only primary
branches, to increase the 
percentage of filled grains. 
* Larger pedicelled vascular 
bundle, to promote transport of 
assimilates. 
* Medium-size grains (about
the size of IR8 grains), with less 
white belly. 

Relationship of spikelet no./n 2 and 
nitrogen absorbed before heading. 
IRRI, 1986 dry season. 
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Varieties vary widely in their production of high-density
grain, indicating that breeding to increase percentage of 
heavier grains would improve yield. Early crosses resulted in 
substantial heterosis in number of primary branches, spikelets 
on p-imary branches, and inner and outer vascular bundles
characters associated with higher numbers of high-density
grain. High light intensity and lower temperatures during 
heading also resulted in more high-density grain.

These factors indicate that a modified plant type would be 
ideal for producing high-density grain. We have started 
developing the idealized plant type to test this hypothesis.

In the tropics, high temperatures after heading increase 
maintenance respiration loss and hasten senescence, leading 
to poor ripening. High temperature during the vegetative stage 
leads to reduced sink size and lower yield.

For short-duration varieties, increasing the biomass 
through higher nitrogen' uptake in initial growth stages could 
further improve yield. But in medium- and long-duration 
varieties, the scope for biomass improvement is limited. Yield 
usually is improved by increasing the partitioning of stored 
energy to the grain. To do this, overgrowth must be controlled 
by lowering dry weight at heading.
 

An important physiological characteristic for higheryield
 
n importantophysioogic ch arersi ie ye

potential is sink fnrmation efficiency (larger sink size per 

spikele no im x103 
Io R 

,. 

50 if 
IR931 /I 2145Il 2 

I 0R?2%12 

40 
I IR284 

R8 

30 - R IR21,45 

20 
m 

o I I I I 
0 5 10 15 20 

Ntren absorbed (g/n2) 



IRRI HIGHLIGHTS 1987 11 

absorbed nitrogen unit). A significant variation in sink 0 Erect, thick leaves, to give 
formation efficiency among varieties indicates a potential for better light distribution and 
improving sink capacity, higher photosynthetic rate. 

While increased yield potential is important in reaching 0 Higher photosynthesis under 
total production goals, resource-poor farmers need technology radiation, so that carbohydrate 
to help them achieve stable, relatively high yields with low cash supply will not be limited 
inputs. We have found that modern varieties yield more than during rainy season. 
traditional varieties, even without added nitrogcn. But varieties e Low maintenance 
do differ in their nitrogen absorption ability, particularly at the respiration, to increase net 

assimilation rate; highertillering stage. Yield and yield stability are higher in medium- shoot:root ratio might decrease 
root aig e readuration than in short-duration varieties. Varieties with more root maintenance respiration. 

panicles have higher yield stability than varieties with heavier 0 Medium growth duration; 
panicles, carbohydrate accumulated 

before heading can be used to 
produce larger panicles andGrain quality and nutritional value 
heavier grains.

Incorporating inmproved grain quality and nutritional value Intermediate plant height; a 
harvest index of 0.55 will make 

into a variety without added inputs would benefit both farmers the plant lodging resistant, 
and consumers. The achievement of self-sufficiency in rice decrease maintenance 
production by many countries has led to increased demand for respiration, and provide 
rices with beettr milling and eating quality, optimum partitioning of 

yields have been improved by carbohydrate to the grain.Although head rice 
breeding for completely translucent, nonwaxy endosperm, 
sorme varieties show extreme susceptibility to cracking when 
overripe or overdry. Fissuring resistance contributes to stable 
head rice yields after milling. Differences in resistance to 
fissuring in IRbreeding lines are correlated with brown rice 
properties, rather than with hull tightness. Percentage cracked 
grains after brown rice was soaked in water for 5-10 minutes 
correlated with head rice yield of rough rice soaked for 3 hours. 
Translucency correlated with fissuring resistance in brown rice 
better than did amylose content or gelatinization temperature. 

In addition to whole grain, consumers in tropical Asia 
prefer intermediate-anylose rices with intermediate gelatiniza
tion temperatures or low-amylose rices with low gelatinization 
temperatures. Arnylose content (linear fraction of starch) isthe 
major factor determining cooked rice texture. We analyzed die 
grain quality of parents and breeding lines designed for 
different environments. Ingeneral, rain fed lowland, deepwater, Consumer surveysindicae that the
and tidal swamp rices had high amylose; upland rices had grain characteristics consuers prefer 

intermediate amylose. Gelatinization temperatures were vary considerably among nationalities 
intermediate. and cultures. 



Neck blast and leaf hiast symptoms. 

12 IRRI IGHi(WIi.IGITIS 1987 

We tested thiamine and riboflavin in the brown rice of 30 
IRvarieties grown in the wet and dry seasons. Thiamine and 
riboflavin differed significantly anong the varieties. rhiamine 
levels correlated across seasons, as did riboflavin levels.
Riboflavin levels tended be into higher the wet Season. 
Pigmented traditional rices had si I ilar thiamine levels, but 
higher riboflavin, than nonpignie ited improved rices. 

Biological stresscs 

Pathogens and insects can evolve rapidly, making it necessary
to keep a c~lostant stream of gernplasn with resistance genes
available to national breeding programs. Research is also 
feusing on how to obtain more durable resistance to pests. 

Disease resistance 
Bacterial ipathogens cause at least a cozcn different rice 
diseases. Bacterial blight (Xaimionionas campcstris pv. (JyZc)
and bacterial leaf streak (X. c. pv. orvzicol) are perhaps the 
Most serious in Asia. Sheath brown rot (Pscudomonas [hsco
'aginlaC) is distributed all over the globe. Jlume blight or 

bacterial grain rot (P. glunmac) reported in the tropics also
 
causes seedling blight.
 

Bacrial diseases are distinguished on the basis of tissue
 
specificity ad modes of transmission. The pseudononads arc
Seed translitted and cause grain cliscoloration, but P.
 

JUscovlcginac'colonmizes both the leaf sheath and the grain, while 
R glunac attacks seedlings and the grain. Bacterial blight is 
systemic, bacterial leaf streak infects primarily the leaf blades 
and is seed transmitted. 

I Some IR lines that have the Xa-4 gene for resistance to
bacterial blight appear to have only background resistance. On 
another parameter, background resistance expressed in some 
varieties at the seedling stage may carry over to nllture plants;
in others, it is expressed only in the adult plant. The effect of 
background resistance appears to be partial and not race 
specific. 

The upland sheath blight nursery has increased ourcapacity to screen for resistance; most of the 7,614 entries in 
1987 rated moderately resistant to highly susceptible. 

Agreat nmber of fungi attack rice-more than 50 species
have been idcntified so far. Knowledge about resistance Varies 
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with disease. For some pathogens, no resistance has been 
identified; for others, the low levels of resistances identified 
cannot be easily selected for in segregating populations. 

Resistance to blast has been used by breeders, and can be 
highly'effective. But that resistance has been short-lived 
because of the evolution of new pathogen races. Some forms of 
partial resistance to blast appear to be more durable. 

We compared leaf and neck blast resistance of a set of 
elite lines. In general, lines resistant to one type are resistant to 
the other, although there are exceptions, and some lines 
appear relatively susceptible to leaf blast, but resistant to neck 
blast. 

Plant height reductions, grain yield 
losses, and delay in days to flowering

Plant height reduction (%) in plants of nine varieties infected 
100 with both forms of rice tungro virus. 
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Rice tungro is a composite disease caused by bacilliform 
and spherical viruses. Varieties react differently to each virus, 
depending on the type of resistance in their genes. We have 
identified some varieties that are resistant to virus infection,
others that are tolerant. It appears that resistance to green
leafhopper (the vector insect) and tolerace lbr virus infection 
are rather common; virus resistance is rare. 

Ingeneral, tungro symptoms are severe in plants infected 
with both bacilliform and spherical viruses, milder in plants 
infected with the bacilliform alone, and not clear in plants
infected with the spherical virus alone. Plants of Balimau Putih 
variety infecte,! with both viruses showed no clear symptoms, 
Utri Rajapan plants showed very mild symptoms, Sigadis and 
Palasithari plants showed distinct symptoms at early growth 
stages but milder symptoms later. Other varieties showed 
severe symptoms. I1 

Virus concentration in infected plants was determined by 
enzyme-linked immunosorbent (ELISA).assay Bacilliform 
virus concentration especially was lower in plants of tolerant 
varieties. 

The correlation between symptom severity 3 weeks after 
infection and grain yield reduction was significant in seedlings
infected 7 days after soaking, showing that tolerance can be 
scured at the seedling stage. We developed a new scoring
method based on plant height reduction and leaf discoloration. 
Inoculated seedlings are scored individually. Resistance level is 
indicated by low average scores. The screening method also 
was modified to obtain higher infection and to increase our 
capacity. We can now test 2,000 entries a month. 

We have screened more than 40,000 germplasm acces
sions so far; those with consistently low infections have been 
evaluated further, and resistant cultivars categorized into four 
types of resistance and tolerance. 

Tolerance can be useful in managing vinis diseases. We 
used the correlation between symptom severity and yield
reduction among varieties infected with ragged stunt to 
develop new infection scoring systems basep in incidence 
and symptom severity. 

We studied disease onset and development in a tungro
endemic experimental field. In green leafhopper-susceptible 
TN1, seedbed infection was very low. In transplanted fields, 
spherical virus infection occurred first. Double infection began 
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o 
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to increase about 2 weeks later, tungro symptoms also 
appeared then. More of thc vector leafhoppers collected in the 
fields 1-2 weeks after transplanting were infective for the 
spherical virus; those collected 3 weeks or later were mostly 
infective for both viruses. 

In moderately resistant varieties, spherical virus infection 
occurred first; double infection developed slowly. In resistant 
varieties, double infection was very low. 

Insect resistance 
More than 100 species of insects attack rice-20 are major 
pests, some also transmit viruses. 

In our screening trials, we found two accessions of the 
wild species Ot,za mintda that are highly resistant to white
backed planthopper and the virulent Mindanao brown 
planthopper. Eight accessions of the wild species 0. brach
yanitha are highly resistant to yellow stem borer, three to 
leaffolder. 

Increased susceptibility to tungro virus has been reported 
in 1R36, IR42, 1R64, and IR66 planted in the Philippines, 
indicating possible shifts in the virulence of green leafhopper 
vector populations. We screened 19 varieties and 5 lines with 
known green leafhopper resistance or tungro tolerance and 
identified 8 that had consistently lower insect populations and 
tungro incidence. 

Tungro incidence by visual symptoms 
and tungro bacilliform and spherical 
virus infection by EL1SA from 8 to 37 
days after transplanting and 
infectivity of green leafhoppers 
collected at 7, 12, 21, and 34 days 
after transplanting. 
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produced from cross IR47886,
compared with drought-susceptible 
IR20, at 10 bar soil moisture tension, 

The green leafhopper nymphs used as vectors in varietal
screening are easy to rear. We use second- to third-instar
nymphs fed overnight on tungro-infected TN1 plants to
inoculate 7-day-old test seedlings. Screening output was
doubled by reducing inoculation tine from 8 to 4 hours, byincreasing the number of nymphs per seedling, and by
disturbing the insects at i-hour rather than at 2-hour intervals.
The large number of adults that develop in inoculation cages 
can be collected to produce more test nymphs. 

Physical stresses 

Drought tolerance 
Although no plant-and especially not rice-will grow without 
water, the progeny of some ofour recent crosses have excellent 
ability to withstand root zone soil moisture tension as high as10 bar. The cross 1R47686 for adverse upland rice soilsproduced 16 lines with excellent drought tolerance; IR49718 
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[Or rainicd h)xwhIFds pIroducCCd 8 lines with superior tolerance; Amajor portion ontiledrought
and IR38692 for deepwattr areas produced 9 highly drought- avoidance imechanistl in rice can he 

attrib,uted to a large xylem vesseltolerant 'ines. numlber and area that provide notr1 
Rice is most sensitive to drought at the flowering stage. If effective water and nutrient 

soil moisture tension increases only 0.8-1.0 bar, yield losses conductivity frotn the roots to the 
shoot. 

rmay reach 100 percent, the same drought stress at the 
vegetative stage may cause only a 10 percent yield loss. 
Screening and selecting Ior flowering stage tolerance are 
proving difficult, because flowering of different varieties is not 
synchronized. 

Rice roots transport water through the xylem vessels. A 
large part of the drought avoidance mechanism in rice can be 
attributed to high xylem vessel numbers and area that provide 
more effective water and nutrient conductance from the roots 
to the shoot. We analyzed the Ft and 1F2 populations of crosses 
of four female parents (an upland variety from Africa and two 
hill varieties and one Aus variety from Bangladesh) with 
drought-susceptible IR20 as the common male parent and 
obtained moderately high to high broad sense heritability 
estimates. Root xylem vessel number and area were positively 
associated with root diameter and root length in several 
crosses. We are using root length and root diameter at 
transplanting as selection indices in breeding for drought 
tolerance. 
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Screening For breeding linies toleran 

of problem soil conditions is done in 
several stages, both in the greenhouse
and in the field. 

We also observed apositive correlatiotn between leaf area
and root diameter, root length, root dry weight, shoot dry
weight, and the root:shoot ratio in across of hill rice Mimidim
Alang and IR20. In upland Moroberekan/IR20 progeny, leaf 
area correlated positively with root volume and dry weight.
These co-adapted complexes of traits found in traditional 
varieties are related to drought tolerance. 

Problem soil tolerance 
Climatically, physiographically, and hydrocgically, about 58
million hectares of problem soils in South and Southeast Asia 
are more suited to rice than to any other crop. To plant those
lands to rice without costly amendments, it is necessary to 
exploit varietal tolerance. Tolerance for soil stresses such as
salinity also supports sustainable rice cropping in favorable
soils. We screen about 10,000 cultivars ayear for adverse soiltolerance. 

Seedling survival is a good measure of salt tolerance.Susceptible varieties are severely affected by salinity up to 7 
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Most traditional rices inlw 
temperature areas of South andSoutheast Asia are hulu types. 
selected 24 hulus from 600 cultivars
screened for cold tolerance at the 
seedling stage. The varieties .'idt an 
acceptable level of tolerancc aie ofrelatively short duration at highaltitudes, 
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in Iloilo, Philippines. All problem soils except alkali and peatsoils and a wide range of rainfall regimes are found within a
relatively small area. 

IRd 192-200-3-3, repeatedly found tolerant ofmultiple soiltoxicities and nutrient deficiencies, has been released as a 
variety in Sabah, Malaysia. 

Cold temperature tolerance 
High-yielding breeding materials tolerant of low temperature
have been developed in several locations. The best entries inthe International Rice Cold Tolerance Nursery at 23 locations
in 15 countries in 1987 were JKAU(K)450-126-!O0,

JKAU(K)450-126-2, JKAU(K)450-172-10, Ching Hsi 15 (acc.36852), Z-Yah-Tsan (ace. 04648), Akiyudaka, and Suwcon 
303. 

Evaluating materials at Chuncheon, Korea (a 10-year.-old
program) has been effective. Ina seedling nursery test of 969
entries with continuously flowing cold water (17 'C), the best
entries were SR12212-T4, HR6441-B-B- 11, HR7381-AC7, and
 
-Z-Yah-Tsan Among International Rice Cold Tolerance Nursery

en.ries screened for tolerance at anthesis, Akiyudaka, H23183,Stejaree 45, and Barkat had less than 40 percent spikelet 

sterility.
Low temperature is a problemgrowing areas, particularly in many African ricein the Sahel region. Among 65 
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Two-tir screening for cold-tolerant 
------- agenotypes. 

entries from Tanzania screened it the seedling stage, panicle 
initiation, and anithesis, ES076 and ES078 (Zira) were tolerant. 
Afaa Kilomibelo 1-196 was mos~t tolerant at panicle initiation. 
ES053 (Ringa), Lindi Safari, ESO 18 (Straw), and ES042 showed 
very low sterility d uring antisis. Al'a Kilomnbelo 1-196, ES010 
(Supa India), and [S59 (B3ishore) were outstanding at both 
stages. 

Of11,331 entries from 16 othi rAfric in countries screened 
al the seedling stage, only 4 percent were tolerant of low 
temperatures; most tolcr tnt were W ieee, Yetigbi, Baihliway 
Gbayawgi, and IBaihiway Willingi from Liberia. 

The roles of lipids in cold toleirance and of nonanoic acid 
in germination have been cl rified ; w used that knowledge to 
develop a novel two-tier approaich to screening for cold 

tolerance and dormancy in the laboratory. Polar lipids of cold
tolerant rice genotypes have high linolenic acid (Cg8:3) 
Content under both Oflow[omand normal temperatures.contie Theysrenealso31 ntie 
6 thr frca 

show a nullaleicsituatio ntEstrase 2 isozyme locus (Est-2 0). 

Less tolerant or Susceptible genotypes had either Est-2or 
E0s322 alleles. We fiund that Est21amd Est-2 2 isozymes 
com1pete for the choli ne-ester precursors of polyunsaturated 
fatty acids (PUSFA) to convert them to free Unsaturated fatty 
acids (USFA), reducing theform fationofiUSFA. The free USFA 
aire metaboliZed to short chin saturated fatty acids (SCSFA), 
resulting in higher levels of SCSI-A in Est-2' and Est-22 

genotypes. 
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Breeding techniques 
Most advances in rice improvement so far have occurred
through conventional breeding. We are supplementing our
conventional breeding program with emerging biotechnology
techniques for further gains in yield stability and potential.
Genetic engineering techniques are being used to move genes
for disease and insect resistance and stress tolerance across 
sexual barriers. 

Tissue culture 
Most of the work in anther culture has been in immediate 
development of homozygous lines with tolerance for and
resistance to such asstresses water deficit, salinity, cold 
temperature, and blast. Basic studies are emphasized in our 
research on. somatic cell culture, isolated pollen culture, and 
protoplast culture. 

We investigated the inheritance of anther culturability to
improve our ability to incorporate anther culture efficiency
from highly responsive varieties into recalcitrant varieties. 
Genotypes from a 4-parent diallel set were used. Callus
induction was significantly affected by genotype. Genotype by
media interactions indicate that different genotypes need
different media for callus production. Callus induction ability 
appears to be a highly recessive character with large genetic
variation due to additive gene effects. Green plant regeneration
has similar patterns of inheritance. With careful selection of 
parents, it appears possible to transfer the high culturability of 
japonicas into indicas. 

We are using anther culture to routinely produce plants
for adverse conditions. In field tests of 1,544 lines from diverse 
sources for salt tolerance, only those derived from anther 
culture survived the highly saline conditions. 

We have regenerated 1,622 green plants ia this project.
We also have regenerated 11,450 green plants for cold 
tolerance. One line had shorter duration, shorter plant height, 
more panicles, and higher blast resistance than the check
variety. So far, 1,988 green plants have been produced from 
107 crosses bred for upland conditions. 

In isolated pollen culture, we established a routine for 
callus induction and green plant regeneration. Preculturing 
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nation, and linkage drag. We 0rC using biotcchnology to 
O\'tcOIoe Solle of these barricrs. 

0. 1il/liilca,a tctraploid species with a gcnomic constitu
tion of B13CC, is a rich source of resistance to pests and 
d iscasCs. We sclctcd four acccssions of PIhilippine origin with 
bacterial hiight, blast, brown planthopper, and whitcbacked\Vc closcd ()i,:i aiit wih plantihoppcr resistance and crossed then with susceptible

).ItiloN. hyhIrid wianIS'I1h1t1:1 M,3 1917-45-3-2 (AA genome). Seed set wassimilai m lant PItalia; 0-4.2 percent;ths). hybrid seed development was slow because of' prellature
spikelcts wcrc soiiicwhiii laiger, embryo and endosperm degeneration. 
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4$ .germinated 

Fo CnsuIr sLurvivl, we rcscuCd 14-day-old embryos. The 
F,hybrids were intermediate in plant type, with panicles 
similar to those ofO. miinula. All hybrids were triploid with ABC 
genomic composition and completely male sterile. 

Backcrosses with ().satliva produced low numbcrs iof 13C, 
seeds. Using embryo rescue, two BC, tetraploid (AABC) plants 
were obtained. 

Wide 
hybridization 
laboratory 
Wide hybridization begins with 
the 0. saliva plant. It is 
emasculated and pollinated 
with pollen from the selected 
wild species. Immature 14-day
old hybrid seeds are harvested 
and their embryos rescued. 
That microscopic process is 
carried out under sterile 
conditions in a larninar flow 
cabinet. The rescued embryo is 
transferred to a solid giowth 
medium in a test tube andcultured in the dark. The newly 

embryo ismoved 
into the light. When the 
plantlet isgreen and has a 
fairly well-developed root 
system, it istransferred to a 
nutrient solution and grown in 
the phytotron. When early 
vigor isestablished, the 
seedlings are transplanted to 
soil. The mature hybrid plait is 
backcrossed with 0. saliva to 
carry through the gene transfer 
process. 



o.saliva X0 minuta 


(AA) I (BB) 


F hybrid 
(ABC)annieetaed

-. t 
(0,, 	 d XOAsativa 

IResistance 
BC, x o saliva 

(AAC) 	I (AA) 

BCX O. sativa2 

(AAB, (AA) 

AABC) 

Monosoric alien 

addition lines 
(AAB, AAC) 

Scheme for transfrring traits from 0. 
miluht into0. Saliva. 

BCI production was limited by the high female sterility in 
the F, hybrids. To overcome hybrid sterility, ABC hybrids were
treated with colchicine to try to produce amphiploids
(AABBCC). The nine partially fertile hybrids produced were 
backcrossed and nine embryos extracted, yielding four. BC 
plants. 

of the hybrids to bacterial blight and blast has 
been confirmed; testing for brown planthopper and whitebacked planthopper resistance is in progress. 

We also are exploring using wild Oyza species as sources 
oflgenes capable of increasing yield potential. Two approaches 
arc being pursued, 

The first is the transferral of genes from species having 
high biomass and leaf area but different genomic constitutionto 0. sativa. We crossed four accessions of 0. latifolia (CCDD
genomic composition) with IR36 and IR64. Addition line 
production and the induction oftranslocations will be used tofacilitate introgression of genes influencing yield potential
characters. 

In the second approach, traits are transferred from the AA 
genome species 0. nivara and 0. rufipogon into 0. sativa.
Crosses were made between IR64 and five accessions of 0. 
nivara and between 1R54 and IR64 and four accessions of 0. 
rufipogon. Gene transfer should result from interspecific
chromosome pairing and recombination in the F, and later 
generations. 

Hybrid rice 
More rice from the same land and the same effort continues to
be needed to feed growing populations. F, hybrids grown in 
China have about 15 percent higher yields than the best 
available modern high-yielding varieties. Hybrids suitable for 
diflerent agroecological regions, using locally adapted
improved parental lines, and hybrid seed production tech
niques suitable for the different agroecological and socio
economic conditions are needed. 

Some IRRI-bred hybrids tested during 1987 in Korea,
India, Indonesia, Malaysia, and Vietnam yielded 0.5-2.9 t/ha 
more than check varieties. But at IRRI and Maligaya,
Philippines, yields were inconsistent. The problem appears to 
be proportion of sterile plants; 10 percent sterility reduced 
yield 	15 percent. 
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Frequency
 

Joposico/dpodliCa Jaonco/Indca 
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Seven new cytoplasmic male sterile lines and 73 restorer 
beenline or Sedlines have dvelpedordevelopedhae ben identified.ientfie. Seed yeldyields ofof 

cytoplasmic male sterile lines had been very low because of 

unsatisfactory synchronization of flowering with the male 
parent and low outcrossing rates. Increasing the planting 
density of female plants increased seed yield. 

Initial growth vigor has been considered the principal 
trigger of heterosis in rice. Although higher initial growth in F, 
hybrids is related to larger embryo ize, such a relationship is 
not found in indica/japonica crosses. In those crosses, higher 
leaf area expansion is considered the primary factor. Leaf area 
correlates significantly with higher respiration rate. Higher 
yields in heterotic hybrids in Korea were attributed to higher 
total dry matter and higher harvest index. 

F, hybrids had better nitrogen absorption ability at 
tillering than the parents, and consequently had larger sinks. 
But the) showed greater sink degeneration. 

The wide compatibility varieties (WCVs) that produce 
fertile F, progenies in indica/japonica crosses were first 
identified in Japan, but their seeds were not readily available 
because of strict regulations relating to plant breeders rights. 
We have identified eight varieties- BPI 76, N22, Lambayeque 
1,Dular, Moroberekan, PBMNI, Palawan, and Fossa HV-that 
possess wide compatibility genes. They are being made 
available to interested hybrid rice breeders around the world. 

Jalan/co/Indco 

MS*003/Kanosen II F
 
- MS1003(986)
 

Kanosen II 

I 1 I 
30 40 50 60 70 80 

Frequency distribution of embryo 
weights in F,hybrids and parentvarieties. 
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Rice genetics 

Genetics and molecular maps
To utilize emerging techniques in molecular genetics and 
biologyjin rice improvement research, we need a more detailed
unders!,nding of the genetic architecture of the rice plant. On 
the basbl of work at IRRI and by national program scientists, 
pachytene maps ofrice chromosomes have been prepared andthe 12 chromosomes numbe"?d in descending order by length.
Using primary trisomics, associations between 12 linkage 
groups and chromosomes have been determined. During
1987, we located four new marker genes to their chromosomes. 
Fourteen isozyme loci were associated with their chromo
somes; 18 of the 25 known isozyme loci have now been 
assigned to linkage groups. 

Chromosome Loci and gene order,with Iingkage values 
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Arestriction fragment length polymorphism linkage map 
has been prepared with Cornell University, USA. It has 120 
DNA markers arranged in linkage groups. 

Genetics of disease and insect resistance 
Systematic studies of different genes for resistance and 
analysis of the nature of resistance help us identify durable and 
stable genes to use in the breeding programs. We have been 
examining the genetics ofbacterial blight and blast pathogens 
and vector insects and of resistance in rice to these problems. 

The numbering of bacterial blight resistance genes identi
fied at IRRI and in Japan was revised and two new genes 
identified: the xa-13 gene in BJ1 conveys resistance to 
Philippine race 6,Xa-14 in TNI conveys resistance to race 5. 
We have 22 near-isogenic lines carrying 8 identified bacterial 
blight genes that can be used as differentials in monitoring race 
distribution, as testers for studying genetics, as donors in 
breeding programs, and as material for basic research on the 

F K RPmechanisms of resistance. 
Near-isogenic lines with single true resistance genes for I 

blast were developed through six backcrosses to susceptible BCIF I x RP 
indica CO 39. Preliminary studies suggest six resistance Ic,,t I

andoseletion 

genes. A genetic study of partial resistance to blast in indica °ie°" BC2F, x RP 

rice suggests that this form of resistance is polygenic, with low, I 
narrow-sense heritability. By selecting for partial resistance in 6.3F, x RP 

the F,, we were able to develop 13 lines with increased I 

resistance. CFj 
We also identi fied two new genes for resistance to brown 

planthopper (seven identified so far). Genes for resistance to I 

brown planthopper and whitebacked planthopper were 
transferrecl from 0. ofJhinalisto 0. sativa by backcrossing; allelic 
relationships to known genes for resistance are being 
determined. 

We have produced isogenic lines for the resistance to 
whitebacked )laiitllopper in tie background ofIR1561-228-3
3 and have started work on isogenic lines for resistance to 
brown planthopper. Genetic analysis of 12 varieties with Irocedure forbrccding ne.w-isogenic 
resistance to green leafhopper showed that. single dominant lines to use in idenilyiing disease 

genes convey resistance in six varieties; two varieties have rie gene t)'pcs. RD = resistant 
doOr, RI'= rieCtrren1 Pililll.single recessive genes, four have two genes governing resist- IC - Iackcrmss. -=.segregating 

ance. We are analyzing those allelic relationships, o,..ene', 
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Genetics of pathogenicity 
In the first phase of our research on host-pathogen relation
ships, we are focusing on the genetics of the blast fungus
Magnaporthegiisea,imperfect state = Pyriculartiaotyzae, and the 
bacterial blight pathogen Xanhomonascampestrispv. oryzae. In 
collaborative work with the University of Wisconsin and 
Kansas State University, USA, we are investigating the 
molecular mechanisms controlling pathogenesis. Knowledge
of the critical steps of pathogenesis can be used to design rice 
genotypes that disrupt the normal pathogenesis pathway ofthe 
pathogen, providing a long-term solution to the problem of 
resistance breakdown. 

Using the perfect state of the blast fungus, we have 
determined the genetic control of cultivar specificity in the 
pathogen; five single genes have been identified so far. Our 
genetic analysis has identified a pigment mutation (buff) that 
acts epistatically to virulence-the buff mutant cannot attack 
rice, even though the fungus has the correct combination of 
virulence genes. This control of the biosynthesis of melanin, 
required for successful penetration of the host cell, is a critical 
step in the pathogenesis pathway that determines whether the 
fungus can be a parasite. 

Aconjugal gene transfer system has been developed in the 
bacterial blight pathogen and gene libraries of different 
pathogen races have been constructed. We now have a genetic 
system to study genetic and biochemical determinants of 
pathogenesis. 

Radioisotope labeling is an indispensable tool in mole
cular genetic studies, but reliable supplies of radioisotopes 
(32-phosphorus, in particular) are difficult to get in developing 
countries. We are exploring nonradioactive labeling and have 
succeeded in using biotin-labeled DNA probes in analyzing 
bacterial genomes. 

Genetic improvement 
Since the initial breakthrough in increasing yield potential,
major attention has been devoted to incorporating other 
desirable traits into improved varieties. Because stable 
resistance to diseases and insects is difficult to achieve,
breeders must work continuously to incorporate new genes for 
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resistance into improved varieties to increase and maintain 
yield stability. 

Irrigated rice 
More than 70 percent of the world's rice is produced from 
irrigated and favorable rainfed lowland environments, where 
rice also is more vulnerable to changes in races and biotypes of 
pathogens and pests. Our goal is to maintain and to defend 
current rice production against diseases, insect pests, and 
adverse growing conditions. At the same time, we work toward 
higher yield potentials and more stable forms of resistance to 
and tolerance for adversity. 

Progress in improving rice for irrigated and favorable 
rainfed lowlands has a direct bearing on improving rice for 
other environ.ments. Auseful gene for disease resistance from a 
wild species transferred to rice for irrigated conditions 
immediately becomes available to programs breeding rice for 
other environments. 
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Some elite breeding lines 
* IR28224-3-2-3. High yield potential. 130 d duration. Long

slender translucent grains with high milling recovery, high

amylose and low gelatinization temperature. High field

tolerance for tungro. Resistant to blast, bacterial blight, green
leafhopper, and all brown planthopper biotypes. 
e IR28228-12-3-1. 130 d duration. Medium-long translucent 
grains with high amylose and intermediate gelatinization 
temperature. High field tolerance for tungro. Resistant to blast, 
green leafhopper, and all brown planthopper biotypes.
* IR32453-20-3-2. Good yield potential. Medium duration. Long
slender grains with high amylose and low gelatinization
temperature. High field tolerance for tungro. Resistant to blast, 
grassy stunt, green leafhopper, and all brown planthopper 
biotypes.
* IR34686-179-1-2. Very high yielding. 135 d duration. Long
slender grains with intermediate amylose and low gelatinization
temperature. High field tolerance for tungro. Resistant to blast,
bacterial blight, green leafhopper, and all brown planthopper 
biotypes. 
e IR31802-48-2-2. Excellent yield poteniial. 105 d duration. Long
slenqer translucent grains with intermediate amylose and 
internediate gelatinization temperature. Field tolerance for 
tung~o. Resistant to blast, bacterial blight, green leafhopper, 
and brown planthopper biotypes 1 and 2. 
* IR32429-47-3-2. Good yield potential. 107 d duration. 
Excellent grain quality with intermediate amylose and 
intermediate gelatinization temperature. Field tolerance for 
tungro. Resistant to blast, bacterial blight, green leafhopper, 
and all brown planthopper biotypes. 
e IR35366-90-3-2. High yield potential. 110 d duration. Long
slender grains with high amylose and intermediate gelatinization
temperature. Resistant to bacterial blight, blast, green
leafhopper, and all brown planthopper biotypes.
* IR42000-211-1-2. Excellent yield potential. 105 d duration. 
Excellent grain quality with intermediate amylose and 
intermediate gelatinization temperature. Excellent field tolerance 
for tungro. Resistant to blast, bacterial blight, green leafhopper,
and brown planthopper biotypes 1 and 2. 
9 IR41996-50-2-1. Good yield potential. 100 d duration. Long
slender grains with intermediate amylose and intermediate 
gelatinization temperature. High field tolerance for tungro.
Resistant to blast, bacterial blight, green leafhopper, and all 
brown planthopper biotypes. 
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This year we selected several lines from crosses of 0. sativa 
and 0. qfficinalis that have superior yield potential. New genes 
for resistance to brown planthopper and whitebacked plant
hopper derived from crosses of O. qfficinalis and a new gene for 
resistance to bacterial blight from 0. Iongistaminatahave been 
transferred to 0. saiva breeding lines by backcrossing. We 
have made progress in selecting for durable resistance to blast. 
We made crosses to combine the cold tolerance and short 
stature of temperate japonica varieties with the intermediate 
amylose content and slender grains of tropical japonicas. 

The number of IRRI breeding lines named as varieties 
worldwide increased to 178, with 23 additional lines named in 
9 countries. 

Rainfed lowland 
Rainfed lowland rice covers more than 35 million hectares in IRRI research workers exarnine 
South and Southeast Asia. Tolerance for drought and flooding, 
resistance to disease and insect pests, and yield stability are 

progress of promising breeding lines 
at a farmers' field rainfed lowlandtesting site inSolana, Cagayan 

important breeding objectives. Philippines. 
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Flooding was severe and yields were low in submergence
prone fields. Even so, 1R28930-5T, IR26724-246-1-1, and 
BR/ 18-3B-17 did very well. Several improved breeding lines 
with submergence tolerance yielded higher than the checks. 

We evaluated 48 entries at IRRI's medium deepwater 
research site. Materials were exposed to three flooding 
regimes, with different depths, timing, and severity of flooding. 
1R19319-5-3-3 had particularly high and stable yields across 
water regimes. Local check Wagwag Faire performed well. 
lR24705-11-3-2, IR13149-43-2-P1, 1R13149-71-3-2, and 
IR26760-27- 1-3 have performed well in these tests for several 
years. 

We distributed more than 5,000 seed samples of advanced 
breeding lines, donors for various traits, and F2 populations to 
breeders in 16 countries. 

Upland rice 
Some 100 million subsistence farmers and their families, 
among the most undcrprivileqed rice growers in the world, 
cultivate rice on about 20 million ha of upland fields. Most 
traditional upland cultivars possess tolerance for difficult soil 
and clinatic stresses, but have low productivity due to a plant 
type that has low response to nitrogen and is susceptible to 
lodging and pests. We are working to retain their desirable 
traits in improved cultivars that also are responsive to low 
fertilizer inputs. 

A wide range of tropical japonicas is used for donors of 
major traits, recombined with the best indica donors. In 1987 
observational and yield trials, several progenies demonstrated 
clear advantage over traditional and improved checks. 

Indications are that yield potential is 3.5 t/ha in very 
adverse environments with low inputs and 4.5 t/ha in 
moderately adverse environmcnts with moderate inputs, 
Intermediate plant height is insurance for weed competition at 
the early vegetative stage. Resistance to lodging is another 

combine yield potential,major advantage. It is possible to 

drought tolerance, and adaptation to poor soils-an example 
is IR47686-6-2-2. IR44716-6-2 combines durable resistance to 
blast and tolerance for acid soil. 

We developed a computer model, using the integrated 
database from the International Rice Testing Program inter-

national trials, to cluster genotypes with similar responses to 

X 

-

Modified plant
type for upland 
areas 

0 Intermediate height with 
moderate tillering, to improve 
nitrogen responsiveness. 
a Droopy lower leaves, to
shade out weeds and conserve
soil moisture. 

*Erect upper leaves for 
efficient light penetration. 
• Deep, thick root system, for 
drought resistance. 
to Bli resistance and acid soil 



We tested the yield potentiai f500 
upland rice entries at two sites in the 
Philippines, one with very poor (pH
4)and one with moderately poor (pH
5.2) soils. Yield potential was 3.5 t/ha
in vet! poor soils and 4.5 t/ha in 
modeately poor soils. Best growth
duration was 95 ± 10 days for very 
poor soils, 10 ± 10 day-, for 
moderately poor soils. Best plant 
height was around 100 cm. 
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the complex interaction of site-soil-crop-weather
managemlent. Six of 18 short-duration cultivars included in the 
upland yield nursery" exhibited similar responses to tempera
ture, daylength, and water availability. Such modeling tech
niques should be useful in devising breeding strategies. 

Deepwater ricu 
Many rice-growing countries in the world have areas where 
deepwater rice could be grown, and whose farmers are 
interested. But it takes 10 years for a national program to breed 
a deepwater variety tailor-made for local conditions. 

We are collaborating with Thailand and several other 
countries to evaluate procedures for farmers' field testing of 
early-stage breeding materials. Bulk mixtures of populations
derived from donors and wit.. the desired submergence 
tolerance or elongation ability are planted across a range of 

U(
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water depths. Segregating populations survive differentially. 
Bulked seed will be adapted to different water depths in afew 

seasons. Such admixtures could be used as base populations 
for line selection by breeders; farmers would have a crop in the 

meantime. 
The dominant factors that determine the success of a 

deepwater rice crop are the rate at which floodwater rises and 
its maximum depth. Many deepwater rice research stations 
have been keeping daily records of water levels to use in 
interpreting varietal performance. A computer model to 
categorize floodwater patterns using 20 sets of data from 
Thailand gave a quantitative mc.tsure of depth stress for each 
flood. Now we will try to classify deepwater cultivars by depth 
stress and rate of water level increase, 

Eastern India has more than 3 million hectares of 
deepwater rice-more than any other country in Asia. We 
helped establish a network to train the pest management 
specialists who are surveying pest and disease incidence to 
describe farmer cultural practices as well. The data will be 
mapped by environment type. 

Tidal wetlands and problem soils rice 
Asia's 50 million hectares of cultivated land includes about 
5 million hectares of tidal wetlands, where soil problems limit 
rice yields. In addition, as much as 50 million hectares of 
uncultivated land could be used for rice production; perhaps 
23 million hectares, mostly tidal wetlands, could be planted to 
problem soil-tolerant varieties. But different soil and climatic 
stresses occur in different geographical areas. 

A research cooperative enables prebreeding work on site
specific soil problems. This year we evaluated a wide range of 
breeding materials in national program cooperative research 
sites representing saline (India), alkali (Pakistan), acid sulfate 
(Thailand), peat (Indonesia), and iron-toxic (Sri Lanka) soils. 
Three advanced breeding lines with adaptability to coastal 
saline soils were identified. 

F, anther culture derivatives of crosses involving highly 
salt-toierant varieties were found to have good adaptability to 
saline and alkaline-saline soils. Several traditional varieties 
from Indonesia and West Africa were found to possess 
tolerance for multiple soil stresses. 
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We developed asimple computer 
model to compare floodwater 
patterns, using data from Bangladesh 
and Thailand, and used it to evaluate
conditions in areas of Kampuchea 
where deepwater rice will be 
introduced. 
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patterns Iand 11, common in East Asia, Nepal, and Italy, have 
narrow ranges of virulence; patterns III and IV,found in South 
and Southeast Asia, Latin America, and some parts of China, 
have wider ranges. Geovirulence patterns help in designing 
pan-national blast management strategies, 

CROP AND RESOURCE 
MANAGEMENT 

he overall goal in crop and resource management is to 
develop methods by which soil, nutrients, and water 
can be used to produce rice and other crops grown in 

rotation with rice more efficiently, while maintaining and 
improving those resources. With integrated, safe control of 
pests and with the development of appropriate farm machinery 
and improved postharvest management, the result should be 
more efficient use of resources, generating increased produc
tion, income, and employment opportunities. 

Soil characterization and management 

Chemical aspects 
Thc crop yield potential of an acid sulfate soil depends on the 
chemical and physical properties of the topsoil, on the water 
regime, and on management. We characterized five acid 
sulfate soils in the Philippines-Sulfaquepts and Tropaquepts 
developed in marine floodplains and tidal marshes and 
Sulfaquepts developed from sediments associated with vol
canic sulfur emanation-and tcsted amelioration methods. 
The soils had the following characteristics: 
* Very low soil p1i and elevated lime needs. 
0 Low soil solution pH with flooding. 
* Toxic levels of Al3 immediately after flooding, water-soluble 

Fe2+ thereafter. 
0 Fe:Mn imbalance and Mn deficiency. 
* N and P deficiency. 

Lime and manganese applications were beneficial. But 
when sulfidic minerals or jarosite are present in the upper 
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20-30 cm of soil, rice growth islimited. Amendments are labor 
and capital intensive. 

We compared the effect of leaching Sulfaquept topsoil
with brackish and with demineralized water, accompanied by
application of phosphorus and lime, on soil solution kinetics 
and on nutrient uptake by rice. Leaching before transplanting
removed toxic concentrations of iron and high amounts of 
sulfate. Water quality made no difference. Leaching i.creased 
nutrient uptake and yield, but decreased concentrations of 
almost all ions in the soil solution. Only high rates of lime 
appreciably increased rice growth and yield.

The reduction of soil caused by flooding and the
production of CO2 by fermentation of organic matter are 
important factors in determining soil pH. The increase in pH
above 6.8 of' flooded acid soils is limited by precipitation of
either iron or manganese carbonates. 

To better understand soil transformations under flooding,
we studied the solution kinetics of four soils. At the Eh and
ionic concentrations fbund in most flooded soils, FeCO 3and 
MnCOI control solubility of Fe2+and Mn2+. Pure minerals are 
not likely to be fbrmed. Coprecipitation of iron and manganese 
can lead to manganese deficiency when Fe:Mn ratios and the 
partial pressure of CO,are high.

Inacid sulfate soils, iron and manganese concentrations 
in the soil solution are controlled by mineral phases of ferrous
 
sulfide and manganese sulfide. Coprecipitation can cause
 
manganese deficiency.
 

The only pure mineral phase that controls zinc solubility
in flooded soils iszinc sulfide, but this phase accounts for only 
asmall proportion of the solid phase. Coprecipitation of zinc
with iron or manganese as carbonates or sulfides seems to be
the major process causing decreased availability of zinc. 

Physical aspects 
Puddling rice soil before planting lessens water percolation
and retains standing water in the field, promoting several
features that are favorable to rice production. But for rainfed
rice farms or where irrigation is unreliable, puddling uses 
sometimes scarce waier. It also takes time. 

We studied th, time needed with various puddling
implements and power sources to achieve a standard, 
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acceptably low water infiltration rate of 2 mm per day. The 
procedure took baseline measurements of energy input per 
unit time per unit ground area for different implements and 
power sources, then compared infiltration rates with a standard 
amount of energy. 

Gasoline-powered rototillers took only 25 percent of the 
time for the same energy input, but animal-powered plowing or 
harrowing was more effective in lessening water percolation. 
The net result was that engine power saved half the puddling 
time using animal power. 

Biological aspects 
Awetland ricefield ecosystem ischaracterized by two features: 
the presence of floodwater, where biological activity is high 
and organic matter accumulates, and instability because of 
frequent disturbances by culhural practices. The microbial 
biomass of that system is a major channel through which 
nutrients are transferred to cultivated plants. 

in our studies, tihe microbial biomass in Maahas soil The origin ol'soil nitrogen absorbed 
decreased from 50 to 30 kg N/ha during a crop cycle, while rice by rice. 

Nfertilizer 

Green.manures C 80

residueskgNa 

Weeds Aquatic biomass 

Zooplankton and 
soil RhlzospherefaLna 

Micro N 
50 --30kg;N/ha uptake 
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andIhtot photosynthetic auacti ies of the weeds, 
algaf, and actatiC plants that devclovin the floodwater o'aricefielM, and their role in providing carbon, nitrogen, and 
Other substrattts that allow the replernishmernt of soil-availabl.e 
nitrogen. The 65-plot experiment measured the effects of 

difltecrt applied nitrogen fertilizer vels,applied phosphos, 
and htc-grenalgae inoculation,with ncrn applied to control 
grazers. We collected data tlhrottghlout tie rice crop cycle on 
tile composition (carbon, nitrogen, pl+osphorLIs, ash, dry 
weight) of the photosyntlhetic aqluatic biomass, the weed 
bionass, arid the standing crop; the photodependcrnt N2
fixing activity anld photosynthetic activity in the floodwater; 
and tile pH-and nitrogen and phosphoruLs content ol+ the 
floodwater. 
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Average acetylcnc-reducing activity ranged from 2 to 
42 kg nitrogen fixed/ha per crop. Weeds contributed 3-19 kg; 

other aquatic plants contained up to 19 kg N/ha. Broadcast 
urea caused a very rapid and short blooming of unicellular 
green algae, resulting in high nitrogen losses by ammonia 
volatilization. Those algae blooms disappeared rapidly with 
the development of ostracods, whose grazing pressure 
decreased photosynthetic activity and reduced N2 fixation by 
blue-green algae. Deep placement of urea did not inhibit 
photodependent biological nitrogen fixation. 

Development of significant N2-fixing activity in plots 
where urea was broadcast seems to be an index of low fertilizer 
efficiency, as was shown by negative correlations between 
acetylene-reducing activity and yield. 

High nitrogen fixing activities and highest yields were 
obtained in plots where urea was deep-placed. The absence of 
correlation between yield and acetylene reducing activity in Surface-applied Nfertilizer inhibits 

those plots and control plots showed delayed availability of the development of N,-fixing blue-green 

algae; deep placement permits algal
fixed nitrogen. That can be shortened by incorporating the bloom to contribute an average 22 kg 
photosynthetic aquatic biomass. N/ha per crop. 

EE 



1he effect of water deflicit and 
fertilizer application method on 
gaseous nitrogen loss. 
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Nutrient management 

Nutrient transformation and utilization 
Ammonia volatilization is a major nitrogen loss mechanism 
that affects the efficiency of urea and other inorganic fertilizers 
in flooded rice. Under continuous flooding with no water 
deficit, gaseous nitrogen losses from 40 kg urea/ha, either basal 
incorporated or broadcast at 11 days after transplanting, were 
very high. Water deficit during vegetative or reproductive 
stages increased the loss. 

We used micromieteorological techniques to measure 
nitrogen gas in the soil and nitrogen gas flux from the soil, 
confirming that the nitrification-denitrification process from 
water deficit followed by reflooding was responsible for the 
increase in nitrogen loss. 

Denitrification has long been recognized as a mechanism 
of nitrogen loss in flooded rice soils. However, its magnitude 
and importance has been unclear because a suitable method 
for field measurement was not available. International Fertilizer 
Development Center scientists developed a method for 
estimating denitrification and refined it in tests at three sites in 
the Philippines, in collaboration with IRRI. 

Nitrogen gas loss from urea fertilizer at each site was only
1%or less of the nitrogen applied. The nitrogen losses by
denitrification measured directly are Iuch lower than those 
estimated by indirect techniques. These findings show that 
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Morphology ofazolla parents and 
hybrids. Right, Aiiculoides; center, 
hybrid: left, A. im(,,phvlta (female
parent). 

Azolh filhuloidcs with synb iont algae 
introduced from A. nuc rophvlla (pot
135) grew better than original A. 
flltiulode, (pots 1,34 and 137). Adding 
nitrogen suppresstd growth because 
ot weak N2-tixing activity. 
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liffer significantly, so that high plant recovery in broadcast 
seeded fields resulted in low total nitrogen loss. Nitrogen 
recovery also was higher when urea was broadcast and 
incorporated into mud than into 5 cm standing water. 

We also examined differenccs between split applications.
AlthoLigh half the 'ertilizer into water at 15 clays after 
transplanting and half into water 10 days later gave high plant
N recovery, yields were considerably lower than with other 
split applications. 

Microbial managencti and biological nitrogen fixation 
Algae syilbionts appear to determine the response of azolla to 
temperature. Symbiotic algae from Azolla microplhylla, which 
tolerates high temperature, were introduccd to A.filiculoidcs,
which is susceptible. A. filiculoidcs with A. microphylla algae 
grew well at 37 "C day, 29 <'C night temperaturcs. Original 
A. filicuioidc'i turned yellow. 

We also were able to breed sexual hybrids of azolla. A. 
mit)ophylla was crossed with A. filiculoides. The hybrids had
elZylles from both species; their vegetative morphology was 
intrmediate and hetcrosis was high. In the field, hybrids grew
better than A. Mirophylla and had higher N2-fixing activity 

under high temperature. 
The azolla germplasn collection increased to 375 acces

sions with the addition of duplicates from the collection at the 
UniversitY Cathol ique de Louvain, Belgium. 

134 5+141+
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Biofertilizers 
We CvaluatCd t\O StC i-nnodulating legumes as green manure 
with and without applied inorga'nic fertilizer for flooded rice 
on two soils: Maahas clay, 0.123% N, 15 ppl Olsen P, CEC 
.32 meq/ 100 g, pH 6.3; and sandy loam, 0.063% N, 7 ppm 
Olsen P,CEC 8 mcq/ 100 g,p1t 5.6. Acsclinoninec aJwlspcraand 
Seslaiiarostrta from ORSTOM, Dakar, Sencgal, were grown for 
49 days, then incorporated 3 clays before transplanting IR64. 

S.rostrala produced significantly more biomass and was 
taller. However, A.aJiaspera had higher nodulation, N2 fixation, 
and Ncontent. Both green manure species increased rice yield 
as much as did 60 kg urea N/ha. A. afrasperagave the same 
yield increase with less, more easily incorporated biomass. The 
experiment was in collaboration with the University of 
Giessen. 

We studied the effect of adding rice straw with green 
manure or with inorganic fertilizer on nutrient kinetics and 
uptake in flooded rice soils. Nitrogen availability and uptake 
were similar with equivalent amounts of green manure and 
inorganic fertilizer. Adding straw depressed nitrogen avail
ability and uptake. Net immobilization of nitrogen persisted 
throughout rice crop growth. 

Grain yields were lower with straw incorporation except 
with 75 kg or more of inorganic N/ha. Organic manures 
increased the availability of iron, manganese, and potassium, 
but lowered the availability of zinc and, initially, phosphorus. 

(rel 111IMllUlre ocrops Seshani rosuaia 
(top) and At'schvitoneC tfnispera 
contribute equally to increAsed rice 

hion -ass,is easiecr to incorporate, 



Schematic of cachnlentr area, farm 
reservoir, and scrvice arca withinflow-outflow components for on-
farm supplementary irrigation, 

&rfacestorage Runoff 
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Water management 

Coastal saline areas 
Where adequate supplies of good quality irrigation water are 
available, coastal saline areas are being brought into irrigated
rice production. However, that rice production environment is 
very delicate; if water shortages occur, as is the case during the 
dry season in many irrigation schemes, salinity buildup is 
rapid and yields drop. 

We studied the effects of water shortage in such an 
area- 1,400 hectares serviced by a gravity irrigation scheme in 
Camarines Sur, Philippines. Inthe 1987 dry season, rice farms 
that did not receive adequate irrigation suffered severe yield
losses, more severe in areas that are salinity prone. In 1986, the 
upper half of the upstrearn area used 77 percent of the total 
irrigation water supply. That anomaly was a major reason for 
water inadequacies and associated salinity problems on farms 
in the lower reaches. 

Amodified water allocation-distribution scheme tried in 
collaboration with the National Irrigation Administration was 
challenged by a severe drought halfway through 1987. Even so,
grain yields and net returns were higher in areas using the 
improved method; the benefit was highest for farmers with 
saline soils. 

On-farm rainwater conservation
Farm reservoirs can provide a supplementary irrigation 

capacity that stabilizes wet season rice production and makes
possible a dry season crop, while adding income from 

Direct rainfall 

Evaporation 

Catchment Reservoir Service area 
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reservoir fish production. The reservoirs are water storage 
ponds excavated on the farm to collect runoff and direct 
rainfall. 

We used a sample of five farm reservoirs in Tarlac, 
Philippines, to develop a methodology for water balance 
analysis. Average farm size was about 3 ha, average reservoir 
size was 2,300 in 2 , average depth was 1-2 m.About 45 percent 
ofthe inflow to the reservoirs is from direct rainfall, 55 percent 
from runoff from the catchment slopes. 

Water losses were estimated as 30 percent through 
evaporation, 30 percent through seepage and percolation. 
About 40 percent of the total outflow was used for irrigation, 
including land preparation. 

With continuous use of water by the farmers, the farm 
reservoirs stored 2 to 3 times more water during the year than 
their maximum capacity. At the beginningw of the dry season, Nonograph for determfining extent ofre f ll.
th e r se rv irs lood d area causedi by flooding 
the reservoirs were full. events at different intervals, with 

maximum water depths, flooding 
Hydrology of flood-prone rice environments duration, and period of crop

suhmergence at given fieldlocations. s en at give fil iverWe developed a computer model to identify flooding depths 
Based on data fromt the Bicol Riverand durations for fields of different elevations, areas that would basin, Philippines. 

Maximum field water depth(m)
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be flooded, and submergence time of crops of different 
heights, given different severities and recurrences of flooding. 
The model was used to characterize the flood-prone environ
ment of the Bicol River basin, Philippines, where some 40,000 
hectares of riceland is often flooded, with heavy crop damage.

Anomograph provides a way to manage the information 
generated by the model. Using hydrologic parameters, it can 
predict how a recurring flood will affect an area and can be 
expanded to estimate rice production losses caused by 
flooding. 

Crop management 

Component technology for rice 
Physiological and agronomic components of crop growth and 
their impacts on grain yield were studied in wet seeded and 
transplanted rice (IR64) during the dry season. We monitored 
canopy C0 2 assimilation, nitrogen uptake, nitrogen distribu-

Yield (t/ha) tion in plant parts, and leaf area index. 
!5 - Rr 64 Herblde troftent Wet seeded rtice had higher nitrogen uptake, but lower 

4-IR29723-143-3-2-1 concentration in shoot tissues, than transplanted rice. The 
3 direct seeded crop showed more vigorous growth and tillering 

during the vegetative stage, which led to dilution of absorbed 
2] nitrogen in the tissues. When inorganic fertilizer was applied 
1 1/3 broadcast and incorporated before seeding and 2/3 

0 broadcast 5-7 days before panicle initiation, the crop showed 
4 nitrogen deficiency and low photosynthetic rates before 

No treoament panicle initiation. 
- ]We found that this effect could be partially overcome by 

2 deep placement of nitrogen, either with point placement of 
supergranules or with band placement of liquid urea 

(using a newly developed manual, push-type injector). Band 
i iurea 

0,3Baltl/3oDAS 2/3 1SDAS1/3 placement in particular led to high nitrogen concentration in 
+1/35-7 DBPI 5-7DBPI the tissues during and after panicle initiation, resulting in 

significantly higher yields. Liquid urea band placement at 87Yield of broadcast seeded flooded kg/ha in fields seeded by dibbling or with a drum seeder at 20
rice as affected by cuhtivar and 

fertilizer nmnaagement. IMRI, 1986 dry X 20-cm spacing produced 8.5 t grain/ha. 
season. Mean of four replications and That high yield was the result of high cumulative canopy 
two seeding rates. B&I = broadcast CO2 assimilation, which depended largely on leaf nitrogen 
and incorporated, DAS = days after 
seeding, I)111l = days before panicle content and leaf area index. Fertilizer deep placement
initiation, increased assimilation throughout crop growth. 
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Farm machinery and postharvest management 

Liquid fertilizer injector
 
Studies consistently show that deep placement is effective in
 
increasing fertilizer efficiency. But machines to deep place
 
granular fertilizer have performed inconsistently. Recent
 
experiments have shown that deep placement of liquid urea
 
solutions results in more uniform effects. We designed a liquid
 
injector equipped with a peristaltic pump and narrow furrow
 
openers and closers. It requires substantially less force to push.
 

Upland weeder
 
For upland rice farmers, manual weeding using traditional
 
tools requires as Much as 120 labor hours per hectare.
 
Herbicides are too expensive for these poor farmers.
 

In interrow cultivation, two operations are effective in 
suppressing weed growth: hilling up removes the topsoil 
between plant rows and uses it to cover the plant base; off
barring removes the topsoil rear the plant base to uproot 
weeds. Hilling up also enhances growth and promotes tillering. 

We developed a double-bladed and reversible hand push 
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device for hilling up and off-barring. It can be used in upland
rice and legume crops. 

Sun drying rough rice 
Rotary dryers can be used to predry the rice harvest to a critical 
moisture level to prevent spoilage during the rainy season. 
Predried rough rice can then be sun dried to the final 12-14 
percent milling moisture. But sun dried rice sometimes shows 
uneven drying. Overdried grain results in less head rice and 
lower milling recovery.

We developed a computer model to determine the solar 
radiation requirement for rice layer thicknesses of 1,2,4, and 6 
cm. It uses historical sclar radiation data to compute the daily
solar radiation probability on a weekly basis. 

Nonuniform layer thickness and not enough turnover 
during sun drying also could be part of the problem. We are 
developing a walking tractor-mounted implement to 
mechanize some of the spreading, turning, mixing, and piling 
operations involved in sun drying rice on concrete pavement. 

The International Network on Soil Fertility and
 
Sustainable Rice Farming (INSURF)
 
After a decade of work on fertilizer efficiency, the International 
Network on Soil Fertility and Fertilizer Evaluation for Rice 
(INSFFER) began to confront additional vital issues, such as 
sustainable rice cropping and increased cultivation of adverse 
environments. Social equity and environmental quality issues 
also were being considered as IRRI and national program
scientists began to develop relevant soil fertility management
technology for various rice environments. 

A holistic view of the entire rice and related cropping 
patterns production prot ess is being taken, with sustainable 
soil fertility the central concern. During 1987, the network's 
name was changed to recognize this contemporary focus. 
INSURF will continue to strengthen the research capabilities of
national programs. Some national programs will act as lead 
centers for different network activities. 

Increasing emphasis has been given integrated nutrient 
management studies and long-term fertility trials to determine 
management technologies for sustained productivity. Integ
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Maros, IndonesiaGrain yield (t/ha) ulslono, Philhppnes 
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ratcd ruse of inorgan ic and organic nit roge n lertil izc'rs ir1 I.ong-trnt grain yields at sites i the 
rrigalted rice was studied in 36 lrials alt13 sites in 5 countries. iPhiliPrfinIntd~tlsimt w.ithfldL dl 

withbout [cttiizirs.
Azolla Corlbincd with best-split rprilled ureat or deepi-placed 
Iuea Sitpergranuh.es ,wvasas effc'ctive atsureat alonc inimost sites; 
inlsix sites, it was better. Rice straw with] urea gave lower yields 
than ureal alone or combined with azolla, prob~ably becarose 
strw plus in-organiic itirogen leads to gre~tter nlitrogenl 
inumobdilization. 

Ten sites in foutr countries conitinuted lonig-terml [rtility 
ials inl1987; si tes in the PhiIil-ppines and Indonesia have 

condute~ld conltinutous trials since 1976. Although nlitroge'n 
conltinules Ito zinc alrebe the limiting nultrienlt, phosp~horus andlc 
beginning to et oel- on yield.~lt inlluence 

PEST MANAGEMENT 
ests are alma/jor threatl to looJ produictioni stalbility. 

Losses due itoinsects, disealses, anid weeds ranllge from 
10 to mlore" than 30 pecrceint in different rice enlviro-

mnltis. Pest resulrgenlce, emlergin-g insect biotypes and pathogen 
races, new weed lprobleinis, and secondary pest outbreaks 
hlaunt rice iurdutciion, p[triiularty in the humid tropics where 
rice is growvn throughout the year. 

Initcgratcel pes ragcmecnt 

Long-term pest management relies on ecological methods to 
lower the carryinig capacity of tice ecosystems: planting
different cultivars in the wet atd dry seasons, introducing 

http:Sitpergranuh.es
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Relationship between leaf blast 
severity, panicle blast incidence, and 
yield loss. 
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Insect bionomics and tactics 

We developed asequential sampling model for planthoppers 
and insect predators. The model is based on binomial 
distribution, or sampling for presence or absence (10 or fewer 
hoppers isconsidered 0; more than 10 isconsidered 1). The 
decision to treat also takes into account the presence of major 
predators, such as spiders and predatory beetles and crickets. 

Sequential sampling saved two-thirds the number of 
samples needed for a treatment decision. Agreement on 
threshold level was close to perfect. Considering predators in 
the scheme allowed the economic threshold to be adjusted up. 

We also are developing methods to measure the action of
biocontrol agents. Laborator."studies of predator feeding haveLaoatr 
defined the consumption capacity of major predator groups 
against selected insects. 

Hills (%) infested with hoppers
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Relationship of percentage hills 
infested with 10 or more hoppers 
and hopper density. Victoria, Liguna, 
and South Cotahato, Philippines, 
1987. 
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sampling. Philippines, 1987. 
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Wccd management 

Planting modern scnmidwar[rice varieties that respond to highfertilizer rates is resulting in a consderahlc buildup in 
perennial weed portilatiotis in irigated ricclields. Paspalum 
distichumi and Sipnus ntaritliussOnClttiles cause total yield loss 
inthe Philippines and some other tropical Asian countries. 

In our long-t1rm trials on controllilg these weeds with 
tillage, varietal selection, and herbicides, we have identified 
tle following factors: 
0 Increasing tillage from one to three harrowings significantly 

red uced P.distichl nn but in creased S. 1ntIrini us populations.
S11R29723-143-3-2 competed more successfully with P. 
dislichum than IR64, but not with S.matilimus. 

0 Ilerbicides were effective in cottrollingS. mariuimns, but not 

One priblem in controlling weeds in transplanted rice is 
weedy nurseries. We found that seedlings of Echinochloa spp.
look so muIch like rice seedlings, they are oftet transplanted 
into the main field. Ifonly 5 percent of the hills are infested,yield losses are about 7 percent. But when 50 percent of thehills are infested, yield losses go over 85 percent. 

Fwlhinochloa slp.can be controlled with herbicides; the 
cost to treat anursery large enough to plant one hectare is only 
about US70 cents. 

Herbicides are necessary to control weeds in broadcast 
wet seeded rice. But sprayers need large amlounts ofwater, and 
not all ltrtiers have them. We hMnd that weeds can be 
controlled by pouriLng concentrated herbicide into the standing
water at the edge of the field or into irrigation water itilets. 

Good stand establishment helps minimize weed coripeti
tion. We tested tie effect of herbicide treatment under two 
fertilizer application regimes on yield of broadcast wet seeded 
IR64, IR29723-143-3-2, and Binato. When nitrogen was 
applied in three splits, IR04 yielded higher in weeded plots,
IR29723-143-3-2 higher in unweeded plots. With two splits,
yields were similar. Both improved cultivars yielded higher
than traditional Binato, regardless. 
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RICE FARMING 
SYSTEMS 
S iinulation and systcnls anlysis (orcomiputer inodeling) 

is a tool that can lead to git..atCT efficiency in research Input 
andlaster application of knowledge. Modeling helps energy:energy 

Cxpand interpretation o1 experimcntal results, ilprovc harvested 
experinmeniall design, ~il generalize results over wider ranges 

We examined the amount and 
composition of the energy used 
in rice production by 
constructing a series of energy 

Energy output (thousand MJ) 	 budgets. The correlation is 
120 . ....	 clear. Higher yields are tied to 

100 	 higher energy inputs, al leasi 
2e az..... ltr now. 

. 25 The 28 syslems considered 

20 range from low-inpul slash
6021 onl-burn cropping techniques 

1711 16 used in the uplands in Latin 
40o ;o ,America to inpul-intensive 

", "irrigated systems used inAsia. 
20 4 6 The comparison is energy units 

o2__I3- harvested (the food value of 
o 	 8 12 16 20 24 28 the crop) against energy units 

Energy nDut (thousand MJ used (the labor, fuel, fertilizer, 
crop management inputs). 

Traditional upland farming 
systems have the hiqhest 

Ilc,poiic ,Ii 'I d I Inpiits, mcimrcd asrltrgy mli ,andenergy outM. output:input elficiency. But theyr ccl 
I,,,hitinl,',rirti s Motdern varictics also have very low yields, and 
I = 0pl1nd (Ilitpi ICs) rrigaitd wet sason)iil il 12 = lhilippines therefore low human carrying 
2= (i in Amt-,ica) = piies w'ct stasoni)iplautd 13 irriipittd (I'liliti 	 capacity. The significant finding 

unlsairihic I.1 
4= u1 l.mdii(iliprliti 1I= irrigated (ihilippines) is the near-linear relationship 

i, rainl'd = irrigatedUJtIpd) for the range of production 

I = i raIlhid = irrigaiml (rice garden) 

= mil,,orahl I6 

t = l.ast 17= irrigmd (with azola [enilizer)
h1i,, upland 


uiilavorhl. = irrigated (whilippinesdry scasoti)
7 = r,intd IS 	 systems studied. Even at the 
8= lvor lhrmnlcd I9 = rrigated (lPhilippines dry seson i highest levels of energy input,
1I= limihl" r,inled 20 = irrigated (Philippines dry sliason) there is no evidence of a 

10 d=itw,im-r 21= irrigated (lhilippines dry season) 
II= sneilaw'irahle riliicd (wet scasol) 	 dry sea decline in the energy2 = irrigat'd (hiliplincs son) 

2) 
= irrigated (Philippines dry seas'n) output input ratio. 

2-I
= itrig ed dlhilippines d sason) This suggests that for rice, we, 

2i = irrigated wPhilippines dry scaTtili) 
2o= irtigited hybrid rice (Chai) have not yet reached the 
27 = iigied (with organiIcn'rtilizer, flexion point of declining 
chiamild(Mabrouk-.tprogranm, Fgypl) returns to increased inputs.284= inig, 
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Eiia(ion) of time and space. We aic rapidly expanding our use of this 
2000 99 tool in many projects. 

8 One application responded to afarming systems question. 
15o -8 Interest in cultivating wheat is growing in Southeast Asia. We 

used acrop growth model to identify trends in potential yields 
100 6ofrainfed wheat following rice in different environments of the 

region. 
5 Yield potential of irrigated wheat is projected at 3 to 6.5100 .5 t/ha between 10 degrees south and 23 degrees north latitude, 

4 4 up to 500-meter elevation. Such yields should be stable and 
-10 - o relatively insensitive to sowing date. The gap between potential 

Latitude (*N) and water-limited yield is small if wheat is sown toward the 
Ioquainit (cquill yicld) lines ol end of the rainy season in deep, well-drained soil. 
sinuliated wheiat yields in Southeast Simulated yields are close to actual yields. 
Asia., C.pI'csscd as a lun1ciion of 
lat itude ald elevation. (Shaded 
portion otiside Southeast Asia f., Component technology integration 
comparisonl.) Nunbers ol liiresare 
viels, in i/ha. Unfavorable production environments 

Upland rice commonly is grown on low fertility acid soils, with 
no purchased inputs. We studied the nitrogen added by 
intercropping with grain or forage legumes. Indeterminate 
cultivars of cowpea and lablab were tested as intercrops and as 
sources of green manure to rice. Incorporating clippings of 
cowpea added 21 kg N/ha; lablab added 93 kg N/ha. Rice 
yields in the intercrop were similar to yields of rice alone. 

Initrcroppinrg cowpea Ml lablab with 
rice did not affect rice yields, hut did 
increase nitrogen available to rice. In 
addition, the intercrop yields added 
to tol;llproduction. 
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Nitrogen uptake increased. Cowpea yielded an additional I t 
grain/ha; lablab, 0.5 t/ha.When plowed down at the end of the 
dry season, lablab supplied 19 t fresh green manure/ha, the 
equivalent of 100 kg N/ha. 

Sustainable production on gentle hills 
Long-term soil erosion on nonbunded gently sloping ricefields 
can be controllcd using contour bands of vegetation. Grass 
bands also can add the short-term benefit of more favorable 
soil and water conditions for upland rice and other crops. But 
in very wet sites and during very wet seasons, when crops other 
than rice run the risk of waterlogging, bunding and puddling 
the soil for rainfed lowland rice might be a better cropping 
strategy. In the same locations, rainfall during dry years could 
be inisufficient for puddling and transplanting. 

Alivelihood and soil conservation strategy could be to 
combine the alternatives: establish parallel along-slope strips 
of land, devoted as appropriate to nonbunded rice, bunded Contur bands ofilgerstion can helpand dd nobunec'control soil erosion and conserve soilplad copswit 
rice, and nonbunded upland crops, with the nonbundec' land moisture on nonbunded hill 

protected by grass bands. ricefields. 

11. 
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InthI 1987 wet season, grass bands retained rainwater on 
their Ulpslope sides, increasing the soil nioisture available to 
nonbunded rice and inungbean. Mungbean production was 
live tiniles more valuable than upland rice. Because the rainfall 
pattrrn wts inisullicicnt to allow lpuddlinrg and transplanting
(1987 wet season was unusually dry), production from bunded 
srrIPs as zero. 

Favorable production environments 
I.and iar is not cropped ill the dry season after harvest of' 
wetland rice could le ilailted to legumes. But puddling arid 
flooding lfor the rice crop create seed zone and root zone soil 
sirtictures and redox regimes that are not suitable lr a legume
cropl+. \e are srudying the physical conditiois of soil in ilie 
,Seed zone didroot zone and the land preparation needed to 
turn tlooded ricefield into an upland cropl field with low cost 
and low energy.

For root ZOlIe conditions, we Ilanually exCavated puddled
soil ro I-meL'r depth arid replaced it with nonpuddled soil. 
The consequent ial low soil strength and more rapid aeration 
resulted ill a short-duration, nonfertilized, iioriirrigated 
,nrn'gbca ii yield oft2.0 i/ha, more than Iour tilles higher than 
Sllour,theast Asia average. 

When we loosened soil strips with chisel tines to 0.35-ni 
delpth,hi uiiglieari yields were about 2 t/ha. The chemically 
reduced soil coriditions that persisted alter rice adversely
alfecred Carly growth of1'lie succeed inrig rnunghieaii. 

Those red uced conditions Cil lie avoided if Ingbeari 
plaiiiing is pt)stponed se'eral days, unitil tie soil reoxidizes. 
But attendant Stil drying hinders seedling emergence, cutting
yield in hall. Some murigliCari cultivars are more tolerant of 
reLLuced soil conditions. 

[la:-it, P1hililplpinc', lungug ItS lowCr-
lying tiels than turmd that are c;ISlCr 
ro I r 'l tlt." I iL'"in l i,h d ry :l'+ +,,L 
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-
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Improved cropping pO/eMO 
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.imited water in the ciry season in deep well irrigation Gran yield (t/ho) 

areas with light-textui-cd soils makes crop diversification 8 

important on land grown to rice in the wet season. In the IRRI 6 

cropping system research site in Guimba, Philippines, farnier 4 , 
partici pat ion ,ped us evaluate a rice - m.aize - n1Iungbean 
pattern designed to more profitably use water and to intensify 2 

cropping by ilncreasing Water Is. efticiency amonIlg crops and .0 
farns. Maize alter rice yielded ip to b i/h1a with moderate Tillers (no./m 2) 
fertilizer. 8o f 

With uncertailn rainfaill, firi'ers lay plant ovcraged rice 600i 

seedlings, redu(cing the yield potential. Dry seeding canlavoid 400 

that prohlcm and allow tne [or i short-dlration upland crop 40 
to follow a short-cluration rice crop. Field preparation for the 200 
rice crop does necd new iI)lcInlents. 0 

Farmers in Gulinla, NuCva1 Ija, Philippines, traditionally rlnvDrl IvertdT•zero furrow/ full 

use a lithao wooden plow. We complared the IIRRI-developed tiliage fo=er tilloge 

invertecd "T" scedCr (with Itillage and with no-till) and pllow mh se 

sCCdCrs with drilled sced ingand with the lithao plhw, at 100 kg H Il01 '! h1d o1 crop 
smcls/lha. More seecdlings eiiergecd with the inverited "T" and c,tibliShInicnt Of)tlil'ct seeded rice 
Iull tillage, resulting in Z!higher number of prClIuctie tillers yilck in dMnimhi, Philippines, N987 

and 6..3 t yield/hlia. wca iii 
We also used nio-till land rCl ar;tion for it prericc 

sesha iiia crop in friners' [idcs in i favorable rainlid ler.i. The 
S. roslrala crop plan ted belore te onset Of rainsJrolLiuced a 
total fresh hiomiass of 12.8 t/lha. That wis ncorporatcld and 
rice grown. Rice yied was coinprablc to that with 80 kg 
inorganic N/ha, 

Dcepwatcr rice for herbage 
Livestock prodlctiiorl in cleepwater rice and rain fed lowland 
rice areas has been IiinliCd by a shortage ol p asre;Ind fodder. 
Deepwater rice, with a more than 200 cay duration, produces 
is nLmuch sI 19 t bionlass/ha. The bIlolass produced before 
flowering could he used as herbage. 

In oUr experiments, cutting cleepwater rice at the vege
tative Stage did not significantly reduce yield. In similar trials in 
HLuntra, Thailand, during the 1986 and 1987 cropping 
s'esons, herbage yields were 1.03 t/ha, with t 0.2 t increase in 
grain yield/ha. Foliage maIlbe cLit fron 40 to 100 clays alter 
seedling emergence. 

Goats at the Daily Train ing and Research InstitLt, 
University oftthc Philippines at Los 13aros, were fed rice forage 
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hay, rice forage silage, and rice. straw. Hay and silage contain 
much higher amounts of crude protein and lower cell wall
fractions than straw. Hay and silage have similar nutrient 
composition, but hay showed lower dry matter intake as 
percent of body weight. 

Food crop + forage intercropping is a way to increase 
animal feed, especidly during the dry season. The food crop 
can be a ccreal or food legume, the forage crop normally is a 
legume. Soil fertility isimproved when legumes are used in the 
system. 

We tested four combirations of the food legumes cowpea
and mungbean and the forage legumes siratro and sunn hemp
after rainfed flooded rice harvest on the IRRI farm. Cowpea + 
sunn hemp gave the best combination yield.

For upland conditions, we tested maize + one of five 
legumes during the dry season after wet season rice. Maize 
yields and fodder yields were not significantly affected by
different combinations; maize yields were highest with high 
plant density. 

Women in rice farming 
This year we followed up our survey of gender-specific tasks 
and decisionmaking in Santa Barbara, Pangasinan, Philippines.
Processing glutinous rice is a major traditional activity, and a 
significant source of income, for the women in Carosucan, a 
village with rainfed fields. The traditional glutinous rice
varieties commonly grown have low yields and long growth 
durations. Techniques for processing the grain ate strenuous 
and inefficient. 

We introduced 1R65, a high-yielding, short-duration 
glutinous variety. In 1986, 22 farmer-cooperators tested IR65 
on 0.9 hectare in fields parallel to 1.5 hectares of fields planted
to local varieties. IR65 yielded nearly 1 t/ha thanmore 
traditional varieties, with shorter duration. It had higher
tillering and better quality grain. In 1987, 30 farmers planted
IR65 on 2.85 hectares; 15 farmers planted local varieties on less 
than 1 hectare. 

Despite the small area planted to glutinous rice, women in 
farm-owned and landless households generate considerable 
income selling rough and processed glutinous rice. Total cash 
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Hand pounding parboiled glutinous 
rice with charcoal is one of the 
arduous steps in preparing the sticky 
black rice that is a seasonal income
producing activity in Pangasinan, 
Philippines. 

sales of four landless families in October 1986 was $1,275, 
almost all of it earned by women selling processed rice. 

The method of processing glutinous rice is unique to this 
region. Black grains are preferred by Pangasinan customers as 
the main ingredient in rice delicacies prepared for All Saints 
Day (I November, a Filipino holiday). 

The processing is in three steps: boiling and drying, 
dehulling and mixing with charcoal, and winnowing. Rough 
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rice is boiled, stirring constantly, 40-50 minutes per 12-kg rice, 
until it is dry. The parboiled rice is cooled, hand pounded six 
times in a boat-shaped mortar with a wooden pestle, and 
winnowed to remove bran, husks, and charcoal fragments. 

Cooking is mostly done by women; pounding by men, 
women, and children: winnowing by women. Several batches 
are processed a day, by groups of neighbors and friends. Some 
tools developed by IRRI engineers (a wooden rotary stirrer, a 
portable wooden mechanical dehuller, and a portable parboiler
dryer unit) are being modified to make them more comfortable 
and efficient for women to use. 

Equity impact analysis 

Adoption of modern rice technology, particularly modern rice 
varieties, is constrained by environmental conditions such as 
water control. As a result, the productivity gap between 
favorable and unfavorable rice production environments 
throughout South and Southeast Asia has widened during the 
last two decades. 

The fear that modern rice technology has created large
disparities in regional income distribution is widely expressed.
But our analyses indicate that, at least as far as wage income is 
concerned, the location specificity of modern rice technology 
has not worsened regional income distribution. 

We examined the impact of modern rice technology on 
demographic change and wage rates across different produc
tion environments, using data collected in an extensive survey
of 50 villages in the Philippines. If adoption of modern 
varieties and construction of irrigation facilities increased 
labor demand, wage rates in favorable production environ
ments woul have increased. Inresponse to that, interregional
migration would have occurred, with more in-migration to 
favorable areas from unfavorable areas and less out-migration
from more favorable areas to urban areas, for a net population 
growth in more favorable areas. 

Regression analyses for 1970-80 and 1980-86 show 
significantly positive coefficients for adoption of modern 
varieties and for the person:land ratio. Coefficients for the 

Sadoption of irrigation are significant only for 1970-80, but 
irrigated area expanded in only three locations during 1980
86. 
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It seems clear that adoption of modern varieties and 
construction of irrigation attracted migrants to favorable areas 
during the 1970s. There is a slight indication that changes in 
mechanical technology and direct seeding affected demo
graphic change. 

The extent to which such adjustments have contrihuted 
to the equalization of wage income was explored by analyzing 
the regional wage differential. We found that no technology 
had any significant effect on wage differentials except adoption 
of transplanted modern varieties (which had a negative 
coefficient). These findings ,,trongly suggest that wage rates are 
largely equalized between favorable and unfavorable 
environments. 

We have established collaborative research with China, 
Indonesia, Thailand, Bangladesh, Nepal, and India to extend 
this analysis of the linkage between rice technology and farmer 
income. 

Asian Rice Farming Systems Network 

More than 250 rice-based cropping/farming systems research 
sites in 16 countries use methodology developed by network 
collaborators and at IRRI. In 1987, most focused on testing 
cropping patterns and crop-livestock systems in rainfed 
lowland, irrigated lowland, and upland rice environments. 

EDUCATION AND
 
COMMUNICATION
 
I RRI's training and educational programs are broadly 

organized as primarily research based and as short-term 
courses on research and crop production methodologies. 

The objective is to provide the type and level of instruction 
needed to build groups of well-trained and highly motivated 
scientists working on various aspects of research and develop
mrent of rice and rice-based farming systems in the developing 
countries of the world. 

In 1987, 304 visiting scientists, research fellows, and 
scholars from 50 countries participated in research-based 
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programs at IRRI. The 170 degree scholars were enrolled at 34different universities; 53 came to IRRI to conduct their 
dissertation research. 

We also offered 25 short-term training courses to 355 
participants. Ahighlight was a special course on the basics of
rice production for 13 Kampucheans. Several special courses 
were conducted completely or partially away from IRRI. Forexample, the Azolla Utilization course was offered in China,the Deepwater Integrated Pest Management course in India 

and angladesh, part of the Varietal Improvement course inIndonesia, and the Deepwater Rice Genetic Evaluation and 
Utilization course in Thailand. 

We continue to develop course materials with particular
emphasis on encouraging self-learning. And we are establishing
relationships with training institute- in national systems to 
li onshilop i t rg rms . 

help develop in-country programs.
Since the education and training programs were initiated,

nearly 6,000 scientists from some 80 countries have returned
from IRRI to the rice research programs in their home 
countries. The first issue of the IRRI Alumni Newsletter was 
published recently, with a primary goal to encourage communication and collaboration across national boundaries. 

Library and documentation 

By the end of the year, the Rice Literature Search System had
113,205 rice literature entries covering 1961-87. All the original 
documents represented by those citations are in the IRRI
Library book and periodical collection and are being used to
respond to requests worldwide for information about rice.

We also released the 1986 supplement to the Interniational
Bibliography of Rice Rscarch. That 8O8-page volume contains 

bibliograph ic Re s ar a n ge olum e it h 
8,011 bibliographic citations arranged by subject matter, with 
author and keyword indexes. 

Communication and publications 

IRRI published 23 books in 1987 and distributed 102,000
copies of those and past-year titles. At least I million copies of
110 editions of 27 IRRI books have been published in 42 
languages in 25 countries. 
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One free copy of each new book goes to about 800 key 
developing world agricultural libraries. Of the total distribution, 
95 percent went to developing countries; 38 percent was 
distributed free to libraries. In addition, we mailed 7 issues of 
the InteniationalRice Research Newsletter and 4 issues of the 
.RRI Reporter to 11,500 individuals and 3,050 libraries in 15 1 
countries, 77 percent of them in developing countries; 8 issues 
of the IRRI Research PaperSerieswere sent to 3,050 libraries; and 
7 issues of Rice Abstracts, published jointly with C.A.B 
International, were sent to key agricultural libraries in 
developing countries. 

The fifth Editing and Publication training course in the 
3-year program cosponsored by IRRI and the International 
Development and Research Centre, Canada, brought the 
number of EdPub graduates now working in national 
communication and publications activities to 45 editors in 16 
countries. Graduates have helped conduct follow-up short 
courses through national programs in China, Indonesia, 
Malaysia, Tanzania, and Kenya. Courses arc planned in 
Thailand and Nigeria. The EdPub training materials will be 
published in 1988 as a text for developing country science 
editors. 

INTERNATIONAL 
COOPERATION 
A major role of IRRI is fostering the growth of a global 

family of rice research institutes and scientists 
dedicated to improving the productivity, profitability, 

stability, and sustainability of rice farming systems. IRRI has 
formal or informal relationships in both research and training 
in nearly all the rice-growing countries of the world. Support 
comes largely from special projects funding. 

East and Southeast Asia 

Philippines 
Collaboration between IRRI and Philippine scientists was 
strengthened with the signing 29 May 1987 of a Memorandum 
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of Understanding between IRRI and the Philippine Rice 
Research Institute (PhilRice). The first work plan proposes 
collaboration in va jetal improvement, planting and fertilizer 
management, farm mechanization, postharvest engineering, 
integrated pest management, rice farming systems, social 
science and policy research, and technology transfer. 

PhilRice, on behalf of the Philippine Department of 
Agriculture, led planning for the 10th and 11th Departmcnt of 
Agriculture-IRRI Technology Transfer Workshops. The 10th 
workshop, on increasing inom~e and employment, was 
followed by two special Prosperity through Rice short courses 
conducted for 65 trainees by the Department of Agriculture, 
PhilRice, the University of the Philippines at Los Bafios, and 
IRR1. 

During the 1Ith workshop, on increasing rice production 
after an abnormally dry wet season, 120 participants debated 
options for increasing rice availability to offset an anticipated 
500,000 tons milled rice production shortfall. The ice 
Production Enhancement Program to provide subsidizecd 
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nitrogen fertilizer had reached 245,000 farmers planting more 
than 365,000 ha rice in 70 provinces by the end of 1987. 

The Varietal Improvement group of the Philippine Seed 
Board has recommended release of IR28224-3-2-3 and 
IR28228-12-3-1 as 1R68 and IR70. 

Burma 
This year's collaboration with Burma focused on cropping 
patterns; varietal improvement of rice, food legumes, edible oil 
crops, and small grains; and small-scale mechanization. 
Promising cropping patterns identified in 1986-87 trials 
include maize - rice - soybean or peanut, cotton or sesame 
- rice, cotton - rice, and rice - wheat in central Burma and rice 
- cowpea in south-central Burma. 

Five IRelite breeding lines were among the 10 varieties 
recommended for release in five rice environments: 1R18269 
Yn 5, IR18048 Yn 5,and IR18048 Yn 15 for rainfed lowland; 
IR8845-10-3-3 and 1R13155-60-3-1 for cool regions. 

China
'Fhe 1987 International Rice Research Conference (IRRC) was 
held in Hangzhou, on the occasion of the dedication of the 
Huang Tian Fan campus of the China National Rice Research 
Institute. Facilities there include plant growth chambers, 
experimental fields, a main laboratory building, a biotech 
building, greenhouses, agermplasm bank, library and computer 
center, and guesthouses and trainee dormitories. The 
Hangzhou campus, to be completed in 1988, will include 
headquarters, reception areas, and scientist housing. 

Participation at IRRC included about 100 scientists fron'. 
22 countries aid international research institutes around the 
world and about 100 Chinese rice scientists. 

Indonesia 
Particular attention in tile Agency for Agricultural Research and 
Development (AARD)/IRRI collaborative research program 
focused ol 'ice tungro, prosperity through rice, rice policy and 
food demand/supply prospects, agricultural engineering, and 
water management. In three rice cropping monitoring tours 
through West, Central, and East Java, plantings in general 
appeared to be well-managed, with farmers following recom
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mendations of the Ministry of-Agriculture for varietal choiceand pest control. Where water is available, farmers are 
harvesting a rice crop every 90 to 100 days.

The 8th annual AARD/IRRI collaborative research plan
ning meeting was held in Bogor 29-30June. 

Malaysia
The first Malaysian Agricultural Research and Development
Institute (MARDI)/IRRI collaborative research planning
meeting took place in Penang in late March. Mechanized riceproduction, stimulated by a shortage of labor, is a major
concern. Collaborative work is underway in hybrid rice, rice 
soil physics, and rice grain quality.

In Sabah, the area under rice had been decreasing. In
1987, the Ministry of Agriculture reordered priorities in rice toemphasize production in upland, rainfed, and problem soils
with the goal of producing 60-70 percent of the rice needed. Incoastal areas, popular 1R42 is yielding more than 7t/ha at high
seeding rates and with no Weed pressure. IRS192-200 and IR54 
were released as recommended v,,ricties in June. 

Kap,,. ,achea, Laos, and Vietnam
 
The IRRI-Indochina program 
 began in March 1987 with
funding from the Australian International Development
Assistance Bureau. Funding has been extended to 1991. 

The focus of the work plan with Kampuchea is on human 
resource development, assistance in applied research, tech
nology transfer, and development of a training and research

infrastructure. 
 In mid-year, 13 Kampuchean agricultural

officers attended a special 4-month rice production course at
IRRI, after a 2-week English language course in Phnom Penh.

An applied research program designed in conjunction with the
Ministry of Agriculture began at three regional research centers,
with some on-farm testing of modern and traditional varieties.

The IRRI-Laos work plan, signed 17 December 1987,
focuses on developing sustainable technologies for rice-based
farming systems. The primary rice-growing environments are
upland and rainfed lowland. More stable farming systems areneeded in the upland areas, where crop management is
primarily slash-and-burn. 

Collaborative work priorities in Vietnam are varietalimprovement and management for specific agroecological 
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projects are carried on as mutual efforts. The program is now 
focusing on rainfed lowland rice, rice-based farming systems,
prosperity through rice, grain quality, botanical pest control, 
and differential impact studies. 

BRRI researchers are shifting to integrated farming 
systems research, with the focus on increasing family income. 
The impact of rice farming systems research is being studied in 
two sites, with all income, expenditure, and crop production
activities monitored to provide insights into the benefits 
families have derived from the adoption of new technologies. 

Using data from the Soils Resource Institute, the 
Rice Farming Systems Division has delineated eight rainfed 
environments with associated primary land uses. Cropping 
systems recommendations have been developed for lowland 
favorable, lowland drought prone, and deep water. Collabora
tion with the Water Development Board is developing 
improved water and crop management practices for selected 
irrigated systems. 

Bhutan 
Only 5percent of Bhutan's 46,500 km 2 is cultivated; 90 percent
of its 1.2 million people depend primarily on agriculture for 
their livelihood. Rice is grown on about 35,000 hectares of 
mainly irrigated or rainfed fields. Average yield is 2 t/ha.

The most progress in the IRRI-Department of Agriculture
collaboration continues to be in the medium altitude (600
1,800 n)zone. 1R36 and IR64 have shown excellent adaptation 
to this environment. In 10 farmers' field trials with only
farmyard manure fertilizer, IR64 yielded 4.7 t grain and 11.9 t 
fresh straw/ha. Preliminary experiments indicate the feasibility 
of two rice crops per year, under specified conditions. 
Ratooning also appears promising. In one trial, the main crop
yielded 6.6 t/ha, the ratoon crop 4 t/ha. 

Inthe lower altitudes in the south, the research capability
of Bhur Farm substation of the Centre forAgricultural Research 
and Development is being strengthened. Two breeding lines
BR153-2B-10-1 and BG379-2-are showing excellent per
formance. Trials confirmed the potential of Sesbaniaaculeataas 
green manure. Apilot area has been identified to demonstrate 
integrated pest management technology. 

In the high altitude zone (above 1,800 M), shuttle 
breeding has helped identify a few genotypes with potential; 
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participating. Improved germplasm introduced from CIAT, 
IRRI, and national programs is evaluated in the Dominican 
Republic to form observation nursery sets for the different 
production systems and environments of the network 
countries. Nearly 200 promising entries in 29 nursery sets were 
distributed in 1987; 214 have been selected for distribution in 
1988. 

Apackage of agronomic practices developed to control 
red rice, reduce production costs, and increase productivity is 
being demonstrated in farmers' fields in Bonao, Dominican 
Republic. Anewsletter, Rice iii the Carib)bean, is being published 
twice a year. 

Research and support for Latin America are coordinated 
through CIAT. In regional IRTP activities, 76 nursery sets were 
distributed in 1987; they included materials containing 
tolerances for several disease, insect, and soil problems. 
National programs released as new varieties 13 lines originally 
distributed in IRTP nurseries and 11 lines developed in their 
own crossing and selection programs. 

The precision of hot spot site evaluations at Villavicencio 
(Santa Rosa station), the current CIAT rice program evaluation 
site, is under study. Long-term data suggest that hot spot 
screening has increased tle program's ability to predict overall 
disease reaction 15-20 percent of the time; the Santa Rosa 
station can predict leaf blast and scald reactions in Central 
America 80-90 percent of the time. Brown spot pressure 
appears to be unreliable. 



78 IRRI HIGHUGHTS 1987 

FINANCES 
Summary of financial support to IRRI core and to special and collaborative projects received in 19 8 7 ." 

Details of sources of support from grants
International Bank for Reconstruction and Development 
Japanese Government 

Overseas Development Administration - United
Kingdom 

Canadian International Development Agency 

United States Agency for International Development 

Asian Development Bank 

Federal Republic of Germany 

United Nations Development Programme 

European Economic Community 

Australian Government 

International Development Research Center 

Government of Sweden 

Government of Denmark 

Swiss Development Cooperation 

Rockefeller Foundation 

Ford Foundation 

Government of The Netherlands 

Government of India 
Government of Finland 
Governmern of Norway 
Organization of Petroleum Exporting Countries 
Government of France 
Office of Rural Development, Korea 
Government of the Islamic Republic of Iran 
Government of the Philippines 
People's Republic of China 
Government of Spain 
Government of Mexico 
Government of New Zealand 

Core 

Unrestricted 

2,100,000 

1389,113 
1,351,440 

708,738 

646,185 

502,358 
370,112 

300,000 

246,782 

233,481 

116,669 


53,530 

50,000 

30,000 

19,446 


15,025 


Amount (US$) 

Special and 
collaborative 

Restricted project Total 

2,100,000 
5,586,934 994,182 6,581,116 

1,389,113 
1,351,440 

4,050,140 1,447,235 5,497,375 
664,600 664,600 
195,818 904,556 

2,289,300 6,075 2,295,375 
2,044,292 2,044,292 

390,711 1,036,896 
58,047 562,167 620,214 

502,358 
63,122 433,234 

250,000 50,000 300,000 
355,400 343,000 698,400 
80,000 244,000 624,000 

291,754 200,897 492,651 
246,782 
233,481 
116,669 

154,329 154,329 
130,760 130,760 

98,000 98,000 
83,030 83,030 
29,132 82,662 

50,000 
30,000 
19,446 
15,025 
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Amount (US$) 

Core Special and 
collaborative 

Unrestricted Restricted project Total 

Miscellaneous research grants 48,611 48,611 

Funds rcimbursed under collaborative research program 
International Food Polic,, Research Institute 
International Center of Insect Physiology and Ecology 
Resources Management International, Indonesia 
University of Gicssen 
Istituto per ha Chimica Del Terreno 
International Fecrtilizer l)cvelopment Center 
International Center for Living Aquatic Resources 
Management 
University of Hamburg 
Consortium for International Crop Protection 
Internaional Institute of Tropical Agriculture 
USI)A/University of Minnesota 

81,637 
89,441 

65,107 
62,712 
50,000 
45,514 

33,845 
21,163 
16,553 
15,642 
13,814 

89,441 
81,637 
65,107 
62,712 
50,000 
45,514 

33,845 
21,163 
16,553 
15,642 
13,814 

Total 8,132,879 15,218,264 5,988,700 29,339,843 

"Receipis are accounied loron acash basis.Amnounts shown in boldface differ from 1987 pledges bygrantors in that they may reflect 1986 
or 1988 pledges received in 1987 ormay not reflect the rullamnountof 1987 pledges which are anticipatd tobe received in 1988.Also,the 
Government of France (through the research organizations ORSTOM and IRAT) provided IRRI tlleservices of three resident scientists; 
the value of their services cannot he quanified. 
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PERSONNEL
 
DR. IDA NYONIAN OKA 
Bogor Research Institute for Food 
Crops (BORI F) 
Jalan Merdeka 99 
Indonesia 

Special DirAor General 
Indian Council of Agrchlr d 

Indianr c 

Research 
Krishi Ba va, Dr. Rajendra Prasad 
Road 
New Delhi 110001 
India, 

DR, YOOu II SARIKAPI IUI
 
Deputy Permanent Secrctaiy 

Department ol Agricuhure 

Ministry oflAgricuLture anild 

Cooperatives 

Bangkok 

I'hailand 


DR M. S. SW IalA 

Director General 
Inetrnational Rice Research Iristitute 
P.O. Box 93.3Manila 

Philippines 

PROF ZIIANG YIIIUA 
First Deputy Director 
China National Rice Research 
Institute 

Hangzhou, Zheiang 
China 

Office of the Director General 

M S.SWAMINA3I IANPh D,director general 
DI:NNIS J.GrI:i:NIAND. D Phil deputy director general' 
i:FRNANDo A. BERNARDO. Ph D, deputy director general 2 

MANO I). PA HAK. Ph 1), director, research and training 

. 'RIR L.L BOUiQUIIN, MBA, director, administr'ation 
FAUSt NO M. SAIACt P. BS, CPA, director, protocol and 
liaison 
Ptui A. CoOPER, BA, director, budget and accounts1 
EIn\\,\RIn N. SAYEGH, BBA, director, finance 2
 

KiIIN VIN MS, visiting scientist2
 

Administrative and Professional
 
Staff
 
RIIC(CA C. PASCUAI., MS. manager, l'ood and housing 
services 
Zo',Ino Q. PlIzRo, 1.1.1B,manager, personnel and legal 
offices 
PE'DRO C. BANZON. I, manager, security and shipping 
offices 

BBA, CPA,PIH,\. IAM. Ixcxsi'j, manager, accounting office 

Liaison Scientists 
MANIII. J. Ros-Ro Ph D, IRRI liaison scientist, Latin 
America 
WAIER C. TI'APAN, BS, IRRI liaison scientist, Indonesia and 
Malaysia 
DioScoRo L. UMAI lh 1), IRRI liaison scientist, China 
(consultant) 
13.P.GiiLDYAL. Ph D, IRRI liaison scientist, India 

Agricultural Economics 

JOIIN C. FUNN. Ph D,agricultural economist and head 
CRISTINA C. DAVID. Ph D,agricultural economist 
J. BART DUFF, MS, agricultural economist 
LEONARDO A.GONZALES, Ph D,agricultural economist 
PRAmi-IU L. PINGALI, Ph D,associate economist 2 

ROBERT E. HUKE, Ph D,visiting scientist 2 
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SAMUEl. FUISAKA Ph D, visiting scientist Entomology 
KEIJIRO OTSUKA, Ph D,visiting scientist 
ALASTAIR ORR, Ph D, visiting associate economist i B.MERLE StlEI'ARn, Ph D,entomologist and head 
KISSEN KANUNGO. IPhD,consultant I JAMES A.L1SINGER, Ph D,entomologist 
YUJIRO HAYAMI, Ph D, visiting scientist3 OSAMLI MOCHIDA, D Agr, entomologist' 

N. F.C, RANAWEERA, Ph D, visiting scientist RAMESII C. SAXENA Ph D,entomologist 
H. DAVID CAl I ING, Ph D,entoimologist 4 

z. R.KHAN, Ph D,associate entomologist2Agricultural Engineering 

A.A. KAREIEM, Ph D,visiting scientist 

AMIR U.KHAN, Ph D,agricultural engineer and head' 
YONG WOONJEON. Ph D, associate agricultural engineert Integrated Experimental Farm and 
joSEPIt K. CAMPBE! L,MS,visiting agricultural engineer 2 Grounds 
L:RAEI, Koti DJOKoro, Ph D,visiting scientist2 

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

SuRApn K.DE DArA, Ph D,principal agronomist and head International Rice Germplasm 
CEZ\R P. MAMARII., Ph D, agronomist 
KEITII MooDY, Ph D,agronomist Center 
KEITH T.INGRAM, Ph 1), associate agrononist 
DONALD W. PUCKRIDGE, Ph D, agronomist 4 rE-rZU CItANG, Ph D, principal geneticist and head 
RoIANDJ. BURESI, Ph D,visiting scientist DUNCAN A.VAUGI IAN, Ph D,associate geneticist 2 

Cereal Chemistry International Rice Testing Program 

BIENVENIDO 0..JUIIANO, Ph D, chemist and head V. S-sllu DURVASUIA, I'llD, plant breeder and global 
coordinator 
MUHAMMAD AKBAR, Ph D,plant breederCommunication and Publications,,';" SANG-WON AttN, Ph D,visiting associate plant 
pathologist'rIIOM R. HARGROVE. Ph D, editor and head 

WIt1AM H. SMITH, BS,editor :DI-DRIco E.CUEVAS-PEREZ, Ph D, IRTP coordinator for 
Latin Anerica4 

SIt:t'ttUINJ. 13ANrA, Ed D,editor 
K. GOI'AIAKRISHNA PIlA, Ph D, IRTP coordinator for East 

M. L.ARuE POtlARD, Ph D,editor Africa4 

IAN MONTAGNES, MA,visiting editor M. K. MAJUMDER, Ph D,visiting scientist 
2RAMIESu1D. SHARMA, MS, visiting editor3 M. P. PANDE Ph D, visiting scientist

M.1. PANDY,Ph D,visiting scientist
2
 

DFVINDIER SIARMA, MS,consultant 2 

Computer Services Library and Documentation Center 

LINA M. VERGARA. MS, librarian and headGtORGF C. KRAJCSIK. Ph D.software coordinatoratd 
head 
SILAN E.O'CONNOR, BS, hardware coordinator Multiple Cropping 

DENNIS P.GARRITY, Ph D,associate agrenomist 
F.W. T. PENNING DE VRIES, Ph D, visiting scientist 

2 
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Plant Breeding 

Gurnr:v S. Kitsti Ih11), principal plant breeder and 

head 
DitRK l 1RISIWRS. Ph D, plant breeder 

SAN S.VIRMANI Ph D plant breeder 

FRNHISCOJ.ZAI'AtAIPh 1), tissue ctlture specialist 

DAVIDJ. MAKII I_.PhI),associate plant breeder 

st'itItUMI OtAWA. 1) Agr, plat breeder 

D. SI:NADHIKA, Ph D, plant breeder 
I.ESIY SIICII, Ph 1), associate plant breeder 
DARSI IAN SING1 I BIAR, Ph 1), associate plant breeder2 

4 
IIPh 1), p11nt breeder

B. B. StIIA 
1
EI I A. SII)IQ, Ph 1), plant breeder4ItMAIi 

Mici IttA. ARI UAUELUi,. MS,visiting scientist 
JtAN.C IIRI (it\SZMANNI1t Ph 1), Visiting associate 

scientistt 

CIIONc; Ho KIM. Ph 1), visiting scientist 
:utJ.HoI 1,Ph 1), visiting scientist2 

IMANtU (It ttUDtIONI.MS,visiting associate Scientist 2 

B. N. SINGH. Ph D,visiting scientist2 

NI. N. PiA-,SAI). Ph 1),visiting scientist2 

R. It IAKt i. Ph U),visiting scientist I 

TWNG-VAI IMIAV.Ph ),pillit pathologist and head 
HIROYtKI HtlIINO, 1) Agr, plant patlilogist 

Ph 1), plant hthologist
2 

PAUI S. iN , 

J.NICI IAII BONMAN. Phl 1), associate plant pathologist 
1-111LEUNG. Ph D,associate plant pathologist 
AUN, TIN. Ph D,visiting scientist 
SAMI L.GNANAtANIKAM Ph 1), visiting scientist 2 

ARcADIO QUIMIO. lh1), visiting scientist1 

A,ANIANIEYL1U.tJ. lhD,visiting scientist] 
LINA It\Ac. Ph U),visiting scientistI 

Plant Physiology 

BtNIIO .S. Ph D,plant physiologist and headVERGAKA.X 
SIIIGFI\AKIIA.D Agr, plant physiologist 
GtNSI IICI1WADA 1)Agr, plant physiologist
KYOS|tttFAKAASI I, Ph ), visiting sientist2 

OtiN M. WILSON, PhID,visiting scientist2 

Rice Farming Systems Program 

VIRIItto R. CARAN6\I.. Ph D,agronomist and head 

RAM K. PANDEY Ph D,visiting scientist 
NICOIAS MATEO, Ph D,visiting scientist 

JAIMrs R. HooPmuz. Ph D, agronomist
4 

JIlTRY L. MCINTOStIlPh D,agronomist
4 

RoSENi)o K. PAlS Ph 1), agronomis t 

NoEl. 1. .MAGOR. N Agr, associate agrononist-

ANKF Toiw\RK-NGARM. Ph D, visiting scientist 

Soils 

Hi IN.Li wo I Nvut: 'l D, soil chenist and head 
IttztNCt \OODt IFAR Ph D, physicist 

I, Ph 1), visiting scientist IS.NA ,ARCAJAI 


Soil Microbiology 

IWAO WAIANAII. 1)Agr, soil microbiologist and head 

lIs\ti K. LADI ,Ph D,associate soil microbiologist 

Pit imt A. RocFtt, D Pedologie, visiting scientist 
R. P. PIAIEK, Ph D,visiting scientist2 

P).KUSIIARI. Ph D,visiting scientist1). 


AnwrwAi : AtwIFAYO, I'h1), visiting scientist2 

Statistics 

K\VANCIIAi A.GOMI!. Ph 1),statistician and head 

and Transfer 
Training Technology 

DAN I.MINNICK.Ph D,training specialist and head 

GH-:NN L DENNING. Ph 1), associate agronomist 
Gut, orJ. WH.is, Ph D,consultant2 

JILt M.SULIVAN. MA, consultant2 

Water Management 

S:\IlOI. I. BIIUIYAN. Ph D,agricuhtrifl engineer and head 
G1h0tZEJ. MortiDs, Ph D, associate agricultural engineer 2 
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Cooperative Research Staff 
Africa 
K.GOI'ALAKRISHNA PiLLAi, Ph D, IRTP coordinator for East 
Africa 
Bangladesh 
IRANK W. SIIP'I'ARID.JR., D Ed, research systems
 
specialist/IRRI representative'
 
Non. P. MAGOR, MAgr, associate agronomist
 

JERRY L. MCINTOSH, Ph D, research systems
 
specialist/IRRI representative5
 
Burma
 
ROSiNI)O K. Pl Is PhID, agronomist
 
China
 
DjoSCORO L. Ut\Il Ph 1), IRRI liaison scientist
 
(consultant)
 
Egypt
 
EIR,,. IMAII A. SIimIQ. PIh f), pl:t breeder'
 
JACK MARVIN SWAGERIY 11SC, seed specialist'
 
EDWAtIt D. SI'AI [,Ph D, project leader2
 

India 
13.P.GInII., Ph D, IRRI liaison scientist 
H. 1). CATtING, Ph D, entomologist
 
Indonesia
 
WAt.rrTI C. FAPPAN. 13S,IRRI liaison scientist 
Japan 
Y.T,uKAuAsHI. I)Agr, part-time IRRI representativel 
I. TANAKA 1)Agr, parn-time IRRI liaison scientis 2 

Latin America 
MANUI.I.J. Rosiito. Ph D, IRRI liaison scientist 
Fr-ERICl E.CITvAs-PERrZ Ph 1), IRTP coordinator 1*r 
Lttin America 
Madagascar 
B. . Sitm ii Ph D, plant hreeder 

JAM,:s R.]-oouIlPh D, agronomist 
Philippines 
ROItI-RT E. SrICKNEY. Ph D, agricultural engineer' 
Thailand 
DONAI 1)W. PUCKRID;I Ph D, agronomist 

1Left drring the year 

Joined during the year 
Joined and left during the year4Coopcrative research staff 

5'rransferred 
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