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The success of IRRI research and 
collaborative programs, whether basic 
or adaptive, depends upon the pride 
and skill of our researchers, antl 

cooperators in national agricultural 
systems., 
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In 1984, as we approach our 25th anniversary, it is important 
that we evaiuate past achievements and look forward to the new 
directions the current global agricultural situation demands. 

When we began, our efforts concentrated upon improving 
yields and production in the irrigated lowlands of South and 
Southeast Asia. Through collaborative work with national 
research systems, short-statured, fertilizer-responsive, pest­
resistant varieties were developed, introduced, and widely 
adopted. The real price of rice to consumers fell and some 
rice-importing nations became exporters. Confidence in rice 
research increased, and through training and collaborative 
reseatch we helped establish a secure foundation for con­
tinued improvement of rice production and management. 

Our first and most important challenge in coming years is to 
defend the gains already made. Although many modern rices 
have resistance to insects and diseases such as brown plant­
hopper, stem borer, tungro, arid bacterial blight, pests continue 
to evolve and change. Our entomologists, pathologists, and 

:..,breeders must monitor insect biotype development and disease 
• 	 " virulence patterns to keep in the development pipeline new 

breeding lines with a wide spectrum of resistance genes for the 
time when a new post causes economic losses. 

In 1984, we carefully watched planthopper evolution in 

Ripple bugs (Miuroveii attacki brown Indonesian and Philippine fieids and observed changes in 
planthopper larvie wh(n they flill from green leafhopper populations. Virulence patterns of bacterial 
rice plants into field water blight in some countries are substantially different from 5 years 

ago. Research on tungro, with the help of an electron micro­
scope, has identified different shaped virus particles and 
particle combinations and related them to disease intensity. 

Rices with wider genetic sources of pest resistance arid more 
i!erance to soil and environmental stresses will remain 
essential to stable and increased yields. Expanding the rice 
germplasm collection, including the wild rice collection, will 
broaden the pool from which cenes for resistance may be 
extracted. 

Soil stresses such as salinity, aluminum and iron toxicity, and 
phosphorus deficiency limit yields or prevent useful cropping 
on large land areas around the world. Rice, often used as a 
reclamation crop in poor soils, has shown substantial potential 
for tolerating adverse soils. Soil chemical and soil physical 
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research are essential to understand tolerance mechanisms 
and growth patterns that will help researchers develop varieties 
for areas where rices cannot now survive. 

The development and use of low-cost technologies such as 
organic manuring and cultural methods to encourage growth 
and multiplication of nitrogen-fixing organisms are receiving 
increasing attention. These will complement the use of in­
organic fertilizers to increase soil nutrients and reduce invest­
ments in purcnased inputs. To improve the efficiency with 
which fertilizers maintain and increase yields,we must optimize 
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waier management to decrease nitrogen volatilization and 
encourage the use of fertilizer deep-placement and injection 
machines, and correct timing of applications. 

For those countries that have reached self-sufficiency in rice, 
research into the nutritional value of the rice grain and 
consumer grain quality preferences is increasingly important. 
In 1984, we conducted preliminary marketing surveys to 
identify rice types that consumers prefer and worked with 
researchers in the United Kingdom and Denmark to quantify 
the nutritional value of rice varieties and effects of milling on 
different types of rice grains. 

As we work to defend those gains already achieved for 
favorable rice growing areas, we also must intensify our efforts 
to find better adapted varieties and management methods for 
adverse environments and give greater attention to social and 
equity issues. 

We are continuing our efforts to more precisely classify 
world rice environments. Terminology for rice growing environ­
ments, published in 1984, is the first step in developing a 
universal language for rice cultural types and environments 
around the world. More than 50 rice workers contributed time 
and ideas to the booklet. We will continue to incorporate 
additional data and worl, to fine-tune the terminology. 

Breeding and management for adverse environments, in 
which more than half of the world's rice farmers must survive, 
are challenging problems to address. In most harsh environ­
ments, farms are small, management practices may degrade 
what are already poor soils, and the economy and market 
infrastructure are underdeveloped. We are working to develop 
drought- and submergence-tolerant varieties; simple, low-cost 
input management practices; and simple machines that will 
increase yields and cropping intensity while reducing human 
drudgery. 

In these environments, homegrown inputs such as nitrogen­
fixing green manure crops and ecologically advantageous crop­
ping patterns may be especially important. Cropping systems 
projects in disadvantaged areas are answering questions about 
modern technology adoption and its consequences for farmers, 
familic-s, and laborers; and establishing a basis for extrapolating 
new technology to other impoverished areas. 

Similarly, we need studies to identify the effect of moderniza­
tion on the availability of work traditionally performed by 
women and other landless laborers. Technologies for increas­
ing the income of women farmers and laborers will receive 
attention under the Asian Rice Farming Systems Network. 
Research to understand market infrastructure also will con­
tribute to the introduction of better farming methods. 
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Azolla green manure is used on large 
areas of rice in Vietnam. 

Always, our research must respond to the specific needs of 
our clients - the national research systems, farmers, and 
consumers of the rice world. 

Three groups of rice-growing nations can be identified. 
Group I countries have almost no gap between current and 
potential production and yield. Harvests average more than 
4 t/ha. Research for these areas will attempt to raise the yield
ceiling, achieve grea!er yield stability through improved soil 
and plant health care, intensify cropping, and develop input­
output pricing policies that stimulate production and consump­
ticn. 

In Group II countries, there are technological and socio­
economic constraints to improving yields, which average 2­
4 t/ha. These countries require increased support from the 
major IRRI networks: the International Rice Testing Program,
the International Network on Soil Fertility arid Fertilizer Evalua­
tion for Rice, and the Asian Rice Farming Systems Network. For 
Group I countries, such as Burma and Thailand, that export
rice, technology will grow in importance. 

Many Group Ill countries, with yields below 2 t,'ha, have a 
large, untapped production reservoir. Some have harsh environ­
ments, poor soils, and severe socioeconomic constraints. The 
first research step for these nations will be multidisciplinary
analysis to identify ecological, technological, economic, insti­
tutional, and sociopolitical constraints that cause the yield gap.
A carefully designed malady-remedy analysis will help for­
mulate short- and long-term research and development
strategies. We have recently begun acooperative program with 
the Malagasy Republic, using this strategy. 
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IRRI research programs can be divided into three categories: 
maintenance research, to defend gains already made; down­
stream research, to solve immediate field problems through 
applied and adaptive research; and upstream research, to 
harness the latest advances in science and technology for 
solving downstream problems and raising the yield ceiling to a 
new plateau of stability. 

With sophisticated tools such as the electron microscope, 
the phytotron, interactive computer programs, and satellite 
imagery, we will seek to understand the intricacies of virus 
disease development and transmission, climatic influence on 
rice growth, the social impacts of new technologies, and the 
interactions of land use patterns and pest populations. 

New techniques in biotechnology are helping us to move 
valuable genes across sexual barriers. For example, by cultur­
ing embryos of seeds from a cross of 0. sativa and the wild rice 
0. officinalis, we successfully grew F, hybrid plants that had 
genes and exhibited traits of both parents. Tissue, anther, and 
somatic cell culture may speed the development of new rices 
that perform well in complex adverse environments, such as 

Anther culture can reduce breeding
time for nevw cultiwars, increase 

those where almost every rice crop needs drought and sub­
mergence tolerance and may need traits such as photoperiod 

selection efficiency, and save space and 
labor in experimental fields, 

sensitivity.The new techniques also may reduce for farmers the 
cost of proven technology such as hybrid rice production. 
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S. H. Escudeo Ill, Philp;)ine uinistetof ­

agriculture and food, .ddrns.esirg the,­
biannual IRRI-Phihppines T'?:hnology 
Transfer Workshop. 

i 

~ii
 

Essential to our work will be strong Cooperation and colla­

boration with universities and research institutes that have 
expertise in fundamental studies, state-of-the art in­
strurnentation, and interest in applying their strengths to 
solving practical problems in rice production. These associa­
tions will allow the newest advances in genetic engineering to 
be applied to rice reseaich 

The finest of agricultural science is use!ess if the results 
remain inaccessible to extension workers and farmers Coir­
nunication of kiiowledge and skills will remain essential to all 
our progran s We commi 'ricate through degree and non­
degree training programs, subject-matter conferences, publi­
cations, and person-to-person contact with researchers and 
extension workers around the world. 

Transferring developed and proven training programs and 
methodologies from IRRI to national programs will place 
training closer to trainees and permit IRRI to develop new 
courses. Copublication with book publishers and national pro­
grams helps spread information to diverse, non-English 
speaking audiences. Interactive, compUter-aided instruction 
also will help bridge the language gap. We are continuing to 
broaden our communications activities and adjust them to the 
needs of our national cooperators. 

These techniques, in combination with constant fine-tuning 
of cooperative and research programs and the growing 
inventory of opportunities for increased rice yields and produc­
tion, will guide our new directions as they have guided our past 
successes. In agriculture, there is no time to relax. We must 
continually meet new challenges of plant and soil health care 
ancl consumer and market needs. Eternal vigitance and a 
dynamic response to changing needs therefore are IRRI's 
guiding principles. 
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CONSERVING, DISTRIBUTING, AND USING RICE GERMPLASM 

Collection activities 
Expansion of irrigated farmland and accelerating demand for 
higher rice production continue to threaten the existence of 
wild species and traditional varieties that may harbor invaluable 
qenes for diverse insect and disease resistance and tolerance to 
adverse environments. 

In response to recommendations made at the 1983 Rice 

Collecting a rice variety in Bhutani with Germplasm Conservation Workshop, we expanded and ac 
the help of a village headman. celerated our collection activities. Working with the Inter-

V44 
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'" '..national Board for Plant Genetic Resources (IBPGR) and 
national workers, we gathered more than 500 traditional 
varieties from remote areas and special environments in 
Bangladesh (103). Bhutan (66), Indonesia (174), Sri Lanka 
(108), and Malagasy (98). 

We now have a rich collection of aLJs varieties from Bang­
ladesh, and our collection ib virtually complete for Sri Lanka 
and for most accessible, high- and medium-altitude areas of' -''" : 

.

;Bhutan. 

Collecting tices and intetv , In response to the urgent need to identify and preserve
farmers in Rhotan l th I' -jrouind. rapidly disappearing wild Dryza species for use in breedingtarvoested ries at tneoqe f programs, we collected in Sri Lanka 14 populations of 0. 

rufipogon, 0. nivata, 0. officinalis, 0. granulata, and hybrid 
swarms between 0. sativa and it.wild re!afives. We also worked
with Indonesian scientists and assembled four 0. officinalis 
populations from Aceh and Nias Island in northern Sumatra. 

In Thailand, we participated in a short training course for
field collectors. The course to promote more intensive collec­
tion of hill rices was held at the Northern Regional Agricultural 
Development Center in Chiangmai. The Department of Agri-
UltUre and Public Welfare Department staffs have collected 

2,996 rice seed sampiles. 

InSr t aniAa. a Central Agricuiltiral Seed preservation
?eseichn'tistiliteteam me)eir We found that several stored accessions had lost viability

cuiiI/its seed af i wil species, 0
ruftporon 
 sooner than expected. We used tissue culture to revive seed 

stock 'vith less than 2% germinability. 
Dehulled seeds of 75 accession3 were cultured in artificial 

medium and incubated for 10-25 days in a dark room. Seedlings
from 11 of the cultured accessions grew successfully to 
maturity in tie phytotron. Tissue culture may help reconstitute 
seed stock that might otherwise be lost. 

In 1984 we expanded our field area for rejuvenating seed 
stock for medium- and long-term storage and doubled seed 
processing for storage. More than 6,000 accessions were 
sealed in aluminum cans Linder partial vacuum for safe keeping. 

AGRONOMIC AND F'HY'SIOLOGICAL CHARACTERISTICS 

Ratooning 
Ratooning, or growing a second crop from established roots 
and stems after harvest, may increase production per unit area 
and time and reduce labor costs. 

To be productive and economic, the ratooning ability of 
varieties must be identified and improved and suitable man­
agement practices developed. We conducted further exper­
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I .- wntst with IR44.which ratoons well, to docLument biological 
I-)d( lIt ia! factors that iffect ratooning 

L.3d hnt Whe IR44 was cut at 15 cm. 4 to 7 nodes were 
availahle tor rag rowth, Aboutit/3% of the buds at the lowest 
node wer edead ind icatinq the irnportance of leaving ample 
Stubble for regrowth 

At rcain crop cutting, buds of the first three nodes below the 
cut di6 riot vary in average length. However, substantial 
variation a After 6 days the bud at theegqro 2 rtays after cuitting 
first nodt, grew fastest and secoida ly ratoorl tille's began to 
develop |Fin 1,21 

1 -1h1 two uppter nodes (irdi'iced the most ratoon t;llers, but 
S, othey r eak and have poorly developed root systems.to ided to 

1The-y depended on the rmairn crop1 tlr tfu su~pport and nu1.trition, 
I:. - Tllle rs Iemlower nordtes h 'd iore roots arid derived nutrients 
,7. from soil and throijgh old roots 

Me(-joooiabooi. 'Tiller re(rior ation took 1 to 10 days from 

mcutti)g btI 6 of the lantIs trlleIfrted in3 to 5 days. Select ion-for 
:.+ ratooning ability can be based on early tiller aevelopment 

A , . becaus'-revarreties that take.rrore than 7days to rege:neratetd 
riot to mature u~niformly 

Teomperatuire. riller regeneration was highest at moderate 
1. o, ,n, i 1,,rr,,i temperatures (21 -29 C), tollowed by high (27-37 C) and lowcw~, , ,, 

(20-23 C).High temperalures encouraged ratoon tillering, but 
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/l 

2. Variations in ratoon tillering 10 days 
after cLItting IR44 

because of high sterility yields were !ow. Low temperatures 
reduced panicle number and grain yield. Ratoon crops yielded 
best at moderate temperatures. 

Light intensity. Shading before crop cutting was more 
detrimental than afterward. At 60 and 40% shading from main 
crop flowering to maturity, 19 and 44% of the plants re­
generated, versus 810 without shading.

There was no trend in tiller production in shaded and 
unshaded treatments, and reduced light intensity before or 
after main crop cutting did not influence grain yield per plant. 

Growth regulators. Rapid, main crop leaf senescence is 
associated with low ratoon grain yield. Because most carbo­
hydrates are produced during ripening, late leaf senescence 
promotes carbohydrate accumulation. Using growth regu­
lators to deiay main crop senescence could enhance ratoon 
crop potential. 

Applying 100 ppm of the growth regulator Ga 3 15 days after 
the main crop flowered significantly increased panicle number 
and ratoon grain yield. App'ving ethrel and kinetin did not affect 
regeneration, tillering, or yield.

Root systems. Root vigor and distribution substantially 
influenced ratooning. Root dry weight declined from 0 to 14 
days after harvest, probably because mother culms and roots 
supply most of the carbohydrates for initial growth of ratoon 
tillers. From 14 to 28 days, when new roots develop, root dry 
weight increased, after which it gradually declined. After 42 
days most plants have well-developed white roots from ratoon 
tillers. 

Ratoon tiller development appears to depend on main crop 
roots for nutrients for at least 21 days after harvest. Thereafter, 
nutrient requirements were supplemented by new roots. 

Seedlings per hill. Planting more seedlings per hill improved
plant stand of the ratoon crop and encouraged early ratoon 
tiller regeneration. Fourseedlings per hill gave the highest main 
crop and ratoon grain yield. 

Deep water rices with ratooning ability 
In many deep water rice areas, rising floodwater seriously 
reduces seedling stand and therefore yield. Availability of 
photoperiod-insensitive, elongating rices with ratooning ability 
would allow farmers to ratoon a transplanted crop just before 
flooding, achieve a good stand of deep water rice because the 
ratoon crop would be well-rooted, and therefore achieve a good 
harvest. 

We obtained 6 outstanding selections (Gowai 50-9, Chula­
mon 658, Karkati 87, CN691-3, CN658-R-R-R, and CN665-R) 
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4. To measure culm strength, 3 
randomly selected center-plot plants 
were pushed to 30 above the water 
level with a gauge attached to a 60-cm 
rigid bar. The resistance, in kilograms, 
shows culm strength. 
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from 118 deep water rices evaluated for ratooning ability. They 
had consistent high regeneration, good main crop yield, and 
some lodging resistance. 

Individual plants and lines were sele-ted for high ratoon tiller 
number ( 16), at least 3 leaves/tiller before flowering, and 
resistance to virus diseases. Further selection was made for 

immediate and delayed flowering after ratooning. 

potential of traditional and modern rices 
For 14 years we have grown 3 annual crops of traditional variety
Binato and 3 modern rices at IRRI to compare yield potential. 

Nitrogen was applied in split doses and at higher rates in wet 
season than in dry season. Binato always received 30 kg less 
N/ha because it is tall and lodges under heavy fertilizatiun, 

which reduces yields. Binato yielded consistently less than the 
modern varieties (Fig. 3). 

For 9 years in plots without added nitrogen, Peta, another 
traditional variety, was compared with IR36 and IR42. At 
Philippine Bureau of Plant Industry experiment stations in 
Maligaya, Bicol, and Visayas, the modern rices consistently
outyielded Peta. IR42 performed best in wet season, yielding 
1.0 t/ha more than Peta and 0.4 t/ha more than IR36. 

Lodging resistance 
Lodging significantly reduces grain yield. We used a push 
gauge attached 13 a rigid bar to test culm bending resistance of 
different rices (Fig. 4). Lodging at ripening stage was observed 
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(t/ha)
Yield 	 'only in medium maturing rices IR29725-3-1-3-2and IR31851-6­
5r 
 3-3-3-2. Lodging increased and grain yield declined when more 

nitrogen fertilizer was applied. 

1Insensitivity 	 to late transplanting 
4-	 Because of late water availability, most farmers in rainfed 

lowlands transplant 30- to 60-day-old seedlings. Late trans­
IR13146-45-2 planting injures many modern varieties but does not harmii traditional, photoperiod-sensitive rices. We have begun re­

3 R1R564 4-6IR46	 seat ch to identify modern photoperiod-insensitive varieties that 
are not affected by late transplanting. Several high yielding,
modern varieties suffered no yield reduction when transplanted 
at 60 days (Fic. 5). 

"N IR15847-215-2-1 
2 -	 Weed suppression

K Mahsuri Weeds are the most serious constraint to upland rice produc-
N " - . tion. Elite upland rice varieties differ greatly in weed sup­

- pression ability. Selection for weed suppression ability may be
important in upland variety development. Short varieties tended 

N\, to compete poorly with weeds, even with hand weeding. 
waog / \.Intermediate (100-115 cm) 	 varieties effectively suppressed
IR3179-25-3-4 
 IR36 - \\ " weeds and yielded well. 

0 21 40 60 
Seedlng age (DAS: GRAIN QUALITY 	AND NUTRITIONAL VALUE 

5. Some high-yielding genotypes are 
unaffected by late transplanting Grain cracking 

Cracked grains cause poor recovery of whole-grain milled rice 
during processing. Some brown rices, such as IR42, are prone 
to cracking while others, IR28150-84-3, are not. We found that 
tolerance to moisture adsorption stress is not simply related to 
bending hardness of brown rice. We are working to develop a 
screening method applicable to rough rice to test varieties for 
susceptibility to cracking. 

Weaning food 
Extrusion cocking is a convenient way ot preparing precooked, 
rice-based weaning food. Working at the University of the 
Philippines at Los Bahos, we evaluated nuritional quality of 
milled rice extrudates at different moisture contents and 
temperatures. 

Volume expansion was better with 15% moisture content and 
150iC than with 20 and 25% moisture at 120 and 135 C 
However, extrudate at 150 C with 15% moisture was less 
nutritional because it had 11-13 0 less lysine and 7-8% less net 
protein utilization in rats than untreated flours. 
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Protein distribution 
Rice scientists do not agree on the importance of protein 
distribution in the endosperm as an index of protein content oi
milled rice. Cooperative studies with the University of Durham 
verified that 10% polishing removes 18% of brown rice protein. 
In rices with relatively low ridges and shallow grooves, brown 
rice protein content determines protein content after milling 
because a constant fraction of brown rice protein is lost during 
milling. 

DISEASE RESISTANCE 

Electron microscope 
The Government of the Netherlands provided IRRI with an 

6. The electron microscope will help in electron microscope (Fig. 6). The microscope was installed in a 

research to identify viruses, fungi, and 
soil microorganisms important to rice. 

new laboratory and began operating in May. The laboratory is 
equipped with transmission and scanning microscopes, an 

~ I 9 



7S ting virulence of the bacterial 
blight pathogen in thf,Philippins, 
1972-84. 

18 IRRI HIGHLIGHTS 1984 
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L!tramicrotome, vacuum evaporator, spatter coater, critical 
point dryer, and photographic enlarger. It is used in research on
rice viral, fungal, and bacterial pathogens; pathogens of rice
insects; soil microorganisms; and rice tissues and organs. 

Virulence of the bacterial blight pathogen 
We evaluated the changing virulence of the bacterial blight
pathogen Xanthomonas campestris pv. oryzae in the Philip­
pines from 1972 to 1984. Virulence patterns are shifting. Since 
1983, virulence to the Xa 4 gene for resistance has decreased 
from 95 to 70% (Fig. 7).

There was no correlation between changes in virulence and 
bacteriological properties. Analysis of protein patterns by
sodium dodecyl sulfate gel electrophoresis indicated differ­
ences in zones A, B, and C withi.i the pathogen. This informa­
tion provides an additional key for recording the characteristics 
of races. 

1984 



Sheath blight on loaves and in lest 
plots. 
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Collaboration with Japan on bacterial blight resistance 
In our collaboration with Japan on bacterial blight resistance 
we are developing a set of international differentials for race 
identification and working to identify additional resistance 
genes for use in breeding programs. 

Susceptible rices IR24, Milyang 23, and Toyonishiki were 
selected as parents for the backcrossing program and pro­
genies have been developed with specific genes for resistance. 

A genetic analysis of Sateng, inoculated at booting, indicated
 
that it has a dominant gJ'ne for resistance at adult stage, which
 
contradicts earlier information. In the earlier study, inoculation
 
and scoring were at maximum tillering when heteroz .ous
 
plants may have a susceptible reaction.
 

Tests showed the dominant gene is allelic to theXa 3 gene for 
resistance. The Xa 6 gene, first identified in Zenith, also is allelic 
to Xa 3. Thus, the resistance genes of Chugoku 45, Java 14, 
Zenith, Sateng, and Cempo Selak appear identical. The gene is 
closely linked with Xa 4. 

Varietal resistance to sheath blight 
Intensive rice cropping and heavy nitrogen fertilization en­
courage sheath blight. Absence of stable sources of resistance
 
and effective methods for evaluating varietal resistance has
 
hampered breeding for resistance.
 

.............................. ~~~~~~~~~~~~ 


., .. 4/ ='.;.,

IPW 



20 IRRI HIGHLIGHTS 198,1 

Under heavy disease pressure, upper leaves and flag leaves 
are more seriously affected than sheaths. We developed an 
evaluation scale that uses leaf damage as an additional 
character for judging varietal resistance. Screening plots similar 
to those used for determining resistance to blast were effective 
for identifying sheath blight resistance, and a nursery of this 
type is under construction on the upland farm. 

Field and greenhouse studies confirmed a relatively high 
level of resistance in rices Ta-poo-cho-z, RP4-14, Ratna, 
Kataktara Da-2, Naripungbyeo, and several breeding lines. 
Through these resistant varieties we are monitoring tire popula­
tion dynamics of the inoculurn at different resistance levels in a 
continuous planting of the same cultivar. This information will 
help determine the level of varietal resistance that will give 
adequate disease control. 

Chemical and tissue culture studies to determine resistance 
to brown spot disease 
We isolated and characterized a chemical that simulated 
symptoms typical of brown spot disease caused by Helmin­
thosporium oryzae. 

Virulent and avirulent isolates produced the toxin, but 
virulent isolates were several times stronger than aviruleni 
isolates. When the virulent isolate was repeatedly subcultured 
on a solid medium, it lost virulence and its ability to produce 
toxin. 

Calli derived from IR8, IR36, and IR54 and whole pl-rts
reacted similairly to the toxin and fungus. Calli suspended in 
liquid medijmn containing 50% of the toxin for 24-48 hours died, 
but at 25% concentration some survived. Plantlets regenerated 
from surviving calli were resistant to the toxin. 

Incomplete blast resistance 
When resistance is incomplete, the blast pathogen can re­
produce on the host. For several plant diseases, incomplete 
resistance ,, associated with resistance that is durable in farmer 
fields. In a greenhouse study, we sought to measure the relative 
incomplete blast resistance of six rices - IR36, Milyang 30, and 
Milyang 42 with durable resistance relative to IR50, Milyang 57, 
and Suweon 264. 

When plants were inoculated separately with several Pyri­
cularia oryzae isolates, IR36, Milyang 30, and Milyang 42 had 
fewer and smaller lesions that st.:orulated less than lesions on 
the other varieties. 

Although not all incomplete resistance will be durable, the
varieties we studied had higher incomplete blast resistance in 
those with longer lasting resistance. 
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8. Number of wild rice accessions in the
 
IRRI germplasm collection with Insect
 
resistance. 1-3 =N. lugens biotypes 1, INSECT RESISTANCE 
2,and 3; 4= Sogatella furcilera; 5= 
Nephoteltix virescens; 6 = Recilia Sources of Insect resistance 
dorsalis; 7= Chilo suppressalis; 8 = In the IRRI germplasm collection, we have found Oryza sativa 

varieties resistant to 12 insects. More than 1,200 accessions areCnaphalocrocis medinalis; 10 
Hydrellia philippina; 11 = Nymphula resistant to N. virescens and 400 have resistance to biotype 1of 
depunctalis; 12 -Stnchaetothrips brown planthopperNilaparvata lugens. We did not find sources 
bltormis. 

of resistance to caseworm Nymphula depunctalis and rice bug 
Leptocorisa oratorius, and we identified only one variety with 
moderate resistance to whorl maggot Hydrellia philippina. 

We also evaluated the wild rice collection for sources of new 
genes for resistance and for sources of resistance that were not 
found inthe 0. sativa collection. About half the 450 wild rices 
evaluated are resistant to planthoppers and leafhoppers. Seven 
accessions are highly resistant to whorl maggot (Fig. 8). The 
resistance genes of these wild rices isbeing incorporated in 
agronomically superior 0. sativa lines. 

Nephotettix nlgropictus and Nephotettix virescens as tungro 
vectors 
We compared the efficiency of green leafhoppers N. nigro­
pictus and N. virescens as tungro vectors. Both leafhoppers 
were caged on rices with high and moderate resistance to N. 
virescens. Although both transmitted tungro, infection was 
highest with N. virescens (Fig. 9). Of the IRvarieties tested, IR60 
was most resistant. 
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9.Percentage of tungro infection in rice Cross virulence of. green leafhopper blotypes$ cultivars, each infested with one pair o fte 0gnrtoso ern nrssat18(ihGh3gn
viruliferouls N. virescens and N.Afe10ghrtosorernoneitatI8(thG 	 3ee
nigropictus. 	 for resistance), a green leafhopper colony that was virulent to

IR8 evolved, as indicated by plant damage, insect survival, and 
population growth. When the colony was tested on other rices 
with the GIh 3 gene, virulence to IR24 had significantly
increased, but not that to other varieties. 

Morphometric variations between green leafhopper blotypes
Different reactions of resistant rices to green leafhopper N.
virescens inBangladesh and the Philippines may indicate that 
they are different biotypes. We compared the morphometric
variations of green leafhopper populations from the two 
countries. Significant differences were observed in male and 
female genital, abdominal, and tarsal characters (Fig. 10) of 
both color morphs, one with black-spotted tegmen and the 
other with uniformly green tegmen. For example, the 11th 
abdominal segment is significantly wider in spotted and
nonspotted leafhopper males from Bangladesh than in those 
from the Philippines. Rostral and antennal characters als,.i were 
significantly different between N. virescens populations. 

Ix Pygofer 
1mm 

Anal tube­

10, AbdornInal terminalia of green 	 . Third vlvul 
leafhopper male (left) and female 
(right), 
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11. Wavufor. s reciored (tririql rter Rearing green leafhopper 
iwaihiper feidirli o)ns.iceptle INi We developed a rearing method Io provide large riitnihers of the 

aI I iih'jclarrIf'i tlnkthjt:l 203} s cl ice 

a i,.,j: 	 green leaf hopper Nephotetix nluopictus rot use iii identifying 
sources of resistance. Of the rices and weeds tested, rice variety 
Nira was the most suitable green leafhcpper host. Placed on 
4-day-old Nira seedlings, 50 pair of green leafhopper will 
produce 3,000 to 5,000 idividuals in a 20-day generation. 

Feeding behavior of green leafhopper 
We used an ,le:irorie toc indft to rmonitor gfleen leafhopper 
feeding hehwivio (on seven rices with genes for resistance 
(Parkhari 203, AS[T. IRM. Plb 8. ASD8, IR36, Moddai Karup­
pan), highly rsistarit !R2'9. nd suisceptible TN1. Waveform 
patterns irliticead the leaffhopper was ptniarily a phloem 
feeder on susceptible I N 1. hitt f-c- on xylem on resistant plants 
(Fig. 11). The irsec,'t iiae I)re bri0f. repeated probes on 
resistant varieties than on JTN I but differences in mean 
duratioii ()f salivation ditd not ;orrelate with resistance 

Feeding behavior of brown planthopper biotype 3 
To rjetrrein(. the rueCh .riir; f~f r,:f(r Ir we ire Stlidyng 
tWe feedin behaviort of bown platithoppeis on rices with 
moderate iesistirn, to all plantho pper biotypes Utri Rajapar 

- . .....- Ji has low seertlinq riistarce. btit resis;tiic iiir'ieases with age. 
We electronically cirlsI (Fig. 1) whefeeding of brown 

I planthopper biotype 3 ori 10- and 40-day-old plants over 3 
hours Ingestio) ti1110 was d.terrrn,,d by the, length of the 

<j ingestion waveform oni the recording papor 
On stsceptible TN1. pl.-nth oppers fed mostr of the time. 

Feed;'ig ti re on Utri Rajapan was riiich sinlter (Fig. 13). On 
40-day-old plants, ingestion period was 73 minities on Utri 

Utri Rajapan,12. 	 PoR;t)ci~ral toliw H V i' Rajapan versuis 137 ntites or FN 1 IFig 1,1) Ori 
lectronrcally m-vursrig n planthoppers spent most of the time poh and salivatingwn ebir 

~laeihopi ,,r fP(lim(l h.iha~iot rather than ingestinig the phloerri sap 
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13. Feeding behavior of brown 
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Locating leafhopper and planthopper eggs
We developed a simple technique for finding insect eggs on rice 

80 Iplants. 
F I :',;.'t 

l . 

Plants exposed to gravid females are bleached in boilingvater for 5-7 minutes, kept in 95% ethanol for 3 days, and
transferred to a 1% aqueous acid fuchsin solution for 2 days, 

; r IF ." after which they are thoroughly rinsed in water. The stained 
O ihopper eggs are located by examining leaves and stems under 
.. " I a 20X binocular microscope (Fig. 15). 

0 
TN, Ulri Rojapan TNI UtriRojapan 

10 days 40 days 
after sowing aftersowing 

14. Brown planthopper biotype 3 spent j 
less phloem-ingestior time on 
moderately resistant Utri Ralapan thdn 
on susceptible TNI 

15. Acid fuchsin-staine green " 'w, 
leafhopper eggs in cleaned rice leaf 
tissue. 
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Chemical bases of leaffolder resistance 
More than 100 rices in the germplasm collection have resistance 

to leaffolder C'raphalocrocis medinalis. Some varieties have 
been used as donors of leaffolder resistance in I RRI's breeding 

We found that resistant rices contain chemicals that 

repel ovipositing moths and cause egg and larva mortality. 
Leaffolder moths laid fewer eggs on resistant Darukasail, 

TKM6, and W1263 ! tan oM Susceptible IR36 (Fig. 16a). When 
eggs were dipped in extracts of those varieties, the Darukasail 
extract caused the highest mortality (Fig. 16b). When leaves of a 
susceptible rice were dipped in a 1,000 ppmn oil extract of 
resistant and Susceptible varieties and fed to leaffolder larvae, 
extracts of resistant varieties caused greater mortality 
(Fig. 16c). 

DROUGHT RESISTANCE 

Water stress and nutrient uptake 
Water stress limits nutrient uptake. We quantified nitrogen, 
phosphorus, and potassium uptake by IR58 in dry season. IR58 
was grown in a lowland fiela at different irrigation levels 
provided by a line-source sprinkler. Locations 1 (flooded 
control), 	3,and 6 received 89, 54, and 0 mm applied water. 

IR58 continuously accumulated nitrogen, phosphorus, and 
potassium in leaf blades until about 13 days after flowering, 
after which leaf accumulation declined. Maximum nutrient 
uptake was during flowering, and continued to maturity. 

Comparing plants from locations 1and 6showed that water 
stress depressed nutrient uptake by about 40%/ in leaf blades 
and 14-40%/in culms and leaf sheaths (Fig. 17, 18,19). Nitrogen 
and potassium uptake were least affected by water stress. At 
maturity, panicles of strc-.sed plants had 25-43%/ less of the 
nutrients than plants in the control. 
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17. Nitrogen upthke of IR3M plant parts Root response to water stress 
It dIfferenfit bII r II (t-lul isPs,
deterrm ied by'Iocation PI panicle In 1984 dry season we studied the response of IR54 roots to 
ifniltiion. F fIowering water stress under simulated lowland conditions. The adverse 

effects of water stress on root growth were greatest at 0-10 cm 
soil depth. 

In the flooded control at that depth, root length density and 
root mass density increased linearly with time. At line-source 
sprinkler locations 3. 5, and 6, root length density increased, 
then decreased at maximum stress. Root dry weight responded

18. Phosphorus uptake in IR36 plant similarly. Alt[ )ugh reflooding reduced soil strength and in­
parts at different irrigation levels, as 
determined by location. PI panicle creased root I ritt- density, the negative influence of earlier 
initiation, F flowerir. 	 stress continued to affect crop growth. 
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19. Potassium uptake in IR36 plant Increased soil mechanical impedance decreased root length 
parts at different.irrigation levels, as density. Soil mechanical impedance as low as 0.05 MPa 
determined by location. PI = panicle 
initiation, F= flowering, inhibit6d root growth and values greater than 0.3 to 0.5 MPa 

consistently 6.,creased root growth and extension by 25%, 
thereby limiting efficient water and nutrient uptake. 

Drought-tolerant rices 
Of 6,165 rices screened for drought tolerance, IRRI variety 
IR18349-22-1-2-1-1, Habiganj Aman II from Bangladesh, and 
ITA1 19 from the International Institute of Tropical Agriculture 
in Nigeria (Fig. 20) performed admirably during vegetative 
growth. They had only slight leaf tip drying when soil moisture 
tension at 20 cm was 5 bars, and half the leaves had 25% leaf 
length desiccation at 10 bars. All three recovered at rewatering. 

Tolerant checks Salumpikit and IR442-2-58 had 25 and 50% dry
20. Three outstanding rices of 6,165 

entries screened for drought tolerance. leaves at 5 and 10 bars and 80% stand recovery.
 

IR18349-22-1-2-1-1 and R20 Habigani Aman II ITA119 
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Root growth 
Rapid root growth is vital to rice's ability to compete with weeds 
and to avoid water stress at early growth We stUdied root
growth patterns of one dual-purpose, five upland, and seven 
lowland varieties tUnder aeroponic culture. 

Lowland BPI-76 root growth began 14 days after seeding andRoot thickness (mm) length continued to increase rapidly uintil 38 days after seeding.6 Roots of most lowland varieties did not grow significantly Until 
4 Moroberekan 20 days after seeding. Upland varieties Kalakeii RN21, and 

Kinandang Patong, and dual-purpose Dular had significantroot growth at 17 days. Upland varieties Moroberekan and 
Palawan began lengthening at 20 days.

Significant differences it,'oot length developed 20 days ailer08-
seeding (Fig. 21). Up to 40 days, roots of upland varieties 

06- ousually grew faster than those of other rices.IR2 Moroberekan and IR20 had significantly different root dia­04 meter 11 days after seeding (Fig. 2). Diameter increased most 
02 from 17 to 26 days after seeding. Moroberekan roots reachedmaximum diameter ( 1.44 mm) at 34 days and IR20 (0.86 rm) at 

Li 4 7 2023 26 29 32 35 38 444Days fter seed3ng 29 days. Upon reaching the maximum, diameter declined butlength, branching, and root hair growth rapidly increased, 
thereby expanding the titrient and water absorbing surface. 

22. Development of root diameter Of Our findings fturther confirm that deep- and thick-rooted 
Moroberekan and IR20 in aeropunic plants can be madily selected from segregating progenies at 21 

cuture. days after seeding. 
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ADVERSE SOILS TOLERANCE 

In 1984, our selections and tests for adaptability to adverse soil 
conditions emphasized soil problems common to unfavorable 
rainfed environments. Although we tested 13,438 rices for soil 
toxicities and nutrient deficiencies, the bu'lk of our effort was to 
identify lowland rices suited to coastal saline soils and upland 
rices adapted to acid soils. 

Salinity 
Of 7,658 rices tested from the salt tolerance and general 
breeding programs, 1,477 tolerated salinity. Outstanding 
among them were IR5657-33-2, IR9884-54-3, IR9764-45-2, and 
IR10206-29-2, which yielded nearly 3 t/ha in unreclaimed 
coastal saline soils in the Philippines. 

Acid uplands 
Of 224 rices screened, 10 were tolerant of acid upland condi­
tions. IR43, IR6115-1, and IR12721-24 yielded more than 3 t/ha 
in farmer fields. 

Multiple soil stresses 
The remarkable tolerance of IR8192-200 and IR9764-45-2 for 
salinity, alkalinity, acid sulfate soil conditions, iron and boron 
toxicity, excess organic matter, and phosphorus and zinc 
deficiencies was confirmed in field trials (Fig. 23). 

Both lines have good agronomic characteristics and resis­
tance to common rice pests. Their multiple soil stress tolerance 

23. Dry season yields of IR9764-45-2 on Yield Who) 
some unamended problem soils. 

6-

0* 
2V 
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Screening for salt tolerance. 

Comparisonof roots of anther culture­
derived plants grown in 0 and 30 ppm 
aluitiin)u SOluitiotS. 

will enable small farms in unfavorable rainfed environments to 
obtain moderate, stable yields without cash inputs. 

Efficient use of phosphorus and zinc 
Efficient users of soil and fertilizer phosphorus and zinc are 
varieties with growth duration exceeding 120 days. Varieties 
that mature in less than 113 days are poor useis of these 
nutrients. Most early varieties respond well to phosphate 
fertilizers but not to zinc. 

Physiological studies of salt tolerance 
Calcium has an ameliorating effect on plant growth undersaline conditions. We studied the effect of calcium on seedlings 

of salt-susceptible IR28 and salt-tolerant Nona Bokra grown in 
a salinized nutrient solution containing 0.5% NaCI and CA- ion 
concentrations of 4, 100, and 200 ppm. 

Different calcium concentrations had little effect on survival 
of IR28, but more Nona Bokra plants survived at 40 ppm Ca. 

IR28 absorbed more salt than Nona Bokra and adding 
calcium did not decrease the translocation of salt ions from root 
to shoot. Nona Bokra appeared to tolerate high salinity by 
regulating salt uptake and by low salt and calcium accumula­
tion. Adding calcium increased tolerance of Nona Bokra. 

Screening for tolerance of aluminum toxicity 
We screened 352 rices from the 1983 International Upland Rice 
Observational Nursery and the 1983 Acid Upland Soils Screen­
ing Set for tolerance of aluminum toxicity. Seedlings were 

Oppm AI 30 pprm Al 
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grown in nutrient solutions with or without 30 ppm aluminum. 
After 2 weeks, we measured root length. 

Seven percent of the entries were tolerant. IRAT104, Azu­
cena, IR5853-196-1-P,, and IR7812-16-1-4 were outstanding. 

Screening R3 variants for tolerance of aluminum toxicity 
We selected 46 aluminum-tolerant and 5aluminum-susceptible 
R2 seedlings derived from a Taichung 65 callus and grew them 
until maturity. The 51 R3variants harvested were screened for 
tolerance of aluminum toxicity in 0 and 30 ppm aluminum 
solutions. 

The variant lines TNV C-9-2-1-A-1, TN II 5-8-2-A-1, and TN II 
5-7-1-1-C-4 were highly tolerant. All variants except two were 
more tolerant of aluminum than Taichung 65. 

ADVERSE TEMPERATURE TOLERANCE 

Korea-IRRI collaborative project 
This is the seventh year of the Korea-IRRI Collaborative Project 
on Rice Cold Tolerance. In 1984, eight experiments were 
conducted at Chuncheon, Korea. 

Cold tolerance screening nursery 
More than 1,100 entries from different sources were screened at 
the cold water gradient facility for earliness, spikelet fertility, 
leaf discoloration, phenotypic acceptability, and short growth 
duration. Among the outstanding entries nominated to ob­
servational yield trials were IR9202-25-1-3, IR1 3155-60-3-1-1-3-

Cold tolerance screening of anther .. -in, 
culture-derived lines at seedling stage. , :, 
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2, IR13155-60-3-1-1-3-2-3-2, IR15889-113-3, IR18476-86-3-1, 
IR18476-86-3-3, IR18476-108-1, Ta-Sari-Bir-Co, YR1654-16-1­
2-4-B-2, and YR2404-15-4-9-3. 

Observational yield trial 
In the observational yield trial, highest yields were obtained 
from the indica/japonica varieties Pungsanbyeo (Iri 346) and 
Samgangbyeo (M,iyang 55). In the Korean rice production 
contest, Samgangbyeo yielded 10 t/ha. 

IR8866-30-3-1-4 gave top yields in 1983 and 1984 in Korea 
and Banaue, Philippines. IR5716-18-1, IR23325-R-R-B-7-3-1, 
and IR8866-30-3-1-4 should be useful in low temperature areas 
where intermediate plant height is preferred and nitrogen 
application is low. 

Plant type for high yield at different nitrogen levels 
We found that tall, lodging-susceptible varieties such as China 
988 and IR7167 performed well at low nitrogen levels. They 
have high 1,000-grain weight and relatively high harvest index 
at 75 kg N,'ha. Rices Manseokbyeo and Taebaekbyeo re­
sponded well at higher nitrogen applications. They have short 
stature and lodging resistance. 

Nutrient uptake and use at low temperatures 
We found that 20 days of low temperature durinlg vegetative 
stage greatly inhibited nitrogen, potassium, phosphorus, and 
silicon uptake. Even at heading, the effect of 18 C temperature 
treatment showed in lower dry weight and nutrient uptake. 

Screening for high temperature tolerance 
In some parts of Pakistan and northern India temperatures of 
35 C and above seriously reduce spikelet sterility and yield. 
Screening for high temperature tolerance has identified the 
following tolerant rices: Chianung sen yu 13 from China, 
IRAT127 and IRAT128 from Malagasy, SKL 17-67-11 and 
UPR251-101-2 from India, IR10198-66-2 and IR19746-28-2-2 
from IRRI, and Ghraiba from Iraq. 

INNOVATIVE BREEDING METHODS 

Wide hybridization 
Several Oryza species are highly pest resistant and tolerant of 
abiotic stresses. Although it is easy to transfer useful genes 
from some closely related wild species to cultivated rice, those 
species with nonhomologous genomes are extremely difficult 
to cross with cultivated rice. Even if F, hybrids are obtained, 
there is little pairing and recombination of chromosomes 
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Plawt; ola wild nIIc specles. a belonging to different genomes. In 1984, we began work to 
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two 
transler useful genes from 0. officinalis and 0. australiensis to 
0. sativa. 

Eighteen 0. officinalis and four 0. australiensis males were 
crossed with three brown planthopper susceptible 0. sativa 
females. Seed set ranged from 0.5 to 30%, but seeds were 
imperfectly developed and began aborting 14 days after 
pollination. Embryo development was normal but the endo­
sperm degenerated. 

The 14-day-old embryos were excised and cultured on 
growth medium. Embryo germination varied from 33 to 88% in 
different F, hybrids. Young seedlings were planted and 450 
hybrid plants grew. The F, plants were intermediate between 
parents in some respects but had many traits of the wild parent. 
They were generally robust and extremely vigorous, but male 
sterile. 

Most F, plants were diploid. However, five F, hybrids from a 
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cross of IR1529-680-3-2 and 0. officinalis were triploid. The 
diploid and triploid hybrids were backcrossed to cultivated 
parents. Seed set was 0-8% in diploids and 0.5-2% in triploids. 
Nevertheless, some well-tormed seeds germinated to produce 
healthy seedlings. Some of the backcross progenies, especially 
from triploids, are expected to have the full chromosome 
complement of cultivated rice and one or two alien chromo­
somes. 

The a;:en addition lines w;ll be screened for brown plant­
hor.per resistance, which will permit identification of 0. offi- I 
ciialis chromosomes that carry genes for planthopper resist­
ance. We will then try to transfer small chromosome segments 
with those genes to 0. sativa by radiation treatments. 

Physiological bases of heterosis in hybrid rice 
Yield and components at different spacings. In studies of yield 
and growth characteristics of F, hybrid rices, heterosis for grain 
yield was high at wide spacing because of many spikelets and 
high grain weight. Little heterosis was apparent in filled spikelet 
percentage and panicle number. 

Panicles were largest at close spacing and most abundant at 
wider spacing, always producing more spikelets than the 
parents. Based on average grain yield, optimum spacing may 
be between 20 >, 20 and 30 : 30 cm. 

Roots. F, hybrid roots produced more dry matter and were 
heavier than those of their parents. However, dry matter 
partitioning intc roots was less than for their parents. Per plant 
a-naphthylamine oxidation was higher for F, hybrids than for 
their parents. 

Population improvement 
Progress in breeding for traits that are under complex genetic 
control or are linked tr undesirable traits has been slow 
because standard breeding methods are limited by small 
population size and the low number of parents included in 
crosses. Population improvement can partially overcome such 
obstacles. 

In 1978, a genetic male sterile mutant of IR36 was developed 
by induced mutation. Sincethen we have used the IR36 mutant 
to develop random mating populations for specific breeding 
objectives such as high yield; improved grain quality; rainfed 
lowland adaptation; tolerance to drought, adverse soils, and 
submergence; and blast and stem borer resistance. 

After three generations of random intermating, the bulk 
populations are ready for selection. They can be handled as a 
composite cross by the modified bulk breeding method, orcan 
serve as a random mating population and source of desirable 
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traits. We have initiated recurrent selection programs in some 
populations to develop germplasm sources for national 

, programs. 

C'; - Shuttle breeding 
: For breeding objectives that involve conditions not present in 

' :-' Tthe Philippines, IRRI has used shuttle breeding in collaboration 
Ptm,4 " 	 with national programs. Crosses are made and F, hybrids are 

grown at IRRI, but F, populations are grown at a national 
breeding station. Local scientists and IRRI breeders make plant 
selections, and the resulting F, seeds are grown at IRRI for 

. off-season generation advance and screening. The resulting F4 

selections are returned to the national program where the 
process is repeated. 

Using shuttle breeding, we are working with the new China 
National Rice Research Institute at Hangzhou to develop short­

, duration varieties with disease and insect resistance, superior 
grain quality, and photoperiod insensitivity. 

It is difficult to breed higher yielding varieties for the rainfed 
lowland conditions in northeast Thailand because of the many 

24. Pedigree nurseries tor the Thailand- traits required for the drought and submergence prone area. 
IRRI Collabora iye Breedinq Project are Additionally, the necessity of photoperiod sensitivity limits to 
grown Under rainfed lowlan~d conditions 
growt derresearch loaton nins 	 one per year the generations grown at one location. Our shuttle 
at six rice research stations in northeastI 
Thailand 	 breeding program with the Thailand Rice Research Institute 

began in 1982. The F,, F.,, and F, generations are grown in 
northeast Thailand under lowland conditions (Fig. 24). By 
growing a December-seeded, off-season pedigree nursery at 
IRRI we have doubled the generations obtained per year. 

Anther culture 
In 1984 collaboration with the Office of Rural Development, 
Korea, we emphasized development of cold-tolerant lines 
through anther culture. Although not all the F, hybrids could be 
cultured, 4 of 13 crosses produced enough plants for cold 
tolerance studies. 

We screened 607 anther culture-derived lines from 5 crosses 
forcold tolerance at seedling stage. Twenty-two lines, including 
AC608-1 (Taipei 309/Tatsumi Mochi) and AC 1166 and AC 
116-4 (Tatsumi Mochi/BG90-2), exhibited strong cold tolerance 
characteristics. The 22 lines have been included in field screen­
ing for cold tolerance in Korea. 

We screened 48 entries from Tatsumi mochi/BGg0-2 for 
aluminum toxicity tolerance. Fifty percent were more tolerant 
than Tatsumi mochi, the most tolerant parent, and one line was 
more tolerant than the resistant check. In the reciprocal cross, 
five of six lines screened were more tolerant than Tatsumi 
mochi. 



36 IRRI HIGHLIGHTS ;984 

Isozyme studies of anther culture-derived lines confirmed 
that regenerated plants originate from pollen and not from 
maternal tissues. 

Replicated yield trials of promising anther culture-derived 
lines were conducted in Egypt and Korea. Of 6 'ime; from 4 F, 
crosses, 3 yielded higher than the mid-value of the parents, with 
1 line yielding almost 13% more han the parents. 

Somatic cell culture 
Reiho and Nona Bokra rices regenerated from long-term calli 
tl i were -1_1culurLJat week-intervals. Seed­1. times 4 
derived calli of Reiho and Norin 10 kept on salt-(,nriched 
medium for 30 months also produced plantlets. 

Three of 98 lines regenerated from 4 IR varieties were 
resistant to the Helminthosporium oryzae toxin. 

One hundred forty-four somatic culture-derived progenies 
of IR36 were evaluated for salt tolerance at seedling stage. 
Although three showed somaclonal variation for increased 
salinity tolerance, further tests for stability are needed. 

COMPUTERIZED DATA MANAGEMENT 

In 1984 there was a sharp increase in the volume of requests for 
Comuter use at IRRI continues to information retrieval from IRRI s,;ientists and collaborating 
sharply increase, national programs. The germplasm master file was converted 
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from sequential to random access io enhance the speed and 
flexibility of information retrieval and data processing, and the 
Interactive Germplasm Bank Information Retrieval System was 
made more user-friendly. 

We continued to update GEU data file , adding 4,147 
registered accessions of 0. sativa to the germplasm bank 
master file and 3,477 IR crosses to the history-of-crosses file. 
Data were updated on 18 GEU traits used for selecting 24,318 
early generation lines from 145,339 tested in 1984. 

We completed preparations for printing the Parentage of 
IRRI crosses IRI-IR50,O00. 

INTERNATIONAL. RICE TESTING PROGRAM 

The International Rice Testing Program (IRTP) promotes the 
efficient exchange and evaluation of elite rice germplasm. In 
1984, 24 international nurseries were composed, 13 of which 
were for target environments. A new nursery was composed to 
assess yield performance of upland rices with early and very 
early (115 day) duration for upland rainfed environments with 
short growing seasons. Eleven nurseries emphasized selection 
for disease and insect resistance, adverse soils tolerance, and 
low temperatures. The new International Rice Whitebacked 
Planthopper Nursery already has provided important informa­
tion on varying genotype response at different locations. 

Nursery results 
The 1983 nurseries included about 2,500 entries. Several new 
lines performed exceptionally well (Table 1), and many are 
being used in the breeding programs of cooperating nations. In 
1984, national programs released several IRTP entries, bringing 
the total released to 77. The entries originated from 15 countries 
and were released in 37 countries. 

Monitoring tours and workshops 
An international workshop on Rice Improvement in Eastern 
and Southern Africa assembled for the first time rice scientists 
from these countries as well as from IRRI and the International 
Institute of Tropical Agriculture. Methods for cooperation to 
solve common problems were developed. A monitoring tour of 
rice research and production in Zambia and Tanzania followed 
the workshop. 

A second monitoring tour covered rainfed lowland rice 
research at stations in eastern India and Bangladesh, and 10 
scientists evaluated IRTP germplasm and the national rice 
research programs in a team visit to Central America and 
northern South America. 
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Table 1. This list includes more than 200 rice cultivars that performed well In 
many sites in 1983 IRTP tests. Data from the tests were submitted by scientists 
at test sites and analyzed and summarized at IRRI. 

Nursery 


IRYN-VE (Very-Early) 


IRYN-E (Early) 

IRYN-M (Medium) 

IURYN (Upland) 

IRRSWYN (Shallow Water) 

IRON 

IRARON (Arid Region) 
(unlyone test. Sakha, Egypt) 

IURON (Upland) 

IRRSWON (Shallow Wateri 

IRDWON (Deepwater) 

IFRON (Floating Rice) 

ITPRON (Tidal-Prone Rice) 

Promising lines 
Yield - ihfigated 

* 	IR25924-51-2-3. UPR103-80-1-2, BG367-4, 
IR25588-7-3-1, IR50. IR25925-84-3-2, IR9729­
67-3 

* 	KAU1727, IR183,18-36-3-3. IR135,10-56-3­
2-1, C1322-28.1R21015-80-3-3-1-2 

* 	BG400-1, IR19672-140-2-3-2-2. IR21820­
154-3-2-2-3. IR28118-138-2-3. ITA212 

Yield - Rainfed 
* 	 UPL Ri-7.BR319-1,IR5931-110-1. UPL Ri-5, 

1R12721-24-3-1. IR43, iR6023-10-1-1. IR9782­
111-2-1-2. UPL .9i-3 

* 	 R19431-72-2, BR4 IR131,16-15-2-3. RP975­
109-2, Cisad:ine. IFl1(7811-75-3-2-2. R14632­
2-3, IR4819-77-3-2 

Observational - Irrigated 

e Chiannunc sen yu 26, IR18349-135-2-3-2-1, 
1R28128-45-2 C662083. IR28128-45-3-3-2, 
IR29692-65-2-3, I09698-116-3-3-2, Chianung 
s0- yu 13,I1 349-22-1-2-1-1. IR24632-145­
2-2-2-3. IR28154-101-3-2. IR18348-36-3-3, 
IR21015-80-3-3-1-2 

a GZ1028-4-2-2, GZ1077-24-1-2, GZ1077-7­
1-3, GZ948-2-2-1. GZ944-5-2-2, GZ951-7­
1-2, Reiho 

Observational- Rainted 
e Medium duration, intermediate'tall stature 

B2997C-TB-60-3-3, B3623G-TB-41, IR3646­
13-3-2, Salumpikit 

o Medium duration, short stature 
UPL Ri-7. C1019-1, IRAT140, IRAT13, 
C894-7, IR317925-"1 ' 

* 	Short duration. intermediate, tll B3619C­
TB-8-1 ­

e 	IR21567-18-3-1. IR21037-2-1-2E-P1, IR54, 
IR21567-18-3, RP975-109-2, IR4829-89-2. 
IR15853-89-7E-P3. IR21567-16-3. BR51­
282-8. IR10781-75-3-2-2, IR21836-90-3, 
1021056-9-P2 

a BKNFR76014-1-9-2. SPR7292-151-2-1-B-B, 

BKNFR76014-1-9-3, TCA180-4, DWCB-B­
715-1, RD19. IR11141-6-1-4 

9 Habiganj Aman II,HTAFR77043-2, Leb Mue 
Nahng Ill, HTAFR77068-2, HTA7426-5-0­
1-5, IR4935-K 103-0-2-0. SPRC72-357, 
SPR7233-44. SPR7228-7-1-2-1-0, SPR7282­
2-0-4-2. SPH7282-2-0-7, SPR7290-9-1-1-0 

9 BKN6986-1, BKN6986-108-2. B3333C-PN­
104-2-1-1, B3333d-163-3.Chato,ChatoAris­

tado. CNM539, 0N540, Mahsuri 
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Table 1 continued 

Nursery _ 

Temperature 
IRCTN (Cold) 

Heat Tolerance 

Problem Soils 
iRSATON 
(Salinity and Alkalinity) 

Acid Upland 

Acid Lowland 

Diseases
 
IRBN (Blast) 


IRBBN (Bacterial blight) 


IRTN (Tungro) 

(only one test - Indonesia) 


Insects 
IRBPHN (Brown 

Planthopper) 

IRWBPHN (Whitebacked 
Planthopper) 

IRSBN (Stem Borer) 

Rice Thrips 

Promising lines 

Stress Screenting 

* 	HPU5010-P1-21-2-13, China 1039, IR13155­
60P-3-1-2-1, K31-163-3 (Khudwani), IR22623­
R-R-4-2, RP1442-4-6-1-1, I1F24312-R-R-19-
3-B, Barkat (K78-13). IR9202-6-1-1, Wase­
toramochi 

9 Chianung sen yu 13, IRAT127, IRAT128, 
IR10198-66-2, IR-19746-28-2-2, IR50,SKL17­
67-11. UPR251-101-2 

e Salinity 
CSR4. C100, C2, C7 PNL5-30, PNL36­
184-3-2, IR14632-22-3. IR4630-22-2-17, 
IR4630-22-2-5-1 

* Azucena, ITA142, IRAT104, ITA235, ITA1 16 

e IR2153-26-3-5-2, IR2797-125-3-2-2-2. IR42. 
IR4227-109-1-3-3, IR44, IR5741-73-2-3, 
IR9129-136-2, Khao Dawk Mali 105, 
MRC1 72-9 

* Carreon, Tetep. Suweon 300. s5287, Ta­
poo-cho-z 

9 BR161-2B-59, IR13423-17-1-2-1, BR319-1-
HR38, IR18348-36-3-3, BR40-300-2-1, 
IR21820-154-3-2-2-3, BR51-282-8, IR21848­
65-3-2-2, Chianung sen yu 29,IR22082-41-2, 
Chianung sen yu 31, IR25840-64-1-3 

BR51-331-4-HR28, CNM539. Gain Pai 30­
12-15, IR13429-299-2-1-3, IR13524-21-2-3­
3-2-2, ARCC11554, IR19743-46-2-3-3-2, 
IR19774-23-2-2-1-3, IR21015-3-3-1-2, 
IR24637-38-2-2-1, IR25586-36-1-2, IR25586­
82-1-2, IR29, IR30. IR9209-48-3-2. IR9729­
67-3, Kachamota, Naria Bachi, RP1476-24­
3-1-4-1, TNAU658. TNAU9426-7, TKM9, 
UPR103-80-1-2. Utri Rajapan (Acc, 16684) 

* 	BG367-2, BG379-2. IR13427-40-2-3-3. 
IR19661-23-2-2, RP1756-121. IR27325-111­
2-1. Rathu Heenati, PTB-33. ARC6650 

* 	ASD8, IR17307-11-2-3-2, HAU2-165-3-3, 
IR17492-18-6-1-1-3-3, IR2035-117-3, ADR52, 
IR13458-117-2-3-2-3. PTB19, IR15529-253­
3-2-2-2, Rathu Heenati (Acc 11730), IR15795­
151-2-3-2-2, Sinna Sivappu (Acc 15444), 
IR15797-74-1-3-2 

e BPT1235. IR46, IR15314-43-2-3-3. IR46. 
IR29. IR17494-32-1-1-3-2. IR9288-B-B-52-1. 
IR9752-71-3-2, IR38. Tainurlg sen 12 

e Dudmorlia (white). Heenati 662, Duhunala 
2220, Kalubalawee (Acc 36264), Kaluwee 
715, Mudukirial 783 
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INTEGRATED GEU PROGRAM 

IRRI rices named insix countries 
In 1984, 6 national programs named 10 IRRI breeding lines as 
varieties. 

-IR930-67-2-2 is a high yielding line with long, slender 
grains. It was released in Bihar, India, as Sita. 

- R1347-45-2 is a short-duration variety with multiple pest
resistance, including resistance to all known brown
planthopper biotypes. It,."as released in Pondicherry and 
Tamil Nadu, India, as PY3. Its popular name is Bharathi­
dasan. 
IR2053-261-2-3 was named DR83 in Pakistan and released 
for general cultivation in Sind Province. It has excellent 
grain quality and can be planted late. 

- R2058-78-1-3-2-3 was released as IR46 in Indonesia. It 
has been released in Brazil, Cameioons, and the Philip­
pines. 

- IR8423-132-6-2-2 was released as CR203 in Vietnam for 
cultivation on the Red River Delta. 

- R13543-66 was released in Indonesia as Kelara. It has 
high yield potential and is resistant to all known brown 
planthopper biotypes. 

- IR13525-43-2-3-1-3-2 was released as IR62 by the Philip­
pine Seed Board. It matures in 115 to 120 days and has 
multiple pest resistance, including all known brown 
planthopper biotypes. It has excellent grain quality and 
high yield potential. 

- IR19746-11-3-3 was released as CN2 in Vietnam. It isvery
early maturing and grows well in intensive cropping 
systems. 

- IR21836-90-3 was named Hmawbi 2in Burma. Ithas long,
slender grains and high yield potential. 

- IR21841.-91-2-3-3 was named Hmawbi 3 in Burma. It isa 
long-duration variety with excellent grain quality. 

Upland rice 
Diallel crossing. We have made 5sets of 8 XK8diallel crosses to 
determine the dominance of plant characters important to
upland environmental conditions. F, seeds were sown in
lowland and upland conditions to compare their performance.
Promising medium-height, early maturing, high-tillering plants
with high per panicle grain potential were identified from the 
progeny of crosses from E425, Dular, N22 (A), IRAT10,
IRAT109, IAC1 132, ARC10372, MTU17, and Bateswar 2. 

Acid-upland screening. A new upland site at Caliraya,
Philippines, was found suitable for identifying varieties adapted 
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Evaluation of upland rice varieties andlines. 

Ji Vi.. 

to soils with low pH; low nitrogen, potassium, and phosphorus: 
and high aluminum saturation. Heavy leaffolder infestation 
revealed a wide variability in resistance, 

The first screening of 340 varieties and lines revealed the 
adaptability of aus varieties from Bangladesh and some varie­
ties from Thailand. Kinandang Patong was nighly adaptable 
and tolerant of leaffolder infestation, Moroberekan was highly 
adapted but susceptible to leaffolder. 

Adverse environments 
We continued our efforts to test rices developed for deep water 
and adverse soil conditions in farmer fields. Sites were selected 
for their location among farmers eager for improved rices for 
difficult environments and for the presence of an agency with a 
mandate for assisting triose farmers. 

Solana, Philippines. Wetested 1501ines in submergence and 
drought-prone farmer fields of Solana. Twenty lines were 
evaluatcd in farmer-managed yield trials. 

Iloilo, Philippines. We are working with the Philippine 
Ministry of Agriculture and the University of the Philippines at 
Iloilo on Panay Island to test breeding lines for salinity 
tolerance, zinc deficiency, iron toxicity, and flooding. 

We planted 1,026 lines in 5 salinity trials at 3 sites. About
one-third of the rices performed well. Of several hundred deep 
water rices planted in fishponds near Iloilo City, only two 
survived an unusually sudden flood in November 1984. 

Thailand. We exchanged several hundred breeding lines 
with the Rice Research Institute and the Department of Land 
Development of Thailand for testing in saline, phosphorus­
deficient environments. 
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OFMCE PEI VS
 

DISEASES 

Sheath blight control 
Sheath blight, caused by Rhizoctonia solani, is an important 
rice disease. Sclerotia are a primary source of inoculum. In 1983 
we found that fluorescent Pseudomonas and nonfluorescent 
bacteria isolated from R. solam reduced sclerotia viability and 
sheath blight infection. 

Further evaluations show that treating IR36 seed with the 
bacteria promotes plant growth and reduces disease incidence 
and severity (Fig. 1), even in a second crop, with untreated 
seeds, planted in the same soil Bacterial growth from plant 
prints on agar medium indicated that bacteria could establish 
themselves on the plant surface and inside the :eaf sheath after 
seed treatment (Fig. 2). The number of bacteria in soil planted 
with bacteria-treated seeds was higher than in that without. 

1. Sheath blight incidence and severity 
on IR36 wihen seeds were treated 
before sowing in R solani-ifesled soil 
Only the seds of the first crop were 
treated 

Incidence lM) 
100 

80 

Severity 10) 
100 

80 

* 
M 

R so/ani alone 
R solani+ In-b-150 
Rsolan+ln-b-151 
Psolni+ n-b-153 
R ola" +n-b-157 

0- 60 

40 40 

2. Plant prints of IR36 on agar medium 
indicate that fluorescent hacteria (eft) 
readily establish thernmelves on the 
plant surface after seed treatment 

i 

20-

. 

0 
IsI crop 2d crop 

20­

0 m 
1st crop 2d crop 
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Diagnosing virus diseases 
Symptom-based virus disease diagnosis is inconclusive and 
transmission testing takes 2-3 weeks. With our electron micro­
scope, we successfully diagnosed two tungro-associated 
viruses and raggedt stunt virus. The new serooiagnosis tech­
nique allows vwrus identification from leaf extracts in only 5 
minutes. 

We purified and developed antisera specific to rice tungro 
spherical virus (Fig. 3) and a new strain of grassy stunt virus. 
Enzyme-linked imnIunosorhent assay and immunosorbent 
electron microscopy detected tice viruses from pieces of fresh 
or dried diseased leaves. 

We started a Virus disease diagnosis service to test leaf 
samples for rice tungro spherical and bacilliform viruses, 
ragged stunt virus, and grassy stunt virus. Serodiagnosis is 
being used in virus disease epidemiology (Fig. 4)and resistance 
studies. 

Plans for international collaboration on tLingro virus were 
made during a workshop at Bhubaneswar, India. in October. 

Mycoplasma etiology of orange leaf 
We collected rice plants with orange leaf-like symptoms from 
six locations in the Philippines to identify vector transmission 
and disease agents. 

Recrlia dorsalis transmitted the disease agent petsistently 
from 13 to 33 days after exposure until the insect died. In 
addition to previously reported orange leaf symptoms, ragged 
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and twisted leaves also were observed. Infected seedlings died 
3-4 wecks after visible symptoms developed. 

We observed thin sections from infected leaves and found 
mycoplasma-like organisms in the sieve tubes. The organisms 
are bonded with a unit membrane and a pleomorphic 50-1100 
nm in diameter (Fig. 5). This indicated that mycoplasma-like 
organisms cause orange leaf. 

INSECTS 

Measuring insect populations 
We developed a sampling device for rice insect field popula­
tions (Fig. 6). A plastic or aluminum cone is placedover a hill of 
rice and charged with carbon dioxide from a small, portable
tank. The carbon dioxide anesthetizes insects and spiders,
which fall onto the water and are collected with a small strainer. 
As many insects can be collected with the cone sampler as with 
more complicated and expensive devices. Unlike suction-type 
samplers, the cone does not need electricity. 

Sequential sampling
In sequential sampling, insect counts are taken sequentially 
and the results of each sample determine if additional samples 
are needed. Sequential sampling is based on the mathematical 
distribution of insect pests and their predators, the economic 
threshold, and the level of risk that the farmer iswilling to take.
We developed sequential sampling tables for brown plant­
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7. Sequential sampling table for 

planthoppers and beneficial insects 
Cumulative noof hoppers 
300 

250C - No predators considered 

20 - Predatrs consi 

200-

Treat 

150 b c) 

too -6' 

1 50 -Don't treat 

C4 6 
Samples (not) 

8 1 

hopper pests and predators. The economic threshold for brown 
planthopper is 1 per tiller or 20 per hill. The risk level is 0.20, so 
we are 80% sure of making the right decision. 

Figure 7 shows how sampling points are accumulated to 
make a control decision, but a farmer would use a table to count 
and record planthopper and predator populations. For each
major predator (spider, beetle, waterbug) encountered, five 
hoppers are subtracted from the number of hoppers counted. 

Sequential sampling is the first system that takes into 
account beneficial insect populations when deciding to apply 

insecticides. It is simple and takes less time than more 
conventional methods because the sample size is flexible and 
determined by pest and predator populations. Small or large 
populations require few samples. An additional benefit is that 
farmers learn to recognize major predator species, such as 
spiders (Fig. 8). 

8.Lycosa pseudoannulata. an 
important spider predator of 
planthoppers and other insect pests. 

Green leafhopper behavior on tungro-infected rice plants
Tungro-infected rice plants have yellow leaves, slight stunting,
and low tillering; however, they survive until maturity, thus 

providing an inoculum source. In a choice test, yellow, tungro­
infected plants first attracted more green leafhopper adults 
than healthy green plants. After 24 hours, however, many 
leafhoppers had moved to healthy plants. 
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Food intake was less on infected plants than on healthy 
plants. Insect growth, longevity, fecundity, egg hatchability, 
and population increase also declined. Tungro-infected plants 
had significantly more free sugar than healthy plants but 
soluble protein was lower. The attractive qualities of infected 
plants plus their poor food quality encourages the spread of 
disease to healthy plants. 

Biological control of the black bug 
We are evaluating lungjus diseases and native and introduced 
parasites to control the black bug Scotinophara coarctata. The 
fungi attack the adult stage (Fig. 9) and the tiny wasp parasites

9. Adult black bug infected with fungus. are specific to black bug eggs. In Palawan, Philippines, we 
tested the parasites Telenomus triptus from Malaysia and 
Telenornus cyrus from Luzon, Philippines (Fig. 10). Field and 
laboratory studies will identify the most promising parasite. 
Fungi that have caused significant black bug mortality include 

Beauveria bassiana, Paecilomyces sp., and Metarrhizium ani­
sopliae (Fig. 11). 

Buprofezin for brown planthopper control 
Buprofezin (NNI-750) kills brown planthopper nymphs byinhibiting molting (Fig. 12), but does not otherwise affect adult 

10. Parasite Telenomius cyrus attacking planthoppers, their eggs, or natural enemies. One application
black bug eggs. of 0.125 kg ai buprofezin/ha usual;y suppresses brown plant­

hopper populations on susceptible rices. The planthopper 
11. Mordality of black bugs treated with
 
different fungi. 
 Block bugs (no/hill) 

t0 
....................
,,..,, ................. ' oto
 

-Control 

~~ P1/lcinus 

6 8 bossiona 

4 ----------------- -- --------­

2 ~ ~- onlsop/ioe 

12. Brown planthoppers treated vith 1 0 _1_1_1_ _
buprofezin do not molt (bottom), while o 1 2 3 4 
untreated insects molt as shown by Weeks after application 
cast-off skins (top). 
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population must be monitored so nymphs and not adults or 
eggs are present when buprofezin is applied. When mixed with 
insecticides such as cypermethrin, deltamethrin, peridrothrin, 
and phenthoate that cause brown planthopper resurgence, the 
mixture controlled all brown planthoppers and did not cause 
resurgence. 

Botanical insect controls 
In addition to neem, we evaluated the insect control potential of 
other tropical plants that are sources of nonedible oils. 

Feeding, growth, longevity, and fecundity of rice leafhoppers 
and planthoppers were significantly reduced on rice plants 
treated with seed oil or cake of chinaberryMelia azedarach and 
M. toosendan. Chinaberry is common in Asia. Custard apple 
Annona sp. seed oil, alone or with neem oil, reduced tungro 
virus transmission by green leafhopper. Spraying rice with seed 
oil of karanja Pongamia glabra, a common Indian tree, reduced 
feeding of brown planthopper females (Fig. 13) and caseworm 
larvae. 

To explore the potential of botanical pest control substances, 
we organized a research planning Workshop on Indigenous 
Plant Materials for Pest Control in collaboration with East-West 
Center, the University of the Philippines at Los Bahos, and the 
Philippine Council for Agriculture and Resources Research 
and Development. 

Applying neem cake to control tungro 
Tungro is caused by isometric rice tungro bacilliform and 
spherical virus particles that are transmitted by green leaf­

.13. Filter paper disks on which brown 
planthopper honeydew was collected 
when they fed on TN1 plants sprayed 
with karanja oil., 

121,KO 2, K 
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Seedling infection (%)hopper. In greenhouse tests, incorporating 9:-:150 kgC0 neemcake/ha in the soil reduced transmission of both virus particles 

(Fig 14). 

80 - RBV Neem oil disturbs brown planthopper mating 
Brown planthopper males and females communicate by
species-specific vibrations produced on rice plants. Males 

GORTSV make a croaking sound and sexually mature females on the 
same plant answer with a drumming sound. Applying 5 ,mg
neem oil/female planthopper alters the pattern of signals and 

40 ­ disrupts the mating process. 

Insect pest management
20 - RTBV-RTSS Yield loss trials on 80 rainfed and ir igated rice crops from 1976 

to 1983 showed significant yield losses in 50% of 337 farms. 
Based on average insecticide use, Philippine rice productiono 5 10 5 200 25N0r 0 could rermrain at current levels with half the insecticide now usedake (k/ha) if it were effectively applied. 

Insecticide should be applied only when pest populations14. Percent rfectoni,,th Vimrih ; aci hio rn . i'i l al l I ' ; h. ',t 
threaten losses greater than monitoring and application costs.i Vi ' 

paI tes i,, rNI i.r,,-,ihnc-rov.i i in s~oii Local trials should (uantify yield losses caused by major pestswith It i ; td temet cake and be used to develop efficient economic thresholds 
Treatments using economic thresholds to make insecticide 

application decisions were included in 1976-83 yield loss trials 
in seven Philippine provinces. Application decisions on 70% of 
the fields considered economic thresholds. About half of thedecisions were to control whorl maggot; 250, leaffolder: 10%,
rice bug and whitebacked planthopper and less than 5%,
yellow stern borer and caseworm. Planting resistant varieties 
controlled brown planthopper and green leafhopper.

We compared 5 years of yield loss records from 2 sites in 
Nueva Ecija and Pangasinan Provinces. With high pest in­
cidence, yield loss averaged 1 t/ha per crop. Greatest yield loss
(0.5-0.7 ./ha) occurred at vegetative stage. mainly from whorl 
maggot and early-season defoliators. Leaffolder, whitebacked 
planthopper, and yellow stem borer were commnon at repro­
ductive stage but infestations seldom reached economic thres­
holds. Yield loss was 0.2-0.3 t/ha. Yield loss caused by
leaffolder, yellow stem borer, atand rice bug was lowest 
ripening (0.1-0.2 t/ha). 

WEEDS 

An herbicide for broadcast-seeded rice 
In our evaluations of herbicides for broadcast-seeded, flooded 
rice, applying 0.3 kg ai BAS514/ha 6 days after seeding was
relatively safe, controlled weeds better, and gave significantly 
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higher IR58 grain yield than thiobencarb + 2,4-D. As more 
farmers in South and Southeast Asia change from transplant­
ing to broadcast-seeding, selective herbicides are becoming 
more important for weed control. 

DPX for annual and perennial weed control 
We compared herbicides for control of annual and perennial 
weeds of lowland rice. A granular formulation of DPX5384 at 
0.05 kg ai/ha applied soon after weeds emerged (6-8 days after 
seeding) gave excellent control of annual weeds such as 
Echinochloa spp. and Monochoria vaginalis and perennial 
Scirpus maritimus, was not toxic to rice, and significantly 
increased grain yield of broadcast-seeded, flooded IR36 
(Fig. 15). 

Herbicide formulations for applicators 
Controlled-drop herbicide applicators have a narrow droplet­
size spectrum. In the greenhouse, we tested 2,4-D herbicide 
formulations in birky (a low-volume pneumatic sprayer), 
micron-herbi (a battery-operated ultralow-volume disc 
sprayer), and conventional hydraulic knapsack sprayers. 2,4-D 
was applied as dimethylamine salt (amine), isobutyl ester, and 
isopropyl ester formulations. 

The isobutyl ester and isopropyl ester formulations were 
more effective than the amine when sprayed from the 
controlled-drop applicators. Different formulations did not 
affect the performance of the hydraulic knapsack sprayer. The 
isobutyl ester formulation performed best when applied by the 
micron-herbi. Isopropyl ester was best with the birky. Per­
formance of the amine formulation did not vary among 
sprayers. 

15. DPX5384 provided excellent control Grain yield i/hal Weed wt (g/m2 ) 
of annual weeds and perennial Scirpus 8 400 
maritimus and significantly increased Scirpus morihmusIR36 grain yield. 

Annual weeds (Echnochloc6 X 300-
spp and Monochfia vaglnahs ) 

4- 0 200 

84U 

0 I 
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In 1984 we continued research to identify more efficient 
irrigation technology and management practices for rice 
farmers. We emphasized studies to minimize the effects of 
excess water in wet season and to make water available to more 
farmers in dry season. 

Excess water 
Excess water in wet season reduces rice production in many
irrigation systems. Waterlogged soils may delay or prevent land 
preparation, and flooding or submergence may reduce yield or 
destroy the crop. In the Libmanan-Cabusao Pump Irrigation
System, collaborative research with the Philippine National 
Irrigation Administration indicated that yields in flood-affected 
areas, about 20% of the 3,500-ha system, do not significantly 
differ from those in adjacent rainfed areas (Fig. 1).

Drainage studies. In Bicol, Philippines, most flooding1. Yield on irrigaled flood-free, irrigaledflood-prone and rain fed farm.inn Iho. 
problems are associated with slow drainage after typhoons.

Libanan-CabiSao Pump Irrigation Drains are small and poorly maintained, most coastal fieldsSystem have low elevation, and many upstream fields are overirrigated. 

Yield (/ho)
 
6
 

Wet season Dry seoson 

5 Irrigated flood-free 

Irrigated flood-prone 

Rainfed 

3­

2 111 

981 1983 1984 1982 1983 1984 
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Better maintenance and management would reduce the flood­
prone area but would not eliminate the risk of flood damage. We 
are testing submergence-tolerant rices for such areas. 

The Bicol data provide a foundation for research to classify 
regional flood problems, evaluate the effects of drainage water 
quality on rice growth, and identify floodwater management 
requirements. We also hope to develop an effective combina­
tion of system design and management and flood-tolerant rices 
for Bicol and similar flood-prone areas. 

Overirrigation. We have continued to develop methodologies 
for suspending irrigation deliveries during wet season rainy 
periods. At Libmanan-Cabusao we found pumping should stop 
when rainfall reaches 8 mm/day. 

Rapid management response to rainfall alleviates down­
stream flooding and reduces pumping costs. In most systems 
studied, however, farmers prefer to depend on wet season 
irrigation water rather than use rainfall efficiently. We will 
continue to identify constraints to more effective rainfall 
utilization. 

Improving irrigation water access in dry season 
Dry season water shortages at the tail-end of irrigation systems 
limit rice production potential in many countries. We examined 
two ways to alleviate the problem. 

Improving land preparation schedules. Late lard preparation 
extends the irrigation season and contributes substantially to 
inefficient water use. In Bicol (Fig. 2) and Nueva Ecija, 

2. Rate of land preparation in the Average area plonted (ha)
 

Libmanan-Cabusao Pump Irrigation 250
 
System related to irrigation delivered at
 
the beginning of the main channel.
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Philippines, we found that technical rather than social or 
economic factors slowed land preparation.

If more water is distributed more efficiently when land 
preparation begins, irrigation seasons can be shortened, which 
benefits water use efficiency and reduces pest problems. Water 
demand should be reduced during land preparation. Evaluation 
of soil water requirements, developing low-water land prepara­
tion techniques, and improving water distribution early in each 
irrigation season usewill increase water efficiency and en­
courage synchronous planting.

Alternative cropping patterns. Where water is particularly 
scarce or expensive, irrigating dry season rice is less efficient 
than irrigating upland crops. Our work in Bangladesh and the 
Philippines shows significantly more area can be irrigated and 
that farmer incomes increase when low water use crnpping 
patterns are adopted. However, diverse dry season cropping
patterns cause organizational problems in allocating and 
distributing water. We are comparing the effect of soil type and 
soil-water regime on rice and upland crops to identify appro­
priate land preparation technology and modify farm-level water 
delivery infrastructures to avoid waterlogging sensitive upland 
crops. 

SOIL CHARACTERIZATION 

Soil tests can help teduce fertilizer applications. Data from 125 
experiments in 1984 show that applying 80 kg N/ha to soils with 
more than 0.2% total nitrogen rarely increased rice yields and 
tht-t yields without nitrogen, phosphorus, and potassium fer­
tilizer correlated highly with soil organic matter content (Fig. 1).
Organic carbon content is simple to measure, and can be 'jsed 
to determine nitrogen fertilizer requirements 

Applying fertilizer to soils with more than 5 ppm available 
phosphorus, 80 ppm potassium, and 1 ppm zinc is unlikely to 
improv3 yields up to about 5 t/ha, especially if nutriernt-efficient 
varieties are planted. 

In soil flooded with more than 50 cm of water for most of the 
season, yield was better with adequate phosphorus. Deep 
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1. Relationship of yield and soil organic 
carbon content in no-fertilizer plots in Grain yield (t/ha) 
farmers' fields in eight Philippine 
provinces. 
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water plants had less nitrogen, phosphorus, potassium, and 
magnesium than shallow water plants, although the chemical 
composition of the soils was almost identical. Soil nutrient 
losses were greatest in deep water. Applying fertilizer aggra­
vated deep water injuries. 

We have evidence that excess potassium and, perhaps, 
silicon in irrigation water harm rice. Some Philippine soils have 
very high natural levels of potassium. Adding more than 100 
meq K/kg of soil containing 0.7 meq exchangeable K/100 g 
depressed rice growth and yield. 

MANAGEMENT OF SOIL AND FERTILIZER NITROGEN 

Effect of water depth on pNH 3 
Using NH 3 vapor pressure (pNH:,), we evaluated nitrogen loss 
during fertilizer application at different water depths. 

When urea was broadcast and incorporated with 5 cm 
standing water, pNH3 was higher than when urea was broadcast 
on mud and incorporated (Fig. 2), suggesting that less vola­
tilization loss occurs if there is no standing water. 
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2. Equilibrium vapor pressure of NH 3 in 
floodwater as affected by water depth pNH3 (Pot 
during urea application Topdressing 030o 
data are the mean of two treatments. and corpo ad 

(58 gAlV/o) 	 With 5cm water025­ 02 Without water 
No fertilizer N 

= 0700-0800 h 
020 - - i 1300-1400h 

0.15 	 ropdressed oponicle In//ohlon
with 5cm wfer (29kg N/ha) 

0.10 

005­

1 2 3 4 5 1 2 3 4 5 
Days after application 

The farmer practice of topdressing equal amounts of urea 10 
days after transplanting and 10 days after panicle initiation 
caused high pNH, and therefore high NH, losses. At 5 cm, 
partial pressure was high for 3 days after topdressing, and 
highest 2 days after topdressing. Partial pressure was lower 10 
days after transplanting because the well-developed rice 
canopy minimized volatilization. 

Topdressing urea with 5 cm standing water caused higher 
pNH, than topdressing with 10- and 15-cm standing water but 
topdressing at 10 and 15 cm is less beneficial to the rice crop. 

Efficient nitrogen application with better water management 
Broadcasting and incorporating nitrogen fertilizer into mud 
increased IR58 yields 0.9 t/ha in dry season (Fig. 3) and 0.5 t/ha 
in wet season over incorporation with 5 cm standing water. 
Farmers commonly apply nitrogen in equal splits 10 days after 
transplanting and 10 days after panicle initiation. From many 
trials we have found that yields are better if two-thirds of the 
fertilizer is incorporated in mud and one-third is topdressed in 
5 cm standing water at panicle initiation. This technology now 
is part of the revised 16-step recommendations of the Philippine 
Masagana-99 Program. 

In another experiment, we evaluated the effect of water 
depths and fertilizer application methods on nitrogen use 
efficiency. Basal nitrogen incorporation without standing water 
and deep point placement immediately after transplanting 
produced similar grain yields. Proper fertilizer timing with good 
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3. Effect of water depth and nitrogen 
fertilizer (87 kg N/ha) application Grain yield (1/ha) 
method or" IR58 grain yield DT - days 7 
after transplanting, B&I broadcast 
and incorporated, DBPI days before 
panicle initiation. PU prilled Lrea, 

Farmers' split (2/3at 10DT+ 
1/3 at booting stage)

Researchers'split (2/3 881+ 
USG urea supergranuls. V3 at 5-7 DBPI) 

6 Hand placement . 

,4
 

Control I PU I USG 
0 5 10 0 2.5 5 0 

Water depth (cm) dpring basal fertilizer application 

water management may give the same benefits as deep point 
placement without the extra manufacturing and application 
costs. 

Nitrogen loss and utilization in a calcareous clay loam 
We used the 'INbalance technique to evaluate the effects of 
nitrogen source and application methods on nitrogen loss and 
utilization in a calcareous clay loam. Highest 'INrecovery by 
straw + grain was 78% with dry season (Fig. 4) deep point 
placement of urea supergranules. At harvest, only 5% of the 
applied nitrogen could not be accounted for. When prilled urea 
or ammonium sulfate was split-applied, more than 2 6% of the 
applied nitrogen was not recovered. Results showed that urea 
can be used as efficiently as ammonium sulfate, even in 
calcareous soil, if it is properly managed to minimize nitrogen 
losses. 

Nitrogen use efficiency in upland rice 
We evaluated different urea application methods in wet season 
under upland conditions in a farmer's field in Batangas, 
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4. Effect of different application
 
methods on 'N balance at harvest.
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Philippines. Soil was a Udic Argiustoll with pH 5.4, 2.04% 
organic matter, and 0.125% total nitrogen. 

Applying urea significantly increased yields over those of the 
Unfertilized control (Fig. 5). Yield was highest when urea was 

5. Effect of urea anplication (70 kg Grain yield (t/hal 
N/ha) methods on grain yield of two 30 
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6. Daily and cumulative nitrogen loss in Daily Nloss (/) Cumulative N loss (/) 
Upland rice after topdressing urea at 5-7 1.00 
days 	before pan/icle initiation (DBPI). //3opdressd 1/2 fopdrvssed 

& 5-?OBp/ t5-DP 
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applied in equal splits 30 days after seeding and 5-7 days before 
panicle initiation, but did not differ significantly from urea 
applied as two-thirds broadcast and incorporated and one­
third 5-7 days before panicle initiation. Applying urea in furrows 
and covering it with dry soil produced the lowest yields. 

Nitrogen volatilization, measured with an acid trap, was 
minimal (Fig. 6). Losses were lower with UPL Ri-5 than with 
IR43. 

BIOLOGICAL NITROGEN FIXATION 

Under natural conditions, many environmental factors limit 
nitrogen fixation by different organisms. We are working to 
develop technologies to overcome those limitations. 

Azolla 
Phosphorus deficiency and insect damage are major con­
straints to azolla use. Many Philippine rice growing areas have 
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N eni'alls N responsaos Nt sp. 

\* .
 

1 mm 0 10 mm 

7. Fifth-instar larvae of three caseworms less than the 0.1 ppm phosphorus in floodwater needed for 
that damage azolla. azolla growth. At IRRI, insects reduced azolla biomass produc­

tion by 20-80/o. 
Insect surveys in the Philippines, Thailand, and Indonesia 

identified caseworms Nymphula enixalis and N. responsalis 
(Fig. 7) and webworm Ephestiopsis vishnu as major azolla pests 
(Fig. 8). For azolla use to be expanded, we must develop 
inexpensive ways to supplement phosphorus and control 
insect damage. 

Blue-green algae 
8. Adult females of pyralid pests of We surveyed 61 wetland rice fields, mostly in the Philippines,
azolia. and found N.-fixing blue-green algae in all the soils (Fig. 9). 

t . 0 5 50-a, 
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CFU (no)/cm2of soil Greenhouse experiments with five soils showed that blue­
green algae introduced as a soil-based inoculum persisted in 

0 1 the soils, but did not produ-;e agronomically significant bio­
1 mass. Maximum nitrogen fixation occurred about 2 weeks after 

5 .; soils were flooded and was mainly due to the activity of 
-Mean *% indigenous strains. 

Mledian 8 . * On those soils, controlling invertebrates that feed on blue­
•g green algae (grazers) with crushed neem (Azadirachta indica) 

•• seeds encouraged N,,-fixing blooms of indigenous (four soils) 
4

0* or inoculated blue-green algae (one soil). 

6 A preliminary survey of invertebrate populations in Philippine 

R=o32 fields showed that blue-green algae grazers are always present, 
* •and each soil may have 70% of the recorded grazer species. 

Inexpensive grazer controls may encourage the growth of 
10 indigenous or inoculated blue-green algae. 

Blue-green algae technologies must be tested in many 
environments. To initiate collaboration with national programs 
on algal biotechnology, we sent questionnaires to scientists 

2 working on blue-green algae. Of the 177 responses received, 
4 

0 

5 6 7 8 9 almost half were interested in the management of blue-green 
Soil pH algae to increase soil fertility and rice yields. 

9. Contrary to indications of previous 
studies in several countries, we found Bacterial N2 fixation 
that N,fixing blue-green algae are We improved and applied simple acetylene reducing activity 
present in all the Philippine rice soils we 
analyzed. Additionally, there is a (ARA) and N dilution techniques to screen rice varieties for 
correlation between soil pH and blue- N,-fixing ability. ARA assays can be used for large samples and 
green algae abundance, quick assays. Root and ba,al shoots (5 cm) of a hill of rice are 

cnclosed in a plastic bag and ARA is measured for6 hours in the 
dark, which reduces measurement variability. 

In general, the longer the growth duration of a variety, the 
higher the ARA at heading. ARA is highly correlated with plant 
growth parameters; root, shoot, and total dry matter; and total 
plant nitrogen, particularly in dry season. 

We used the 'IN dilution technique to identify rices that are 
highly dependent on atmospheric N,. Labelled ammonium 
nitrogen was added to flooded soil in concretetanks and one or 
two crops were grown to stabilize the "INbefore testing. In 
some trials, rices such as IR42 and Hua-chou-chi-mo-mor, 
which have high nitrogen stimulating ability, had low 'IN grain 
content, showing that much of the nitrogen was derived from 
the atmosphere, not the soil. However, 'INcontent varied by 
less than 25% between varieties. 

MANAGEMENT OF ORGANIC MANURES 

Organic matter plays an essential role in soil fertility and 
organic amendments can be important substitutes for chemical 
fertilizer. 
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Equivo~cnt amount Organic carbon Organic matter decomposition
of ricestr1wt/hal input(f/ha) We used straw decomposition studies with C-labelled rice 

12,i-,,,
a)50,1a / straw in rice fields at Los Bathos to establish a linear functionlinearfun/ction
 

1o caI (/~o)''m , seasonal of residues and soilcon /"° between incorporation rice
TB46 / carbon content (Fig. 10). In a dry fallow ­ rice - rice cropping 

/ system, 4 t rice residue/ha must be added to maintain or
8 / achieve 1% soil carbon content, an undesirably low level. More 

than 4 t is needed to establish a satisfactory level. 
6- Most nutrients from added residues take months or years to 

2 recycle, and recycling time is relatively independent of water
/ - regime. Decades are needed for measureable changes of soil 

/ organic matter content in a dry fallow - rice - rice cropping 
I system.

2- ,/ Lengthening moist aerobic periods enhances mineralization 

of soil organic matter, and permanent submergenc - con­
0 05 10 15 20 25 30 siderably conserves soil organic matter. Substantial research is 

Soil carbon lo) needed to understand the long-term effectp of intermittent 
10. Derived relationship of seasonal flooding on nutrient recycling from organic residues. 
straw amendments and soil carbon 
content in tropical lowland soils (tv Straw incorporation
anUal rice crops and dy fallow) A 7-year experiment showed that straw and water may be 

partial substitutes for nitrogen fertilizer. Incorporating 5 t 
straw/ha followed by flood fallowing bet-,een crops increased 
soil nitrogen content of the Maahas clay at Los Bahos from 
0.163 to O.203% and rice yield 0.5 t/ha per season, the equivalent 
of applying 25-50 kg N/ha per season. 

MANAGEMENT OF OTHER NUIl IENTS 

Sulfur status of some Philippine soils 
We analyzed Philippine rice soils from 99 sites in 12 Luzon 
provinces for total sulfur, sulfate-sulfur, and other chemical 
properties. 

Phosphate extractable sulfate ranged from 0 to 1274 ppm. 
Based on total sulfur and sulfate-sulfur contents, the soils were 
placed in five categories (Fig. 11). Sites from Cagayan, Isabela, 
and Tarlac are potentially sulfur deficient. 

INTERNATIONAL NETWORK ON SOIL FERTILITY AND FERTILIZER 

EVALUATION FOR RICE 

In response to increasing emphasis on adverse environments, 
the INSFFER program has added three collaborative trials to 
evaluate soil fertility and fertilizer management in upland rice 
soils. 

In 1984, INSFFER organized a workshop and field visits to 
establish procedures for characterizing wetlands so trial results 
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11. Sulfur status of some rice soils in 
Luzon, Philippines, 
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can be effectively extrapolated in similar sites, which will allow 
INSFFER trials to be effectively translated to other locations 
(Fig. 12). Among the par icipants were cooperating INSFFER 
scientists and pedologists of the Soil Management Support 
Services of the United States Department of Ar,riculture. 

TILLAGE AND MANAGEMENT OF SOIL PHYSICAL CONDITIONS 

Land preparation for lowland rice 
We evaluated the effects of different land preparation methods 
on grain yields of transplanted IR36. Fields differed in texture, 
clay mineralogy, percolation and seepage losses, and water 
tables. Land preparation methods were zero tillage, minimum 
tillage, shallow puddling, and conventional pudding. 
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12. Participants on a soils 

characteization tour following the 
wetland soils workshop. 

Minimum tillage and conventional puddling gave the same 
yield in a clay soil dominated by X-ray amorphous alumino­
silicates and montmorillonite-like clay minerals, with 47% 
shrinkage, -15 mm daily percolation and seepage losses, and 
0-20 cm water table (Fig. 13). 

Conventional puddling was best in a clay loaml dominated by
X-ray amorphous alumino-silicates and halloysite-like clay 
minerals, with 25% shrinkage, .80mm daily percolation and 
seepage losses, and .150 cm water table. In both soils, grain 
yields were lowest with zero tillage. 

In easily dispersible clays with low permeability, minimum, 
but not zero, tillage may be an alternative to capital- and 
energy-intensive puddling. 

13. Effect of land prepura:ion methods Grain yield It/ho) 
on IR36 grain yield in two soils at IRRI 6 
r, 
zero tillage. T., miniMum tillage. Cloy (2.9% OM) loom (2.2%OM.)Clo), 

T_ - shallow puddling. T,
 
conventional puddling 5 .(5%) 
 ILSD 

%(5)) 

4 

3 -1 

2 T 

T1 T2 T3 T4 T1 T2 T3 T4 
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Grain yield (g/pot) 
500 
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14. Effect of percolation rates on IR36 Percolation rates 
yrOed in soils wti different organic We studied the effect of different percolation rates on IR36 
matter .O M I P no percolation, P 

10 nini percolation d. P 20 rnm d grain yield in silty clay loam to silty clay soils with 12-10.5'o 
Pi -10 miin d organic matter. Percolation rates were 0, 10, 20, or 40 mm/day. 

Higher percolation rates increased grain yields in soils with 5.1 
and 10.5% organic matter, but not in soil with 1.2% organic 
matter (Fig. 14). This indicates that optimum tillage and 
puddling methods vary for soils with different organic matter 
contents, and that organic matter amendments may not be 
appropriate in soils with limi',ed percolation. 

Rice environments 
We refined our classification of Asian rainfed rice growing 
areas and delineated 10 major ecosystems based on growing 
season, water balance, and soil fertility. Ourevolving classifica­
tion methodology significantly improves the identification and 
description of environments for targeting rice improvement 
strategies. 
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Upland rice. The dominant upland rice ecosystem in South­
east Asia has a long (more than 5 months) growing season, 
favorable water balance, and infertile, acidic soils (Fig. 1). We 
are working to develcp productive rices for those conditions. 

L,% \ In South Asia, nost upland rice areas have a relatively short, 
drought-prone growing season. Varieties must be very early 
maturing and drought tolerant. 

Shallow rainfed lowland rice. Shallow rainfed rice is planted 

[4% 
-6% on more than 30 million ha in South and Southeast Asia. Thelargest ecosystem, 6.6 million ha, has a long growing season, 

favorable water balance, and fertile soils. Additionally, there are 
ur groong several important rainfed ecosystems with adequate moisture 

AreclosCed:, 3milionho or fertility. 
Kirin, bab"We classified soil constraints to determine their extent andr,,,orebe 	 relative importance in Asian shallow rainfed lowlands. About 

r - O rught-oron e 
Sol fdl,,y 55%of shallow rainfed rice in South Asia and 74% in Southeast,,i Fertile 	 Asia are affected by adverse soils (Fig. 2). Low cation exchange

capacity limits production on 7.7 million ha, high phosphorus 
fixation on 5.3 million ha, and salinity on 1.2 million ha. Smaller1. Cornparat'te distribution of upland areas have acid sulfate soils (0.5 million ha), high organic

rice areas by major environments in 
South and Southeast Asia matter (0.3 million ha), and natric soils (0.1 million ha). 

Agrohydrology of upland rice 
When upland rice ib grown on a gently sloping toposequence 
growth and yield may depend on its position up the hill. Growth2. Comparative distribution of shallow differences may reflect variations in depth to and uptake of 

rainfed rice areas by soil fertility
 
constraints in South and Southeast groundwater, moisture-related differences in nutrient uptake,

Asia. CEC - cation exchange capacity. or varying soil properties associated with slope position.
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3. Layout of an experiment to determine 
upland rice growth differences on a 
gently sloping topcsequence The 
wooden barriers restrict soil and 
nutrient movement. 

In 1984 wet season we grew dry-seeded IR36 in four 80 X 11 
m strips on a 2% incline in an upland field. The strips were 
crossed (Fig. 3) by a series of wooden barriers (terraces) to 
restrict aboveground downslope flow of soil and nutrients 
during heavy rainfall. Soil and crop variables were measured 
daily or weekly in 10 sections of each strip. 

In 1984, June to September had 10% less rainfall but 10% 
more rainy days than the long-term average. Water tables were 
deeper than nornial, averaging 1.1 m on the upper half and 
0.9-1.1 m on the lower half of the toposequence. Rice yield 
probably was only slightly influenced by groundwater uptake, 
and was not affected by hillslope position or terracing. 

Surface soil remained wet during most of the growing 
season because rain fell on more than two-thirds of the days, 
and water stress did not affect rice growth and yield. However, 
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4. Grain yield (Y)of upland IR36 in 1984 
wet season as affected by weed fresh
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topsoil wetness delayed weeding and promoted weed growth, 
which reduced grain yield (Fig. 4). 

Based on 1984 and previous experiments, we concluded 
that, in years when the uppersoil horizons dry, growth and yield
of wet season upland rice may be greater at lower hillslope 
elevations because of groundwater uptake and nutrient migra­
tion. When surface soil remains moist, effects are less consistent 
and soil hydrological effects on rice growth must be interpreted 
using a deterministic simulation model of rice growth and yield. 

© ( N0@1 MnZ
3=) N=r
 

Broadcast-seeded flooded rice 
From 1974 to 1983 farm level constraints research emphasized 
transplanted rice. In 1984 we changed our focus to broadcast­
seeded flooded rice because many farmers in Malaysia, the 
Philippines, and Thailand are broadcast-seeding on puddled
fields. In 1984 dry season, we conducted farm-level trials in 
Nueva Ecija and Bulacan in Central Luzon, Philippines, where 
more than 70% of rice is broadcast-seeded. 

Farmers' seeding rates were high: 185-275 kg seed/ha in 
Nueva Ecija and 140-230 kg/ha in Bulacan compared with a test 
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1. Poor weed control followed by insect 
pest control were major constraints to Grainyield (/ha) 

yield of broadcast-seeded rice at Nueva Farrersinpuis 
Ecija and Bulacan Improved weed rHigh inputs 

control 	(lightly incorporating t kg ai Insect 
6("ontrolbutachlor/ha 3 days before seeding) 

accounted for 60/0 of the yield gap in 
Nueva Ecija and 84% in Bulacan. 

Weed 
control(60%) 	 84% 

Farms (no).4 Farms (no,): 2 
Yieldgap lOt/ha Yield gap: 12 t/ho 

Nueva Ecija 	 Bulacan 

Yield5t/ho) 	 rate of 100kg seed/ha. Yield gap between farmer and researcher
5 

inputs was 1.0 t/ha in Nueva Ecija and 1.2 t/ha in Bulacan 
(Fig. 1). Poor weed control was a major economically recover­

4 - IR42 _ 	 able yield constt aint at both sites. Farmers could substantially 
increase grain yeld of broadcast-seeded rice with effective 
herbicide application for weed control, and good water and 

3 /fertilizer 	 management. 
-1R36 

Fertilizer use and risk on rainfed rice 
2 It often is argued that the full potential of fertilizer-responsive 

modern varieties has not been realized in shallow rainfed 
environments. In those environments, unpredictable rainfall, 
typhoons, and pests cause fertilizer response to vary each year, 
and farmers may apply suboptimal fertilizer rates because they 

c ____ __ risk losing their investment. 
We used a random coefficient model to estimate the vari­

400 	 ability over time of IR36 and IR42 response to nitrogen. In the 

model, nitrogen response varies each year. 
The model was applied to 5 years of nitrogen response 

300 experiments at an IRRI rainfed site (Fig. 2a). Maximum yield 
was at 96 kg N/ha. The marginal product at 60 kg N/ha was 

20 11 kg grain:1 kq nitrogen, which is reasonable for these 
200 	 conditions. IR42 yielded about 1 t higher than IR36. The profit 

maximizing nitrogen rate was 42 kg N/ha with farmer prices. 
Profit variance increased with nitrogen application at a declin­
ing rate, peaking at 71 kg N/ha (Fig. 2b). 

A decision-making model combined measures of farmer risk 
_____ _ aversion with the estimated profit distribution. It predicted that30 60O 120 moderately risk-averse farmers would apply 32-35 kg N/ha,Nitrogen (kg/ho390 

which is 7-10 kg less than the profit maximizing rate. These 
2. a) Mean nitrogen response of rainfed results, consistent with other analyses, imply that risk con-
IR36 and 1R42. b) Profit variation for I 

rainfed rice as affected by nitrogen J siderations may not substantially affect fertilizer use in shallow 
application. I rainfed environments. 
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Changing comparative advantage 
We measured the contribution of technological change to 
increasing the comparative advantage of Philippine rice pro­
duction. Profitability of producing rice was estimated using 
social prices, which indicate long-run opportunity costs. 
Government policies or market imperfections can cause social 
prices and private prices that farmers pay to differ. 

The social profitability of Philippine rice production in­
creased between 1966 and 1982. Techrinlogical change con­
tributed to about half the increased social profits. The effect of 
technological change became apparent after second genera­
tion modern rice varieties were introduced in the middle 1970s. 
They have insect and disease resistance, which encourages 
sustained yield growth. 

Grain quality preferences 
We studied consumer demand for grain quality. Different 
grades of rice were collected from major urban market, i the 
Philippines, Thailand, and Indonesia and analyzed at IRRI. The 
characteristics used to determine quality in breeding programs 
explained 60-90% of rice price variations in the three countries. 

Consumers preferred whiter (more polished) rices with few 
broken grains, making milling quality a very important deter­
minant of price. Head rice recovery is an inherited trait, 
thereiore, it can be improved. For example, IR20, introduced in 
1970, has nearly twice the potential head rice recovery of IR5 
and IR8. 

Amylose determines cooked texture and is the most impor­
tant chemical characteristic of rice. More amylose gives rice a 
harder texture, and consumers prefer soft-textured rice. Most 
IRRI modern varieties have high amylose. Samples collected 
from the Philippines were mostly IRvarieties with high average 
amylose content (28%). In the Philippines, consumers place a 
high value on lower aniyluse content. In Indonesia and Thai­
land, almost all samp'es had the preferred intermediate amylose 
content (20-25%/) and consumers did not place any significant 
value on further reductions. 
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1. Changes in the composition of labor 
used in harvesting and threshing rice in 1 CL ndless 
Central Luzon. Philippines. 15-.o M Child of landless 

Mte I 31-50 Smial farmer 
- rI d'A F1 >50 [D Child of small former 

in 82 47% 

L64% 56%4% 

Sex Age levels 	 Type 

The national rice breeding program in Indonesia has dev­
eloped several modern rices with intermediate amylose. Many 
of the Indonesia market samples we collected were locally 
developed modern varieties with intermediate amylose. 

Other grain quality requirements varied among countries. 
There is considerable scope for international and national rice 
breeding programs to adapt modern rice varieties to local tastes 
and preferences. 

Small farm mechanization and labor 
No. 	 In Central Luzon, Philippines, mechanical threshing results in 

less work for landless harvester-threshers than traditional 
42 - mecha,,, atan 	 techniques. Manual operations are now limited to cutting and 
36 -	 hauling rice to a threshing area. Threshing and cleaning are 

mechanized. 
30 Almost 100% hired labor is used for harvesting and threshing. 

Aftr Mechanical threshing has reduced labor requirements from 34 
24to 18.5 labor ays/ha (Fig. 1) and the workers needed, from 39 

to 21.6/ha. Most savings were in threshing, although mechani­
zation also reduced labor necessary for harvesting and hauling.

12 -Labor force composition changed when the axial-flow 

6 - thresher was introduced (Fig. 2). Traditionally, more than 80% 
of the workers were male and less than 1%were younger than 

0 Totol labor doys Workerns 15. Now, 36% versus 18% of the labor force are women, and the 
2. Changes in total labor days and 	 number of laborers under 30 years old have significantly 
number of workers for harvestir, g ant increased. Participation of landless workers and their families 
threshing has not changed. 
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Consequences of cropping systems and irrigation technology 
We studied the macro effects on the rural economy of new 
cropping systems technology and irrigation in Oton and 
Tigbauan, Philippines. 

New technology and irrigation increased the average annual 
growth of aggregate output to 9%and income to 6% Employ­
ment grew more than population despite rapid fai m mechaniza­
tion. Income distribution changed to favor nonagricifltural 
households and farm households with irrigated land. In general, 
rural income distribution did not improve. 

New technology and irrigation strengthened the production 
and value-added linkages of the economy and weakened the 
import linkage. Agricultural employment linkages declined 
substantially and the production structure shifted from agri­
cultural intradependence to agricultural and nonagricultural 
interdependence. 

Technology and infrastructure changes generated 23% of 
output and 14% of income in 1979-80 and employment in­
creased 15%. The multiplier effects were so strong that 
indirectly generated agricultural outputs became almost equal. 
New cropping systems technology had about twice the produc­
tion impact of irrigation, bat irrigation generated the most 
employment. 

Direct income effects were strongest on irrigated and 
partially irrigated farms, followed by those on rainfed lowland 
farms. The income multiplier effects largely benefited non­
agricultural households. Equity was adversely affected and the 
conflicts between growth and equity remain to be solved. 

ANALYSIS OF THE PHYSICAL AND BIOLOGICAL ENVIRONMENT 

En, ironmental and social analyses are integral parts of farming 
systems research. Landform classification, long-term weather 
data, and simple social observations often provide a base on 
which to initiate a project. Refining those data during the 
project help fine-tune research objectives. 

In the Cagayan River Basin of the Philippines we began by 
developing a land classification system and mapping major 
landforms in the project area. There are five landforms ­
alluvial terrace, recent river terrace, interfluve, interhill mini­
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Recent river terrace- Interhill rniniplain---

Alluvial terrace 

SInterfluve --­& \\, ,' -' . ...-- --Alluvial fan 

'" River
 

" " . - .- Active flood plain
 

1. Landform units in the Cagayan plain, and alluvial fan (Fig. 1). The alluvial terrace is the largest 

Valley and has the most adverse environment. Wet season throughout 

the area lasts 7 months, with intense periods of rainfall from 
June to November. 

Ricelands on the alluvial terrace are drought- and flood­
prone and few farmers plant modern rice varieties (Fig. 2). Most 
constraints to modern variety adoption derive from the 
extremely variable water regime. Drought and floods largely 
determine the timeliness of field operations and crop develop­
ment and yield. 

Although severe drought in 1983-84 caused low yields, crop­
cut data from farmer cooperatcrs' fields on each landform 
properly represent the relative productivities of the landforms 
and yield differences between modern and traditional varieties. 

Largely because of the environment, we found there was 
little probability of modern variety adoption on unfavorable 
landforms, even with frequent extension worker contacts. On 
the more favorable alluvial fan, significant adoption occurred 
without extension contact. OUr analysis showed that extension 
workers had the most effect on the interhill miniplain. which has 
an intermediate environment. 
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2. In the Cagayan Valley, modern 
variety adoption has been high on Moaen variety owpton V-Y,
alluvial fan (AF) but almost nil on the - e o- on -- -­ __/__alluvial terrace (AT) IMP interhill 
miniplain, IF interfluve, RRT recent Iriver terrace. I-

'dO 
%AF 
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Modern rices can perform better than traditional, long­
duration, low yielding varieties on the alluvial fan and interhill 
miniplain. Planting modern varieties will increase farmer 
options for crops grown before and after rice. 

ANALYSIS OF CHANGES IN THE SOCIAL AND ECONOMIC 

ENVIRONMENT 

Modern technology adoption
From 1975 until 1980, IRRI conducted on-farm cropping 
systems research at the municipalities of Oton and Tigbauan in
Iloilo, Philippines. During that time, an irrigation system that 
services part of the area was constructed, modern rice varieties 
were adopted, and cropping patterns intensified. 

We observed distinct differences in acceptance of modern
agricultural technology in the municipalities. We compared the 
neighboring villages of Cordova Norte and Sipitan in Tigbauan
to identify conditions of farmer adoption and consequences of 
modernization. 

At Cordova Norte, almost all farmers grew modern rice
varieties in 1984-85. At Sipitan, 52% of the cultivators planted
modern varieties, 36% grew traditional varieties, and 12% g-ew
both. At Cordova Norte, 45% of the farmers grew more than 1
rice crop that year; at Sipitan 23 %grew more than 1 crop.

Different modern variety adoption is partially explained by
dissimilarities in water control. At Gordova Norte, 33% of the 
farmers have irrigated land and 7%have partly irrigated fields. 
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At Sipitan, all land is rairfed; therefore, short-dluration varieties 
are valued. Modern varieties, however, are not as popular as in 
Cordova Norte, where they are appreciated for high yield and 
good performance. 

Dependence on local middlemen. Partly because of atti­
tudinal and adoption differences and partly because of the 
marked contrast in accessibility between the two communities, 
we expected Cordova Norte farmers to participate more 
directly in markets outside their village than farmers from 
Sipitan, especially because more Cordova Norte farmers (56%) 
sell rice than Sipitan farmers (32%). 

Our expectations were correct for fertilizer purchases. Sig­
nificantly more Sipitan farmers bought fertikzer from local 
middlemen than did those from Cordova Norte. Rice sales did 
not confirn our expectations. All but one Cordova Norte farmer 
sold rice locally, even though outside markets are easily 
reached by tricycle, jeepney, and truck. At Sipitan, which is 
accessible only by a narrow track, more farmers sold rice 
outside the village. 

In both communities, all farmers who sold rice outside had 
relatively larger farms and said they earned greater profits 
outside, Farmers who sold locally said they did so to avoid 
transportation costs and that middlemen were easy to sell to 
and gave prompt payment. Although most sellers to middlemen 
were small farms, about 3 0% had medium or large farms. Most 
farmers lacked or did not use a business network to sell on 
outside markets. 

Changing labor opportunities for women 
Work opportunities for women are at risk during transplanting 
and harvesting. The amount of transplanted rice is decreasing 

Burmese women harvesting rice. 
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because farmers wet seed modern rices. Because both sexes 
do transplanting, labor reduction caused by the shift affects 
both men and women. 

We expected sex discrimination at harvesting because 
farmers tend to prefer hiring men rather than men and women. 
Male laborers are appreciated because they are allegedly 
stronger and faster than women. We found that the threat to job 
opportunities for women was not related to modern rices, but to 
mechanization. We could establish no statistical relation 
between modern rice cultivation and mechanization in Cordova 
Norte and Sipitan. We intand to identify conditions under which 
changes that are negative for women can be avoided. 

PEST CONTROL IN RICE-BASED CROPPING SYSTEMS 

Crop intensification increases insect pests
The availability of photoperiod-insensitive, early-maturing 
modern rices has encouraged farmers to plant second, irrigated 
dry season crops. Insect populations have increased with 
cropping intensifica',or: 

At IRRI, we have me.sUred insect abundance since 1965. 
Light trap catches reflect insect populations on surrounding 
farms where improved irrigetion in 1967-68 allowed farmers to 
plant a second dry season rice crop. Yellow stem borer catches 
are an example of the typical increase and reestablishment of 
new equilibrium populations of insect pests in response to crop 
intensification. 

Insect carryover fi om wet to wet season, rather than popula­
tion buildup within wet seasons, probably causes the higher 
pest numbers found with double cropping. After 1971, wet 
season populations decreased in the irrigated fields adjacent to 
the IRRI farm, probably because of a delayed buildup of natural 
enemies. Yellow stem borer peaks in dry season were highly 
correlated with the population in the following wet season,
indicating the role of the dry season carryover. 

Planting more area to rice and widely varying planting dates 
also increase insect pest numbers, particularly i nonresistant 
rices are grown. The least disruptive way to decrease insect 
problems and produce more food is to grow only two rice crops 
per year, plant only resistant varieties, and add nonrice crops to 
the system. A diversified cropping pattern would break the rice 
cycle and reduce pests. Populations decline further if rice crops 
ar') planted synchronously among contiguous farms. 

Effect of mycorrhizae on upland crop diseases 
Mycorrhizae, or fungus-root associations, exist in most soil­
plant systems. They oft,"n provide plants with soil-derived 
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nutrients and can alleviate root disorders. Mycorrhizal fungi 
also decrease infection by plant pathogens. 

. , There are diverse plant-fungi interactions in rice-based 
cropping systems that include upland crops such as maize, 
mungbean, peanut, and cowpea (Fig. 3). We studied the 
ecology of rnycorrhizal fungi and their relationship with asso­
ciated crops to determine their proper management. Our 
evaluation sought to determine the nature and extent of 
rnycorrhizal formation in various crops and the relative effects 

3. MycorrIzal ftitnqs .SSOCite( with 
on Upland rice root of specific nycorrhizal associations,particularly on major plant 

diseases in the cropping system. 
A sirvey of Philippine soils from Manaoag, Pangasinan; 

Guimnba, Nueva Ecija: Claveria, Misamis Oriental: arid IRRi that 
had different cropping histories showed that lowland rice fields 
have spores of vesicular-arbuscular mycorrhizal fungi, but that 
they occur less frequently than in upland soils. Glomus, 
Gigaspora, and Sclerocystis species were found in all samples 
but their populatic'ns varied. 

ON-FARM CROPPING SYSTEMS RESEARCH 

In 1984 we initiated a cropping systems research site in Nueva 
Ecija, hhilippines. Irrigation water at Nueva Ecija is limited and 
pumping is expensive. Our goal is to identify the most profitable 
use of water and to intensify cropping by emphasizing efficient 
water a[ocation and distribution. We are cooperating with the 
Philippine Ministry of AgricLiltijre and Food, the National 

Irrigation Administration. and the Farmers Irrigation Associa­
tion. 

High water losses in Nueva Ecija adversely affect dry season 
rice cultivation but favor upland crops. Figure 4 shows the rice 
sequences farmers now cultivate on upper and lower fields. If 
irrigation water is available and farmers can perform necessary 
cultural operations, three annual crops are possible at both 
terrain positions. 

4. Aiterriative cropping patterns for 
partially i rigated land iinNieva Ecitl Current croppinrgxmerns 
Linrod is lowei-lyinq thar tiurod and M J J A S 0 N D J F M A M 
easier to irric ate early in dry season I I I I I 

4
Water now distrihut'd to 2u of the 

TurodRicelond for rce imist ho fistrihod over 

the entrei ournrmii(i Orno to ri igate 
Rice Rice / Lungodtipland crops 

Alternative croppul'paterns 

Rice Moize legrynes /Groin Turod 

Rice Rice Groin legumes ,' Lungod 
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We found that farmers use pump irrigation to supplement
rainfall in wet season and to irrigate rice on about 40% of the 
command area in dry season. We are working to improve water 
distribution so farmers in the command area can profitably
cultivate two or three crops each year. 

COMPONENT TECHNOLOGY
 

Selection and testing of cultivars 
Varietal selection 3nd evaluatioi ,ofupland crops for rice-based 
farming systems is in collaboration with the Philippine Institute 
of Plant Breeding, national programs, the International Institute 
of Tropical Agriculture, the International Center for Research in
the Semiarid Tropics, the International Center for Maize and 
Wheat, and the Asian Vegetable Research Development
Center. 

IRRI evaluated 127 sorghum varieties from ICRISAT and 30 
were selected for more testing. The IRRI-IITA project expanded
screening and selection activities in cowpea and soybean. We 
screened 760 advanced cowpea lines and 1,410 soybean lines. 

We are working to identify dual-purpose legume crops, such 
as cowpea and pigeonpea, that yield grain, produce fodder for 
livestock, and grow after rice. Ten intermediate-duration cow­
pea varieties were evaluated. TVx 3671-1 4C-01D, TVx 2724­
01F, TVx 3410-02J, TVx 1948-01F, and TVx 3310-02F yielded
1.4-1.9 t grain/ha and 12-19 t fodder/ha. 

Nine vegetable cowpea lines from IITA werb evaluated in wet 
and dry season. IT81D-1228-12 yielded well in both seasons 
and retained green foliage even after pod production stopped.
The lines had multiple resistance to diseases such as powdery
mildew, rust, bacterial pustule, and leaf spot. 

We tested nine very early-maturing cowpea varieties after 
lowland rice. IT82E-56 yielded 1.2 t/ha in 62 days. Other 
promising lines were IT82E-13 and IT82E-77 early-Ten 
maturing cowpea iarieties were evaluated before rice. IT82D­
889 yielded highest and matured in 50-55 days.

Early-maturing pigeonpea can grow after rice. Pigeonpea 
can be ratooned after harvesting the grain and a second grain 
crop will develop before the rice crop must be planted. 

We evaluated 10 ICRISAT pigeonpeas. QPL-72 and TC(FC)­
1-1 yielded 2.7 and 2.0 t beans/ha. Ratoons yielded less than 

0.07 tbeans/ha. TCF 6-1-1 produced the most fodder (9.9 t/ha) 
and OPL-72 the most ratoon fodder (20.1 t/ha). 

Green manures 
We are intensifying research to minimize the use of nitrogen
fertilizer for rice by including legumes in cropping systems. Of 
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5. S. aculeata accumulated more 
nitrogen than other green manure crops N 

at 30 and 60 days. 
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nine green manure species tested, Sesbania aculeata accu­
mulated the most nitrogen (Fig. 5). 

Because green manure crops grown before rice often are 
flooded, we tested three Sesbania species for their performance 
when flooded during the last 25 days of growth. Stem­
noduiated S. rostrata accumuilated more nitrogen than the 
other species when planted early or late and with or without 
flooding (Fig. 6, 7). Incorporating 58-day-old, unflooded S. 

6. S. rostrata accumulated more
 
nitrogen thao S. acii/eata or S. "China N occumuo4ionr (ikg/ha)
 
type." Nitrogen accumulation in all 200 - __--~--- -­

species decreased an average 180/ 
when they were tlooded during the last 
25 days ot growth. 8dy 

100 

Unf ooded Flooded ljnfiooded Flooded Unfiooded Flooded 
5Srosirclo- 1-s OCU/eafO- 5 China ype­
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lI
 

7.a)S rostrata roots in standing waterIThey exhihit tfibrous rooting thiat isihs 
typical of aquatic lnts hi Roots 

rostrata produced the highest grain yield (Fig. 8). Rice yield
ied(i. Rcresponse to green man ire and nitrogen fertilizer was highest in 

removed from soil and water Root 
systems were noe fibro rs on plants in 
standing water for 25 days 

plots not flooded before planting
In 1984, we studied the response of irrigated, wet season rice 

to fertilizer nitrogen after green manuring, residue removal, 
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9. Intercropping cowpea with upland -,. 
rice increased protein production. 

75/0+ RICE 

25"/oCOWfA 

incorporated unweeded fallow, and incorporated fallow plus 
farmyard manure. S. aculeata was incorporated; maize fodder 
and mungbean residue were removed; unweeded fallow residue 
was incorporated; and unweeded fallow and farmyard manure 
were incorporated. Rice yulld after incorporating green manure 
approximately equalled yield with 100 kg N/ha applied to rice 
after maize fodder and 50 kg N/ha after the other treatments. 

Intercropping 
Legume crops can improve protein production where upland 
rice is produced. Total crude protein produced almost doubled 
when 1 row of cowpea replaced 2of 10 upland rice rows (Fig. 9). 
Although most of the increase came from the cowpea grain, 
protein content of rice grain increased from 6.3 to 7.1%. 

Although upland rice + cowpea intercronoing increases 
protein production, the cowpea variety we planted was highly 
competitive and sharply reduced rice yields. We evaluated 
several cowpea varieties with different growth habits for 
intercropping with upland rice. IT82D-889 yielded well but did 
not sharply depress rice yield. IT82D-889 is a determinate, 
60-day variety from the International Institute of Tropical 
Agriculture. 

AGRONOMIC MANAGEMENT IN RICE-BASED CROPPING SYSTEMS 

Tillage in a rainfed lowland cropping sequence 
Dry bulk density of a puddled rice soil typically varies from 
0.4 t/m 3 near the surface to 1.2 t/m3 or more below 20 cm. 
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I Increased bulk density implies a loss of transmission pores, 
"' 'which is desirable for lowland rice because it reduces percola­

tion of water. During the second phase in a rice - nonrice 
,, cropping system, the drier soil has increased shear strength, 

which may restrict or prevent downward root growth. 
% .We disrupted the compacted layer of a Typic Tropaquept 

clay loam puddled rice soil by tillage to 35 cm along strips 0.4 m 
_n- apart. As soon after tillage as possible we planted mungbean 

seeds along the strips. On plots cultivated by a single tine, 
whether pulled by a tractor or by a cable-winch system 

, .(Fig. 10), roots grew to 60 cm 2 weeks earlier than in conven­
'.... tionally tilled plots (Fig. 11). For plantings made 4 days after the 

" field was drained, yields were 2.0 t/ha. For planting at 6 days, 
yields decreased to 1.6 t/ha. Yields on all treatments at both 
planting dates were high. Plots were not fertilized or irrigated, 
but weeds and insects were controlled. There was little rainfall 
and the plants utilized water stored in the profile, which 

'fx^ satisfied about 75% of the potential water requirement of 
250 mm. Precision manual seed-planting ensured uniform 
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plant density (Fig. 12), which promoted efficient use of sunlight 
and stored water. 

The experiment also showed the importance of depth of soil 
above natural layers of different structure and higher mech­
anical strength. Each 13 cm additional soil depth above the 
natural layers was associated with 100 kg higher yield/ha. 

Soil physical effects of green manures and crop residues 
It takes about 200 mm depth of water to puddle soil for rice. In 
some rainfed lowland cropping systems, it may take several 
weeks to accumulate 200 mm of rain at the beginning of wet 
season. In those weeks it may be possible and profitable to 
grow a legume green manure that could provide 80 to 100 kg 
N/ha for the ensuing rice crop, and could also increase 
transmission pores and encourage deep rooting. 

12. Precision manual planting ensured Four years' incorporation by rototilling of legume green
uniform mungbean density manures and residues of rice and other crops had only slightly 

affected topsoil porosity and water infiltration rate (Fig. 13).
13. N Fortune and L. Malabayabas Annual incorporation of much greater quantities of green 
measure water infiltration rate in a rice 
field after 4 years of legume green manure (as in the ongoing sesbania experiments) may cause 
manure incorporation. larger effects on soil physical properties and crop ro ting. 
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ASIAN RICE FARMING SYSTEMS NETWORK 

In our collaborative work we emphasize distribution of im­
proved upland crop varieties developed at national and inter­
national centers. The Asian Rice Farming Systems Network 
now includes more than 180 active national research sites, all 
working to identify ways of increasing production from and 
profitability of rice-based farming systems. The sites are 
managed by national cropping systems or farming systems 
programs. Bhutan. Malaysia, Pakistan, and Vietnam joined the 
network in 1984. 

Currently, animal enterprises are the most profitable com­
ponents of Asian farming systems. Although the complexities 
of animal research in rice-based farming systems prevent 
detailed experiments, the strong interest of network participants 
led to a workshop to discuss establishing a few research sites 
where the animal component will be studied as part of the 
system. 

With special support from the International Development 
Research Centre of Canada, five research sites were identified 
for the project: Santa Barbara, Philippines: Ban Phai, Thailand: 
Pumdi Bhumdi, Nepal: Batumart ,, :ndonesia: and Galnewa, Sri 
Lanka. The Philippine and Thailand projects began in 1984. 
Nepalese researchers began monitoring the livestock com­
ponent in Pumdi Bhumdi and added oats to cropping pattern 
trials to provide animal feed. 

Crop-livestock research in Santa Barbara will emphasize 
meat and draft cattle (Fig. 14). Crop components include rice, 
mungbean, cowpea, peanut, and maize. Farmers cooperating 
in the project are making all management decisions, but 

14. Crop-livestock research in the 
Philippines will emphasize meat and J 
draft cattle. 
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national researchers have provided for regular feeding of 
Leucaena and mineral blocks and planting of forage crops 
around the homestead. Component technology research also 
is conducted by IRRI on crops and the Philippine Institute of 
Animal Science on animals. 

Participants in the Thai project are the Farming Systems 
Research Institute, the Department of Agriculture, the Office of 
Agricultural Economics, the Department of Livestock Develop­
ment, and Khon Kaen University. Ban Phai is representative of 
northeast Thailand. The area is relatively dry, with rainfed 
rolling hills where rice fields are terraced and bounded by 
Uplands. In addition to meat and draft cattle, crops include rice, 
cowpea, peanut, cassava, maize, and fodder. 

Machinery for efficient utilization of inputs 
Fertilizer deep placement and direct-seeded pregerminated 
rice seeds can reduce cash inputs and increase rice yields. In 
1984, we worked to develop better fertilizer placement and 
seeding equipment. 

Fertihzer inlectors. The spring auger prilled Urea applicator 
developed in 1983 has performed well. We improved its 
metering acciracy by extensive laboratory and field tests. 

We designed a plunger-auger machine (Fig. 1,2) that meters 
fertilizer with a plunger and injects it into puddled soil with a 
sheet auger. 

The plunger-auger applicator performed well with different 
prilled urea fertilizers and :n varying field conditions. It can 
apply fertilizer at 3 rates in 5-cm-deep flooded soils with 10% 
accuracy. In 1984 wet season, tests in 24 farmers' fields in 
Laguna, Philipoines, indicated that use of the applicators 
increased fertilizer use efficiency an average 490 over tarmer 
nethods. 

We are field-testing the applicators more widely to assess 
problems, farmer reactions, and machine durability. The in­
formation we gather will help introduce the applicators to 
manUfactUrers and farmers in Asian rice producing countries. 
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Direct seeder for pregerminated rice 
Interest in direct seeding pregerminated rice in puddled soils is 
increasing as transplanting costs rise. We developed a new 
10-row seeder (Fig. 3) based on experience gained with 2 
earlier IRRI seeders The machine uses a roller-type seed 
metering mechanism. Small protruding pins pull preger minated 

4 ~ seeds for the hoppers. Pin height is adjUSted to s(t the seeding 
rate. 

'Ti Because the hardpan varies fion field to field and within the
* :*. same field. wheel-supported machines cannot maintain a 

l	Uniform relationship with the soil surface, thus causing irregular
seed placement Our seeder has two narrow skids that support
it on the soil The machine glides on the ,kids, thus mairitaining 
a uniform seed-drop distance and uni form seed placement.

The seeder his a single wheel that drives the metering 
i mechanism and is the transport wheel. The single wheel allows - A, the operator to turn the machine in a sharp U for the next pass

2. Plunger-anger applicaior in use through the field The 10-row seeder weighs 10 kg. arid is easy 
to pull while walking forward or backward It is being tested in 
different parts of the Philippines 

Industrial liaison 
IRRI works with farm mechanization prograris in several 
countries to help introduce small machinery to farmers and 
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village manufacturers. We initiated a collaborative program at 
Coimbatore, India, and continued oLir activities in Burma, 
Egypt, Indonesia, the Phil;ppines. and Thailand. 

In collaboration with the Philippine Ministry of Agriculture 
and Food. we modified the axial-flow thresher to shell maize 
(Fig. 4). The mod:fication cost is about $50 and the machine will 
help in marketing yellow maize. 

4. Axial-flow maize shellerI 
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Training courses 
In 1984,517 scholars and fellows t; om 40 nations participated in 
IRRI training and educational programs. Among them were 55 
senior and postdoctoral research fellows, 16 visiting research 
fellows, 180 MS and Ph D candidates, and 33 nondegree 
scholars. Additionally, 210 short-term trainees attended regular 
and special training courses. 

Courses included Genetic Evaluation and Utilization, Inter­
national Network on Soil Fertility and Fertilizer Evaluation for 
Rice, Cropping Systems Training, Agricultural Engineering, 
Upland RiceTraining, Integrated Pest Management, Irrigation 
Water Management, Rice Production Training, AgricLiltural 
Economics, and Farm Managers. 

The first course on Pest Management for Deep Water Rice 
was in Thailand in October 1984. The course, organized by the 
Thai Rice Research Institute and IRRI, emphasized new 
methods for pest management in deeply flooded, broadcast­
seeded fields. More than half the course was field work and 
demonstrations. Eleven trainees from Bangladesh, India, 
Indonesia, the Philippines, and Thailand participated. 

New training courses 
We prepared three new training courses for 1985. The Rice 
Genetic Resources Conservation and Utilization Course will be 
a 1-year program. Trainees will spend 3 months collecting 
indigenous rice germplasm from fields in their home countries, 
then come to IRRI for lectures on genetic conservation and field 
and laboratory work to characterize their collections. 

Improving Income and Employment in Rice Farming 
Systems will be a 1-week course for senior research scientists, 
administrators, and planners working in national rice produc­
tion programs. The course will include lectures and field visits 
to learn about productive, input-efficient, rice-based cropping 
systems; rice farming systems design that considers ecology, 
economics, and employment generation; preparing value 
added products from rice straw, bran, and hulls; and post­
harvest processing. 

Statistical Procedures and Computer Applications in Agri­
cultural Research is a 2-month course that will familiarize 
working statisticians from national research centers with new 
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Students in the IRRI Rice Production 
Trainitg Courso oarnitig how to 
eStcisli d (lpog seedbed. 

statistical procedures and research techniques as applied to 
agricultural research. 

IRRI also has helped plan and will participate in the course 
Systems Analysis and Simulation in Rice Production and Its 
Use in Research and Technology Transfer. The course will 
provide knowledge and practical experience on the application
and adaptation of simulation models related to research and 
extension in national programs. 

Developing new country courses 
We are intensifying efforts to help collaborating countries build 
training programs. In 1984, IRRI training specialists visited 
Bhutan to help develop and offer a 2-week rice production 
course. Visits also were made to India. 

Education symposium 
We collaborated with the Committee on Science and Tech­
nology in Developing Countries and the Asian Association of 
Colleges and Universities of Agriculture to sponsor a Sym­
posium on Education for Agriculture. The 36 participants
included vice chancellors from agricultural colleges and uni­
versities, and senior representatives of ministries of agriculture
and education, the agribusiness sector, international agencies
that support training programs, and farmer organizations. 

Recommendations were drafted to assist international and 
national agricultural research centers to collaborate with agri­
cultural universities to offer nondegree training piograms that
will help provide well-trained agricultural personnel to work for 
government, private sector, arid university programs. Computer
technology for managing teaching and training programs also 
was discussed. 
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Although IRRI has always emphasized cooperative research at 
many different levels, in 1984 we explicitly recognized the 
importance of such cooperation by adding program area 1100, 
Cooperative Research. 

Our research and dissemination programs utilize seven 
major pathways of cooperation: global research services, 
networks, country programs, cooperative research, collabora­
tion with advanced institutions, training and technology trans­
fer, and knowledge sharing (Table 1). 

Global research services 
Germplasm collections. Global services such as the Inter­
national Rice Germplasm Center and the azolla and blue-green 
algae collections team with international and national research 
programs and individual scientists to conquer genetic erosion. 

Table 1. Pathways of cooperation between IRRI and other scientists and institutions. 

Pathway Examples 

Research services International Rice Germplasm Center, azolla germplasm 

International Rice Testing Program. International Network on Soil Fertility and
Fertilizer Evaluation for Rice, Asian Rice Farming Systems Network 

Resident scientistsCountry programs ** Scientist-scientist 

_.Hoi spot scieening 
Cooperative research Shuttle breeding 

Farm machinery 

Organizations (United States Agency for International Dcvelopment, Institute for 
Research in Tropical Agriculture of France, German Agency for Technical 
Cooperation, Overseas Development Agency of the United Kingdom, etc.) 

Collaboration with Universities and institutes 
advanced institutions International centers (International Institute of Tropical Agriculture, West Africa Rice 

Development Association, International Centre of Insect Physiology and Ecology, 
International Food Poiicy Research Institute, International Fertilizer Development 
Center. etc) 

Individual scientists 
Los Bathos 

Training and technology In-country 
Jointtransfer 

.- Seminars. monitoring tours 
Knowledge sharing . - Bibliographic services 

Publications 
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The a'olhi cOllecthonincludes sIx In 1984. major rice gerniplasr collection efforts were made in
species 
 Bhutan. Sri Lanka, and Indonesia. The azolla collection, which 

is maintained in controlled growth chambers, contains six 
species. The blue-green algae collection includes 78 strains. 
Interested scientists receive samples from these collections at 
no charge. 

Data managemetit. National agricultural research organiza­
tions are using morr on-farm trials to test new technologies. 
Because of diffring physical, environnental. social, and 
economic conditions, on-farm trials often are conducted at 
many sites and information collected may Jnclude riot only the 
performance of new technologies hut also descriptions of local 
farming conditions 

Speedy data analysis is essential for on-farm trials be 
successful. Often, the complex nature and large volume of data 
slow program i niplementation because suitable computer 
facilities arid trained personnel are unavailable. 

We initiated a cooperative project with t'- Philippine Ministry 
of Agriculture and Food to develop a generalized micro­
computer-based data management system for on-farni trials in 
national programs. The system includes 

* data entry to facilitate data encoding and editing, 
e a data base for information storage and retrieval: and 
* a systeni for data analysis, sumriarization, and report 

generation. 
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By the ena of 1984, four Philippine agricultural regional offices 
were using the system. 

Networks 
Networking promotes institutional and individual interaction 
and communication. The International Rice Testing Program 
celebrates its 10th anniversary in 1985. Ten years ago, it had 12 
nurseries and contact scientists in 46 countries. In 1984, it had 
24 nurseries with 2,500 entries and trials in 53 nations. 
Hundreds of national scientists have participated in meetings 
and monitoring tours in Asia, Latin America, and, most recently, 
East Africa, where they observe local conditions, rate nursery 
entries, and learn more about each other and mutual and 
special problems. 

Our newest network, the Asian Rice Farming Systems 
Network (ARFSN), concentrates on development and testing of 
component technologies for farming systems. Goals are to 
intensify farming and thereby produce more food, income, and 
jobs in rice growing areas. 

In cooperation with the University of the Philippines at Los 
Baios (UPLB), IRRI has developed a rice farming systems 
demonstration on the theme Prosperity Through Rice. Farm 
obiectives are to demonstrate efficient production and Utiliza­
tion of the rice biomass in irrigated rice-based farming systems 
and to maximize income and employment through crop 
intensification, crop integration with livestock and aquaculture, 
and crop residue utilization for manufacturing value-added 
products. 

Potential utilization of rice by-products 
to increase income and employment in Food industry 
agriculture. Textile industry 

_..- Poper industry 
Starch industryzZ---.--Synthetic polymer industry 

'Fermentation industry 

ot -Feed industry- Livestock production[,,, Kernels " Fo 

Food 

-, Cellulose ndu 

- - Particle bo, rr, istry 

Straw chips(internodes) 

Fuel 

elleting 1- P r17 Feed industry 

(leaves, ears, chaf f, nodes)Sr s o noes " Chm olidsr"'Chemical industry 
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The farm includes rice-based cropping patterns, livestock, 
azolla propagation, mushroom culture, compost making, home 
vegetable gardening, and biogas generation. The biogas 
generation project is in collaboration with the Korean Office of 
Rural Development. The biogas generators use rice straw and 
animal manure. 

Cooperative country projects 
IRRI has resident liaison scientists working in Africa, Bang­
ladesh, Burma, Egypt, Indonesia-Malaysia, Latin America, the 
Philippines, and Thailand. They work as members of the 
national rice research teams and collaborate with extension 
personnel from national agricultural development programs 
and universities and facilitate cooperative research between 
local agricultural centers and IRRI. 

Each program focuses on work identified by the host 
country. In Egypt, for example, there are three main research 
areas: extension, breeding, and agricultural engineering. Living 
and working closely with host country scientists also allow us to 
study special problems, such as deep water rice in Thailand, in 
their natural environments. 

Our program in Madagascar began in 1984. An IRRI rice 
breeder and an agronomist are working with the national rice 
research program to develop material and management pro­
cedures to help improve rice yield. 

Collaborative research 
Cooperative in-country research allows us to take advantage of 
the wide variability in rice growing and socioeconomic environ­
rnents in different nations. Particularly important is the ability to 
test varieties for insect pest and disease resistance and adverse 
soils tolerances at hot spot locations, and to carry on shuttle 
breeding for more rapid development of varieties suitable for 
adverse environments. 

For example, we have a long-term collaborative breeding 
program for cold tolerance with Korea. In summer, varieties are 
screened for cold tolerance in Korea. In winter, their progeny 
are grown in low-temperature conditions in Banaue, Philip­
pines. Thus, new varieties can be developed and tested twice as 
fzst as they could at only one location. 

We also cooperate with several national programs in ma­
chinery development and testing. In Burma, we successfully 
tested and modified the IRRI 6-row transplanter and a reaper, 
the prototype of which was developed in China. Egypt and 
Indonesia also are active cooperators in the machinery develop­
ment and testing program. 
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A, C F Tievitw, Cor;7ionwealthi Collaboration with advanced institutions 
Scerinfic; dI d rioustual Research We regularly work with developed country organizations Such 
Of imtiztiofl Of Aistitali. iS woikir lt 
wilh,/RI to qimohlfy trogenp loss as the United States Agency for International Development and
thlouh ailotnt volatlhzizaon, the German Agency for Technical Cooperation 'GTZ) that fund 

special research and information dissemination programs. In 
1984. GTZ helped establish new physical sciences laboratories 
at IRRI. GTZ is a lonatime collaborator in soils related research. 
The agency also helped sponsor, for the second year, a book 
exhibition at the Frankfurt Book Fair that included publications 
of 22 international agricultural research centers (lARCs). 

We work with scientists and programs of several national 
research organizations These include the Institute for Research 
in Tropical Agriculture of France, upland rice research the 
Asian Vegetable Research Development Center, compon-Iit 
crops for farming systems the International Fertilizer Develop­
ment Center, chemical fertilizers and nutrient losses: the 

tInternation l .-- *itute of Tropical Agriculture, rice and corn­
ponent crop,, the International Center of Insect Physiology and 
Ecology, planthopper physiology, and the International Food 
Policy Research Institute, rice policy research in Asia. 

We also cooperate with institUtes and universities such as 
UPLB, the University of Reading, the University of Durham, and 
the University of California at Davis. 
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Training and technology transfer 
Our programs in training and technology transfer have several 
levels. More than 3,000 national rice scientists have attended 
IRRI's instruction courses, which are oriented to training in 
research methodology and rice production techniques. Non­
degree courses include agricultural engineering, agro­
economics, cropping systems, integrated pest management, 
plant breeding, and upland rice 

We also assist national programs to set LIP training programs 
in areas SLIch as rice production and gerrnplasm collection and 
maintenance. In 1984, we helped Bhutan set LIP training for 
extension workers and worked with Indonesia and other 
countries in germplasm collection. 

In the Philippines, we exchange information with regional 
representatives of the Ministry of Agriculture and Food at twice 
yearly, 2-day meetings. The meetings Update regional workers 
on new technologies and help us know how previously 
discussed technologies are performing and what are significant 
new field problems. 

MS and Ph D students plan their course of study and attend 
classes at UPLB, and carry out thesis and dissertation research 
at IRRI. Many of these students return to their home countries 
to take leadership positions in national prog,amns. General 
gUidance of the degree training program is provided by the IRRI 
Academic Council, which includes representatives of several 
academic institutions. 

Knowledge sharing 
Knowledge sharing is essential to our work, particularly 
because many of our clients have limited information and 
communication resources. Regular seminars and conferences 
at IRRI and in rice growing nations around the world involve 
country scientists with international scientists, giving both 
broader perspectives in technology development. 

Through IRTP monitoring tours and INSFFER soil classifica­
tion toLIrs and workshops, scientists and extension workers 
participate in hands-on evaluation of new varieties and lines 
and management practices. Conferences such as the Rainfed 
Lowland Rice Workshop in Bhubaneswar, India. in October 
1984, bring international scientists together and, perhaps more 
importantly, include many local researchers who might not 
otherwise have the opportunity to interact with such a range of 
experienced workers. 

Bibliographic and library services facilitate the location and 
dissemination of information that often is unavailable in other 
libraries. Each year we publish supplements to the International 
bibliography of rice research, which are widely circulated 
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among libraries in 	the rice world. Additional bibliographies 
include the International bibliography on cropping systems 
and that on azolla. 

Through its Tokyo office, the IRRI library translates many 
journal articles and books from Japanese to English, thereby 
making their contents available to a much bigger audience. 

Books and newsletters are important to good communica­
tion. In 1984, we 	distributed more than F.' 000 books and 
released 21 major 	 publications. IRRI eAL,,'a onal materials 
were exhibited in book fairs in China, Germany, Mexico, India, 
and the United States. To encourage further distribution of 
books from tho IARCs, IRRI, in cooperation with the Consulta­
tive Group for International Agricultural Research. published a 
book catalog that describes more than 1,000 ]ARC titles and 
tells how to get them. 

Through a survey 	of translators and publishers of non-
English editions of IRRI books, we found that at least 116 
editions had been or were being copublished in 34 languages 
by 48 agencies in 25 countries (Table 2) The most popular titles 
for copublication were A farmers primer on growing rice and 
Field problems of tropical rice. 

Table 2. Copublication status of 19 IRRI books. 

Copublished editions 
o
 

.n
 

Title 	 Printed In press 

Farni ers pimwer on growing ice 	 25', 15 
Field problerns of tropical icelst editon) 10' 0 

V 	 Field problems of tropical rice (2nd editon) 7' 21 
Production of seedlings 	 4' 0 

Rice irproveroent 	 41 0 
, 	 Fundamentals of rice crop science 13 

I lostrated guide to integrated pest nranagenierit 0 5 
18 7 

and Mrs. Veronica Lasconia of Iloilo, Total 69 b1 
Philippines, comparing iron toxicity "Bahasa lndonesiain (2 editronsl. Bahasa Malaysian. Bengali. Burmese. 
symptoms in her fields with those Ceboano. Chinese (2editions). French, Gularati. Hiligaynorn Ilokano. Kannada, 
illustrated in Field problems of tropical Nepali. Oriya, Parsi. Spanish (2editionsl, Swahili Tagalog. Tanill. Thai (2 
rice. editions), Urdo, Waray "Bahasa Indonesian, Berigah. Burriese. Hindi, Nepali. 

P. V. P. Singh, IRRI postdoctoral fellow, Othprs 

Tagalog. Taril. Telegu, Urdo. Vietnamese ,Bengali. French. Spanish. 
Tagalog. Thai. Vietnamese. Waray ';Gularati. Guiarati and Hindi. Hindi. 
Telegu "Chinese, Korean. Spanish, Vietnamese 'Chinese. Japanese, Spanish. 
Vietnamese. 
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Summary of financial support to IRRI core and special projects received In 1984" 

Core------ ... .. . . . . ... S pec ia l 

Unrestricted Restricted Projects Total
 
United States Agency for International Development $ 5.301.007 00 $ 
 $1,760.781 78 S 7061.788 78
Japanese Government - 3,331.320 14 199,959 19 3.531279 33
United Nations Development Progranme - 1.530,200 00 320,264 57 1850.464 57
Ern,.pearn Economic Cormuntly 1,412,708 50 1-112.708 50
Canidiian Itenenatlonal Developmnritn Agency 1.233,920 00 133.157 19 1367 077 19
nfiterninonal Fund for A(i Cltliral Development 1.300.000 00 1300.0(0000

Irllrnatiorial Bank for [3tecoins5tiC.tIoi and Development 1,120.0000 1 120 000 00Ovirseas Developmel Adnln strahon,United Kingdom 920.89000 920 890 00

IBM Wold Ti "de Aierrcas - 762,58261 762582 61
Inrnational Development Reseaxch Centre 148 867 00' 489.32552 638 192 5)
Federal Reiprblit. of Geinany 456,77250 27.676 00' 127.074 85 61,1523 35
Austrilian GUvoirmenl 515.691 00 515.69! 00
Governrlr,,l of Sweden 368.856 95 -- 368 856 95
Ford Foundation 150,00000 120.63360 270,63360
Government of the Philippins 164.532.19 45.609 17 210 141 36
Goveirinirt of Deriii;k 190.30502 19030502
Goverrnerit of Brazil 150.000 00 150.0600 00
Swiss Foderal Coijicil -- 148,526 56' • 1.18526 56
i-overnnienl of l3elgium 115.524 75 17.773 04 133.297 79
w_,rverinlnt iofthe Netherlands 94,951 92 1443296 109 38.188
GoJvernrmenl of China 100.00000 ­ 00 0 (10) 
.oil Mainaciernrri Support Services of the University -- 83.60(100 83) (0

if Hawa iiat Man r
 
ilerialionil Inistl (of Tropical AgriCUitUre' .78 
 - 005 74, 780)5 '.t
Inlrrialiuil Centr of Insect Physiology and Ecology' 72.856 09 ;2.856 09
Office i)fRlral DeVoU:oprnent Korea ..-- 59,00000 5900) 00
irleriiatiorral Fertilizer Devrnoprrent Center' 57.91753 57.917 53

Goorinrirent of Ital 52.593 00 ,152593 00 
Hockefeller Funtdation .-- 52.000 00 52,00000fIterrlioonal Food Pouicy Research lrrstitule'--- 38550 69 38550 69
 
Gowrniient ni Spain 
 25.000 00 ­ 25.,]00 00
Astian Dewelopmnernt Birik -- 19 700 0o 19 70(100
Government of lie Islamic Repuhlic of Iran ... 19315 73 19315 73
Gov:rnnent of New Zealand 16,60500 -- 16.605 00
Govriment ofIndia 2.252 00 2 252 00
Others 
 - 207 785 11 :07 785 11 

s$o883.949,1 $8067.106 21 S-t 60, 409218 S2.) 5,58524 90 

'Recepl,; ire accounted for, rlaicash basis T:rrar-sferied protects since 1983 'Funds received insuplrrtof :olla rrilin is.irl 'Other
rnurirs were Resources Managerient Intetrnil, Inc . Idonesia. S72,840 Irrlernihatinil Board for Plait(r-rrlts Rr'sukoces S33.31)0 Finnod
and Agriculture Orgrizatron of the United Nations. S31 77L ' Norsk Hydro A S Irijirril Chr!llll(:al $1011000$17 778 IrluSlrs 
Inrrternatonal Potash Institule and the Potash Phosphate Inslitule, $9100i oechst S5.025 13 Cil-Gely S5.000. Monsanto.$.1020 1DU
Pr , rar East Inc . $3.015 08 FMC International. S3.000, SKW Troshorq S3.000,Slauffr Cinrmicals. S3 00. StIeCherrlcals Co $2 532 93
Arnerrca;r Cyanamid. 32,000. KenoGard. $1,000, Nnrpon-KayakU Co . Ltd S995 19 Wai:kjnr-Chernw GmbH $500 USAID donated excess
properly of an rndeterrninabln value Bniggs and Stratton. Corporation. USA, donated 11 Briggs and Sttillon gasoline engines of assorted 
horsepovwer The governments of -rance (ORSTOM and IRAT) and the Netherlands provded the Ir,stiuleith visiting scintists. the valLie of 
their services cannot be quantified 

http:164.532.19
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Caixa Postal 179 
Goiania. Goias 
Brazil 

DR. NORMAN R COLLINS 
Program Officer-in-Charge 
The Ford Foundation 
320 East 43d Street 
New York, N. Y. 10017, USA 

DR ROBERT K CUNNINGHAM 
35 Clarence Road 
Harpenden 
Herts AL5 4AH 
England 

DR LLOYDT EVANS 
Division of Plant Industry 
Commonwealth Scientific and Industrial Research 

Organization 
P.O. Box 1600 
Canberra City, ACT 2601 
Australia 

DR JAAP J HARDON 
Ministry of Agriculture and Fisheries 
Director for Agricultural Research 
Wageningen Office 
Mansholtlaan 4, Wageningen 
The Netherlands 

DR. LETITIA E.OBENG 
56 West Park Avenue 
Kew, Surrey 
United Kingdom 
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DR. IDA NYOMAN OKA 
Bogor Research Institute for Food Crops (BORIF) 

Jalan Merdeka 99 
Bogor, Indonesia 

DR M V RAO 

Deputy Director General 

Indian Council of Agricultural Research 

Krishi Bhavan. New Delhi 
India 

MR YOOKTI SARIKAPHUTI 
Director Genera! 
Department of Agriculture 
Ministry of Agriculture and Cooperatives 
Bangkok, Thailand 

DR XU GUAN-REN 
Director General 
Institute for Application of Atomic Energy in Agri-

culture 
Chinese Academy of Agricultural Sciences 
P.O. Box No. 5109, Beijing, China 
or Ma-Lian-Wa, Beijing, China 

Office of the Director General 

M.S.SWAINA1NATHAN, Ph D, director general 
MARCOS R VEGA, Fh D, deputy director general 
DENNIS 	 J. GREENLAND. D Phil, deputy oirector 

general 
MANO D PATHAK, Ph D, director, research and 

training 
HUGH T MURPHY. M3A, director, administration 
FAUSTINO M.SALACUP. BS, CPA, director, protocol 

and liaison" 
PAUL A COOPER, BA, director, budget and accounts 
J RITCHIE COWAN, Ph D, consultant" 
YOSHIKO YAMAMOTO MA,corIsultant. 

Administrative and Professional Staff 

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

ZOSIMO Q.PIZARRO, LLB, manager, personnel and 
legal offices 

PEDRO G BANZON, LLB, manager, security, pur­
chasing and shipping offices 

PURITA M.LEGASPI, BBA, CPA, manager, account­
ing office 

Liaison Scientists 

MANUEL J.ROSERO. Ph D, IRRI liaison scientist, 
Latin America 

WALTER C.TAPPAN, BS IRRI liaison scientist. Indo­
nesia and Malaysia 

DIOSCORO L UMALI, Ph D. IRRI liaison scientist, 
China (consultant) 

KAUNG ZAN, Ph D. IRRI liaison scientist, Africa 

Senior Scientific Staff 

Agricultural Economics 

JOHN C FLINN. Ph D, agriculL;.al economist 
EDWIN C. PRICE. Ph D, agricultural economist 
CRISTINA C.DAVID. Ph D, agricultural economist 
LEONARDO A. GONZALES. Ph D,agricultural econ­

ormist 
CLARENCE J. MILLER, Ph D, agricultural econ­

omist­

http:agriculL;.al
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MARLIN G. VAN DER V':EN. Ph D, agricultural OSAMU MOCHIDA, D Agr, entomologist 
economist B.MERLE SHEPARD, Ph D, entomologist. 

ALBERT POLAK, Ph D, visiting associate agricultural RAMESH C SAXENA, Ph D, entomologist 
economist H DAVID CATLING, Ph D, entomologist' 

ROBERT E HUKE, Ph D, visiting scientist**** MICHAEL LOEVINSOHN, Ph D, ;onsultant. 
HAROLD C CONKLIN, Ph D, honorary visiting JOHN PERFECT, MS, visiting scientist' 

research associate ANT-IEA G COOK, Ph D, visiting scientist* 
LAURIAN UNNEVEHR. Ph D, visiting associate agri­

cultural economist*- Irrigation Water Management 
AMANDA TE. Ph D, visiting associate agricultural SADIOUL . BHUIYAN, Ph D, agricultural engineer** 

ecoD. HAM ND MURRAY-RUST, PhD, associate agri-
JOYOTEE SMITH, Ph D, visiting associate agricultural

economist .cultural 	 engineer,.. 

JENNIE DEY. Ph D, consultnt 	 Multiple Cropping 

Agricultural Engineering 	 RICHARD A. MORRIS. Ph D, agionomist 
LEONARD R.OLDEMAN, Ph D, visiting scientistCLARENCE W BOCKHOP, Ph D. agricultural engineer JERRY L MCINTOSH, Ph D. agronomist' 

MAKOTO ARIYOSHI. MS, agricultural engineer ROSENDO K. PALLS. Ph D. agronomist' 
J BARTON DUFF. MS, agricultural economist JAMES R.HOOPPER. Ph D agronomis. 
AMIR L KHAN. Fh D, agricultural enginee 
MALCOLM M. HAMMOND. Dip Agr E.. agricultural 

Plant Breedingengineer 
VENKAT R REDDY. MS. agricultural engineer GURDEV KHUSH, Ph D, plant breeder 
BILLY J COCHRAN, Ph D. agricultural engineer DERK HILLERISLAMBERS, Ph D, plant breeder 
ROBERT E STICKNEY. Ph D, agricultural engineer SANT S VIRMANI, Ph D, plant breeder 
FRED E NICHOLS BSAE. agricultural engineer".. DAVID J MACKILL. Ph D, associate plant breeder 
YONG WOON JEON. Ph D. visiting associate agricul- D SENAUHIRA. Ph D,associate plant breeder-. 

lural engineer-* PEDRO B ESCURO. Ph D. plant breeder' 
SALVADOR C LABRC. BSEE, BSME, mechanization DWIGHT G KANTER. Ph D, plant breeder' 

specialist* EBRAHIMALI A SIDDIO. Ph D, plant breeder' 
B B SHAHI, Ph D, plant breeder. 

Agronomy TSUGUFUMI OGAWA. Ph D. visiting scientist 
SURAJIT K DE DATTA, Ph D. agronomist MIGHEL A. ARRAUDEAU, MS. visiting scientist
KEITH MOODY. Ph D, agronomist 	 CHUNG IKCHO, Ph D. visiting scientist. 

JOHN C O'TOOLE, Ph D. agronomist Plant Pathology 
CEZAR P MAMAIL, Ph D, agronomist 
DONALD W PUCKRIDGE, Ph D. agronomist' TWNG-WAH MEW, Ph D, plant pathologist 
MARTIN E RAYMUNDO. Ph D, consultant"- HIROYUKI H HIBINO. Ph D, plant pathologist 
ROBERT L ZIMDAHL. Ph D, visiting scientist"" J MICHAEL BONMAN. Ph D, associate plant pathol-
RONALD J BURESH Ph D. visiting scientist* ogist 

TSUYOSHI YAMAMOTO. Ph D, visiting scientist' 
Cereal Chemistry SANG WON-AHN, Ph D, visiting scientist. 

SEUNG CHANG-LEE. Ph D, visiting piant pathologist*
BIENVENIDO 0 JULIANO. Ph D, chemist 
MERCEDES B DE MOSQUEDA, Ph D, visiting scien- Plant Physiology

tist"" SHOUICHI YOSHIDA. D Agr, plant physiologi.t 

Entomology 	 BENITO S VERGARA. Ph D. plant physiologist 
FRANCISCO J ZAPATA, Ph D, associate plant

ELVIS A HEINRICHS, Ph D, entomologist physiologist 
JAMES A. LITSINGER, Ph D, entomologist SHIGEMI AKITA, D Agr, plant physiologist. 
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Soil Chemistry/Physics 

FELIX N. PONNAMPERUMA, Ph D, principal soil 
chemist 

HEINZ-ULRICH NEUE, Ph 0, soil chemist 
TERENCE WOODHEAD, Ph D, physicist 
IAN R.FILLERN Ph D, visiting associate soil chemist 
GERHILD BOJE-KLEIN, Ph D, visiting associate soil 

chemist 

Soil Microbiology 

IWAO WATANABE,D Agr, soil microbiologist 
JAGDISH K. LADHA. Ph D. associate soil micro­

biologist 
IAN F GRANT, Ph D, visiting associate soil micro-

biologist**-
PIERRE A ROGER, D Pedologie, visiting scientist 

Statistics 

KWANCHAI A. GOMEZ. Ph D, statistician 

DAVID FINNEY, Ph D,consultant."
 

International Rice Testing Program 

V.SESHU DUPVASULA, Ph D, plant breeder 

DENNIS P.GARRITY, Ph D,associate agronomist 

JUDITH B. WOOD, BS, consultant*
 
ALAN J CARPENTER, Ph D,visiting scientist" 

International Rice Germplasm Center 

TE-TZU CHANG, Ph D,geneticist 

Rice Farming Systems Program 

VIRGILIO R.CARANGAL, Ph D, agronomist 
RAM K.PANDEY, Ph D, agronomist 

Communication and Publications 

THOMAS R.HARGROVE. Ph D, editor 
WILLIAM H.SMITH, BS, editor 
EDWIN A.TOUT, MA, associate editor 
ELLEN A.MAURER, MS,visiting associate editor*** 
STEVEN A. BRETH, MS,visiting editor**" 

Training and Technology Transfer 

DANNY R.MINNICK, Ph D, training specialist 
GLENN L. DENNING. MS, visiting associate field 

specialist* 
EARLH.TRYON, PhD, visiting associate scientist* 

JULIAN A. LAPITAN, MS,visiting associate field spe­
cialist"" 

DENNIS M.WOOD, Ph D, crop production specialist' 
C. THOMAS BRACKNEY, MS, rice production spe­

cialist' 
LEO 	 DALE HAWS, Ph D, rice production training 

specialist' 

Experimental 
Farm 

FEDERICO V.RAMOS, MS,farm superintendent
ORLANDO G.SANTOS, MPS, associate farm superin­

tendent 

Library and Documentation Center 
LINA M.VERCARA, MS,librarian 
Y.TAKAHASHI, Ph D, part-time representative' 

Computer Center 

SEAN E.O'CONNOR, MS,consultant-* 

Cooperative Research Staff 

Africa 
KAUNG ZAN, Ph D, IRRI liaison scientist 

Bangladesh 

FRANK W. SHEPPARD, JR., D Ed, research systnmsseils/RIrpeettv
specialist!IRRI representative 

C. THOMAS BRACKNEY, MS, rice production spe­
cialist 

DWiGiHT G. KANTER, Ph D, plant breeder 

CLARENCE J. MILLER, Ph D,agricultural economist* 

Burma 

MALCOLM M HAMMOND, Dip. Agr E., agricultural 
engineer 

ROSENDO K. PALIS, Fh 0, agronomist 
PEDRO B. ESCURO, Ph D, plant breeder 

China 
DIOSCORO L. UMALI, Ph D, IRRI liaison scientist 

(consultant) 

Egypt 
EBRAHIMALI A.SIDDIO. Ph D,plant breeder 
LEO DALE HAWS, Ph D, rice production training 

specialist 
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SALVADOR C.LABRO, BSEE, BSME, mechanization 
specialist-* 

India 
FRED E.NICHOLS, BSAE, agricultural engineer-

Indonesia 

W.LTER C.TAPPAN, BS, IRRI liaison scientist 
JERRY L. MCINTOSH, Ph D, agronomist 
VENKAT R.REDDY, MS, agricultural engineer 

Japan 

Y.TAKAHASHI, Ph D, part-time IRRI representative 

Latin America 

MANUEL J. ROSERO, Ph D, IRRI liaison scientist 

Madagascar 

B.B.SHAHI, Ph D, plant breeder****
 
JAMES R.HOOPPER, Ph D, agronomist****
 
MICHAEL LOEVINSOHN, Ph D, consultant****
 

Philippines 

ROBERT E.STICKNEY, Ph D, agricultural engineer 
DENNIS M.WOOD, Ph D, crop production specialist 

Thailand 

DONALD W.r'UCIKRIDGE, Ph D, agronomist 
H. DAVID CATLING. Ph D, entomologist 
BILLY J. COCHRAN, Ph D, agricultural engineer 

*Left during the year
 
**On study leave
 
-°Joinedand left during the year


* 	 Joined during the year 
..	 Left and rejoined during the year

'Cooperative research staff 
'+Died 


